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Chapter

1Molecular pathology of leukemia

Maher Albitar and Amber Donahue

Introduction
Most of the current knowledge of the molecular basis of
leukemias indicates that leukemias are heterogeneous groups
of neoplasms. Even when the clinical and phenotypic presen-
tations are similar, biologically the leukemias may differ, and
molecular characterization of the individual leukemia is there-
fore essential for predicting prognosis and determining thera-
peutic approaches. This observation is not only relevant to
leukemias, but is true of the complexity of cancer in general.

With the recent advances in targeted therapy, and the
ability to develop more specific inhibitors which target a spe-
cific pathway, precise understanding of the molecular abnor-
malities in a specific leukemia is becoming more crucial. It is
widely accepted at this time that leukemia is a disease of
hematopoietic cells, occurring when these cells become capable
of independent self-renewal irrespective of physiologic needs.
Most leukemic processes are believed to be initiated at the level
of stem cells.1 The definition of stem cells varies, however,
dependent on the stage of differentiation. For example, it is
believed that in some diseases, particularly chronic leukemias,
the leukemic process is initiated at the stem cell level, but that
the cells manage to differentiate to a certain extent, allowing the
disease to manifest as a chronic leukemic process of the
mature cells.2 While some leukemias are characterized and
defined by a specific molecular abnormality, considered the
hallmark of the disease, most investigators believe that
additional molecular abnormalities must accumulate for the
disease to manifest itself, or progress to acute disease.3

Therefore collaboration between two or more molecular
abnormalities is likely to be common in leukemias.

Here we will review the basic molecular abnormalities
detected in patients with leukemias, then discuss specifically
the most common leukemias. It should be emphasized that
most of the genes targeted in these malignancies could be
altered through multiple mechanisms. The same gene could
become abnormal through amplification and thus display
increased expression in one patient, or become abnormal

through a point mutation and exhibit increased activity in
another patient. It is also possible for the gene to sustain a
point mutation and be amplified in the same patient. For this
reason, it is imperative to determine the molecular signature of
each malignancy.

Chromosomal translocations
More chromosomal translocations have been reported in leu-
kemia than in any other cancer. The reason for this is
unknown. These translocations frequently lead to the expres-
sion of a fusion protein, although some translocations have
been found to contribute to the deregulation of an oncogene
without changing its protein product. Most of the transloca-
tions in a given disease involve a specific gene, but the partner
gene may differ. In addition, some of the translocation can be
on the same chromosome, manifesting as an inversion. The list
of translocations reported in various types of leukemias is
given in Table 1.1.

Gene mutations
Numerous pivotal mutations have been reported in various
genes in specific diseases. Many mutations can be seen in the
primary tumor, but certain others are seen as disease pro-
gresses, or as the tumor develops resistance to therapy. Most
mutations lead to the constitutive activation of specific onco-
genes, but it has recently been discovered that, following the
use of targeted therapy, some mutations render tumor cells
resistant to the targeting agent by altering the structure of the
protein. This structural change prevents the binding of the
targeting agent, and thus avoids the inactivation of the targeted
protein.4,5 Other recently described mutations include the
expression of alternative splicing transcripts which may change
the reading frame used for translation, and thus express a
protein that is functionally different from the original protein.
The list of genes found to be mutated in leukemias is shown
in Table 1.2.
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Table 1.1. Translocations reported in leukemias

Cytogenetic data Chromosome band Symbol Names of genes

T-ALL

t(1;3)(p32;p21) 1p32; 3p21a TAL1-TCTAb T-cell acute lymphocytic leukemia 1 (SCL, TCL5)c; T-cell
leukemia translocation altered gene

t(1;5)(p32;q31) 1p32; 5q31 TAL1-?? T-cell acute lymphocytic leukemia 1 (SCL, TCL5); ??

t(1;7)(p32;q34) 1p32; 7q35c TAL1-TRB T-cell acute lymphocytic leukemia 1 (SCL, TCL5); T-cell receptor
beta locus (TCRB)

t(1;7)(p34;q34) 1p35-p34.3; 7q35 LCK-TRB lymphocyte-specific protein tyrosine kinase; T-cell receptor
beta locus (TCRB)

t(1;14)(p32;q11) 1p32; 14q11.2 TAL1-TRA/TRD T-cell acute lymphocytic leukemia 1 (SCL, TCL5); T-cell receptor
alpha locus/T-cell receptor delta locus

t(1;19)(q23;p13) 1q23; 19p13 PBX1-TCF3 pre-B-cell leukemia transcription factor 1; transcription factor 3
(E2A immunoglobulin enhancer binding factors E12/E47)

t(2;14)(p13;q32) 2p13; 14q32.33 BCL11A-IGH B-cell CLL/lymphoma 11A; immunoglobulin heavy locus

t(3;11)(q29;p15) 3q29; 11p15.5 IQCG-NUP98 IQ motif containing G; nucleoporin 98 kDa

t(4;11)(q21;p15) 4q21-q25; 11p15.5 RAP1GDS1-
NUP98

RAP1, GTP-GDP dissociation stimulator 1; nucleoporin 98 kDa

t(4;11)(q21;q23) 4q21; 11q23 AFF1-MLL AF4/FMR2 family, member 1 (AF4); myeloid/lymphoid or
mixed-lineage leukemia (trithorax homolog, Drosophila)

t(4;21)(q31;q22) 4q31.1; 21q22.3 SH3D19-CBFA2 SH3 domain containing 19 (EBP, EVE1); runt-related
transcription factor 1 (AML1, RUNX1)

t(5;14)(q35;q32) 5q35.1; 14q32.2 TLX3-BCL11B T-cell leukemia, homeobox 3 (HOX11L2); B-cell
CLL/lymphoma 11B

t(5;14)(q35;q32.2) 5q35.1; 14q32.2 TLX3-BCL11B T-cell leukemia, homeobox 3 (HOX11L2); B-cell
CLL/lymphoma 11B

t(5;14)(q35;q32.2) 5q35.2; 14q32.2 NKX2-5-BCL11B NK2 transcription factor related, locus 5 (Drosophila); B-cell
CLL/lymphoma 11B

t(5;17)(q13;q21) 5q13; 17q21 ?? ??

t(6;7)(q23;q34) 6q23.3; 7q35 MYB-TRB v-myb myeloblastosis viral oncogene homolog (avian)
(c-Myb); T-cell receptor beta locus (TCRB)

t(6;7)(q23;q34) 6q23.3; 7q35 AHI1-TRB Abelson helper integration site 1 (AHI-1); T-cell receptor beta
locus (TCRB)

t(6;11)(q27;q23) 6q27; 11q23 MLLT4-MLL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 4 (AF6); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(7;7)(p15;q34);
inv(7)(p15q34)

7p15-p14; 7q35 HOXA10-TRB homeobox A10 (HOX1, HOX1H); T-cell receptor beta locus
(TCRB)

t(7;9)(q34;q32) 7q35; 9q32 TRB-TAL2 T-cell receptor beta locus (TCRB); T-cell acute lymphocytic
leukemia 2

t(7;9)(q34;q34) 7q35; 9q34.3 TRB-NOTCH1 T-cell receptor beta locus (TCRB); Notch homolog 1,
translocation-associated (Drosophila) (TAN1)

t(7;10)(q34;q24) 7q35; 10q24 TRB-TLX1 T-cell receptor beta locus (TCRB); T-cell leukemia, homeobox 1
(HOX11)

t(7;11)(q35;p13) 7q35; 11p13 TRB-LMO2 T-cell receptor beta locus (TCRB); LIM domain only 2
(rhombotin-like 1) (RBTN2)

t(7;12)(q34;p13) 7q35; 12p13 TRB-CCND2 T-cell receptor beta locus (TCRB); cyclin D2
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(7;14)(p15;q11-q11.2) 7p15-p14; 14q11.2 HOXA6/
HOXA7-TRD

homeobox A6/A7; T-cell receptor delta locus

t(7;14)(q35;q32.1) 7q34; 14q32.1 TBR-TCL1A T-cell receptor beta locus (TCRB); T-cell
leukemia/lymphoma 1A

t(7;19)(q34;p13) 7q34; 19p13.2 TBR-LYL1 T-cell receptor beta locus (TCRB); lymphoblastic leukemia
derived sequence 1

t(8;9)(p22;p24) 8p22-p21.3; 9p24 PCM1-JAK2 pericentriolar material 1 (PTC4); Janus kinase 2

t(8;14)(q24;q11) 8q24.21; 14q11.2 C-MYC-TRA/TRD v-myc myelocytomatosis viral oncogene homolog (avian)
(c-Myc); T-cell receptor alpha locus/T-cell receptor delta locus

t(8;21)(q24;q22) 8q24.12; 21q22 TRPS1-CBFA2 trichorhinophalangeal syndrome I (LGCR); runt-related
transcription factor 1 (AML1, RUNX1)

t(9;12)(p24;p13) 9p24; 12p13 JAK2-ETV6 Janus kinase 2; ets variant gene 6 (TEL oncogene)

dic(9;12)(p13;p13) 9p13; 12p13 PAX5-ETV6 paired box gene 5 (B-cell lineage-specific activator protein);
ets variant gene 6 (TEL oncogene)

t(9;14)(q34;q32) 9q34.1; 14q32 ABL1-EML1 v-abl Abelson murine leukemia viral oncogene homolog 1;
echinoderm microtubule associated protein like 1 (EMAP)

t(9;22)(q34;q11) 9q34.1; 22q11.21 ABL1-BCR1 v-abl Abelson murine leukemia viral oncogene homolog 1;
breakpoint cluster region

t(10;11)(p13;q21) 10p12; 11q14-q21 MLLT10-PICALM myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 10 (AF10);
phosphatidylinositol binding clathrin assembly protein (CALM)

t(10;11)(q25;p15) 10q24.2-q24.3; 11p15.5 ADD3-NUP98 adducin 3 (gamma) (ADDL); nucleoporin 98 kDa

t(10;14)(q24;q11) 10q24; 14q11.2 TLX1-TRD T-cell leukemia, homeobox 1 (HOX11); T-cell receptor
delta locus

t(11;14)(p13;q11) 11p13; 14q11.2 LMO2-TRA/TRD LIM domain only 2 (rhombotin-like 1) (RBTN2); T-cell receptor
alpha locus/T-cell receptor delta locus

t(11;14)(p15;q11) 11p15.5; 14q11.2 LMO1-TRA/TRD LIM domain only 1 (rhombotin 1); T-cell receptor alpha
locus/T-cell receptor delta locus

t(11;19)(q23;p13.3) 11q23; 19p13.3 MLL-MLLT1 myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila); translocated to,
1 (ENL)

t(12;13)(p12;q12-q14) 12p13; 13q12.3 ETV6-CDX2 ets variant gene 6 (TEL oncogene); caudal type homeobox
transcription factor 2 (CDX3)

t(12;14)(p13;q11) 12p13; 14q11.2 CCND2-TRA/TRD cyclin D2; T-cell receptor alpha locus/T-cell receptor delta
locus

t(14;14)(q11;q32.1) 14q11.2; 14q32.1 TRA/TRD-TCL1A T-cell receptor alpha locus/T-cell receptor delta locus; T-cell
leukemia/lymphoma 1A

t(14;21)(q11;q22) 14q11.2; 21q22.11 TRA-OLIG2 T-cell receptor alpha locus; oligodendrocyte lineage
transcription factor 2 (BHLHB1)

t(X;11)(q13;q23) Xq13.1; 11q23 MLLT7-MLL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 7 (AFX1); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

B-ALL

t(1;2)(q12;q37) 1q12; 2q37 ?? ??

t(1;3)(p36;p21) 1p36.23-p33 ?? ??
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(1;5)(q22;q33) 1q12; 5q31-q32 PDE4DIP-
PDGFRB

phosphodiesterase 4D interacting protein (myomegalin);
platelet-derived growth factor receptor, beta polypeptide

t(1;9)(q24;q34) 1q22-q24; 9q34.1 RCSD1-ABL1 RCSD domain containing 1 (MK2S4, CAPZIP); v-abl Abelson
murine leukemia viral oncogene homolog 1

t(1;14)(q21;q32) 1q21; 14q32.33 BCL9-IGH B-cell CLL/lymphoma 9; immunoglobulin heavy locus

t(1;14)(q25;q32) 1q25.2; 14q32.33 LHX4-IGH LIM homeobox 4 (Gsh4); immunoglobulin heavy locus

t(1;18)(q25;q23) 1q25; 18q23 ?? ??

t(1;19)(q23;p13) 1q23; 19p13 PBX1-TCF3 pre-B-cell leukemia transcription factor 1; transcription factor 3
(E2A immunoglobulin enhancer binding factors E12/E47)

t(1;22)(q21;q11) 1q21; 22q11.1-q11.2 BCL9-IGL B-cell CLL/lymphoma 9; immunoglobulin lambda locus

t(2;8)(p12;q24) 2p12; 8q24.21 MYC-IGK v-myc myelocytomatosis viral oncogene homolog (avian)
(c-Myc); immunoglobulin kappa locus

t(2;9)(p11;p13) 2p11; 9p13 ??-PAX5 ??; paired box gene 5 (B-cell lineage-specific activator protein)

t(2;11)(p21;q23) 2p21; 11q23 ??-MLL ??; myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila)

AML

t(1;2)(q12;q37) 1q12; 2q37 ?? ??

t(1;3)(p36;p21) 1p36; 3p21 ?? ??

t(1;3)(p36;q21) 1p36.23-p33; 3q21.3 PRDM16-RPN1 PR domain containing 16; ribophorin I (RBPH1)

t(1;7)(p36;q34) 1p36; 7q34 ?? ??

t(1;7)(q10;p10) 1q10; 7p10 ?? ??

t(1;8)(p22-p32;q22-q23) 1p22-p32; 8q22-q23 ?? ??

t(1;11)(q21;q23) 1q21; 11q23 AF1Q-MLL ALL1-fused gene from chromosome 1q; myeloid/lymphoid or
mixed-lineage leukemia (trithorax homolog, Drosophila)

t(1;12)(q21;q24) 1q21; 12q24 ?? ??

t(1;12)(q25;p13) 1q24-q25; 12p13 ABL2-ETV6 v-abl Abelson murine leukemia viral oncogene homolog 2;
ets variant gene 6 (TEL oncogene)

t(1;14)(q25;q32) 1q25.2; 14q32.33 LHX4-IGH LIM homeobox 4 (Gsh4); immunoglobulin heavy locus

dic(1;15)(p11;p11) 1p11; 15p11 ?? ??

t(1;16)(q12;q24) 1q12; 16q24 ?? ??

t(1;18)(q25;q23) 1q25; 18q23 ?? ??

t(1;19)(p13;p13.1) 1p13; 19p13.1 ?? ??

t(1;19)(q23;p13) 1q23; 19p13 PBX1-TCF3 pre-B-cell leukemia transcription factor 1; transcription factor 3
(E2A immunoglobulin enhancer binding factors E12/E47)

t(1;21)(p32;q22) 1p32; 21q22.3 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

t(1;21)(p35;q22) 1p35; 21q22.3 YTHDF2-CBFA2 YTH domain family member 2; runt-related transcription factor 1
(AML1, RUNX1)

t(1;21)(p36;q22) 1p36.23-p33; 21q22.3 PRDM16-CBFA2 PR domain containing 16; ribophorin I (RBPH1); runt-related
transcription factor 1 (AML1, RUNX1)

t(1;21)(q21;q22) 1q21; 21q22.3 ZNF687-CBFA2 zinc finger protein 687; runt-related transcription factor 1
(AML1, RUNX1)

t(1;22)(p13;q13) 1p13; 22q13 RBM15-MKL1 RNA binding motif protein 15 (OTT); megakaryoblastic
leukemia (translocation) 1 (MAL)
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(2;3)(p15-p23;q26-q27) 2p15-p23; 3q24-q28 ??-EVI1 ??; ecotropic viral integration site 1

t(2;4)(p23;q25-q35) 2p23; 4q25-q35 ?? ??

t(2;11)(p21;q23) 2p21; 11q23 ??-MLL ??; myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila)

t(2;11)(q37;q23) in AML 2q37; 11q23 SEPT2-MLL septin 2 (DIFF6, NEDD5, Pnutl3); myeloid/lymphoid or
mixed-lineage leukemia (trithorax homolog, Drosophila)

t(2;19)(p11;p13) 2p11; 19p13 ?? ??

t(2;21)(p11;q22) 2p11; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

ins(3;3)(q26;q21-q26);
inv(3)(q21q26);
t(3;3)(q21;q26)

3q21; 3q24-q28 RPN1-EVI1 ribophorin 1; ecotropic viral integration site 1

t(3;4)(p21;q34) 3p21; 4q34 ?? ??

t(3;5)(q25;q34) 3q25.1; 5q35 MLF1-NPM1 myeloid leukemia factor 1; nucleophosmin (nucleolar
phosphoprotein B23, numatrin)

t(3;5)(q26;q34) 3q24-q28; 5q34 EVI1-?? ecotropic viral integration site 1; ??

t(3;6)(q25;q26) 3q24-q28; 6q26 EVI1-?? ecotropic viral integration site 1; ??

t(3;7)(q26;q21) 3q24-q28; 7q21-q22 EVI1-CDK6 ecotropic viral integration site 1; cyclin-dependent kinase 6

t(3;8)(q26;q24) 3q26; 8q24 EVI1/MDS1-
PVT1/C-MYC

ecotropic viral integration site 1 ORmyelodysplastic syndrome 1;
Pvt1 oncogene OR MYC activator

t(3;12)(q26;p13) 3q26; 12p13 EVI1/MDS1-
PVT1/C-MYC-
ETV6

ecotropic viral integration site 1 OR myelodysplastic
syndrome 1; ets variant gene 6 (TEL oncogene)

t(3;16)(q21;q22) 3q21; 16q22 ??-CBFB ??; core binding factor, beta subunit

t(3;17)(q26;q22) 3q24-q28; 17q22 EVI1-?? ecotropic viral integration site 1; ??

t(3;21)(q26;q22) 3q24-q28; 21q22.3 EVI1-CBFA2 ecotropic viral integration site 1; runt-related transcription
factor 1 (AML1, RUNX1)

t(4;5)(q31;q31) 4q31; 5q31 ?? ??

t(4;11)(q21;q23) 4q21; 11q23 AFF1-MLL AF4/FMR2 family, member 1 (AF4); myeloid/lymphoid or
mixed-lineage leukemia (trithorax homolog, Drosophila)

t(4;11)(q35;q23) 4q35.1; 11q23 SORBS2-MLL sorbin and SH3 domain containing 2 (ARGBP2); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(4;12)(q11-q21;p13) 4q11-q12; 12p13 CHIC2-ETV6 cysteine-rich hydrophobic domain 2; ets variant gene 6
(TEL oncogene)

t(4;21)(q31;q22) 4q31.1; 21q22.3 SH3D19-CBFA2 SH3 domain containing 19 (EBP, EVE1); runt-related
transcription factor 1 (AML1, RUNX1)

t(5;11)(q31;q23) 5q31; 11q23 GRAF-MLL GTPase regulator associated with focal adhesion kinase pp125
(FAK); (ARHGAP26; Rho GTPase activating protein 26); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(5;11)(q35;p15.5) 5q35; 11p15.5 NSD1-NUP98 nuclear receptor binding SET domain protein 1; nucleoporin
98 kDa

t(5;12)(q31;p13) in MDS,
AML and AEL

5q31; 12p13 FACL6-ETV6 fatty-acid-coenzyme A ligase, long-chain 6 (ACSL6); ets variant
gene 6 (TEL oncogene)
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(5;14)(q33;q32) PDGFRB/
TRIP11

5q31-q32; 14q31-q32 PDGFRB-TRIP11 platelet-derived growth factor receptor, beta polypeptide;
thyroid hormone interactor receptor 11 (CEV14)

t(5;17)(q35;q21) 5q35; 17q21 NPM1-RARA nucleophosmin (nucleolar phosphoprotein B23, numatrin);
retinoic acid receptor, alpha

t(5;21)(q13;q22) 5q13; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

t(6;9)(p23;q34) 6p23; 9q34 DEK-NUP214 DEK oncogene (DNA binding); nucleoporin 214 kDa (CAN)

t(6;11)(q13;q23) 6q13; 11q23 SMAP1-MLL small ArfGAP1; myeloid/lymphoid or mixed-lineage leukemia
(trithorax homolog, Drosophila)

t(6;11)(q15;q23) 6q15; 11q23 ??-MLL ??; myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila)

t(6;11)(q27;q23) 6q27; 11q23 MLLT4-MLL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 4 (AF6); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(6;14)(q25-27;q32) 6q25-q27; 14q32 ??-BCL11B ??; B-cell CLL/lymphoma 11B (CTIP2)

t(7;8)(q34;p11) 7q32-q34; 8p11.2-p11.1 TIF1-FGFR1 transcriptional intermediary factor 1 (PTC6, TIF1A, TRIM24);
fibroblast growth factor receptor 1

t(7;11)(p15;p15) 7p15-p14.2; 11p15 HOXA9-NUP98 homeobox A9; nucleoporin 98 kDa

t(7;12)(q36;p13) 7q36; 12p13 HLXB9-ETV6 homeobox HB9; ets variant gene 6 (TEL oncogene)

t(7;14)(q21;q13) 7q21; 14q13 ?? ??

t(7;14)(q22;q11) 7q22; 14q11 ?? ??

t(7;14)(q35;q32.1) 7q34; 14q32.1 TBR-TCL1A T-cell receptor beta locus (TCRB); T-cell leukemia/
lymphoma 1A

t(7;21)(p22;q22) 7p22.1; 21q22 USP42-CBFA2 ubiquitin-specific peptidase 42; runt-related transcription
factor 1 (AML1, RUNX1)

inv(8)(p11q13) 8p11; 8q13.3 MYST3-NCOA2 MYST histone acetyltransferase (monocytic leukemia) 3 (MOZ);
nuclear receptor coactivator 2

i(8)(q10) i(8)(q10) ?? ??

t(8;9)(p22;p24) 8p22-p21.3; 9p24 PCM1-JAK2 pericentriolar material 1 (PTC4); Janus kinase 2

t(8;11)(p11;p15) 8p11.2; 11p15.5 WHSC1L1-
NUP98

Wolf-Hirschhorn syndrome candidate 1-like 1 (NSD3);
nucleoporin 98 kDa

t(8;11)(p12;p15) 8p12; 11p15 ?? ??

t(8;12)(q12;p13) 8q12; 12p13 ?? ??

t(8;16)(p11;p13) 8p11; 16p3.3 MYST3-CREBBP MYST histone acetyltransferase (monocytic leukemia) 3 (MOZ);
CREB binding protein (CBP)

t(8;19)(p11;q13) 8p11; 19q13 MYST3-?? MYST histone acetyltransferase (monocytic leukemia)
3 (MOZ); ??

t(8;19)(p12;q13) 8p11.2-p11.1; 19q13 FGFR1-ERVK3 fibroblast growth factor receptor 1; endogenous retroviral
sequence K(C4), 3 (HERV-K)

t(8;21)(q22;q22) 8q22; 21q22 CBFA2T1-CBFA2 core-binding factor, runt domain, alpha subunit 2; translocated
to, 1 (ETO); runt-related transcription factor 1 (AML1, RUNX1)

t(8;21)(q24;q22) 8q24.12; 21q22 TRPS1-CBFA2 trichorhinophalangeal syndrome I (LGCR); runt-related
transcription factor 1 (AML1, RUNX1)
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(8;22)(p11;q13) 8p11; 22q13.2 MYST3-EP300 MYST histone acetyltransferase (monocytic leukemia) 3 (MOZ);
300 kDa E1A-Binding protein gene (p300)

t(9;9)(q34;q34) 9q34; 9q34 SET-NUP214 SET translocation; nucleoporin 214 kDa (CAN)

t(9;11)(p22;p15) 9p22.3; 11p15 PSIP2-NUP98 PC4 and SFRS1 interacting protein 2 (LEDGF, PSIP1);
nucleoporin 98 kDa

t(9;11)(p22;q23) 9p22; 11q23 MLLT3-MLL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 3 (AF9); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(9;11)(q34;p15) 9q34.1; 11p15 PRRX2-NUP98 paired related homeobox 2 (PMX2, PRX2); nucleoporin 98 kDa

t(9;11)(q34;q23) 9q33.3; 11q23 AF9Q34-MLL nGAP-like protein; myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila)

t(9;11)(q34;q23) 9q34; 11q23 FNBP1-MLL formin binding protein 1 (FBP17); myeloid/lymphoid or mixed-
lineage leukemia (trithorax homolog, Drosophila)

t(9;12)(q34;p13) 9q34.1; 12p13 ABL1-ETV6 v-abl Abelson murine leukemia viral oncogene homolog 1;
ets variant gene 6 (TEL oncogene)

t(9;21)(q34;q22) 9q34; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

t(9;22)(q34;q11) 9q34.1; 22q11.21 ABL1-BCR v-abl Abelson murine leukemia viral oncogene homolog 1;
breakpoint cluster region

t(10;11)(p11.2;q23) 10p11.2; 11q23 ABI1-MLL abl-interactor 1 (E3B1); myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila)

t(10;11)(p12;q23) 10p12; 11q23 MLLT10; MLL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 10 (AF10); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(10;11)(p13;q21) 10p12; 11q14-21 MLLT10-PICALM myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 10 (AF10);
phosphatidylinositol binding clathrin assembly protein (CALM)

t(10;11)(q22;q23) 10q21; 11q23 TET1-MLL tet oncogene 1 (CXXC6); myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila)

t(10;16)(q22;p13) 10q22; 16p13.3 MYST4-CREBBP MYST histone acetyltransferase (monocytic leukemia) 4 (MORF);
CREB binding protein (CBP)

inv(11)(p15q22);
t(11;11)(p15;q22)

11p15.5; 11q22 NUP98-DDX10 nucleoporin 98 kDa; DEAD (Asp-Glu-Ala-Asp) box
polypeptide 10

t(11;12)(p15;p13) 11p15.5; 12p11 NUP98-KDM5A nucleoporin 98 kDa; lysine (K)-specific demethylase 5A (RBP2,
RBBP2, JARID1A)

t(11;12)(q23;q13)
(MLL/CIP29)

11q23; 12q13.2 MLL-SARNP myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); SAP domain containing
ribonucleoprotein (CIP29)

t(11;16)(q23;p13.3) 11q23; 16p13.3 MLL-CREBBP myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); CREB binding protein (CBP)

t(11;17)(p15;p13) 11p15.5; 17p13.1 NUP98-PHF23 nucleoporin 98 kDa; PHD finger protein 23 (hJUNE-1b)

t(11;17)(q13;q21) 11q13; 17q21 NUMA1-RARA nuclear mitotic apparatus protein 1; retinoic acid
receptor, alpha

t(11;17)(q23;p13) 11q23; 17p13.1 MLL-GAS7 myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); growth arrest-specific 7
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(11;17)(q23;q12)
MLL/RARα

11q23; 17q21 MLL-RARA myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); retinoic acid receptor, alpha

t(11;17)(q23;q12-q21)
MLL/AF17

11q23; 17q21 MLL-MLLT6 myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila); translocated to,
6 (AF17)

t(11;17)(q23;q12-q21)
MLL/LASP1

11q23; 17q11-q21.3 MLL-LASP1 myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); LIM and SH3 protein 1

t(11;17)(q23;q21) 11q23.1; 17q21 ZNF145-RARA zinc finger protein 145 (PLZF); retinoic acid receptor, alpha

t(11;17)(q23;q25) 11q23; 17q25 MLL-MSF myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); MLL septin-like fusion

t(11;19)(q23;p13.1) 11q23; 19p13.1 MLL-ELL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); ELL gene (11-19 lysine-rich leukemia
gene)

t(11;19)(q23;p13.3) 11q23; 19p13.3 MLL-MLLT1 myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); myeloid/lymphoid or mixed-lineage
leukemia (trithorax homolog, Drosophila); translocated to,
1 (ENL)

t(11;20)(p15;q11) 11p15.5; 20q12-q13.1 NUP98-TOP1 nucleoporin 98 kDa; topoisomerase (DNA) I

t(11;22)(q23;q11.2) 11q23; 17q22-q23 MLL-SEPT4 myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); septin 4 (hCDCREL-2, SEP4)

t(12;13)(p12;q12-q14) 12p13; 13q12.3 ETV6-CDX2 ets variant gene 6 (TEL oncogene); caudal type homeobox
transcription factor 2 (CDX3)

t(12;13)(p13;q12) ETV6/FLT3 12p13; 13q12 ETV6-FLT3 ets variant gene 6 (TEL oncogene); fms-related tyrosine
kinase 3

t(12;13)(p13;q14) 12p13; 13q14.11 ETV6-TTL ets variant gene 6 (TEL oncogene); twelve-thirteen
translocation leukemia gene (LOC646982; FLJ21437)

t(12;15)(p13;q25) 12p13; 15q25 ETV6-NTRK3 ets variant gene 6 (TEL oncogene); neurotrophic tyrosine
kinase receptor, type 3

t(12;17)(p11;q11) 12p11; 17q11 ?? ??

t(12;17)(p13;q11) 12p12; 17q11.1-q11.2 ZNF384-TAF15 zinc finger protein 384 (CIZ/NMP4); TAF15 RNA polymerase II

t(12;19)(q13;q13) 12q13; 19q13 ?? ??

t(12;21)(q12;q22) 12q12; 21q22 CPNE8-CBFA2 copine VIII; runt-related transcription factor 1 (AML1, RUNX1)

t(12;22)(p13;q11-q12) 12p13; 22q11 ETV6-MN1 ets variant gene 6 (TEL oncogene); meningioma (disrupted in
balanced translocation) 1

t(12;22)(p13;q12) 12p12; 22q12 ZNF384-EWSR1 zinc finger protein 384 (CIZ/NMP4); Ewing sarcoma breakpoint
region 1 (EWS)

inv(14)(q11q32.1);
t(14;14)(q11;q32.1)

14q11.2; 14q32.1 TRA/TRD-TCL1A T-cell receptor alpha locus/T-cell receptor delta locus; T-cell
leukemia/lymphoma 1A

t(14;22)(q32;q11) 14q32.33;
22q11.1-q11.2

IGH-IGL immunoglobulin heavy locus; immunoglobulin lambda locus

t(15;17)(q22;q21) 15q22; 17q21 PML-RARA promyelocytic leukemia; retinoic acid receptor, alpha

inv(16)(p13q22);
t(16;16)(p13;q22)

16p13; 16q22 MYH11-CBFB myosin, heavy polypeptide 11, smooth muscle; core-binding
factor, beta subunit

t(16;21)(p11;q22) 16p11.2; 21q22.3 FUS-ERG fusion, derived from t(12;16) malignant liposarcoma; v-ets
erythroblastosis virus E26 oncogene like (avian)
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(16;21)(q24;q22) 16q24; 21q22 CBFA2T3-CBFA2 core-binding factor, runt domain, alpha subunit 2; translocated
to, 3 (MTG-16); runt-related transcription factor 1 (AML1,
RUNX1)

dic(17;20)(p11.2;q11.2) 17p13; 20q11.2 TP53-?? tumor protein p53-??

t(17;17)(q21;q21) 17q11.2-17q21 STAT5B-RARA signal transducer and activator of transcription 5B; retinoic acid
receptor, alpha

t(17;21)(q11.2;q22) 17q11; 21q22 ??-CBFA2 ??-runt-related transcription factor 1 (AML1, RUNX1)

t(20;21)(q11;q22) 20q11; 21q22 ??-CBFA2 ??-runt-related transcription factor 1 (AML1, RUNX1)

t(20;21)(q13;q22) 20q13; 21q22 ??-CBFA2 ??-runt-related transcription factor 1 (AML1, RUNX1)

t(X;6)(p11;q23) Xp10; 6q23 ?? ??

t(X;10)(p10;p10) Xp10; 10p10 ?? ??

t(X;11)(q13;q23) Xq13.1; 11q23 MLLT7-MLL myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); translocated to, 7 (AFX1); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(X;21)(p22;q22) Xp22.11; 21q22 PRDX4-CBFA2 peroxiredoxin 4 (PRX-4); runt-related transcription factor 1
(AML1, RUNX1)

t(X;21)(q26;q22) Xq26; 21q22.3 ELF4-ERG E74-like factor 4 (ets domain transcription factor); v-ets
erythroblastosis virus E26 oncogene like (avian)

t(Y;1)(q12;q12) Yq12; 1q12 ?? ??

MDS

t(1;3)(p36;q21) 1p36.23-p33; 3q21.3 PRDM16-RPN1 PR domain containing 16; ribophorin I (RBPH1)

t(1;3)(p36;p21) 1p36.23-p33; 3p21 ?? ??

t(1;6)(p36;p21) 1p36; 3p21 ?? ??

t(1;7)(q10;p10) 1q10; 7p10 ?? ??

t(1;12)(p36;p13) 1p36; 12p13 MDS2-ETV6 myelodysplastic syndrome 2; ets variant gene 6 (TEL
oncogene)

dic(1;15)(p11;p11) 1p11; 15p11 ?? ??

t(1;16)(q11;q11) 1q11; 16q11 ?? ??

t(1;18)(q10;q10) 1q10; 18q10 ?? ??

t(1;19)(p13;p13.1) 1p13; 19p13.1 ?? ??

t(1;21)(p36;q22) 1p36.23-p33; 21q22.3 PRDM16-CBFA2 PR domain containing 16; ribophorin I (RBPH1); runt-related
transcription factor 1 (AML1, RUNX1)

t(2;3)(p15-p23;q26-q27) 2p15-p23; 3q24-q28 ??-EVI1 ??; ecotropic viral integration site 1

t(2;4)(p23;q25-q35) 2p23; 4q25-q35 ?? ??

t(2;11)(p21;q23) 2p21; 11q23 ??-MLL ??; myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila)

t(2;12)(q31;p13) 2q31; 12p13 ??-ETV6 ??-ets variant gene 6 (TEL oncogene)

t(3;3)(p24;q26) 3p24; 3q24-q28 ??-EVI1 ??-ecotropic viral integration site 1

ins(3;3)(q26;q21q26);
inv(3)(q21q26);
t(3;3)(q21;q26)

3q21; 3q24-q28 RPN1-EVI1 ribophorin 1 (RBPH1); ecotropic viral integration site 1

t(3;4)(p21;q34) 3p21; 4q34 ?? ??
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(3;5)(q25;q34) 3q25.1; 5q35 MLF1-NPM1 myeloid leukemia factor 1; nucleophosmin (nucleolar
phosphoprotein B23, numatrin)

t(3;8)(q26;q24) 3q26; 8q24 EVI1/MDS1-
PVT1/C-MYC

ecotropic viral integration site 1 OR myelodysplastic
syndrome 1; Pvt1 oncogene OR MYC activator

t(3;12)(q26;p13) 3q26; 12p13 EVI1/MDS1-
PVT1/C-MYC-
ETV6

ecotropic viral integration site 1 OR myelodysplastic
syndrome 1; ets variant gene 6 (TEL oncogene)

t(3;16)(q21;q22) 3q21; 16q22 ??-CBFB ??; core binding factor, beta subunit

t(3;18)(q26;q11) 3q24-q28; 18q11 EVI1-?? ecotropic viral integration site 1; ??

t(3;21)(q26;q22) 3q24-q28; 21q22.3 EVI1-CBFA2 ecotropic viral integration site 1; runt-related transcription
factor 1 (AML1, RUNX1)

t(4;5)(q31;q31) 4q31; 5q31 ?? ??

t(4;11)(p12;q23) 4p12; 11q23 FRYL-MLL FRY-like (KIAA0826, FLJ16177, furry homolog, Drosophila);
myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila)

t(4;17)(q12;q21) 4q12; 17q21 FIP1L1; RARA FIP1 like 1 (Saccharomyces cerevisiae); retinoic acid
receptor, alpha

t(5;7)(q33;q11) 5q31-q32; 7q11 PDGFRB-HIP1 platelet-derived growth factor receptor, beta polypeptide;
huntingtin interacting protein 1

t(5;11)(q31;q23) 5q31; 11q23 GRAF-MLL GTPase regulator associated with focal adhesion kinase pp125
(FAK); (ARHGAP26; Rho GTPase activating protein 26); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(5;12)(q31;p13) in MDS,
AML and AEL

5q31; 12p13 FACL6-ETV6 fatty-acid-coenzyme A ligase, long-chain 6 (ACSL6); ets variant
gene 6 (TEL oncogene)

t(5;12)(q33;p13) 5q31-q32; 12p13 PDGFRB-ETV6 platelet-derived growth factor receptor; ets variant gene 6
(TEL oncogene)

t(5;17)(q33;p11.2) 5q31-q32; 17p11.2 PDGFRB-
HCMOGT-1

platelet-derived growth factor receptor, beta polypeptide;
sperm antigen HCMOGT-1

t(5;17)(q33;p13) 5q31-q32; 17p13 PDGFRB-RAB5EP platelet-derived growth factor receptor, beta polypeptide;
rabaptin, RAB GTPase binding effector protein 1 (RABPT5)

t(5;21)(q13;q22) 5q13; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

inv(6)(p15q13) 6p15; 6q13 ?? ??

inv(6)(p25q13) 6p25; 6q13 ?? ??

t(6;8)(q27;p12) 6q27; 8p11.2-p11.1 FGFR1OP-FGFR1 FGFR1 oncogene partner (FOP); fibroblast growth factor
receptor 1

t(6;9)(p23;q34) 6p23; 9q34 DEK-NUP214 DEK oncogene (DNA binding); nucleoporin 214 kDa (CAN)

t(6;12)(p21;p13) 6p21; 12p13 CCND3-ETV6 cyclin D3; ets variant gene 6 (TEL oncogene)

t(6;21)(p22;q22) 6p22; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

t(7;12)(p12;q13) 7p12; 12q15 ??-HMGA2 ??; high mobility group AT-hook 2 (HMGIC)

t(7;12)(q36;p13) 7q36; 12p13 HLXB9-ETV6 homeobox HB9; ets variant gene 6 (TEL oncogene)

t(8;9)(p22;p24) 8p22-p21.3; 9p24 PCM1-JAK2 pericentriolar material 1 (PTC4); Janus kinase 2

t(8;12)(q12;p13) 8q12; 12p13 ?? ??

t(8;12)(q22;q13) 8q22; 12q15 ??-HMGA2 ??; high mobility group AT-hook 2 (HMGIC)
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(8;13)(p12;q12) 8p11.2-p11.1;
13q11-q12

FGFR1-ZNF198 fibroblast growth factor receptor 1; zinc finger protein 198

t(8;21)(q23;q22) 8q23; 21q22 ZFPM2-CBFA2 zinc finger protein, multitype 2 (FOG2); runt-related
transcription factor 1 (AML1, RUNX1)

t(9;12)(q22;p12) 9q22; 12p13 SYK-ETV6 spleen tyrosine kinase; ets variant gene 6 (TEL oncogene)

t(10;12)(q24;p13) 10q24.1-q25.1; 12p13 GOT1-ETV6 glutamic-oxaloacetic transaminase 1 (GIG18); ets variant gene 6
(TEL oncogene)

t(10;16)(q22;p13) 10q22; 16p13.3 MYST4-CREBBP MYST histone acetyltransferase (monocytic leukemia) 4 (MORF);
CREB binding protein (CBP)

t(11;11)(p15;q22) 11p15.5 NUP98 nucleoporin 98 kDa

inv(11)(p15q22) 11p15.5; 11q22 NUP98-DDX10 nucleoporin 98 kDa; DEAD (Asp-Glu-Ala-Asp) box
polypeptide 10

t(11;16)(q23;p13.3) 11q23; 16p13.3 MLL-CREBBP myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); CREB binding protein (CBP)

t(11;17)(q23;q25) 11q23; 17q25 MLL-MSF myeloid/lymphoid or mixed-lineage leukemia (trithorax
homolog, Drosophila); MLL septin-like fusion

t(11;20)(p15;q11) 11p15.5; 20q12-q13.1 NUP98-TOP1 nucleoporin 98 kDa; topoisomerase (DNA) I

t(12;12)(p13;q13) 12p13; 12q15 ??-HMGA2 ??-high mobility group AT-hook 2 (HMGIC)

t(12;13)(p12;q12-q14) 12p13; 13q12.3 ETV6-CDX2 ets variant gene 6 (TEL oncogene); caudal type homeobox
transcription factor 2 (CDX3)

t(12;13)(p13;q12) ETV6/FLT3 12p13; 13q12 ETV6-FLT3 ets variant gene 6 (TEL oncogene); fms-related tyrosine
kinase 3

t(12;13)(p13;q14) 12p13; 13q14.11 ETV6-TTL ets variant gene 6 (TEL oncogene); twelve-thirteen
translocation leukemia gene (LOC646982; FLJ21437)

t(12;14)(q13;q31) 12q15; 14q31 HMGA2-?? high mobility group AT-hook 2 (HMGIC); ??

t(12;17)(p13;p13) 12p13; 17p13.1-p12 ETV6-PER1 ets variant gene 6 (TEL oncogene); period homolog 1
(Drosophila)

t(12;20) (q15;q11.2) 12q15; 20q11.2 HMGA2-?? high mobility group AT-hook 2 (HMGIC); ??

t(12;22) (p13;q11-q12) 12p13; 22q11 ETV6-MN1 ets variant gene 6 (TEL oncogene); meningioma (disrupted in
balanced translocation) 1

t(14;21)(q22;q22) 14q22; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

t(15;21)(q22;q22) 15q22; 21q22 ??-CBFA2 ??; runt-related transcription factor 1 (AML1, RUNX1)

inv(16)(p13q22); t(16;16)
(p13;q22)

16p13; 16q22 MYH11-CBFB myosin, heavy polypeptide 11, smooth muscle; core-binding
factor, beta subunit

t(16;21)(q24;q22) 16q24; 21q22 CBFA2T3-CBFA2 core-binding factor, runt domain, alpha subunit 2; translocated
to, 3 (MTG-16); runt-related transcription factor 1 (AML1,
RUNX1)

dic(17;20)(p11.2;q11.2) 17p13; 20q11.2 TP53-?? tumor protein p53-??

t(20;21)(q13;q22) 20q13; 21q22 ??-CBFA2 ??-runt-related transcription factor 1 (AML1, RUNX1)

t(X;20)(q13;q13.3) Xq13.1; 20q13.3 ?? ??

t(Y;1)(q12;q12) Yq12; 1q12 ?? ??

MPD

t(1;3)(p36;p21) 1p36.23-p33; 3p21 ?? ??
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(1;5)(q22;q33) 1q22; 5q31-q32 PDE4DIP-
PDGFRB

phosphodiesterase 4D interacting protein (myomegalin);
platelet-derived growth factor receptor, beta polypeptide

t(1;7)(q10;p10) 1q10; 7p10 ?? ??

t(1;12)(p36;p13) 1p36; 12p13 MDS2-ETV6 myelodysplastic syndrome 2; ets variant gene 6 (TEL
oncogene)

dic(1;15)(p11;p11) 1p11; 15p11 ?? ??

t(1;18)(q10;q10) 1q10; 18q10 ?? ??

t(2;3)(p15-p23;q26-q27) 2p15-p23; 3q24-q28 ??-EVI1 ??; ecotropic viral integration site 1

t(2;4)(p23;q25-q35) 2p23; 4q25-q35 ?? ??

t(2;13)(p16;q12) 2p21; 13q12 SPTBN1; FLT3 pectrin, beta, non-erythrocytic 1; fms-related tyrosine kinase 3

inv(3)(p12q26) 3q24-q28; 3p12 EVI1-?? ecotropic viral integration site 1; ??

inv(3)(q21q26) 3q21; 3q24-q28 RPN1-EVI1 ribophorin 1; ecotropic viral integration site 1

inv(3)(q23q26) 3q24-q28; 3q23 EVI1-?? ecotropic viral integration site 1; ??

ins(3;3)(q26;q21q26);
t(3;3)(q21;q26)

3q21.3-q25.2 RPN1-EVI1 ribophorin 1

t(3;5)(q25;q34) 3q25.1; 5q35 MLF1-NPM1 myeloid leukemia factor 1; nucleophosmin (nucleolar
phosphoprotein B23, numatrin)

t(3;7)(q26;q21) 3q24-q28; 7q21-q22 EVI1-CDK6 ecotropic viral integration site 1; cyclin-dependent kinase 6

t(3;11)(q26;p15) 3q24-q28; 11p15 EVI1-?? ecotropic viral integration site 1; ??

t(3;17)(q26;q22) 3q24-q28; 17q22 EVI1-?? ecotropic viral integration site 1; ??

t(4;10)(q12;p11) 4q11-q13; 10p11 PDGFRA-KIF5B platelet-derived growth factor, alpha-receptor; kinesin family
member 5B

t(4;12)(q12;p13)
PDGFRA/ETV6

4q11-q13; 12p13 PDGFRA-ETV6 platelet-derived growth factor, ets variant gene 6
(TEL oncogene)

t(4;22)(q12;q11.2) 4q11-q13; 22q11.21 PDGFRA-BCR platelet-derived growth factor, alpha-receptor; breakpoint
cluster region

t(5;10)(q33;q21) 5q31-q32; 10q21 PDGFRB-
D10S170

platelet-derived growth factor receptor, beta polypeptide;
DNA segment on chromosome 10 (unique) 170, H4 gene
(PTC1; CCDC6)

t(5;11)(q31;q23) 5q31; 11q23 GRAF-MLL GTPase regulator associated with focal adhesion kinase pp125
(FAK); (ARHGAP26; Rho GTPase activating protein 26); myeloid/
lymphoid or mixed-lineage leukemia (trithorax homolog,
Drosophila)

t(5;12)(q31;p13) 5q31; 12p13 FACL6-ETV6 fatty-acid-coenzyme A ligase, long-chain 6 (ACSL6); ets variant
gene 6 (TEL oncogene)

t(5;12)(q33;p13) 5q31-q32; 12p13 PDGFRB-ETV6 platelet-derived growth factor receptor; ets variant gene 6 (TEL
oncogene)

t(5;14)(q33;q32)
PDGFRB/KIAA1509

5q31-q32; 14q32.12 PDGFRB-
KIAA1509

platelet-derived growth factor receptor, beta polypeptide;
now known as CCDC88C (coiled-coil domain containing 88C)

t(5;15)(q33;q22) 5q31-q32; 15q22 PDGFRB-
TP53BP1

platelet-derived growth factor receptor, beta polypeptide;
tumor protein p53 binding protein 1 (53BP1)

t(7;8)(q34;p11) 7q32-q34; 8p11.2-p11.1 TIF1-FGFR1 transcriptional intermediary factor 1 (PTC6, TIF1A, TRIM24);
fibroblast growth factor receptor 1

t(7;11)(p15;p15) 7p15-p14.2; 11p15 HOXA9-NUP98 homeobox A9; nucleoporin 98 kDa
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Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(7;14)(q21;q13) 7q21; 14q13 ?? ??

t(7;17)(p15;q23) 7p15-p14.2; 17q23 HOXA9-MSI2 homeobox A9; musashi homolog 2 (Drosophila)

t(7;17)(q32-34;q23) 7q32-q34; 17q23.3 ??-MSI2 ??; musashi homolog 2 (Drosophila)

t(8;9)(p12;q33) 8p11.2-p11.1; 9q33 FGFR1-CEP1 fibroblast growth factor receptor 1; centrosomal protein 1
(CEP110)

t(8;12)(p12;p11) 8p11.2-p11.1; 12p11.23 FGFR1-
FGFR1OP2

fibroblast growth factor receptor 1; FGFR1 oncogene partner 2

t(8;12)(p12;q15) 8p11.2-p11.1; 12q15 FGFR1-CPSF6 fibroblast growth factor receptor 1; cleavage and
polyadenylation specific factor 6

t(8;12)(q22;q13) 8q22; 12q15 ??-HMGA2 ??; high mobility group AT-hook 2 (HMGIC)

t(8;14)(q11;q32) 8q11; 14q32.33 CEBPD-IGH CCAAT/enhancer binding protein (C/EBP), delta;
immunoglobulin heavy locus

t(8;17)(p12;q23) 8p11.2-p11.1; 17q11.2 FGFR1 fibroblast growth factor receptor 1; myosin XVIIIA

t(8;17)(p12;q25) 8p11.2-p11.1; 17q25.3 FGFR1-?? fibroblast growth factor receptor 1; ??

t(8;22)(p11;q11) 8p11.2-p11.1; 22q11.21 FGFR1-BCR fibroblast growth factor receptor 1; breakpoint cluster region

t(9;11)(p22;p15) 9p22.3; 11p15 PSIP2-NUP98 PC4 and SFRS1 interacting protein 2 (LEDGF, PSIP1);
nucleoporin 98 kDa

t(9;12)(p24;p13) 9p24; 12p13 JAK2-ETV6 Janus kinase 2; ets variant gene 6 (TEL oncogene)

t(9;12)(q34;p13) 9q34.1; 12p13 ABL1-ETV6 v-abl Abelson murine leukemia viral oncogene homolog 1;
ets variant gene 6 (TEL oncogene)

der(9;18)(p10;q10) 9p10; 18q10 ?? ??

t(9;22)(p24;q11.2) 9p24; 22q11.21 JAK2-BCR Janus kinase 2; breakpoint cluster region

t(9;22)(q34;q11) in CML 9q34.1; 22q11.21 ABL1-BCR v-abl Abelson murine leukemia viral oncogene homolog 1;
breakpoint cluster region

t(10;12)(q24;p13) 10q24.1-q25.1; 12p13 GOT1-ETV6 glutamic-oxaloacetic transaminase 1 (GIG18); ets variant gene 6
(TEL oncogene)

inv(11)(p15q22);
t(11;11) (p15;q22)

11p15.5; 11q22 NUP98-DDX10 nucleoporin 98 kDa; DEAD (Asp-Glu-Ala-Asp) box polypeptide 10

ins(12;8)(p11;p12p22) 12p11.23; 8p12 FGFR1OP2-FGFR FGFR1 oncogene partner 2; fibroblast growth factor receptor 1

t(12;13)(p12;q12-q14) 12p13; 13q12.3 ETV6-CDX2 ets variant gene 6 (TEL oncogene); caudal type homeobox
transcription factor 2 (CDX3)

t(12;13)(p13;q12) ETV6/FLT3 12p13; 13q12 ETV6-FLT3 ets variant gene 6 (TEL oncogene); fms-related tyrosine
kinase 3

t(12;13)(p13;q14) 12p13; 13q14.11 ETV6-TTL ets variant gene 6 (TEL oncogene); twelve-thirteen
translocation leukemia gene (LOC646982; FLJ21437)

t(12;22)(p13;q11-q12) 12p13; 22q11 ETV6-MN1 ets variant gene 6 (TEL oncogene); meningioma (disrupted in
balanced translocation) 1

inv(16)(p13q22);
t(16;16) (p13;q22)

16p13; 16q22 MYH11-CBFB myosin, heavy polypeptide 11, smooth muscle; core binding
factor, beta subunit

t(X;20)(q13;q13.3) Xq13.1; 20q13.3 ?? ??

t(Y;1)(q12;q12) Yq12; 1q12 ?? ??

CLPD

t(1;3)(p36;q21) 1p36.23-p33; 3q21.3 PRDM16-RPN1 PR domain containing 16; ribophorin I (RBPH1)
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Gene deletions and amplifications
The deletion of tumor suppressor genes is another mechanism
for leukemogenesis. Some of the deletions most recently
described involve the loss of microRNAs (miRNAs) that func-
tion as suppressors. Amplifications are rare in leukemias, but
have been documented. Table 1.3 gives a list of genes found to
be deleted or amplified in leukemias.

Changes in expression
Deregulation of gene expression, such as the downregulation
of tumor suppressors or the overexpression of oncogenes, is a
common abnormality seen in leukemias. Most instances of
downregulation are caused by deletion of the gene, or by
hypermethylation as explained below. However, some deregu-
lation and downregulation can be caused by other mechanisms

Table 1.1. (cont.)

Cytogenetic data Chromosome band Symbol Names of genes

t(1;6)(p35;p25) 1p35; 6p25-p23 ??-IRF4 ??; interferon regulatory factor 4

t(1;14)(q21;q32) IRTA1/IGH 1q21; 14q32.33 FCRL4-IGH Fc receptor-like 4 (IRTA1); immunoglobulin heavy locus

t(2;14)(p13;q32) 2p13; 14q32.33 BCL11A-IGH B-cell CLL/lymphoma 11A; immunoglobulin heavy locus

t(2;18)(p11;q21) 2p11; 18q21.3 ??-BCL2 ??; B-cell CLL/lymphoma 2

t(2;19)(p12;q13) IGK/BCL3 2p12; 19q13 IGK-BCL3 immunoglobulin kappa locus; B-cell CLL/lymphoma 3

t(6;12)(p21;p13) 6p21; 12p13 CCND3-ETV6 cyclin D3; ets variant gene 6 (TEL oncogene)

t(6;14)(p21;q32) 6p21; 14q32.33 CCND3-IGH cyclin D3; immunoglobulin heavy locus

t(6;14)(q25-q27;q32) 6q25-q27; 14q32 ??-BCL11B ??; B-cell CLL/lymphoma 11B (CTIP2)

t(7;14)(q35;q32.1) 7q34; 14q32.1 TBR-TCL1A T-cell receptor beta locus (TCRB); T-cell
leukemia/lymphoma 1A

t(8;12)(q24;q22) 8q24.21; 12q22 MYC-BTG1 v-myc myelocytomatosis viral oncogene homolog (avian)
(c-Myc); B-cell translocation gene 1

t(9;14)(p13;q32) 9p13; 14q32.33 PAX5-IGH paired box gene 5 (B-cell lineage-specific activator protein);
immunoglobulin heavy locus

t(11;14)(p11;q32) 11p11; 14q32 ??-IGH ??; immunoglobulin heavy locus

t(11;14)(q13;q32) 11q13; 14q32.33 CCND1-IGH cyclin D1; immunoglobulin heavy locus

t(14;14)(q11;q32.1);
inv(14)(q11q32.1)

14q11.2; 14q32.1 TRA/TRD-TCL1A T-cell receptor alpha locus/T-cell receptor delta locus; T-cell
leukemia/lymphoma 1A

t(14;18)(q32;q21) 14q32.33; 18q21.3 IGH-BCL2 immunoglobulin heavy locus; B-cell CLL/lymphoma 2

t(14;19)(q32;q13) 14q32.33; 19q13 IGH-BCL3 immunoglobulin heavy locus; B-cell CLL/lymphoma 3

t(14;22)(q32;q11) 14q32.33;
22q11.1-q11.2

IGH-IGL immunoglobulin heavy locus; immunoglobulin lambda locus

t(18;22)(q21;q11) 18q21.3; 22q11 BCL2-?? B-cell CLL/lymphoma 2; ??

t(19;19)(p13;q13);
inv(19)(p13q13)

19p13.3; 19q13 TCF3-TFPT transcription factor 3 (E2A immunoglobulin enhancer binding
factors E12/E47); TCF3 (E2A) fusion partner (in childhood
leukemia)

t(19;22)(q13;q11) 19q13; 22q11.1-q11.2 BCL3-IGL B-cell CLL/lymphoma 3; immunoglobulin lambda locus

t(X;11)(q21;q23) Xq21.1; 11q22.3-q23.1 BRWD3-
ARHGAP20

bromodomain and WD repeat domain containing 3 (BRODL);
Rho GTPase activating protein 20 (RARHOGAP)

Notes:
aChromosome bands listed are those given in EntrezGene for the genes demonstrated to be involved in the translocation.
bGenes involved in the translocation are listed in the order given in the Chromosome band column.
cGene names given in parentheses are synonyms; genes are listed in the order given in the Chromosome band column.
T-ALL: T-cell acute lymphoblastic leukemia; B-ALL: B-cell acute lymphoblastic leukemia; AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; AEL: acute
erythroleukemia; MPD: myeloproliferative disease; CML: chronic myeloid leukemia; CLPD: chronic lymphoproliferative disorders.
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Table 1.2. Genes mutated in leukemias

Symbol Name Chromosome
band

IKZF1 IKAROS family zinc finger 1 7p12.2

MAP2K4 mitogen-activated protein kinase
kinase 4

17p11.2

FANCD2 Fanconi anemia,
complementation group D2

3p26

ATM ataxia telangiectasia mutated 11q22.3

CDKN2A-
p16
(INK4a)

cyclin-dependent kinase inhibitor
2A (p16(INK4a)) gene

9p21

FANCA Fanconi anemia,
complementation group A

16q24.3

FANCC Fanconi anemia,
complementation group C

9q22.3

PTEN phosphatase and tensin
homolog gene

10q23.3

RB1 retinoblastoma gene 13q14

WT1 Wilms tumor 1 gene 11p13

NF1 neurofibromatosis type 1 gene 17q12

NF2 neurofibromatosis type 2 gene 22q12.2

CDKN2A-
p14ARF

cyclin-dependent kinase inhibitor
2A-p14ARF protein

9p21

CHEK2 CHK2 checkpoint homolog
(Schizosaccharomyces pombe)

22q12.1

CTNNB1 catenin (cadherin-associated
protein), beta 1

3p22-p21.3

AKT1 v-akt murine thymoma viral
oncogene homolog 1

14q32.32

CARD11 caspase recruitment domain
family, member 11

7p22

CDK4 cyclin-dependent kinase 4 12q14

FGFR2 fibroblast growth factor
receptor 2

10q26

GATA2 GATA binding protein 2 3q21.3

HRAS v-Ha-ras Harvey rat sarcoma viral
oncogene homolog

11p15.5

JAK3 Janus kinase 3 19p13.1

KRAS v-Ki-ras2 Kirsten rat sarcoma 2
viral oncogene homolog

12p12.1

MET met proto-oncogene
(hepatocyte growth factor
receptor)

7q31

MPL myeloproliferative leukemia virus
oncogene, thrombopoietin
receptor

p34

MUTYH mutY homolog (Escherichia coli) 1p34.3-1p32.1

NRAS neuroblastoma RAS viral (v-ras)
oncogene homolog

1p13.2

PIK3CA phosphoinositide-3-kinase,
catalytic, alpha polypeptide

3q26.3

PTPN11 protein tyrosine phosphatase,
non-receptor type 11

12q24.1

TNFRSF6 tumor necrosis factor receptor
superfamily, member 6 (FAS)

10q24.1

GATA1 GATA binding protein 1 (globin
transcription factor 1)

Xp11.23

PHOX2B paired-like homeobox 2b 4p12

TCF1 transcription factor 1, hepatic
(HNF1)

12q24.2

PIK3R1 phosphoinositide-3-kinase,
regulatory subunit 1 (alpha)

5q13.1

BLM Bloom syndrome 15q26.1

CEBPA CCAAT/enhancer binding
protein (C/EBP), alpha

11p15.5

TP53 tumor protein p53 17p13

ERCC2 excision repair cross-
complementing rodent repair
deficiency, complementation
group 2 (xeroderma
pigmentosum D)

19q13.2-q13.3

FANCG Fanconi anemia,
complementation group G

9p13

FLT3 fms-related tyrosine kinase 3 13q12

KIT v-kit Hardy-Zuckerman 4 feline
sarcoma viral oncogene
homolog

4q12

ERCC3 excision repair cross-
complementing rodent repair
deficiency, complementation
group 3 (xeroderma
pigmentosum group B
complementing)

2q21

BRAF v-raf murine sarcoma viral
oncogene homolog B1

7q34

FANCF Fanconi anemia,
complementation group F

11p15

FANCE Fanconi anemia,
complementation group E

6p21-p22

IL6ST interleukin 6 signal transducer
(gp130, oncostatin M receptor)

5q11

NPM1 nucleophosmin (nucleolar
phosphoprotein B23, numatrin)

5q35

GRAF GTPase regulator associated with
focal adhesion kinase pp125(FAK)

5q31
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that are not well characterized. miRNAs have been shown to

regulate the expression of genes, and they themselves can be
deregulated. Post-transcriptional regulation is also well
documented.

Methylation
Methylation as a mechanism for the regulation of gene expres-
sion has been extensively studied in cancer, and every indica-
tion suggests that this phenomenon plays a major role in
leukemogenesis. This is particularly important in light of the
many methylation inhibitors that are currently being used in
treating patients with various types of leukemias.6,7

Acute myeloid leukemia (AML)
Numerous genomic abnormalities have been described in
AML, and most have been demonstrated to confer high
proliferation rate and uncontrolled growth of cells. Chromo-
somal translocations are common in AML, but more
common are large deletions (Table 1.3). Here we will discuss
the molecular abnormalities that appear to dictate a particular
clinical behavior, and which may indicate a specific thera-
peutic approach.

Core binding factor (CBF) abnormalities
Core binding factors (CBFs) are transcription factors, or coac-
tivators of transcription factors, and play a major role in
hematopoietic cell development.8 They exist in cells as hetero-
dimers that bind to DNA to activate transcription. Three genes
(CBFA1, CBFA2, CBFA3) encode alpha subunits, which bind
DNA, and one gene, CBFB, encodes the non-DNA-binding
beta subunit.9 The t(8;21)(q22;q22) translocation fuses CBFA2
(also called AML1 and RUNX1) to ETO (also called RUNXIT1
and CBFA2T1), and inv(16)(p13q22)/t(16;16)(p13;q22) simi-
larly disrupts CBFB by fusing the N-terminal portion of the
CBF beta subunit to the carboxy terminal of the MYH11
protein (also called SMMHC). These abnormalities are associ-
ated with good outcomes in AML, but other translocations
involving CBFA2 and additional genes have been reported to

be associated with poor outcome.10–12 For example, t(3;21)
(q26;q22) results in fusion of CBFA2 to EAP, MDS1, or EVI1
and is associated with poor outcome.13,14 In addition, muta-
tions in the CBFA2 gene have been reported in rare cases of
AML, and germline CBFA2 mutations have been reported in
rare autosomal dominant familial platelet disorders with pre-
disposition to AML.15 Translocation of the CBFA2 gene to the
TEL gene in t(12;21)(p13;q22) leads to acute lymphoblastic
leukemia (ALL), rather than AML, and represents the most
common abnormality in pediatric ALL.16

Abnormalities involving CBF alpha/beta are thought to
require additional, complementary molecular abnormalities
to cause a leukemic phenotype. Mutations in exon 8 of c-Kit
have been reported at a relatively high frequency (approxi-
mately 22%) in leukemias with AML1 translocation, and
(varied from 9% to 29%) in leukemias with CBF beta trans-
locations.17 Patients with CBF beta abnormalities have a rela-
tively high rate of mutations in the RAS oncogene, similar to
that reported in acute monocytic leukemias. Mutations in the
fms-like tyrosine kinase 3 (FLT3) also have been reported in

Table 1.3. Deletions and amplifications in leukemias

Symbol Name Chromosomal
band

AKT2 v-akt murine thymoma viral
oncogene homolog 2

19q13.1-q13.2

MDM2 Mdm2 p53 binding protein
homolog

12q15

MYC v-myc myelocytomatosis viral
oncogene homolog (avian)

8q24.12-q24.13

IKZF1 IKAROS family zinc finger 1 7p12.2

MAP2K4 mitogen-activated protein
kinase kinase 4

17p11.2

FANCD2 Fanconi anemia,
complementation group D2

3p26

ATM ataxia telangiectasia mutated 11q22.3

CDKN2A-
p16
(INK4a)

cyclin-dependent kinase
inhibitor 2A (p16(INK4a)) gene

9p21

FANCA Fanconi anemia,
complementation group A

16q24.3

FANCC Fanconi anemia,
complementation group C

9q22.3

PTEN phosphatase and tensin
homolog gene

10q23.3

RB1 retinoblastoma gene 13q14

STK11 serine/threonine kinase 11 gene
(LKB1)

19p13.3

CDKN2A-
p14ARF

cyclin-dependent kinase
inhibitor 2A–p14ARF protein

9p21

BCL6 B-cell CLL/lymphoma 6 3q27

JAK2 Janus kinase 2 9p24

PRKAR1A protein kinase, cAMP-dependent,
regulatory, type I, alpha (tissue-
specific extinguisher 1)

17q23-q24

PDGFRA platelet-derived growth factor,
alpha-receptor

4q11-q13

MLL myeloid/lymphoid or mixed-
lineage leukemia (trithorax
homolog, Drosophila)

11q23

Table 1.2. (cont.)

Symbol Name Chromosome
band
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cases with CBF beta abnormality.17 The presence of these
mutations in this group of patients is also associated with
adverse outcome.

Retinoic acid receptor alpha (RARA) abnormalities
Deregulation of the RARA gene is believed to cause maturation
arrest of myeloid cells at the promyelocyte state, leading to
acute promyelocytic leukemia (APL). The most common
fusion partner gene (90–95%) is promyelocytic leukemia gene
(PML), located on chromosome 15, which is fused to RARA as
a result of t(15;17)(q21;q22).18–20 In 5% to 10% of APL cases,
however, the partner gene is not PML. APL cases with t(11;17)
(q23;q21), t(5;17)(q35;q21), and t(11;17)(q13;q21) have been
reported in which the RARA is fused to the PLZF (promyelo-
cytic leukemia zinc finger), NPM (nucleophosmin), and
NuMA (nuclear mitotic apparatus) genes, respectively.18,21–24

Translocations of RARA to the STAT5b gene on 17q21 and the
PRKAR1A gene on 17q22-q24 have also been reported.25,26

PRKAR1A encodes the regulatory subunit type I-α (RIα) of
cyclic adenosine monophosphate (cAMP)-dependent protein
kinase (PKA). It is important to distinguish these cases due to
the fact that combination therapy for APL with all-trans reti-
noic acid (ATRA) and arsenic trioxide (ATO) is successful
except in the presence of PLZF/RARA or STAT5b fusion
gene.27 Mutations in FLT3 have also been reported to be more
frequent in APL and to be associated with a higher white blood
cell count.28

11q23 (MLL) abnormalities
TheMLL gene has been reported to translocate into almost any
chromosome, and a number of these abnormalities can be seen
in ALL as well as AML (Table 1.1). Some of these transloca-
tions cannot be detected by routine karyotyping, and it is
therefore necessary to perform fluorescence in situ hybridiza-
tion (FISH) or molecular studies. In addition, about 10% of
AML patients with normal karyotype may have partial internal
tandem duplications in the MLL gene, which can be detected
by molecular testing only.29,30 MLL abnormalities are associ-
ated with more aggressive disease, frequently with monocytic
differentiation.31,32 This abnormality is also more frequent in
therapy-related leukemia.

Trisomy 8
AML cases with trisomy 8 are fairly common (5%), either as
the sole abnormality or in combination with other abnormal-
ities. Trisomy 8 is considered of intermediate prognosis.33

However, some studies suggest that trisomy 8 should be
included as an unfavorable cytogenetic abnormality. Multiple
important genes have been described on chromosome 8, with
the c-MYC oncogene as a leading candidate, but the exact
molecular abnormalities in þ8 are not defined at present.
Most likely this abnormality is associated with additional
genomic abnormalites in the leukemic cells that are as yet
undiscovered.

Monosomy 5 and del(5q) abnormalities
Monosomy 5 is common in AML (5%), and is frequently
associated with -7, del(7q) or del(17p).34 In contrast, del(5q)
is more common (10%) and more frequently present with
additional chromosomal abnormalities in AML.35 This
abnormality is more frequent in older patients, and is usually
associated with resistance to chemotherapy and short sur-
vival.36 The pathogenic abnormalities resulting from -5 or
5q- are not known, despite significant work and research in
this field. Several studies have demonstrated that in -5, there
are chromosome 5 species integrated in other chromosomes,
raising the possibility that most -5 are, in reality, 5q-. The
important region is believed to be in the vicinity of 5q31,
where the genes for interleukin 3 (IL-3), colony-stimulating
factor 1 receptor (CSF1R), and granulocyte-macrophage
colony-stimulating factor (GMCSF) are located, but extensive
studies have not confirmed that these genes are the target of
this abnormality. New genes have recently been described in
this region, but these potential targets require confirmation.

Monosomy 7 and del(7q) abnormalities
This abnormality is similar to that described for chromosome
5, and is frequently associated with 5q abnormalities. Monos-
omy 7 has been reported in 50% of AML cases with inv(3)
(q21;q26)/t(3;3)(q21;q26), and is frequently seen at high rates
in any abnormality involving 3q21.37 This abnormality is
associated with resistance to therapy and poor survival and
is seen more frequently in older patients. Furthermore,
this abnormality is more frequent in therapy-related AML,
especially after alkylating therapy or radiotherapy.38 The
pathogenic abnormality resulting from this chromosomal
abnormality is not known.

fms-related tyrosine kinase 3 (FLT3)
Mutations in the FLT3 gene are the most common molecular
abnormalities in AML, appearing at a frequency of 30% to 35%
of cases. Most FLT3 mutations are internal tandem duplica-
tions (ITD) in the juxtamembrane domain of FLT3, leading to
the addition of amino acids, from just a few to more than 50
new residues. The reading frame is always maintained in these
mutations, and these additional amino acids are believed to
lead to loss of function and inhibition of protein kinase activ-
ity. Mutations in the activation loop, especially at aspartic acid
835 (D835), have also been reported. Most studies suggest that
FLT3mutations lead to poor outcome in patients younger than
65, while patients with FLT3 mutations in both alleles have
significantly more aggressive disease.39

Nucleophosmin (NPM1)
NPM1 is a nucleo-cytoplasmic shuttling protein predominantly
found in the nucleus, whose functions include binding of
nucleic acids, regulation of centrosome duplication, and ribo-
somal function.40 The NPM1 gene is located on chromosome
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5q35. Mutations in exon 12 of the NPM1 gene have been
described in 25% of AML cases.41 These mutations lead to
frame shifts, generating an elongated protein which is retained
in the cytoplasm. Using immunohistochemical methods, Falini
and colleagues detected aberrant cytoplasmic localization of
the NPM1 protein in 35% of patients with AML, and in 60% of
those patients with a diploid karyotype. These patients also
display an increased incidence of FLT3 mutation, most of the
mutations involving the insertion of four nucleotides.41 The
presence of these mutations has been shown to be associated
with a higher likelihood of achieving complete response to
standard induction chemotherapy and longer event-free
survival.42

Wilms tumor (WT1)
TheWT1 gene is located on 11p13 and encodes a transcription
factor that is now demonstrated to act both as a tumor sup-
pressor gene and as an oncogene. The gene is mutated in 5% of
cases of Wilms tumor. However, it was recently reported to be
mutated in 5–10% of cases of AML as well.43 Most WT1
mutations fall in exons 7 and 9, and include both point muta-
tions and insertions.44 The presence of WT1 mutations is
associated with shorter survival and progression-free survival
in patients with AML who are younger than 60.45 These
mutations are more common in patients with diploid
karyotype.

CCAAT/enhancer binding protein alpha (CEBPA)
The CEBPA gene is a member of the leucine zipper transcrip-
tion factor family that is crucial for the proliferation and
terminal differentiation of granulocytes. The wild-type CEBPA
protein exists as two isoforms, p42 and p30. CEBPA inhibits
the E2F pathway and downregulates c-Myc expression, thus
allowing myeloid cells to enter terminal differentiation.46

Most of the described mutations of CEBPA involve insertion/
deletion and termination of transcription. Mutations in
CEBPA have been reported in 5% to 15% of cases of AML.47

The presence of this mutation has been reported to be associ-
ated with favorable outcome, especially in patients with
normal cytogenetics who lack FLT3 mutation.45

Acute lymphoblastic leukemia (ALL)
ALL is a disease more common in the pediatric group than
in adults. Despite some overlap in biology between pediatric
and adult ALL, the clinical behavior and outcome differ
significantly between the two groups. Even within the pedi-
atric group, children aged 1 to 9 years have significantly
better outcome than children aged 10 years or older; and
older children in turn have better outcome than adults. The
clinical differences between pediatric ALL and adult ALL
reflect differences not only in the host, but also in the
disease. The following subcategories of ALL should be dis-
tinguished based on their specific therapeutic approach and
clinical outcome.

Ploidy groups
Ploidy grouping is well established in ALL, and different
groups have different clinical and biologic behavior. Hyper-
diploidy (51–65 chromosomes) is more common in pediat-
ric patients with B-cell ALL, and this abnormality is
associated with better outcome.48 PAX5 mutation and dele-
tion is infrequently seen in pediatric patients with hyperdi-
ploidy.49 In contrast, hypodiploidy (< 44 chromosomes),
which is seen in both adult and pediatric ALL, is associated
with poor outcome. These patients have higher incidence of
complex abnormalities and preferential involvement of
chromosomes 7, 9, and 12.50,51

Philadelphia-positive ALL
Translocation (9;22), or the Philadelphia chromosome, is the
most frequent primary abnormality in ALL, and expression
of the resulting Bcr-Abl fusion protein is associated with
more aggressive disease.52 Therapy with kinase inhibitors
(imatinib, nilotinib, or dasatinib) in patients with BCR-
ABL translocation may lead to the development of Abl
kinase mutations associated with drug resistance. Testing
for Abl kinase mutations is thus a key consideration when
treating patients with kinase inhibitors. However, most
laboratories design the Abl kinase domain mutation analysis
around the expression of the P210 protein, which is
expressed in chronic myeloid leukemia (CML), and some
of these procedures may not adequately amplify the P190
fusion transcript, which is expressed in ALL.53 Therefore,
the assay should be designed specifically to encompass the
P190 transcript, in order to most accurately characterize the
molecular basis of each patient’s disease.

t(12;21)(p13;q22)
This is a common translocation in childhood ALL, detected in
25–30% of precursor B-cell ALL, and is extremely rare in adult
ALL. The genes involved in this translocation are CBFA2 (also
known as AML1 and RUNX1) and ETV6 (ETS-type variant 6),
also known as TEL. The two genes form a fusion gene that has
been shown to occur as a prenatal event in some patients. This
abnormality is usually associated with good outcome.54

IKZF1 abnormalities
A recent report suggested that the IKZF1 gene, which codes for
the lymphoid transcription factor IKAROS, is abnormal
(deleted or mutated) in 28.6% of pediatric patients with ALL,
and that patients with this abnormality have higher rates of
failure and relapse.55 While these data need further confirm-
ation, this abnormality should be considered in ALL patients.

Burkitt-type ALL
ALL with B-cell immunophenotype is usually associated
with t(8;14)(q24.1;q32) or t(8;22)(q24.1;q11.2). Patients with
Burkitt-type lymphoma typically have a very aggressive disease
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course and short survival. CD20 expression is more common
in these patients, and the addition of rituximab to chemother-
apy has been shown to improve outcome.56,57

IL3-IGH translocation [t(5;14)(q31;q32)]
Patients with this abnormality should be distinguished because
they may present with eosinophilia and a slight increase in
blasts.58–59 Therefore, the diagnosis can be confusing or
missed. High levels of IL-3 are detected in these patients and
are considered the cause of the eosinophilia.

Translocations in ALL
Numerous translocations have been reported in ALL as shown
in Table 1.1. Some of these translocations are associated with
good outcome as in t(12;21)/TEL-AML1, but other cytogenetic
abnormalities are associated with unfavorable outcome,
including t(4;11)/MLL-AF4 and t(1;19)/E2A-PBX1.54,61

HOX gene family
There are four clusters of highly conserved homeobox (HOX)
genes, each encoding 61 amino acids: the HOXA cluster on
chromosome 7, HOXB on chromosome 17, HOXC on
chromosome 12, and HOXD on chromosome 2. These HOX
genes constitute a highly conserved family of DNA-binding
genes that play a significant role in hematopoiesis. In addition,
deregulation of HOX genes and the more divergent homeobox
genes scattered throughout the genome are involved in leuke-
mogenesis in myeloid and lymphoid cells.62–64 For example,
the homeobox gene PBX1 mentioned above is translocated to
the E2A gene in precursor B-cell ALL with t(1;19), and the
HOX11 gene is involved in the translocation t(10;14) in pre-
cursor T-cell ALL.65–66 ALL with t(1;19) rarely expresses CD34
and is, in general, considered more aggressive.67–69

NOTCH gene and precursor ALL
The Notch signaling pathway is important for cell–cell inter-
action and is involved in the control of cell differentiation
and survival.70,71 Notch receptors are transmembrane glyco-
proteins that heterodimerize in order to be stabilized on the
surface. When activated by ligands, the intracellular domain
of Notch is cleaved and shuttled into the nucleus where it
activates the transcription of target genes. NOTCH1, a
member of the NOTCH gene family, contains activating
mutations in 50% to 70% of precursor T-cell ALL.72,73 Most
of the NOTCH1 mutations in ALL involve the heterodimer-
ization domain. Available data suggest that NOTCH1 gain-
of-function mutations correlate with good outcome in chil-
dren and in adult T-ALL.74–76 The NOTCH gene pathway is
also affected by abnormalities in the IKAROS gene IKZF1;
the IKAROS protein is a direct repressor of Notch target
genes.77 However, additional data are necessary before
implementing testing of these genes in the diagnosis and
classification of ALL.

Chronic lymphoproliferative diseases
Chronic lymphoproliferative diseases include multiple B- and
T-cell diseases that usually involve mature cells and demon-
strate chronic clinical course. Most of these are B cell in origin
and include chronic lymphocytic leukemia (CLL), marginal
zone lymphoma, splenic marginal zone lymphoma, hairy cell
leukemia, and follicular lymphoma. Rare T-cell diseases act in
chronic fashion. The most appropriate disease is large granular
lymphocytic lymphoma including the T-cell and natural killer
(NK) subtypes. The major molecular changes in this group of
diseases are described in Tables 1.1 to 1.3.

Chronic lymphocytic leukemia (CLL)
The diagnosis of CLL requires the presence of greater than
5000 clonal B lymphocytes/µL in the peripheral blood;
otherwise the disease should be considered “monoclonal B-cell
lymphocytosis” (MBL). MBL is defined by the presence of
clonal B cells, but less than 5000 B lymphocytes/µL blood in
the absence of lymphadenopathy or organomegaly.78 MBL is
considered analogous to monoclonal gammopathy of undeter-
mined significance (MGUS) and is believed to progress to frank
CLL at a rate of 1–2% per year.79,80 CLL should be also distin-
guished from themore aggressive formprolymphocytic leukemia,
a morphologic distinction based on the presence of prolym-
phocytes comprising at least 55% of the blood lymphocytes.

IGHV mutation status
Patients with CLL expressing unmutated (< 3% mutation rate)
IgHV show aggressive disease and should be distinguished
from those expressing a mutated IgHV gene.81–82 The IGHV
mutation status is not relevant to the oncogenic process, how-
ever, and is most likely a marker for the stage of differentiation
of the initiating leukemic cells.

Del(11q)

The 11q22 deletion is seen in 10% of CLL cases and the
targeted gene is most likely the ATM gene. This abnormality
is always associated with more aggressive disease, irrespective
of the mutation status.83

Del(13q)

Deletion of 13q14 leads to abnormalities in miRNAs, which have
been shown to repress translation and regulate the degradation of
transcripts of a variety of genes. Both miR15a and miR16–1 are
deleted with 13q14.84 Data show that these two miRNAs act as
tumor suppressors by downregulating the translation of AU-rich
elements found in oncogenes such as MCL1, BCL2, ETS1, and
JUN, which are involved in apoptosis and cell cycle regulation.85

Del(17p)

This deletion is detected in < 5% of patients with CLL and the
target gene is believed to be the TP53 gene. Detecting this
abnormality is important, because it implies more aggressive
disease and resistance to therapy irrespective of the mutation
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status. Most frequently this abnormality is detected as a late
event in the course of the disease.86

Follicular lymphoma/leukemia
The hallmark of this disease is the presence of t(14;18)(q32;
q21) involving the IGH and BCL2 gene, and overexpression of
BCL2, which make the mature follicular cells resistant to
apoptosis. This abnormality is detected in 80–90% of cases.87

Other chronic lymphoproliferative diseases
Less common B- and T-cell diseases can be classified under
this category, including hairy cell leukemia, marginal zone
lymphoma, T-cell prolymphocytic leukemia, and T-cell large
granular lymphocytes. Multiple genomic abnormalities have
been reported in these diseases including deletions and
rare translocations, but no specific genomic abnormality. The
extranodal marginal zone lymphoma, which is not discussed
here, is unusual and despite its similarity to nodal marginal
zone has specific chromosomal abnormalities.

Chronic myeloproliferative diseases
Chronic myeloid leukemia (CML)
CML is characterized by the proliferation of maturing myeloid
cells and the presence of the t(9;22)(q34;q11) chromosomal
translocation, resulting in a shortened chromosome 22 (the
Philadelphia chromosome). This translocation fuses the BCR
gene with the ABL1 gene, leading to the expression of a fusion
mRNA and protein. Although rare, translocations fusing ABL1
to a gene other than BCR have been described, and t(9;12)(q34;
p13) resulting in an ETV6-ABL1 gene rearrangement/fusion has
been reported in patients with a disease similar to CML.88 In
addition, cases with BCR/JAK2 fusion with t(9;22)(p24;q11)
have been reported.89–91 Unusual t(8;9)(p22;p24) translocations
with a molecular abnormality involving the PCM1 and JAK2
genes were reported in patients presenting with chronic myelo-
proliferative neoplasia (MPN). However, this disease did not
respond to standard kinase inhibitor therapy, which suggests a
different clinical entity.92,93 The most common fusion tran-
scripts resulting from the Philadelphia chromosome are b2a2
and b3a2, resulting from two different breakpoints on chromo-
some 22 at the BCR gene. Rare transcript e19a2 has also been
reported in some patients. The first two transcripts result in the
expression of a 210 kilodalton (kDa) protein, while the protein
resulting from the third transcript is 230 kDa.94,95

The development of imatinib and next-generation kinase
inhibitors has changed the course of CML disease. Five-year
survival is now greater than 80%. However, some patients
demonstrate primary or secondary resistance, and some pro-
gress to accelerated or blast phase. While determination of
imatinib resistance should be based on lack or loss of hemato-
logic, cytogenetic, or molecular responses rather than on the
detection of mutation alone, in general the presence of ABL1
mutation in a CML patient being treated with imatinib will

indicate resistance. For instance, mutations such as Y253H,
E255K/V, and T315I, when detected using direct sequencing,
are usually indicative of resistance.96–98 ABL1 mutations are
detected in 30% to 40% of resistant patients.99–102 However,
Abl1-kinase domain mutations can be detected transiently
during therapy and on occasion may disappear with continued
therapy.103 Early detection of resistance is important. Switching
to one of the newly available kinase inhibitors at early signs of
resistance, or even increasing the dosage of imatinib, may pre-
vent overt resistance.104–107 Recent findings indicate that an
alternatively spliced BCR-ABL1 mRNA, causing the insertion
of 35 nucleotides between exons 8 and 9, leads to the expression
of a truncated but highly resistant species of Bcr-Abl1 protein.5

Low-level expression of this alternatively spliced BCR-ABL1
could allow some cells to evade kinase inhibitor therapy, pro-
viding more opportunity to develop additional mutations and
overtly resistant disease. One method for detecting Abl kinase
mutations at early stages without compromising specificity is to
test plasma rather than cells from bone marrow or peripheral
blood.108 Transformation from chronic phase into accelerated
or blast crisis is frequently associated with secondary genomic
abnormalities. The most common lesions are þ8, i(17q), and
a second Philadelphia chromosome.

Non-CML chronic myeloproliferative diseases
Because of the specific molecular abnormality in CML (i.e., the
Philadelphia chromosome), the term chronic myeloproliferative
disease or neoplasia (MPD orMPN) frequently refers to chronic
myeloproliferative diseases excluding CML.MPNs include poly-
cythemia vera (PV); primary myelofibrosis (PMF); essential
thrombocytemia (ET); hypereosinophilic syndrome (HES); and
chronic eosinophilic leukemia, mastocytosis, and chronic neu-
trophilic leukemia (CNL). The various MPNs exhibit significant
similarity at the clinical,morphologic, andmolecular levels. CNL
remains a distinct entity with an aggressive course, but without a
specific defined molecular abnormality. However, diagnosis is
relatively straightforward based on morphology and clinical
presentation. PV, ET, and PMF show significant overlap, and
most affected patients develop marrow fibrosis. Translocations
have been reported in this group of diseases (Table 1.1), but the
most common abnormalities are discussed below.

JAK2mutation status
JAK2 mutations in exons 12, 13, 14, and 15 are the most
common mutations in this group of diseases. All reported
mutations are in the pseudokinase domain, and are expected
to relieve the auto-inhibitory function of this domain on JAK2
kinase activity.109 When screening for JAK2 mutations, the use
of plasma rather than cells for RNA extraction may allow more
timely detection of disease. Early disease, in which platelets are
the main neoplastic cell type, can be missed if cells rather than
plasma are used for testing.110

Among JAK2mutations,V617F represents themost common
abnormality and is present in 80% to 90% of patients with PV,
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35% to 45% of those with ET, and 35% to 45% of those with PMF.
JAK2 mutations other than V617F are rare, accounting for only
about 1% to 2% of JAK2 mutations. Most of the other JAK2
reported mutations are in exon 12, but rare mutations in exons
13, 14, and 15 have also been described.109,111

MPLmutations
It has been estimated that 5% of patients with PV, ET, or PMF
without JAK2 mutation may have a mutation in the thrombo-
poietin receptor MPL (myeloproliferative leukemia virus onco-
gene).112,113 The W515L/K mutation has been reported in
sporadic cases and the S505N aswell as P106L have been reported
in familial forms of MPD.114,115 These mutations typically occur
in the absence of JAK2V617F mutation, and should be tested for
after JAK2 mutations have been ruled out in patients whose
clinical presentation suggests MPD.116,117 Recent studies, how-
ever, have demonstrated concurrence of MPL and JAK2 V617F
mutations in some cases.118,119 Our data suggest thatMPLmuta-
tions are twice as common as JAK2 exon 12 and 13 mutations in
patients with JAK2 V617F-negative non-CML MPNs.

FGFR1 abnormalities
Translocations affecting the FGFR1 gene are associated
with the 8p11 myeloproliferative syndrome, a specific disease
that usually presents with eosinophilia and myelopro-
liferative features but may also progress to AML or ALL.120

Multiple FGFR1 fusion partners have been reported, and the
most common translocations are: t(8;13)(p11;q12), t(8;9)
(p11;q33), t(6;8)(q27;p11), t(8;22)(p11;q11), t(8;17)(p11;q23),
t(8;19)(p11;q13), and t(7;8)(q34;p11). Frequently these abnor-
malities are detected by routine karyotype analysis.

FIP1L1-PDGFRA fusion
Patients with eosinophilia and increased mast cells have a
specific class of MPN that is frequently associated with the

FIP1L1-PDGFRA (FIP1-like-1–platelet-derived growth factor
receptor-α) fusion, formed by a cryptic deletion at 4q12. These
patients should be distinguished because they respond to ima-
tinib therapy.121 However, some of the patients with this
abnormality may also present with AML and ALL.122 This
abnormality cannot be seen by routine karyotyping, but can
be detected by FISH as well as real time-polymerase chain
reaction (PCR)-based molecular testing.

PDGFRB rearrangement
The PDGFRB gene is located on 5q31~33 and can be translo-
cated and fused with one of multiple genes. The most common
translocation is t(5;12)(q32;p12), resulting in fusion with the
ETV6 gene.123–125 Some patients with MPN and eosinophilia
may present with this abnormality, but PDGFRB rearrange-
ment can also be seen in acute leukemia, myelodysplasia, and
chronic myelomonocytic leukemia (CMML). Given the possi-
bility of multiple fusion partners when the PDGFRB is
involved, break-apart FISH testing is recommended when
PDGFRB rearrangement is suspected and conventional karyo-
typing is negative.

Conclusions
We have provided a brief overview of some of the most
common genetic alterations seen in leukemia. The contents
of Tables 1.1–1.3 and the wealth of literature dealing with
hematologic malignancies are excellent indicators of the
remarkable complexity of these diseases. Each year, the efforts
of researchers and clinicians around the world further eluci-
date the etiology and intricate interactions in each of these
leukemias. As we learn more about these diseases, it becomes
increasingly clear that as much information as possible must
be gathered about each patient’s disease. With a detailed pic-
ture of the malignancy, treatment can be tailored more effi-
ciently and more specifically to the individual patient.
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Chapter

2 Management of acute myeloid leukemia

Alan K. Burnett

Introduction
In light of the age distribution of acute myeloid leukemia
(AML) decisions on the approach to treatment are primarily
determined by patient age. Unless there are compelling reasons
to the contrary, patients up to 60 years or so will be offered
intensive induction and consolidation treatment.1,2 Population-
based studies in Europe and the United States indicate that
patients above this age are less likely (i.e., 30%) to receive
conventional chemotherapy.3,4 One of the current treatment
dilemmas is who in the older population should be offered
conventional chemotherapy and who should not. This is usually
decided by patient-related factors such as age, performance
score, and presence of comorbidities, but frequently other
factors are influential such as social circumstances and the
wishes of the patient. Less frequently disease-related factors,
such as the presence of high-risk cytogenetics, might suggest
that there is little to be gained from conventional treatment.

Although by nomeans definitive this dilemma has stimulated
the development of a number of prognostic scoring systems in
the older patient.5–7 These can provide a more realistic estimate
of outcome to inform patient decisions and, if appropriate, can
define patients where an experimental approach is justifiable.

Induction chemotherapy
Conventional treatment is a combination of an anthracycline
and cytarabine (cytosine arabinoside [Ara-C]). The anthracy-
cline is usually daunorubicin, mitoxantrone, or idarubicin.
Ara-C may be given as a 12-hourly bolus or by continuous
infusion over 7 to 10 days. Which anthracycline? In terms of
overall benefit there are few consistent data to suggest a best
choice. In some studies mitoxantrone or idarubicin tended to
have a modest advantage, but are associated with more mye-
losuppression. In an extensive formal meta-analysis of seven
comparative trials the conclusion confirmed this perception.8

Recently published studies suggest that 90mg/m2 of daunor-
ubicin is superior to 45mg/m2 suggesting that higher doses
may provide benefit.9,10 However, the outcome in these reports

is matched by several other studies in which conventional
doses were used. Since there is a dose response to Ara-C
in AML, three major studies have assessed the value of
dose escalation of high- or intermediate-dose Ara-C during
induction.11–13 The observations were that there was no con-
vincing overall survival benefit.

A large study conducted by the Australian Leukemia Study
Group suggested that the addition of etoposide as a third drug
improved outcome.14 Older trials assessed the addition of
thioguanine as the third drug but did not find a clear benefit;
however, it has been traditionally used in the UK Medical
Research Council (MRC) trials. In a major randomized com-
parison of daunorubicin plus Ara-C combined with either
etoposide or thioguanine as the third drug, no significant
differences were observed with respect to remission rate or
survival overall or in any patient subgroup.2 The conclusion
for standard practice at the present time is that a combination
of anthracycline 3 days and Ara-C by continuous infusion
over 7 days, or 12-hourly bolus over 10 days, is standard care.

Results of induction chemotherapy
As a general estimate, combination chemotherapy will achieve
complete disease remission (CR) in 75–80% of patients under
60 years and is age related. For patients over 60, 45–60%will enter
CR (Table 2.1). It should be borne in mind that older patients
who receive a conventional induction schedule are a selected
group. So the relatively encouraging results seen in older patients
ignores contemporary patients not subjected to, or thought fit
for treatment. As can be seen from Table 2.1 there has been
improvement in the remission rate over the last 20 years in all
ages. Since the basic anthracycline–Ara-C approach has changed
little, these improvements can probably be accounted for by
improved supportive care – which is a crucial component of
effective development of more intensive treatments.

Definition of response
Particularly in relation to novel agents, the category of CRp
or CRi has emerged. This defines patients who fulfill the
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conventional definition of bone marrow response, but have not
recovered platelets (CRp) or neutrophils. CRi therefore has
been developed as a category of response to induction therapy.
In theUKMRC studies illustrated in Table 2.1, peripheral blood
criteria were not required; however, by current definition15

about 6% of younger patients and 8–10% of older patients
would now be in the CRi category of response. In terms of
survival it has been less clear whether CR and CRi were equiva-
lent. In a recent retrospective comparison of two large data-
bases CRp had an inferior overall survival compared with CR by
Cheson Criteria.15 In some studies an early marrow assessment
on day 14 or 16 has been used as an indicator for immediate
additional therapy and poorer outcome.17

Most patients who enter CR do so with the first induction
course. Patients who do not achieve CR or CRi can be classed as
partial (PR) or non-response. About half of PR patients will
enter CR with a second induction course involving the same
drugs. Patients who achieve less than a PR are refractory, and
although there is little direct evidence to support it, it is normal
practice to use an alternative treatment. In the UKMRC experi-
ence, the response to course 1, whether CR, CRi, PR, or refrac-
tory disease, is highly predictive for subsequent survival even
though they achieve CR with the next or subsequent treat-
ments.18 Interestingly, there is little survival difference between
CR and PR patients who enter CR; however, both are better than
patients who enter CR and have achieved less than a PR to
course 1.

Alternative schedules
Even in younger patients where the remission rate is high,
there is justification to try to improve both the rate and quality
of CR. There are several examples of treatment which do not
appear to improve the rate of CR but lead to a reduction in
relapse risk and thereby improve survival.

Growth factors
Several randomized trials have evaluated what contribution
growth factors (granulocyte colony-stimulating factor [G-CSF]
or granulocyte–macrophage colony-stimulating factor [GM-
CSF]) can make.19 In general these have been used to curtail
the duration of post-induction neutropenia. Some studies

have intended to “prime” leukemic cells by exploiting the fact
that they have growth factor receptors which can stimulate
cells into cycle and thereby make the cells more sensitive to
chemotherapy.20 On the whole these studies have been disap-
pointing in that they have usually not improved survival.21,22

Concerns that they may stimulate leukemic proliferation have
not been realized. The duration of neutropenia has been reduced
usually by 2 to 4 days but this has not necessarily resulted in
reduction in days on antibiotics or in hospital. Most, but not all,
studies have not shown a difference in response rate or subse-
quent relapse risk. Fewer studies have attempted the priming
strategy of which most have been negative. The most recent
trial conducted by the HOVON group in Europe was able
to demonstrate a small survival benefit in standard-risk patients
due to a reduction in relapse risk.23 This, however, is a subgroup
analysis of a trial which has not been corroborated in other
studies. The duration of neutropenia is more prolonged
following consolidation therapy. Growth factor studies in this
setting have a more pronounced benefit in reduction of neutro-
penia and duration of hospitalization.

Overall there is no consistent evidence that routine use of
growth factors, although safe, improves survival. It may be that
for socioeconomic reasons and in certain healthcare systems
curtailment of neutropenia – particularly in consolidation – is
reasonable. Current guidelines from the British Committee for
Standards in Haematology and American Society of Clinical
Oncology (ASCO) concur that routine use can be recom-
mended only in consolidation.24,25

Resistance modulation
A number of biochemical mechanisms can make cells resistant
to the frequently used agents such as daunorubicin or etopo-
side. These include P-glycoprotein (Pgp), which is a product of
the MDR1 gene, MRP (multidrug resistance-associated pro-
tein), LRP (lung resistance protein), and BCL2. P-glycoprotein
overexpression is frequently seen in AML, particularly in older
patients where more than 70% have this feature, which is
assumed to, at least in part, explain why older patients are less
responsive to treatment.26,27 As well as being a prognostic
factor for induction, response, and survival, Pgp has been a
therapeutic target because drugs like ciclosporin or its

Table 2.1. Remission rates for AML in UK Medical Research Council trials

Changes in outcome with time

Pre-1980 1980–4 1985–9 1990–4 1995–9 2000–5

Age < 15 39% 82% 90% 92% 92% 93%

Age 15–59 40% 73% 76% 79% 83% 85%

Age 60–69 25% 52% 47% 58% 60% 65%

Age 70þ 18% 36% 40% 48% 47% 62%

Overall 34% 66% 70% 74% 77% 79%
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derivative PSC-833, and next-generation agents such as zosi-
quidar, are very effective Pgp reversal agents in preclinical
studies. In spite of the clear preclinical effect, clinical trials of
reversal agents have disappointed. The strategy was given early
encouragement by a study in relapsed disease reported by the
Southwest Oncology Group in which patients were treated
with ciclosporin combined with daunorubicin – given by con-
tinuous infusion – and Ara-C versus daunorubicin-Ara-C
alone.28 Survival was superior in the ciclosporin arm. An
MRC trial also tested ciclosporin in relapsed disease but
was unable to show benefit; however, the ciclosporin dose
was probably inadequate, and infusional daunorubicin was
not used.29 PSC-833 was perceived to have advantages over
ciclosporin in that it is less immunosuppressive with less
potential renal toxicity. Because both ciclosporin and PSC-
833 increase the area under the curve (AUC) of target drugs,
trials required the standard dose of daunorubicin and etopo-
side to be reduced. In the trials reported in untreated patients
no benefit has been observed.30–32 Preliminary reports of the
next-generationagent, zosiquidar, donot suggest a likely benefit.33

The fact that reversal of resistance, while impressive in
vitro, has not shown clinical benefit might be explained by
the coexistence of other resistance mechanisms that are not
susceptible to the agents developed so far.34

Antibody-directed chemotherapy
Initial studies using a naked anti-CD33 humanized monoclonal
antibody showed some activity in acute promyelocytic leukemia
(APL) by converting patients who were in remission, but
molecularly positive, to molecular negativity.35 However, in a
randomized trial in relapsed AML, when added or not
to conventional chemotherapy there was no improvement
in remission rate or survival.36 Recently, new studies have

been initiated using this unconjugated antibody as mono-
therapy in older patients who are not suitable for standard
chemotherapy.37

A more recent strategy is to deliver chemotherapy as an
immunoconjugate. Gemtuzumab ozogamicin (GO; Mylotarg)
was developed for this purpose. It is an IgG3 humanized anti-
CD33 monoclonal antibody which is attached by a unique
chemical linker to the powerful intercalator, calicheamicin.
On the basis of unrandomized phase II trials38 in older patients
in relapsed disease it gained regulatory approval in the USA,
but not in Europe. In this context reinduction rates (CR and
CRi) of approximately 1 in 3 were observed. When given at full
dose, i.e., 9mg/m2, in patients who have had or will have a
stem cell transplant, extra liver toxicity in the form of veno-
occlusive disease (VOD) – otherwise described as sinusoidal
obstructive syndrome – was observed.39 This was also observed
when added in full dose to chemotherapy.40 Because of
the unique mechanism of action there has been considerable
interest – particularly in Europe – in assessing its role in
various settings of AML.

In induction GO is seen as a way of either improving the
quality of remission by simultaneously combining it with chemo-
therapy, or improving overall response by pretreating patients
with GO as monotherapy before standard chemotherapy
(Table 2.2).41 Preliminary phase II studies established that doses
of 6mg/m2 or 3mg/m2 given simultaneously with chemotherapy
were safe.42,43 Randomized trials have yet to be fully completed
or reported. However, a preliminary analysis of the UK MRC
AML15 trial demonstrated no improvement in remission rate,
but a reduction in relapse risk and improved disease free survival.
However, there was no significant improvement in overall sur-
vival.44 It appears that the benefit is limited to themore favorable
risk patients defined by age and cytogenetics. This and other
studies will need analysis on mature data.

Table 2.2. Randomized trials of gemtuzumab ozogamicin

Trial Age Intervention Status

MRC AML 15 < 60 GO (3mg/m2) Course 1 and/or 3 Closed

SWOG 106 < 60 D (45mg/m2), AþGO (6mg/m2) vs. D (60mg/m2), A�GO maintenance Closed

HOVON–SAKK 43 > 60 �GO maintenance 6mg/m2 4 weekly� 3 Closed

EORTC–GIMEMA AML 17 < 60 GO (6þ 6mg/m2)þMICE vs. MICE induction�GO þ mini-ICE in consolidation Open

EORTC–GIMEMA AML 19 > 60 (unfit) GO monotherapy 6mg/m2 day 1, 3mg/m2 day 8 vs. best supportive care Open

ECOG E1900 �GO 6mg/m2 pre-autograft consolidation Closed

NCRI AML 17 < 60 Induction chemotherapyþGO 3mg/m2 vs. 6mg/m2 Open

NCRI AML 16 > 60 (unfit) Low dose Ara-C�GO 5mg on day 1 Closed

NCRI AML 16 > 60 Induction chemotherapy�GO 3mg/m2 Closed

Notes: MRC: Medical Research Council; SWOG: Southwest Oncology Group;
HOVON–SAKK: Haemato-oncologie voor volwassenen Nederland-schweizerische Arbeitsgemeinschaft fur Klinische Krebsforschung;
EORTC–GIMEMA: European Organization for Research and Treatment of Cancer–Gruppo Italiano Malattie Ematologiche dell’Adulto;
ECOG: Eastern Cooperative Oncology Group; NCRI: National Cancer Research Institute; GO: gemtuzumab ozogamicin; D: daunorubicin; A: cytarabine;
MICE: mitoxantrone, cytarabine, and etoposide; ICE: idarubicin, cytarabine, and etaposide.
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All-trans retinoic acid (ATRA)
The inclusion of ATRA treatment in APL has revolutionized
the survival in that disease. APL cells are amenable to the
proapoptotic effects of ATRA. Preclinical studies conducted
by Lishner and colleagues demonstrated that pretreatment of
non-APL AML cells with ATRA increased sensitivity to Ara-C,
probably by reducing the expression of BCL2.45 This provided
the rationale for testing the combination of ATRA with chemo-
therapy in non-APL patients. The first study was initially
encouraging but in final analysis showed no benefit.46 The UK
MRCGroupwas unable to show any benefit when added to low-
dose Ara-C in frontline treatment of older patients47 or when
combined with fludarabine-Ara-C in relapsed patients,48 or in a
large trial of first-line treatment in younger patients.13 A similar
study conducted by the Ulm group, however, has shown a
survival benefit in older patients.49 They also suggested that
response was associated with the presence of a mutation of the
nucleophosmin 1 (NPM1) gene or the expression of the menin-
gioma 1 gene (MN1).50 These findings have not been confirmed
in the large MRC study.51,52

Fludarabine-based induction combinations
Fludarabine as a single agent is active in AML but only at doses
associated with unacceptable neurotoxicity. The biochemical
rationale for combining with Ara-C resulted in several similar
schedules of fludarabine/Ara-C/idarubicin usually with add-
itional G-CSF being developed and tested in the phase II
settings. The issue of whether G-CSF or even idarubicin
are important contributions has received modest attention.
The MRC AMLHR trial compared fludarabine/Ara-C (FA)�
G-CSF against Ara-C/daunorubicin/etoposide (ADE�
G-CSF) in patients with high-risk disease or relapse and found
that FA was not superior and the addition of G-CSF did
not improve results.48 In the MRC AML15 trial FLAG-Ida
(fludarabine, Ara-C, G-CSF, idarubicin) was compared to
DA and ADE. It appeared to have more antileukemic effect
but this advantage was neutralized by significantly more mye-
losuppression and difficulty in complying with subsequent
consolidation. Of interest was that it was possible to add GO
to FLAG-Ida to enhance the antileukemic effect without addi-
tional myelosuppression.42

Consolidation treatment
Consolidation chemotherapy
Historically post-induction treatment was delivered with the
same drugs but in a less intensive fashion, which may or may
not have been followed by maintenance. In the modern era
intensive consolidation is given. The landmark Cancer and
Leukemia Group B (CALGB) trial53 established the evidence
of an Ara-C dose response. The aim of the trial was to compare
three doses in consolidation, 100mg/m2 versus 400mg/m2

versus 3.0 g/m2. This established 3 g/m2 as a standard of

care for consolidation, which might be particularly suitable
for patients with favorable cytogenetics.54 While high-dose
Ara-C is a standard of care for consolidation but its use in
induction has not been found to be of value in all studies, the
option to use it in both induction and consolidation has been
prospectively tested in one Australasian trial. There was no
advantage in deploying it in both phases.55

Treatment outcomes
In younger patients treatment results have improved, particu-
larly in children and to some extent in younger adults up to
60 years of age. However, results from the experience of major
collaborative groups do not suggest that similar benefits
have been delivered to older patients (Figure 2.1). It should
also be borne in mind that the median age of AML patients is
68 years and these outcomes in older patients only apply to
those given conventional therapy and do not represent the
patients given only palliation with best supportive care.

Stem cell transplantation
There are now a variety of techniques being undertaken to
establish a full chimera of donor hemopoiesis. The purpose
of autologous transplantation was to permit the marrow to
be exposed to sublethal irradiation and rescue hemopoiesis
with harvested peripheral blood or bone marrow which had
been collected in remission. This approach is relatively safe
in patients up to 60 years and has a powerful antileukemic
effect, but the main reason for failure is disease recurrence
which is likely to develop from residual disease in the patient
or possibly the regrafted marrow. Using a donor as a source of
stem cells has the additional benefits of ensuring that the
new marrow is not a source of disease, but more importantly
provides a graft-versus-leukemia (GVL) reaction. There is a
growing belief that it is the GVL effect that mediates the major
component of the antileukemic mechanism.

Major collaborative group trials have evaluated the role of
a standard transplant incorporating myeloablative condition-
ing with a match sibling donor. The EORTC,56 HOVON,57

GOELAM,58 and US Intergroup59 studies set out to compare
transplant with consolidation chemotherapy – usually high-
dose Ara-C. The UK MRC AML10 trial evaluated consolida-
tion chemotherapy with or without an additional transplant.60

The overall results (Figure 2.2) were generally similar, and
have influenced current practice. None of these comparisons
were truly randomized except the subsequent MRC AML12
trial13 and a “genetic” randomization was undertaken, i.e.,
“donor versus no donor.” This is not an ideal comparison,
particularly since not every patient who had a donor received a
transplant. With these reservations in mind a number of
general conclusions can be made. There is a consistent picture
that transplant reduces the risk of relapse in most risk groups
and age strata; this in some, but not all, studies results in a
significantly better disease-free survival, but not overall sur-
vival. This discrepancy is explained by the fact that there
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remains an important procedure-related mortality, and that a
higher proportion of patients who received chemotherapy
alone could be salvaged when they relapsed, compared with
those who were transplanted. As will be discussed below,
patients who enter remission have significant differences in
their individual relapse risk. This is predominantly defined
by cytogenetics at diagnosis. Most studies are consistent in that
patients who are at low risk do not have a better survival with a
transplant in CR1. The data are variable in patients with high-
risk disease, where there is also the issue of early relapse occur-
ring before a transplant can be delivered, which in turn weakens
the donor vs. no donor analysis. Of the five major studies a clear
survival benefit in poor-risk disease was only seen in the US
Intergroup trial. The patient numbers in the individual studies
are small so it is still accepted practice to offer high-risk patients
this treatment approach with the recommendation that patients
should be identified early and move to transplant promptly.
This is also justified by the poor chance of salvaging poor-risk
patients if they relapse.

The remaining difficulty remains with patients who are
neither good nor poor risk, who comprise 60% of patients
in the transplantable age range. None of the studies showed

an overall survival benefit in these standard-risk patients.
These trials were primarily designed to assess autologous
transplantation. In this respect the results generate similar
conclusions as just summarized, although the main reason
for failure was disease relapse. These studies have been useful
and have demonstrated the importance of using relapse risk in
decision making with respect to transplantation. They are
however out of date and several new issues have to be taken
into account.

Cytogenetics is not the only determinant of relapse risk as
discussed below. Other features such as presenting white
count, age, de novo or secondary disease, sex, and marrow
response to first treatment course are all readily available
factors, each of which is an independent predictor. All or any
of these factors may cause concern in patients who are of
standard cytogenetic risk. On retrospectively reviewing a com-
posite score derived from a Cox regression model, which was
prospectively validated, approximately 20% of standard-risk
patients can be redefined as high risk.61 Whereas no overall
survival benefit was seen in the cytogenetically defined high-
risk patients, the transfer of the redefined intermediate risk to
the high-risk category results in a clear trend for benefit in the
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Figure 2.1 Survival changes with time in major age groups.
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new high-risk group in this study. This illustrates that there
are subgroups of patients who can be identified where there is
evidence of survival benefit and the priority must be to
improve the proportion of such patients who actually receive
the transplant.

The molecular heterogeneity of AML has delineated muta-
tions which have prognostic implications, for example
mutations of NPM1 and CEBPα tend to be favorable whereas
FLT3, EVI1, and WT1 mutations predict for a higher relapse
risk. Setting these additional factors in the context of existing
factors and using them to direct therapy is a major challenge
which is now beginning.

While defining which patients will have their survival
improved by a standard myeloablative transplant is very compli-
cated, it has also been limited in its applicability by the
need to find a matched donor and by age. In the studies men-
tioned above there was no evidence of a survival benefit for
patients > 35–40 years of age. New transplant techniques have
now opened up opportunities for a substantially greater propor-
tion of cases. Expansion of volunteer donor panels and improved
tissue typing techniques now mean that unrelated transplant
is safe and the emerging results suggest can produce survival that
is similar to that delivered by a standard matched sibling allo-
graft. The recognition that myeloablative treatment was not a
prerequisite for establishing a full chimera has raised the prospect
in AML that a reduced intensity conditioned (RIC) allograft
could confer the same GVL effect. The emerging evidence sug-
gests that this is a feasible option for older patients with encour-
aging survival (Table 2.3). This approach has, as yet, not been
proven to be superior to chemotherapy and should therefore be
undertaken in the context of a clinical trial.While it does offer the

transplant prospect to older patients, current evidence suggests
that the actual proportion of older patients receiving it is small.80

Transplantation in second remission
Overall transplantation in second remission improves survival
from 20% to 40%. The most powerful predictors of outcome if
a patient relapses and enters a second remission are age,
duration of CR1, and the original cytogenetic risk group.81,82

Of those receiving a transplant and using a donor versus no
donor assessment, good- and intermediate-risk but not poor-
risk patients had a survival benefit.83 Similarly patients with
CR1 of < 6 months did not benefit. The hurdles for patients
are the achievement of second remission, receiving a trans-
plant, and surviving post transplant. With respect to under-
standing how many patients who relapse can be salvaged the
MRC group reported the 20-year experience in 730 patients
who avoided a transplant in CR1 (Figure 2.3).84 The respective
rates of CR2 were 72%, 43%, and 25% respectively in the good-,
intermediate- and poor-risk groups. Of those who gained
remission, 73%, 62%, and 63% respectively received a trans-
plant of some sort. So 53%, 27%, and 16% of each respective
group who relapsed received a transplant. When the outcome
of transplant is taken into account, 32%, 11%, and 4% of good-,
intermediate- and poor-risk patients are salvaged.

Immunologic approaches
Since it is possible to expand an autoreactive T-cell population
which could mount immunologic control over residual dis-
ease, there has been interest in augmenting this effect with
maintenance interleukin 2 (IL-2). At least two randomized
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Table 2.3. Reduced intensity conditioning hematopoietic stem cell transplantation in AML: summary of trials including at least 20 patients

Reference No. patients
AML (total)

Median age
(range)

Conditioning
regimen

Donor
type
(related/
unrelated)

Graft
failure

TRM/NRM Acute GVHD
(II–IV)/Chronic
GVHD

Relapse LFS/PFS OS

Giralt et al., 200162 43 (86) 52 (22–70) Flu/Mel or 2-
CdA/Mel

46/40 NA 37%
(100-day)

49%/68% 27% 23% (2-yr) 28% (2-yr)

Sayer et al., 200363 113 51 (16–67) Flu/Cy/Bu or
TBI (4–8 Gy)/
Flu

51/62 5% 53% (2-yr) 42%/33% NA 29% (2-yr) 32% (2-yr)

Hamaki et al.,
200464

24 (36) 55 (27–67) 2-CdA or Flu/
Bu� ATG

24/0 3% 3% (100-
day)

48%/82% 22% 85% (1-yr)
low-risk,
64% (1-yr)
high-risk

NA

Ho et al., 200465 23 (62) 53 (22–70) Flu/Bu/
Campath

7/16 3% 15% (1-yr) NA NA 62% (1-yr) 74% (1-yr)

Gomez-Nunez
et al., 200466

20 (145) 54 (19–67) Flu/Mel or Flu/
Bu

20/0 NA 20% (1-yr) 34%/41% (1-yr) NA 52% (1-yr) 60% (1-yr)

de Lima et al.,
200467

68 (94) 54 (22–75) FM
61 (27–74) FAI

Flu/Mel (FM)
or Flu/Ara-C/
Ida (FAI)

65/29 3% FM
19%
FAI

26% (100-
day) FM
13% (100-
day) FAI

39%/39% FM
25%/27% FAI

30% FM
61% FAI

32% (3-yr)
FM
19% (3-yr)
FAI

35% (3-yr)
FM
30% (3-yr)
FAI

Hallemeier et al.,
200468

32 47 (32–60) Cy/TBI (5.5 Gy) 29/3 0% 28% 3%a/54% 22% 57% (3-yr)
CR1, 39%
(3-yr) CR2þ

55% (3-yr)
CR1, 39%
(3-yr) CR2þ

Aoudjhane et al.,
200569

315 57 (50–73) Flu/Bu or Flu/
TBI (< 3 Gy)

315/0 NA 18% (1-yr) 22%/48% (2-yr) 41% 40% (2-yr) 47% (2-yr)

Baron et al., 200570 46 (322) 54 (5–72) TBI (2 Gy)�
Flu

192/130 7% NA 58%/56% 34% 39% (3-yr) 50% (3-yr)

van Besien et al.,
200571

41 (52) 52 (17–71) Flu/Mel/
Campath

27/25 4% 33% (2-yr) 33%/18% (1-yr) 40%
(2-yr)

31% (2-yr) 39% (2-yr)

Tauro et al., 200572 56 (76) 52 (18–71) Flu/Mel/
Campath

35/41 3% 19% (1-yr) 28%/11% 36% 37% (3-yr) 41% (3-yr)

Schmid et al.,
200573

75 52 (19–66) Sequential Flu/
Ara-C/Amsa
then Cy/TBI
(4 Gy)/ATG

31/44 7% 33% (1-yr) 49%/35% 17% 40% (2-yr) 42% (2-yr)

Claxton et al.,
200574

23 59 (28–72) Flu/Cy/
Sirolimus�
ATG

6/17 0% 8% 43%/77% NA NA 50% (2-yr)

32

Mohty et al.,
200575

25 (35) 52 (26–55) Flu/Bu/ATG 25/0 NA 12% NA 12%
(4-yr)

62% (4-yr) NA

Hegenbart et al.,
200676

122 57 (17–74) TBI (2 Gy)�
Flu

58/64 5% 16% (2-yr) 40%/36% 39%
(2-yr)

44% (2-yr) 48% (2-yr)

Platzbecker et al.,
200677

26 49 (17–68) Flu/Mel or Flu/
Bu

11/15 NA 15% (2-yr) 54%/64% 11% 63% (3-yr) 63% (3-yr)

Scott et al., 200678 20 (38) 62 (40–72) TBI (2 Gy)�
Flu

26/12 12% 39% (3-yr) 54%/55% (2-yr) 31%
(3-yr)

27% (3-yr) 28% (3-yr)

Shimoni et al.,
200679

56 (67) 50 (17–70) Flu/Bu (either
FB2: Bu
6.4mg/kg or
FB4: Bu
12.8mg/kg)

29/38 7%
FB2
4%
FB4

8% (2-yr)
FB2 & FB4

8%a/31% FB2
8%a/59% FB4

49%
FB2
43%
FB4

43% (2-yr)
FB2
49% (2-yr)
FB4

47% (2-yr)
FB2
49% (2-yr)
FB4

Notes: aGrade III–IV acute graft-versus-host disease Ara-C: cytosine arabinoside; ATG: anti-thymocyte globulin; Bu: busulfan; CR1: first complete remission; CR2þ: second or subsequent complete remission;
Cy: cyclophosphamide; Flu: fludarabine; GVHD: graft-versus-host disease; Gy: gray; Ida: idarubicin; LFS: leukemia-free survival; Mel: melphalan; NA, not available; NRM: non-relapse mortality; OS: overall
survival; PFS: progression-free survival; 2-CdA: cladribine; Amsa: amsacrine; TBI: total body irradiation; TRM: transplant-related mortality; yr: year.
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trials have been disappointing.85,86 Recently a new approach of
combining lower doses of IL-2with histaminehas beendeveloped
based on preclinical observations that the combination is more
efficient than either alone. Patients randomized after consolida-
tion in CR1 had a significantly improved leukemia-free survival
with this combination, although the overall survival was not
statistically significant.87 This is of interest, but probably needs
to be confirmed.

Prognostic factors
The literature is replete with reports of factors which appear
capable of predicting which patients will respond to treatment
and who are at differing risk of relapse. It is of critical import-
ance that such factors are prospectively validated on a separate
dataset which is of adequate size to make the prediction statis-
tically robust and independent in multivariate analysis. The
most reliable tend to override treatment effects. The clinical
interest in prognostic factors is either to provide information
about disease biology, to delineate potential targets for therapy,
or to make treatment decisions. While several factors are
prognostic, far fewer are predictive, i.e., provide a validated
basis to adopt a particular treatment approach. It is easy to
omit the validation step and also to make the assumption that
a prognostic factor is in fact predictive. Stem cell transplant-
ation is often felt to be appropriate for a patient who is at an
increased risk without evidence that such an approach is val-
idated. What is poor prognosis for chemotherapy is usually

also poor prognosis for transplantation. However, there are
emerging situations where relevant new therapeutic possibil-
ities are available, e.g., FLT3 inhibitors for FLT3 mutated
patients.

Validated prognostic factors
Age, cytogenetic risk group, response to course 1 of treatment,
presenting white count, and de novo, secondary, or treatment-
related disease are among the most widely recognized, and are
used to make treatment decisions (Table 2.4). The subtlety of
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Figure 2.3 Transplantation in second remission.

Table 2.4. Prognostic factors in remission

Cytogenetics Mutations Impact

Age FLT3 ITD (25%)a –ve

Presenting white count FLT3 TK (7%) –ve

Marrow response to course 1 RAS (12%) nil

Persistence of minimal
residual disease

CEBPα (5–10%) þve

Sex NPM1 (40%) þve

EVI1 (8%) –ve

WT1 (8%) –ve

MLL (7%) –ve

Note: aIncidence.
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cytogenetic risk groups and prognosis continues to evolve and
enter new classifications (Table 2.5). In general age is the first
discriminant in management. While this is a continuous vari-
able, age becomes important in that there are limitations to the
intensity of treatment that can be given to older patients,
which would be routine in younger patients. The independ-
ence of cytogenetics is well validated. Although there are some
differences between collaborative groups in relation to the
definition of cytogenetic risk groups and new subcategories
continue to be developed, chromosome changes have a dom-
inant effect on treatment outcome. Patients who are under
60 years with favorable characteristics have a survival expect-
ation of 65% on current chemotherapy and are generally
not advised to undergo stem cell transplant. There has been
little evidence of improved outcome in poor-risk young
patients over the years leading some to question the value of
persisting with a conventional chemotherapy approach. Most
investigators would support the use of stem cell transplant-
ation from a sibling or unrelated donor in this group even
though the prospective trials carried out by the collaborative
groups did not consistently show a survival benefit for this
approach.

The intermediate cytogenetic risk group comprises 60% of
all patients under 60 years. Once again the transplant trials
have not consistently shown a survival benefit in this group
although a significant reduction in relapse risk and disease-free
survival is apparent. This discrepancy is due to the negative
effect of greater treatment-related mortality in transplant recipi-
ents, and an increased ability to salvage patients who relapse
from chemotherapy. It is primarily in this intermediate-risk
group that the new molecular information has emerged – much
of which appears to lack prognostic implications – some of which
has been prognostically validated. In older patients prognostic
factors are more difficult to find, and less useful, because treat-
ment outcome remains poor. However, the same factors apply,
but with less discrimination than in younger patients. In general

older patients tend to have a preponderance of unfavorable
factors and a higher proportion of cases with a chemotherapy
“resistant” phenotype.

Molecular information
Information concerning mutations and genes that are over-
expressed and have prognostic implication is rapidly emerging,
and is further dissecting those establishedmajor risk groupings.
Several publications have indicated that 25–30% of patients
will have a mutation of the growth factor receptor FLT3.88

This mutation has little effect on induction treatment outcome,
but is highly predictive of patients likely to relapse, particularly
in the intermediate cytogenetic risk group. Whether this auto-
matically identifies patients who should be transplanted is not
yet clear. The situation is further complicated by the observa-
tion that the relapse risk is not the same for all allelic ratios with
high mutant:wild type presenting a higher risk. Increasing
complexity has been introduced by the discovery that the cyto-
plasmic shuttling protein NPM1 is mutated in a high propor-
tion (50%) of patients with a normal karyotype and consistently
appears in 60% of patients with an FLT3 mutation. In general
NPM1 predicts for a better response to induction and a reduced
risk of relapse, and is therefore a favorable factor when it occurs
on its own. It also appears to counteract the negative impact
of FLT3.89–92 So the poorest outcome occurs in FLT3 mutants
who do not have an NPM1 mutation. Patients who have an
NPM1 mutation without mutant FLT3 have a survival similar
to that of favorable (core binding factor) leukemias. It also
appears that a double mutant of CEBPα confers a favorable
outcome93 while EVI1 and BAALC overexpression have a nega-
tive impact.94,95 Information will continue to accumulate as
advancing technology is exploited. There are still issues with
respect to standardization of assay, prospective validation, and
inter-reaction between factors that remain to be settled. Amajor
challenge is to integrate them into patient management. Some

Table 2.5. Collaborative group cytogenetic risk classification

Variation in cytogenetic risk group classification in AML

MRC SWOG/ECOG CALGB GIMEMA/
AML10

German
AMLCG

Favorable t(15;17) t(8;21) inv(16)/
t(16;16)

t(15;17) t(8;21) (lacking del
(9q), complex i.e. > 3 unrel
abn) inv(16)/t(16;16)/del
(16q)

t(15;17) t(8;21) inv(16)/t(16;16) t(15;17)
t(8;21) inv
(16)/
t(16;16)

t(15;17) t(8;21)
inv(16)/t(16;16)

Intermediate Normal Other non-
complex

Normal þ6, þ8, -Y, del
(12p)

Normal Other non-complex Normal -Y Normal Other
non-complex

Adverse abn(3q) -5/del(5q) -7
complex (> 5 unrel abn)
(excluding those with
favorable changes)

abn(3q), (9q), (11q), (21q),
abn(17p) -5/del(5q) -7/del
(7q) t(6;9) t(9;22) complex
(> 3 unrel abn)

inv(3)/t(3;3) -7 t(6;9) t(6;11)
t(11;19) þ8 complex (> 3
unrel abn) (excluding those
with favorable changes)

Other inv(3)/t(3;3) -5/
del(5q) -7/del
(7q) abn(11q23)
del(12p) abn
(17p)

Note: AMLCG: AML Cooperative Group.
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will emerge as therapeutic targets such as FLT3 or cKIT within
the core binding factor leukemias.

Most guidance recommends that patients with high-risk
cytogenetics should proceed to transplant as soon as possible,
but even then the overall survival benefit is not unanimous
between all studies when subjected to a donor versus no
donor analysis. Opinion generally accepts that survival is not
improved by transplant in favorable-risk patients (t(8;21),
inv(16), or intermediate risk with NPM1 mutation). It is now
recognized that 20–30% of core binding factor leukemias have
a cKIT mutation,93–95 and that this confers a higher risk of
relapse. There is so far no information as to whether this
makes these patients candidates for transplant or indeed
whether one of the tyrosine kinase inhibitors, such as Glivec,
disatinib, or PKC416 (Staurosporin), may be beneficial.
Of interest, the addition of GO to induction therapy of core
binding factor leukemia in the UK MRC AML15 trial was
particularly beneficial with a survival at 4 years of 84%. How-
ever, the effect on the cKIT subgroup is not yet known. Several
molecules with anti-FLT3 activity have emerged and large
randomized trials have been initiated which incorporate an
inhibitor into standard chemotherapy. While the presence or
overexpression of other molecular markers have emerged
which have favorable (CEBPα, NPM1) or unfavorable (EVI1,
FLT3þ/NPM1�) implications, they are not predictive with
respect to what action to take.

Minimal residual disease
The emerging molecular knowledge and improved fluores-
cence activated cell sorting (FACS) technology have provided
opportunities to monitor disease response at a level of detec-
tion well beyond conventional microscopy. There are several
studies which provide clear evidence that patients at higher
risk of relapse can be identified 3–6 months before clinical
relapse (Table 2.6). It is important to be aware that the detec-
tion of minimal residual disease (MRD) does not always pre-
dict relapse. Most information available so far derives a
threshold of detection that best correlated with relapse risk
on a retrospective analysis; fewer have been prospectively
validated and could be treatment dependent. Some approaches
appear to be more useful as a single point analysis, e.g., a log
reduction after induction or on completion of treatment, while
others may be more useful as a disease monitor based on a
particular sensitivity level.

The paradigm for this approach is APL where detection at
a transcript level of 1� 104 at the end of treatment predicts a
high – almost inevitable – risk of relapse.103,104

However, since most cases are PCR negative at this point,
more relapses come from the patients who are PCR negative
at this time. So although the risk is lower, this group is bigger
so a larger number of patients who relapse come from that
group. The substitution of real-time quantitative (RQ)-PCR
which has value in assessing the quality of the RNA does not
add much if used as a single point assay; however, careful

sequential monitoring of bone marrow at 3-monthly intervals
is more successful.

The implication of MRD detection is that therapeutic
intervention at the time of MRD positivity improves survival,
compared to treating at the time of hematologic relapse. This
is far from being established because in most cases a thera-
peutic option has not been validated. The exception to this is
APL where intervention with arsenic trioxide is very effective.
Ironically the relapse risk of APL treated with modern therapy
is so low that the cost of regular RQ-PCR monitoring when
less than 10% of patients relapse could be questioned.

The question of reliability of the chosen end point needs to
be established for each method, and it requires to be prospect-
ively validated. MRD is clearly an additional prognostic factor,
but what additional information it provides beyond those
which are currently available requires more careful study.

Novel agents
There are several challenges remaining in the treatment of
AML and standard treatment has probably reached its poten-
tial. Several novel treatments are currently under evaluation
but are not yet approved.

Gemtuzumab ozogamicin (Mylotarg)
Although approved for the treatment of older patients who
relapse, several prospective trials are underway in first line – in
induction, consolidation, or as maintenance, or in more than
one phase. The MRC AML15 trial combines a single dose
given simultaneously with induction and/or consolidation in
a 2� 2 design in younger patients. The SWOG-106 trial
also combines with standard 7þ 3 and also randomizes as
maintenance. The ECOG trial randomly gives GO before auto-
logous transplant in consolidation.

Table 2.6. Studies of minimal residual disease detection by
immunophenotyping

Venditti
et al.96

56 3.5� 104 cells after consolidation
predicts relapse 77% vs. 17%

San Miguel
et al.97

126 Increased risk of relapse 14% vs. 50%

Sievers
et al.98

252 Relapse risk 69% vs. 41% (p¼ 0.0058)

Kern W
et al.99

60 Log reduction after induction and
consolidation -> DFS; after consolidation
to OS 88% vs. 51% at 2 years

Coustan-
Smith et al.100

46 72% vs. 33% relapse prediction

Feller et al.101 72 Predictive of relapse after course 1 and 3

Langebrake
et al.102

542 Predicts relapse 71% vs. 48% and 70% vs.
50%. Does not provide additional
predictive information

Note: DFS: disease-free survival; OS: overall survival.
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The GIMEMA-EORTC trials AML17 and 19 give single-
agent GO or not followed by conventional induction chemo-
therapy followed by consolidation with or without GO. In
unfit patients (AML18 trial) monotherapy with GO is com-
pared with best supportive care. The HOVON 43 trial in older
patients randomizes patients to GO maintenance after they
have received standard induction and consolidation treatment.
These are major trials which are either closed to recruitment or
well advanced so results are awaited. The UK MRC group have
initiated a comparison (AML16 trial) of low-dose Ara-C with
or without GO in older patients who are not candidates for
standard therapy. In older patients who are fit the combination
of daunorubicin/Ara-C is being compared with daunorubicin/
clofarabine each with or without GO as induction. In younger
patients two doses (3mg/m2 versus 6mg/m2) are being com-
pared in induction (AML17 trial).

In the early unrandomized studies of GO the licenced
dose of 9mg/m2 was used as monotherapy.38 When used at
this dose in association with allogeneic transplant there was
increased liver toxicity in the form of renal-occlusive disease.39

In preliminary combinations of 9mg/m2 with chemotherapy
similar liver toxicity was observed.40 Based on dose-finding
studies the prospective trials have found that doses of 3mg/m2

or 6mg/m2 are safe when used in combination.

Clofarabine
Clofarabine is a new-generation purine analog that was engin-
eered to capture the advantageous properties of fludarabine and
cladribine, giving it the potential benefits of resistance to decon-
tamination and direct mitochondrial-mediated apoptosis with
reduced neurotoxicity due to substitution by a C-2’ fluorine,
which resulted in the innocuous 2-chloroadenine rather than
the neurotoxic 2-fluoroadenine. The latter characteristic also
has the additional advantage of a potential for oral dosing.
Preliminary studies by the MD Anderson group established
efficacy in relapsed acute leukemia. In phase II evaluation in
relapsed AML in a schedule of 40mg/m2 on day 1–5 over 40% of
patients achieved a CR which is encouraging for a single
agent.105 Its efficacy and future potential for oral administration
encouraged its evaluation as a single agent in older patients who
would not normally be offered standard chemotherapy pre-
dominantly on age criteria. Although separate and with slightly
different entry criteria, three unrandomized phase II trials
have delivered similar and encouraging results.106–108 Between
40% and 50% achieved CR or CRi, usually with a course
of treatment, responses occurred at a similar level in patients
> 70 years, and a response rate of around 43% was observed in
patients with high-risk cytogenetics. While intended to be a
non-intensive approach for older patients, even the reduced
dose (30mg/m2 per day and days 1–5) used in these trials was
associated with myelosuppression and its consequences. Care is
required with respect to renal function. In the absence of a
control arm the question arises as to what the standard of
care would be for the patients involved. The investigators

believe that it would have been best supportive care or low-dose
Ara-C rather than standard chemotherapy, in which case the
results give grounds for optimism, particularly with respect to
the response to patients with poor-risk cytogenetics. There is a
biochemical rationale for combining clofarabine with Ara-C.
One completed randomized study using the unconventional
“adaptive” randomization design suggested that clofarabine com-
bined with low-dose Ara-C was superior to clofarabine alone.109

Several prospective studies are underway or being established to
evaluate this agent in a phase II setting. Although in receipt of
regulatory approval in advanced ALL in young patients, it is not
yet approved in AML.

Farnesyl transferase inhibition
Although only mutated in 12–15% of cases, and not being of
prognostic significance, inhibition of RAS is a strategy of inter-
est. Farnesyl transferase is required in the essential process of
prenylation of cytoplasmic proteins to enable attachment to the
inner aspect of the cell membrane to enable signaling. Target
proteins include RhoB, RAC, and transforming growth factor
beta (TGF-b) as well as RAS. If leukemic cells are dependent on
the relevant pathway activation then farnesyl transferase inhib-
ition may be an effective treatment. Farnesyl transferase
inhibitors divide into four classes: bisubstrate analogs, peptido-
mitres, non-peptidomimetion, and farnesyl diphosphate analogs.
In AML the lead compound has been tipifarnib (R115777,
Zarnestra) which is a member of the non-peptidomimetic class
of inhibitors. A large phase II study in relapse showed a modest
response with a CR rate of 6%.110 A similarly large study in older
unfit patients produced a remission rate of around 15–18%, and
of interest, potential durable benefit in patients who achieved
only a partial response.111 It was noted that responses were not
dependent on the presence of a RAS mutation. However, when
assessed in older patients randomized against best supportive
care no survival benefit was observed and the remission rate
was less than 10%.112 While disappointing, prospective studies
in combination with chemotherapy are now in progress.

Cloretazine
Cloretazine is a novel alkylator of the sulfonyl hydrazine class
which was initially shown to be effective in relapsed disease. In
a first-line study in older patients (> 60 years) a 41% CR rate
following a single infusion of 600mg/m2 was seen.113 The
responses seen included patients with poor-risk cytogenetics,
poor performance score, and aged over 70 years. The survival in
responders at 12 months was approximately 30%. This encour-
aged an ongoing randomized trial in patients in first relapse in
combination with Ara-C 1.5 g/m2 versus Ara-C alone. This
important trial has still to complete recruitment.

Cloretazine clearly an effective agent, but associated with
significant myelosuppression and possible pulmonary toxicity
that implies that testing of different doses and in combinations
is justified in order to assess its potential.
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Future approaches
Important progress has been made in younger patients with
various schedules of conventional chemotherapy and appro-
priate use of stem cell transplantation. As results have
improved, so it has been possible to dissect out many factors
which are prognostic and to some extent they can be used to
direct therapy, but for the most part they are not predictive,
i.e., there is no proven treatment to apply. Molecular targets
are now defined which are amenable to therapy based on
preclinical data. Of particular interest is FLT3 inhibitors. As
single agents these have not lived up to the preclinical promise,
but there is considerable momentum to examine them in
combination with chemotherapy. This will probably be the
pattern of their development. Among such strategies are agents
which are antiapoptotic, anti-VEGF (vascular endothelial

growth factor), anti-KIT, etc. Epigenetic mechanisms may well
be relevant and clinical data from studies in myelodysplastic
syndromes have shown efficacy which may be applicable to
older patients in particular. This concept is being tested in
ongoing randomized trials.

Since there is no shortage of new therapeutic agents to test,
the issue becomes how to do so in the most efficient manner.
Traditional trials consume large numbers of patients, and are
of course required for definitive proof, but in a rare disease like
AML this is problematic with so many emerging agents to be
tested in defined subgroups. Perhaps the time is right for some
statistical compromise in order to find winning agents or
combinations. This is attractive if progress is to be rapid
enough and since new agents in rarer subgroups of patients
are very likely to be expensive, larger benefits will be required.
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Chapter

3 Treatment of acute lymphoblastic leukemia
(ALL) in adults
Ryan Mattison, Sarah Larson, and Wendy Stock

Introduction
Acute lymphoblastic leukemia (ALL) is a neoplastic clonal
disorder resulting from the maturation arrest of lymphoid pro-
genitors. While both T-cell precursors and B-cell precursors can
be transformed, greater than 85% of cases are derived from
precursor B cells. Accumulation of lymphoblasts within the bone
marrow can result in anemia, thrombocytopenia, and neutrope-
nia. Symptoms of fatigue, bleeding, bruising, and infection are
frequent initial manifestations of the disease. There are a number
of ALL subtypes that are characterized by particular morpholo-
gic, immunophenotypic, cytogenetics, and molecular findings.
Treatment of ALL in the pediatric population has been a success
story in hematology/oncology, with cure rates approaching 80%.
Unfortunately, a majority of adult patients, approximately 65%,
succumb to their disease. The use of novel agents and the intro-
duction of risk-adapted therapies, including stem cell transplant-
ation (SCT), the identification of new molecular targets, and the
application of pediatric treatment approaches to adult patients
are promising strategies that offer hope to improve treatment
outcomes for adults with this heterogeneous group of diseases.

Epidemiology/etiology
Incidence
ALL comprises 20% of newly diagnosed acute leukemias in
adults. Approximately 5200 new cases were diagnosed in the
United States in 2007, and 1420 patients died from the disease
that year.1 Most cases occur de novo, though prior exposure to
chemotherapy, especially topoisomerase II inhibitors2 and
alkylating agents,3 is a risk factor for both ALL and acute
myeloid leukemia (AML). Therapy-related leukemias are
strongly associated with rearrangements of the MLL (mixed-
lineage leukemia) gene located on chromosome 11q23.2

Etiology, risk factors, and inherited
cancer syndromes
In the majority of cases, ALL is an acquired disease without a
clearly defined initiating event. Though viruses, ionizing

radiation, and hereditary disposition have been implicated in
the etiology of ALL, no single factor has been definitively
identified as a cause.

Approximately 5% of myeloid and lymphoid leukemia
cases are linked to inherited genetic syndromes that involve
genes that relate to DNA repair and genomic stability. A well-
known example is trisomy 21 (Down syndrome), which con-
fers a 10- to 20-fold higher risk of acute leukemia than in
children without Down syndrome. Mechanisms that may link
Down syndrome with acute leukemia include altered folate
metabolism, mutations of the transcription factor GATA1
and other genes, or disomy of a leukemia predisposition gene
on chromosome 21.4,5 Inherited syndromes such as Fanconi’s
anemia, Bloom’s syndrome, and ataxia-telangectasia that lead
to excessive chromosomal fragility are associated with an
excess risk of ALL.6–8

There have been elegant clinical studies performed that
shed light on the prenatal origin of some pediatric leukemia
cases. When observing the incidence of acute leukemia in
monozygotic twin pairs, investigators have observed a con-
cordance rate ranging from 5% to 25% in patients between
the ages of 0 and 15 years. However, in infants younger than
one year of age, the concordance rate reaches nearly 100%.
Through the analysis of blood samples collected for routine
neonatal screening purposes, investigators have determined
that the identical clonal origin of acute leukemia in mono-
zygotic twin pairs is strong evidence of in utero origin of
leukemogenesis.9 Furthermore, the presence of detectable
TEL-AML1 (ETV6-RUNX1) fusion gene or clonal rearrange-
ments of the IGH sequence in archived neonatal blood
samples in children who later develop ALL is evidence that
many cases of leukemia had initiation steps that developed
in utero.10,11

ALL occurring in twin children older than one year often
involves the TEL-AML1 fusion gene and requires a longer
period of postnatal development, suggesting that other
genetic changes are required for the development of
leukemia.9 In addition, another study observed an incidence
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of 1% of the TEL-AML1 fusion gene in neonatal blood
samples, though the observed incidence of ALL involving
that genetic abnormality was 100-fold less, suggesting that
other molecular changes are necessary for leukemogenesis.12

Some environmental factors have also been linked to the
development of ALL. A prominent example includes the
exposure to high doses of ionizing radiation in the atomic
bomb survivors of Hiroshima and Nagasaki and the subse-
quent development of acute leukemia.13 The link between
cigarette smoking and the development of ALL was seen in
a Cancer and Leukemia Group B (CALGB) study that
observed an increased risk of ALL in smokers older than 60
years. That case–control study showed a greater than three-
fold risk of ALL development in those who smoked compared
to those who did not smoke (odds ratio¼ 3.40; 95% confi-
dence interval¼ 0.97–11.9).14 In contrast, while chronic
exposure to the non-ionizing radiation associated with high-
voltage power lines had been associated with the development
of ALL, a more recent study has excluded this exposure as a
causative factor.15

Pathology
Clinical and laboratory features
When ALL is suspected, basic laboratory studies must be
performed including a complete blood count with differential
and smear, a complete electrolyte panel with liver function
tests, and tumor lysis labs including lactate dehydrogenase
(LDH), calcium, phosphorus, and uric acid. A chest radio-
graph should also be included. Bone marrow aspirate and
biopsy are required, and the sample must be evaluated for
morphology, cytogenetics, immunohistochemical and immu-
nophenotypic studies, as well as molecular studies. As dis-
cussed later, these studies are needed to assign risk and to
tailor therapy accordingly.

Morphology and immunophenotyping
The current WHO (World Health Organization) classification
incorporates immunophenotypic and cytogenetics informa-
tion into the classification schema with the goal of making
disease categories more clinically relevant.16 The WHO clas-
sification includes precursor B-cell, precursor T-cell, and
Burkitt (mature B-cell) lymphoma/leukemia. Flow cytometry
is key to defining immunophenotype.16 Precursor B-cell ALL
is terminal deoxynucleotidyl transferase (TdT) positive and
often expresses CD34. The B-cell markers CD19, CD22, and
CD79a are also present, and surface immunoglobulin is nega-
tive. CD20 is expressed, usually weakly, in 40% to 50% of
cases.17 Precursor T-cell ALL is also TdT positive, but lacks
the B-cell markers mentioned. Precursor T-cell ALL is CD3þ,
and many cases coexpress the T-cell markers CD2, CD4, and
CD8. Burkitt lymphoma/leukemia is notable for the expres-
sion of B-cell markers CD19 and CD22, and is positive for
surface immunoglobulin. In addition, Burkitt lymphoma/

leukemia is kappa or lambda light chain restricted. In contrast
to precursor B-cell ALL, Burkitt lymphoma/leukemia is
strongly CD20þ, but is TdT and CD34 negative. The vast
majority of ALL cases are myeloperoxidase (MPO) and non-
specific esterase negative. The presence of these cytochemical
markers is more consistent with AML. However, there are
rare cases of ALL that are MPO positive but that have the
typical pattern of lymphoid surface markers present that help
to define ALL lymphoblasts.

Before the WHO classification, ALL classification had
been categorized by morphology according to the French–
American–British (FAB) classification that relied on morpho-
logic appearance (Figures 3.1 and 3.2). Under the FAB system,
L1 blasts appear smaller with finer chromatin and fewer nucle-
oli. L1 subtype was present in 74% of pediatric cases (children
younger than 15 years), and the prognosis was generally better
than the L2 subtype. L2 lymphoblasts appear larger with more
prominent nucleoli. This type was seen in 66% of adult
patients, with a generally poorer outcome than L1 subtype.
L3 subtype (Burkitt) is mature B-cell leukemia and is retained
in the WHO classification system. L3 blasts have prominent
vacuoles and a classic “starry sky” appearance from the tingible
body macrophages due to the extremely high proliferation rate
seen in this disease.

Cytogenetics
Recurring abnormalities in the number of chromosomes,
translocations, and partial deletions are seen in 60–70% of
ALL cases.18 Cytogenetic analysis is important both for prog-
nostic assessment in an individual patient and as a tool for
investigators to gain insight into the molecular pathogenesis of

Figure 3.1 Burkitt lymphoma: bone marrow aspirate smear from a
patient diagnosed with Burkitt lymphoma involving the bone marrow. The cells
are uniformly intermediate in size with deeply basophilic cytoplasm and prom-
inent lipid vacuoles. The nuclear chromatin is clumped and cells contain two
to three small, centrally placed nucleoli. Photo courtesy of Sandeep Gurbuxani
MBBS, PhD Instructor, Department of Pathology, University of Chicago.
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ALL. The incidence and clinical impact of common cytogenet-
ics findings are listed in Table 3.1.

Hyperdiploidy is the addition of whole chromosomes
resulting in a number greater than the 46 chromosomes seen
in normal human cells. Hyperdiploidy is seen in pediatric ALL
more commonly than in adult ALL, and the presence of more
than 50 chromosomes in pediatric patients is associated with a
favorable prognosis. Adults with hyperdiploid karyotype typi-
cally have a less favorable prognosis than in children, a phe-
nomenon that may be explained by the presence of poor-
prognosis features such as the Philadelphia chromosome.19

Hypodiploidy occurs in approximately 5% of adult ALL
patients, and confers a poor prognosis.18

Chromosomal translocations occur when material
between two or more chromosomes is exchanged, resulting
in either novel fusion genes or dysregulation of normal gene
expression. Fusion gene products may involve transcription
factors that are normally involved in cellular differentiation
and proliferation. When translocations occur, differentiation
can be blocked, leading to the accumulation of immature
lymphocyte precursors. Abnormal proliferation can occur
due to aberrant growth factor signaling. The most common
translocation in adults is the Philadelphia chromosome
(Phþ) t(9;22)(q34;q11), present in 25–30% of ALL
patients.20 The fusion protein, also seen as the hallmark
finding in chronic myeloid leukemia (CML), leads to
continuous activation of the Abl tyrosine kinase and lack
of control over the normally well-regulated RAS and phos-
phatidyl inositol 3 kinase (PI 3K)/AKT pathways, resulting
in abnormal proliferation and a block in apoptosis.21 Phþ
ALL (BCR-ABLþ) has a poor prognosis, though apparently
dramatic improvements in clinical outcomes have been seen
with the introduction of imatinib and other tyrosine kinase

inhibitors as will be discussed in later sections. Another
common translocation partner is the MLL gene located on
11q23.MLL is known to fuse with more than 50 partner genes,
the most common of which is AF4 located on 4q21. The t
(4;11)(q21;q23) translocation is involved in 60% of infant ALL
cases and is seen in 10% of adult ALL patients.22 MLL is also
implicated in many cases of AML and myelodysplastic syn-
drome, and its involvement is often seen in patients who had
previously been treated with topoisomerase II inhibitors for
other malignancies.MLL-related leukemias often are resistant
to treatment and have a poor prognosis.

The t(12;21)(p13;q22) translocation results in the TEL-
AML1 fusion gene that is the most common rearrangement
seen in pediatric ALL.23 This cryptic translocation is not read-
ily apparent when standard cytogenetic analysis is performed,
but the fusion transcript can be detected using reverse

Figure 3.2 Precursor B-cell ALL: bone marrow aspirate smear from a patient
diagnosed with precursor B-lymphoblastic leukemia. The bone marrow is
almost entirely replaced by small- to intermediate-sized blasts with high
nuclear cytoplasmic ratio, variably condensed nuclear chromatin, and small to
absent nucleoli. Photo courtesy of Sandeep Gurbuxani MBBS, PhD Instructor,
Department of Pathology, University of Chicago.

Table 3.1. Cytogenetics in ALL

Karyotype Frequency % % DFS/EFS
(5 year)

% OS
(5 year)

Good

t(14q11-q13) 4.7–6 78 78

del(12p) or
t(12p)

4–5.5 34–76 41–82

Intermediate

Normal 25–30 38–43 37–48

t(10;14)(q24;
q11.2)

2–8 34 41

t(1;19)(q21;
p13.3)

0.8–3 29 32

del(9p) or t(9p) 0.5–15 44–49 38–58

Hyperdiploid 6.6–35 50 53

þ21 13.7 29 26

Poor

del 7 2–6 25–36 14–36

þ8 3–10 15–22 12–22

Low
hypodiploidy/
near triploidy

9 18 22

t(8;14) 2–5 60–88
(3 year)

50–79
(3 year)

t(4;11)
(q21;q23)

1–7 15–25 18–24

t(9;22)
(q34;q11)

17–29 5–10
pre-imatinib

5–11
pre-imatinib

Up to 50%
in elderly
patients

51–60
(1 year) with
imatinib

65–76
(1 year) with
imatinib

Notes: DFS: disease-free survival; EFS: event-free survival; OS: overall survival.
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transcriptase-polymerase chain reaction (RT-PCR) analysis.
Its presence is associated with a good prognosis in children,
and it is very rarely detected in adult ALL.24

The translocations involving 8q24 and c-MYC, seen
commonly in Burkitt lymphoma/leukemia, are examples of
normal genes that have unregulated expression due to pro-
moter substitution and subsequent overactivity. The common
t(8;14)(q24;q32) as well as the less prevalent t(2;8)(p12;q24)
and t(8;22)(q24;q11) are involved in almost all cases of Burkitt
lymphoma/leukemia. The mechanism of disease involves
bringing c-MYC under the control of the immunoglobulin
gene regulatory elements that are located on chromosome
bands 14q32 (IgH), 2p12 (IGL), and 22q11 (IGK).25,26 How-
ever, the mechanisms for c-MYC-controlled malignant
progression are not yet completely understood. Similarly, in
T-lineage ALL, there are recurrent translocations that join
together the enhancer elements of the T-cell receptor genes
leading to aberrant expression of the partner fusion genes. The
T-cell receptor alpha (TCR-a) and delta (TCR-d) located on
14q11, the T-cell receptor beta (TCR-b) on 7q32-q36, and the
T-cell receptor gamma (TCR-g) on 7p15 have been shown to
fuse with a number of partner genes, including the transcrip-
tion factors c-MYC (8q24), TAL1/SCL (1p32), TAL2 (9q32),
LYL1 (19p13), LMP1/RBTN1 (11p15), LMO2/RBTN2 (11p13),
and HOX11 (10q24). Finally, the NOTCH1 gene that encodes
a transmembrane receptor has been implicated in precursor
T-cell ALL as discussed below.

Molecular genetics
While karyotypic analysis currently remains the most import-
ant clinical prognosticator in ALL and provides critical infor-
mation about disease pathogenesis, genome-wide expression
analyses and identification of genes and pathways that are
aberrantly expressed and regulated in ALL are providing new
insights that may direct future targeted drug development.
Inactivation of the tumor suppressor genes p16 (CDKN2A,
INK4A) and p15 (CDKN2B, INK4B) occur frequently in ALL,
usually as a result of chromosomal deletion involving the 9p21
locus. The reported frequency of both heterozygous and
homozygous deletions of p16 varies from 6% to 33% in pre-
cursor B-cell ALL and from 30% to 83% in precursor T-cell
ALL.27 Both p15 and p16 specifically inhibit cyclin/CDK4/6
complexes that block cell division during the G1/S phase of the
cell cycle and their loss results in loss of control of cell prolifer-
ation and tumor progression.28 Loss of cell cycle regulatory
control may also occur via mutations of the p53 tumor sup-
pressor gene in up to 25% of adults with ALL and/or loss of the
Rb tumor suppressor gene in as many as 50% of cases. Retro-
spective analysis demonstrated that adult ALL cases with aber-
rant expression of at least two of these tumor suppressor genes
(p16, Rb, or p53) had a significantly worse disease-free survival
than patients with only one or none of these abnormalities.29

Recent discoveries indicate that gain-of-function mutations
in the NOTCH1 gene are found in 50% to 70% of cases of

precursor T-cell ALL in both children and adults making these
mutations the most common acquired genetic lesion identified
to date for this ALL subset (for review, see Aster et al.30).
Interestingly, major downstream targets of NOTCH1 acti-
vation include c-Myc, mTOR, and activation of the PI3K/
AKT pathway. These effects are important in supporting the
growth of precursor T-cell lymphoblasts.31–35 While the inter-
play of NOTCH with other developmental pathways that con-
tribute to the pathogenesis of precursor T-cell ALL remains to
be clearly defined, these insights are already providing the
impetus for the development of therapeutic strategies that
might block these aberrantly regulated pathways (see Emerging
therapeutic options section, p. 59).

Genome-wide analysis to identify cooperating mutations
that may be important in the pathogenesis of precursor B-cell
ALL has recently resulted in the identification of new molecu-
lar lesions in this disease subset in pediatric ALL.36 Using high-
resolution single-nucleotide polymorphism arrays with DNA
sequencing, deletions, amplification, point mutations, and
structural rearrangements in genes encoding key regulators
of normal B-lymphocyte development and differentiation were
identified in 40% of precursor B-cell ALL cases in children.
The most frequent target of somatic mutation was the PAX5
gene and these mutations resulted in reduced levels of the
PAX5 protein. Deletions were also detected in the TCF3,
EBF1, LEF1, IKZF1 (IKAROS), and IKZF3 (AIOLOS) genes.
The mutations result in disruption of pathways controlling
normal B-cell development and differentiation and may lead
to development of ALL. The same investigators have also
shown that deletion of the IKAROS gene occurs very com-
monly (84% of cases) in Phþ ALL but not in chronic phase
CML.37 This suggests that the loss of IKAROS function is an
important event in the development of phþ ALL. Another
layer of complexity in ALL pathogenesis that is being actively
investigated is the epigenetic regulation of gene expression
through modulation of target mRNAs by microRNAs
(miRs).38 Hyper-methylation of a specific miR, miR 203,
resulted in decreased miR 203 expression and enhanced BCR-
ABL gene expression in Phþ ALL, suggesting that miR203
may function as a tumor suppressor and implicates that its
re-expression might have therapeutic benefit. Further elucida-
tion of the cooperating mutations and epigenetic modifica-
tions that result in ALL pathogenesis will help to identify
new “druggable” targets and guide the direction of future
experimental therapeutic development in ALL.

Differential diagnosis
Typical symptoms of ALL include fatigue, shortness of breath,
pallor, bone pain, and anorexia. Hepatomegaly and spleno-
megaly are present in approximately 50% of patients and can
result in abdominal fullness. Lymphadenopathy occurs in ALL
more often than AML, but lymph node enlargement does not
usually occur prior to bone marrow or peripheral blood
involvement. Other diseases that have overlapping symptoms
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with ALL include AML, blast crisis CML, and high grade
lymphomas. Non-neoplastic lymphoproliferative disorders
including Epstein–Barr (EBV) or cytomegalovirus (CMV)
infection should also be considered since the morphology of
reactive lymphocytes can be similar to lymphoblasts.

Precursor T-cell ALL typically presents with a large medi-
astinal mass and higher white blood cell (WBC) count, and
occurs more frequently in young men than in women. Burkitt
lymphoma/leukemia is commonly accompanied by an elevated
LDH, central nervous system (CNS) involvement, and bulky
adenopathy.

Prognostic factors
There are a number of clinical features in ALL that have a
known impact on prognosis, including age, WBC count at
diagnosis, time to achievement of complete remission (CR),
immunophenotype, cytogenetics, and the presence of minimal
residual disease (MRD).

A number of trials have shown that patient age influences
both CR rate and disease-free survival (DFS) in ALL.39–42

Patients between the ages of 30 and 60 years are considered
to be at standard risk, with those younger than 30 having a
better outcome. Patients older than 60 years have an adverse
prognosis, an observation that is due in large part to the
increasing percentage of high-risk cytogenetics with increasing
age. In an analysis of the British Medical Research Council
(MRC) ALL trials, there was a decline in CR and remission-
free survival as age increased.43 Children aged 2–10 years have
the best prognosis of all patients with ALL as they have a
higher incidence of both the favorable TEL-AML1 fusion gene
resulting from a cryptic t(12;21) and hyperdiploid karyotype.
Older adolescents and young adults have less favorable out-
comes than younger children. Survival continues to decrease as
the disease presents in older age, to the point where adults
older than 60 years can expect to have less than a 20% chance
of cure. Explanations include comorbid illnesses that make
remission induction therapy more difficult to tolerate and
more aggressive biology, particularly the presence of the t
(9;22) Philadelphia chromosome, seen in up to 50% of adults
older than 50 years.44

Leukocyte count at diagnosis is a risk factor as shown by a
number of studies.39,45–47 WBC counts of 15 000/mL to 30 000/
mL lead to shorter remission duration in patients with precur-
sor B-cell ALL, with those who have a WBC of 100 000/mL
or greater at particularly high risk of short remissions.48

Patients with precursor T-cell ALL often present with much
higher WBC counts without associated poor outcomes until
the WBC count is greater than 100 000/mL.39

Coexpression of myeloid antigens, especially CD13 and
CD33, occurs in approximately 20–30% of ALL cases.16,49

However, ALL cases are characteristically MPO negative. The
presence of myeloid antigens does not necessarily define bili-
neage involvement, and the use of uniform grading systems
helps to define biphenotypic disease.50 In some studies, the

presence of myeloid markers confers a worse prognosis than
in conventional ALL.49,51 However, other studies show that
clinical outcomes are no worse in patients with myeloid
marker expression.52,53

The presence of the CD20 antigen on precursor B-cell ALL
blasts has been shown to be an independent poor prognostic
factor. In a study by the MD Anderson investigators of 253
patients treated before rituximab became widely available, it
was found that the expression of CD20 on more than 20% of
blasts was associated with decreased 3-year overall survival
(OS) (27% vs. 40%, p¼ 0.03).17

In the treatment of pediatric ALL, early clearance of blasts
(within 7 days) has been shown to be an important predictor
of survival. In adult ALL, attaining CR within 2–4 weeks is
associated with improved survival while requiring more than
4 weeks of therapy before CR is achieved portends a worse
outcome.42,54

Minimal residual disease
The use of qualitative and, more recently, quantitative Q-PCR
and flow cytometry have been established as valid techniques to
monitor for the presence of MRD during the treatment of
patients with ALL. The presence of the BCR-ABL fusion gene
in PhþALL or a specific rearrangement of the immunoglobulin
heavy chain (IGH) or T-cell receptor (TCR) gene are well-suited
for amplification by real-time quantitative PCR (RQ-PCR)
using specific primer pairs and probes for a patient’s leukemia
clone. Eighty percent to 95% of patients can have rearr-
angements detected at diagnosis.55 This technique can detect
1 leukemia cell in the background of 104 to 106 normal cells.
While it is a highly sensitive test, there is a significant problem
with false positive results. In addition, the creation of patient-
specific primers and probes when targeting rearranged IGH
and TCR genes is a time-consuming and relatively expensive
process. There is also substantial inter-laboratory variability
that makes this technique difficult to standardize, though pro-
gress has been made in reducing variation.56 A key adult study
using semi-quantitative PCR showed that 9/13 (69%) of patients
who were MRD positive at 1 month later had relapsed ALL
compared to 3/10 (30%) who were MRD negative.57 In the
same study, 2/2 (100%) of patients who were MRD positive at
5 months eventually relapsed compared to 3/8 (37%) of patients
who were MRD negative. Finally, 0/4 (0%) of patients who were
MRD negative at 9 months relapsed. More recently, a German
study showed that 196 adult ALL patients who had standard-
risk disease could be divided into three prognostic groups
based on the time point at which MRD declined to fewer than
1 leukemia cell in 104 cells. Patients who had such a decline at
day þ11 and day þ24 after induction therapy were considered
to be low risk and had a relapse rate of 0% at 3 years. Patients
who had MRD present at a level higher than 1 cell in 104 cells at
week 16 after induction were high risk and had a 3-year relapse
rate of 94%. The remaining patients were at intermediate risk
of relapse and had a 3-year relapse rate of 47%.58
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Flow cytometry techniques utilize the presence of aberrant
immunophenotypes expressed on the lymphoblast surface,
such as the presence of myeloid antigens or coexpression of
two or more antigens not usually present at the same stage
of differentiation. Up to 95% of ALL patients have disease
features that can be detected and followed by flow cytometry.
One leukemia cell can be detected in the background of 103 to
104 normal cells.59 In adult patients, detection of MRD by flow
cytometry has shown that patients with precursor T-cell ALL
are at increased risk of relapse when MRD is present prior to
consolidation (83% vs. 51%), prior to the third post-remission
module (72% vs. 33%), and prior to the sixth cycle of post-
remission therapy (75% vs. 30%).60

While MRD detection has predictive power as an early
marker for relapse, its real value is the potential to guide
therapy. Patients who are at higher risk of relapse may benefit
from more intense post-remission therapy through the use of
early allogeneic SCT. This is a question that is currently under
investigation by the German Multicenter Study Group for
adult ALL (GMALL).61

Therapy
Chemotherapy regimens
Therapy for ALL consists of a series of complex chemotherapy
combinations and treatment schedules. Treatment is divided
into three distinct phases: (1) remission induction; (2) one or
more phases of consolidation (intensification); and (3) long-
term maintenance therapy for 2–3 years (except for Burkitt
lymphoma/leukemia). Because of the high incidence of CNS
involvement or relapse, all protocols utilize either intrathecal
chemotherapy or a combination of intrathecal therapy with
cranial irradiation. Systemic administration of drugs that
penetrate the CNS is also a key component of the chemother-
apy armamentarium. These regimens utilize many drugs with
differing mechanisms of action, and they have evolved from
successful treatment programs in pediatric ALL. The following
section reviews the basic treatment components that have been
employed in adult ALL during the last decade, focusing on
outcomes of large single institution and cooperative group
trials. The results of these trials are summarized in Table 3.2.

Induction
The purpose of induction therapy is to reduce quickly the
leukemia cell burden and to restore normal hematopoiesis.
Commonly used induction regimens initially contained a com-
bination of drugs first shown to be successful in pediatric ALL,
and included a corticosteroid, vincristine, and L-asparaginase.
CR rates were only 40–65%, and the remission duration was
short, 6 months or less. The addition of an anthracycline,
either daunorubicin or doxorubicin, improved the CR rate
to 72–92%.40,68–71 A CALGB trial compared two different
anthracyclines, daunorubicin and mitoxantrone, during

induction, and found that CR rates using each agent were
similar.72 In a different strategy, investigators at Memorial
Sloan-Kettering Cancer Center evaluated an induction regi-
men that avoided vincristine and corticosteroids, and instead
used high-dose cytarabine (3 g/m2 per day for 5 days) along
with mitoxantrone (80 mg/m2 for one dose on day 3) and
granulocyte colony-stimulating factor (G-CSF) support. Their
results in 37 patients showed an 84% CR rate with a median
time to CR of 34 days.73

Cyclophosphamide has also been added to induction
chemotherapy 39,64 with mixed results. The CALGB investi-
gators showed an overall CR rate of 85% and improved DFS in
their single-arm phase II trial compared with historical con-
trols.39 In contrast, the Italian study, which randomized nearly
half of its 769 patients to receive cyclophosphamide at induc-
tion, showed no significant difference between those patients
who did or did not receive cyclophosphamide.64 The use of
lower-dose cyclophosphamide has also been incorporated
along with prednisone into a 5- to 7-day-long “pro-phase”
therapy that precedes induction chemotherapy as a strategy
to begin cytoreduction while minimizing the risk of tumor
lysis syndrome.74

The use of G-CSF during induction was studied in the
randomized trial CALGB 9111.62 While the use of growth
factor reduced the time of neutrophil recovery (16 days vs.
22 days, p< 0.001) and had a trend toward improved CR rates
(87% vs. 77%, p¼ 0.07) there was no difference in DFS or OS
between patients who did and did not receive G-CSF.

Thus, most regimens currently utilize a four or five drug
combination consisting of vincristine, a corticosteroid, an
anthracycline, and the use of either L-asparaginase, cyclopho-
sphamide, or both.

Consolidation
While induction chemotherapy leads to CR rates that are
greater than 90% in many series, the relapse rate in adult
ALL patients is 50–75%, leading to many variations of post-
remission consolidation treatment in an attempt to eradicate
MRD and improve DFS. Adult consolidation regimens have
evolved from pediatric schedules that have shown to be suc-
cessful.75 Post-remission therapy in ALL can include a
wide range of drugs, including cytarabine, etoposide, VM26,
methotrexate, 6-mercaptopurine (6-MP), and 6-thioguanine
(6-TG). In addition, the use of autologous and allogeneic
SCT has been incorporated into ALL treatment as will be
discussed in a separate section.

The MD Anderson group used extended consolidation
within its HyperCVAD regimen by alternating hyperfractio-
nated cyclophosphamide, vincristine, doxorubicin, and
dexamethasone (cycles 1, 3, 5, and 7) with high doses of
methotrexate and cytarabine (cycles 2, 4, 6, and 8) in a
single-arm trial. 76 In this study of 204 patients treated between
1992 and 1998, median survival was 35 months and the 5-year
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survival was 39%. The Italian GIMEMA group conducted
a study that included randomization of 388 patients to
post-remission intensification followed by maintenance
chemotherapy versus early maintenance therapy without

intensification.64 The results showed no significant difference
between the two groups at 8 years, with 36% DFS in patients
treated with consolidation versus 37% in patients who went
directly to maintenance therapy. However, only 35% of

Table 3.2. Trial results of chemotherapy regimens for adult ALL

Trial Design Number of
patients

Median
age
(range)

CR
(%)

DFS (%) OS (%) Comments

CALGB
911162

Patients randomized to
receive G-CSF or placebo with
induction

Total 198 35
(16–83)

82 23 monthsa 23 monthsa G-CSF shortened time to
neutrophil recovery and
increased CR, but did not
affect toxicity, DFS, or OS

G-CSF 102 87 2.3 years 2.4 years

Placebo 96 77 1.7 years 1.8 years

JALSG
ALL-9363

Increased doxorubicin during
induction and randomized
patients to sequential or
intermittent intensification

263 31
(15–59)

78 30
63 months

33
63 months

No benefit from
doxorubicin and no
difference between
intensification schedules

GIMEMA
028864

Patients randomized to
receive Cy during induction
then randomized to post-CR
intensification

Cy 387 27.5
(12–60)

81 31
8 year

28
8 year

Neither randomization
had significant impact on
CR, DFS, or OS

No Cy 382 83 28
8 year

27
8 year

MDACC65 Follow-up results of patients
treated with HyperCVAD

288 40
(15–92)

92 38
5 year

38
5 year

No asparaginase improved
outcome compared to
VAD regimen

LALA-
9466

Standard-riskb patients
received induction course
then randomized to receive
intense consolidation

Total 307 33 83 35 44
5 year

Intensified consolidation
regimen did not affect
overall survival

Intense
consolidation
Arm A 158

Arm A 45

Standard
consolidation
Arm B 154

Arm B 43

UKALLXII/
ECOG
299367

All patients received 2 phases
of induction chemo
regardless of disease risk
factors

1153
Ph– patients

(15–59) 93 NR 41 Favorable CR rate

GMALL
07/03 61

Short, intense chemo and risk
stratification including MRD

713 34
(15–55)

89 NR 54
5 year

Favorable outcomes: high
survival and relapse rate
in young standard-risk
patients

Notes: aMedian DFS and OS.
bStandard risk defined as lack of t(4;11), t(1;19), 11q23 rearrangement, WBC< 30� 109, no myeloid markers, and first CR achieved after one course of induction
therapy.
G-CSF: granulocyte colony-stimulating factor; Cy: cyclophosphamide; HyperCVAD: hyperfractionated cyclophosphamide, vincistine, doxarubicin, and dexamethasone
alternating with high-dose methotrexate and cytarabine; NR: not reported.
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patients who were randomized to the consolidation/mainten-
ance arm completed treatment as prescribed due to compli-
ance problems and treatment-related toxicity.

The French LALA-94 trial investigated the use of intensive
versus less-intense consolidation treatment in patients with
standard-risk ALL.66 In this trial, patients were considered to
be at standard risk if they had (1) precursor B-cell ALL without
CNS involvement; (2) the absence of the Ph chromosome, t
(4;11), t(1;19), or other abnormalities involving 11q23
rearrangements; (3) WBC count less than 30� 109/L; (4) an
immunophenotype characterized by CD10þ/CD19þ, or
CD20þ/CD19þ; (5) the absence of myeloid markers; (6) the
achievement of CR after one course of chemotherapy. Inten-
sive consolidation included the use of high-dose cytarabine
and mitoxantrone, while standard consolidation included
cyclophosphamide, lower-dose cytarabine, and 6-MP. Of 307
patients who had standard risk disease in this trial, there was
no significant difference in OS between the more intense
versus less intense consolidation arms (45% vs. 43%, p¼ 0.73).

Pioneered in the treatment of pediatric ALL, the contribu-
tion of L-asparaginase to response rates and duration of
response in adults is not clear. Its toxicities in adults include
pancreatitis, hepatotoxicity, and coagulopathy. An analysis of
the CALGB 8811 study showed a marginal benefit in DFS at
3 years for patients who received all prescribed doses of
L-asparaginase (55% vs. 48%, with overlapping 95% confi-
dence intervals).77 Eighty-five percent of the 197 patients in
that trial achieved CR after induction.39 In contrast, the well-
established HyperCVAD regimen used by the MD Anderson
group does not include L-asparaginase. In their trial of 204
patients, 91% achieved CR with 3- and 5-year DFS rates of 50%
and 38%, respectively.76

Maintenance
Maintenance therapy also made its debut in the treatment of
pediatric ALL and has been shown to be an important com-
ponent of treatment. Despite the lack of randomized trials
investigating the importance of maintenance treatment in
adults with ALL, trials show inferior results compared to
historical controls when maintenance therapy is not included.
In a CALGB study designed to compare daunorubicin versus
mitoxantrone during induction, all patients received vincris-
tine, methotrexate, and prednisone during induction, followed
by four cycles of intensification treatment along with CNS
prophylaxis.72 None of the patients received maintenance ther-
apy. Though there was no difference between daunorubicin
and mitoxantrone arms, the median duration remission times
(10.2 months vs. 12.3 months, p¼ 0.56) were shorter than
those of a previous trial, so the study was stopped earlier than
planned.72 In a Dutch study, investigators conducted a multi-
center phase II trial that included standard induction chemo-
therapy followed by consolidation treatment with high-dose
cytarabine along with amsacrine, mitoxantrone, and etoposide
as well as intrathecal (IT) methotrexate for CNS prophylaxis.

The patients did not receive maintenance therapy. Though
CNS relapse rates were relatively low (3%), the 5-year OS rate
of 22% was inferior to protocols that included long-term
maintenance chemotherapy.78

The rationale behind the use of maintenance treatment is
the elimination of slowly growing subclones that persist after
induction and consolidation treatments by exposing them to
antimetabolite drugs over long periods of time, ranging from
18 months up through 3 years after initial diagnosis. Com-
monly used components of maintenance therapy include daily
6-MP and oral weekly methotrexate, supplemented by monthly
pulses of vincristine, corticosteroids, and periodic IT metho-
trexate. While the use of maintenance treatment is standard in
precursor B-cell and precursor T-cell ALL, its use can be
omitted in Burkitt lymphoma/leukemia since relapse rates
after the first year of treatment are low.

CNS prophylaxis and treatment
While fewer than 10% of adults with ALL present with CNS
involvement,79,80 CNS relapse will occur in 35–75% of patients
at one year if prophylactic CNS-directed therapy is not incorp-
orated into treatment.81,82 A lumbar puncture at the time of
ALL diagnosis is essential. CNS disease is present when more
than five leukocytes per microliter of cerebrospinal fluid are
seen along with the presence of lymphoblasts in the cerebro-
spinal fluid.83 Symptoms may include headache, meningismus,
fever, or cranial nerve palsies. However, some patients have
no symptoms. Risk factors for CNS involvement in adults
include Burkitt lymphoma/leukemia, high serum LDH levels
(> 600 units/liter), and the presence of a high proliferative
index at diagnosis (greater than 14% of lymphoblasts in the
S and G2M phase of the cell cycle).84

Initially, CNS-directed therapy included the use of IT
methotrexate and 2400 cGy cranial radiation in the pediatric
population. This strategy was incorporated into an early adult
trial that compared CNS prophylaxis with no CNS treatment,
resulting in an improved CNS relapse rate of 19% versus 42%
at 24 months.82 While in children it is known that combin-
ation treatment can result in toxicities that include seizures,
early dementia, cognitive dysfunction, and slow growth, the
long-term effects on adults are less clear.85 It is known that
combined radiation and IT chemotherapy in adults can cause
substantial acute toxicities that may delay post-remission con-
solidation treatment. Simultaneous use of cranial irradiation
and systemic high-dose cytarabine or methotrexate leads to
unacceptable neurologic toxicities and is not used. An alterna-
tive strategy that uses IT chemotherapy without radiation has
been investigated. This treatment regimen includes “triple
therapy” that combines IT methotrexate, cytarabine, and cor-
ticosteroids without radiation.86

CNS relapse rates as low as 5% have been achieved without
radiation by using combination IT treatment in conjunction
with high-dose systemic treatment that can penetrate the cere-
brospinal fluid.76,87 However, the GMALL investigators have
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reported higher CNS relapse rates of 9% versus 5% when CNS-
directed radiation was postponed.74 Similarly, investigators
observed that the omission of cranial radiation therapy in
pediatric patients with T-lineage ALL correlated with a higher
3-year CNS relapse rate (18% versus 7% in the irradiated
group, p¼ 0.012).88 Thus, pediatric oncologists routinely use
prophylactic CNS radiation therapy for patients with precur-
sor T-cell ALL.

If symptomatic CNS disease is present at diagnosis, IT
chemotherapy using cytarabine, methotrexate, and methyl-
prednisolone is given concurrently with 15–20Gy radiation
therapy.79

The role of stem cell transplant in Ph� ALL in first
complete remission (CR1)
The efficacy of allogeneic SCT in ALL was first reported in
1973,89 and the “graft-versus-leukemia effect” was described as
early as 1979.90 The role of allogeneic transplant has been
established in patients with well-known risk factors such as
t(9;22) and t(4;11) cytogenetics and may represent the optimal
approach to curing these patients. Determining if other
patients may also benefit from allogeneic SCT in CR1 has been
an area of intense study. Results from recent trials suggest that
specific disease subsets may benefit from an allogeneic SCT in
first remission (Table 3.3).

In an earlier Dutch trial, 54 patients (age 15–51 years) with
ALL and 15 patients with lymphoblastic lymphoma were
treated with induction and consolidation chemotherapy.
Thirty patients had an HLA-matched sibling, and 22 of those
patients were scheduled to undergo allogeneic SCT.96 The
DFS of these patients was 58% (� 11%) at 5 years, a result
not significantly different from the outcomes in the other
patients on study who did not receive a transplant as part of
their regimens.

The French LALA-87 trial was designed to evaluate the best
post-remission strategy in ALL, comparing consolidation
chemotherapy versus autologous SCT (ASCT) versus allo-
geneic transplant.97 The results of this trial analyzing 572
patients with 10 years of follow-up data showed that survival
was 46% for patients who received an allogeneic transplant
versus 31% for those who received chemotherapy (p¼ 0.04).
When broken into high-risk and standard-risk groups
(with high risk including Phþ status, age > 35 years, WBC
> 30� 106/mL, and time to CR > 4 weeks), OS at 10 years was
44% in the allogeneic transplant group versus 11% for the
chemotherapy group (p¼ 0.009). In the standard-risk group,
survival rates in the allogeneic transplant group (49%) and the
chemotherapy group (39%) were similar (p¼ 0.6). Thus, this
study demonstrated a survival benefit for allogeneic transplant
in high-risk patients.

Similarly, the LALA-94 trial re-evaluated the benefit of
allogeneic transplant in high-risk patients.66 In this study,
922 adult patients were divided into four risk groups consist-
ing of (1) standard-risk ALL, (2) high-risk ALL, (3) Phþ ALL,

and (4) ALL with CNS involvement.66 Patients in all but the
standard-risk group were assigned to receive allogeneic trans-
plant if they had an HLA-matched sibling. Those in groups 3
and 4 were assigned to ASCT if no family donor were available
while those in group 2 were randomized to either ASCT or
further chemotherapy. The results of this intent-to-treat analy-
sis showed that patients with high-risk ALL and those with
CNS involvement had a better outcome if a donor was avail-
able for transplant. Among high-risk patients, those allocated
to the allogeneic transplant arm had a better median DFS of
20.8 months compared to a median DFS of 15.2 months in the
ASCT arm and a median DFS of only 11 months in the
chemotherapy arm (p¼ 0.007). These results confirm the find-
ings of the LALA-87 trial showing benefit of allogeneic trans-
plant in high-risk patients if a sibling donor is available.

The MRC UKALL XII/ECOG 2993 study is the largest
prospective, randomized trial comparing allogeneic SCT with
chemotherapy as a post-remission treatment strategy.94 One
thousand nine hundred and thirteen patients aged 15 years to
59 years were enrolled between 1993 and 2006, with the upper
age limit extended to 64 years in 2003. The study schema
allocated all patients younger than 50 years (later amended to
55 years) having an HLA-matched sibling to receive a trans-
plant. All Phþ patients were assigned to transplantation, using
a matched unrelated donor if necessary. Younger patients
without a family member donor and patients older than 50
years old (or 55 years old later in the study) were randomized
to either ASCT or further chemotherapy for consolidation
treatment. High-risk patients throughout the study period
were defined by the following factors: (1) age greater than 35
years; (2) WBC count greater than 30 000/mL in B-lineage
disease or greater than 100 000/mL in T-lineage disease; (3) all
Phþ patients. The median follow-up period was 4 years, 11
months (range, 1 month to 13 years, 11 months). Ph� patients
with a matched sibling donor had a 5-year OS rate of 53%
versus 45% for those without a donor (p¼ 0.01) in the intent-
to-treat analysis. Standard-risk patients had the most benefit
from transplant, with 5-year OS of 62% versus 52% (p¼ 0.02)
in those who had a sibling donor compared to those who did
not. The benefit from a transplant in high-risk patients was not
statistically significant (p¼ 0.2), with OS of 41% and 35% in
the donor group and no-donor group, respectively. The trial
also showed that in all groups, autologous transplant offered
no more benefit than chemotherapy alone. In contrast to the
LALA trials, the joint Medical Research Council/Eastern
Cooperative Oncology Group (MRC/ECOG) trial showed that
transplant was most beneficial to standard-risk patients as
defined rather than high-risk patients. However, in their study,
it is important to be mindful of the fact that risk groups were
defined differently compared to other transplant studies. Thus,
allogeneic transplant in CR1 was not significantly better for
patients over age 35 years (high risk) due to high transplant-
related mortality.

ASCT has been studied as a treatment option for patients
who do not have an HLA-matched sibling donor. In a review
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Table 3.3. Trials evaluating the role of stem cell transplant in adult ALL

Trial Design Number
of
patients

Outcome
measure

Chemotherapy
(%)

Autologous
transplant
(%)

Allogeneic
transplant
(%)

Comments

JALSG/
IBMTR91

Compared outcome of
chemotherapy on
JALSG ALL87 to
outcome of transplant
from IBMTR database

Allo 214 DFS at 5 yrs 30 (� 30 yr) – 53
(� 30 yrs)

Allogeneic
transplant
improved DFS,
but had high
TRM for patients
> 30 years old

Chemo 76 26 (> 30 yrs) – 30
(> 30 yrs)

GOELAMS92 Patients received allo-
SCT if donor available.
Patients without a
donor received auto-
SCT

Allo 41 DFS at 6 yrs – 33 72 Improved DFS
with allo-SCT
compared to
auto-SCT

Auto 115 – – –

LALA-9473 Risk stratification into
4 groups

Allogeneic SCT
improved DFS in
high-risk ALL in
CR1. Auto-SCT
did not confer
benefit over
chemotherapy

1¼ Standard riska 307
standard
risk

OS at 5 yrs 44 – –

2¼High risk 211 high
risk

OS at 5 yrs 21 32 51

3¼ Phþ 140 Phþ OS at 3 yrs – 17 36

4¼CNS disease 48 CNSþ OS at 3 yrs – 46 40

PETHEMA
ALL-9393

Standard risk treated
with chemotherapy,
remaining groups
allocated to SCT. High
riskb patients received
sibling allo-SCT if
available or
randomized to auto-
SCT vs. chemotherapy

Allo 57 – – – Matched sibling
allo-SCT did not
show a survival
benefit for
patients with
high-risk ALL

Auto 34 OS at 5 yrs 45 54 44

Chemo 48 – – –

MRC-
UKALLXII/
ECOG
299394

Matched sibling allo-
SCT in CR1 if available
(donor) or randomized
to auto-SCT vs.
chemotherapy (no
donor)

1913 OS at 5 yrs 46 37 53 Allo-SCT in CR1
has survival
benefit for
standard risk, but
not high risk
patientsc; auto-
SCT not effective
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of the French LALA-85, -87, and -94 trials, investigators stud-
ied 175 patients who received ASCT and 174 patients who
were treated with chemotherapy. Their results showed that
receiving ASCT was associated with lower incidence of relapse
than treatment with chemotherapy was (66% vs. 78% at
10 years, p¼ 0.05). However, DFS and OS were not signifi-
cantly different between the groups.98 Similarly, Yanada and
colleagues performed a meta-analysis of seven trials conducted
by Japanese and European cooperative groups that included
1274 patients. No benefit was seen when autologous transplant
was compared to chemotherapy in those patients who lacked
an HLA-matched sibling donor.99

Special considerations (mature B-cell ALL,
Phþ ALL, adolescent/young adults, elderly)
Burkitt lymphoma/leukemia (FAB L3) is an aggressive, rapidly
proliferating disease that is relatively rare, comprising 2–4% of
adult ALL cases and 1–2% of pediatric cases.100 Clinical fea-
tures include a high cell proliferation rate, bulky lymphaden-
opathy, and frequent CNS involvement. Characteristic
immunophenotypic findings include CD10þ/�, CD19þ,
CD20þ, and CD34�. Surface immunoglobulin is present,
unlike in precursor B-cell and precursor T-cell leukemia. Its
pathogenesis involves overexpression of the c-MYC oncogene
on chromosome 8q24 as a result of chromosomal transloca-
tions involving the immunoglobulin heavy or light chains. The
most common translocation is the t(8;14)(q24;q32) seen in up
to 85% of cases, while t(8;22)(q24;q11) and t(2;8)(p12;q24)
rearrangements occur in a minority of cases.101 The c-Myc
protein is a transcription factor that plays a role in the regula-
tion of hundreds of genes that are important to vital processes
such as cell cycle regulation, signal transduction, and

metabolism.102 Gene expression profiling techniques have
been a useful method of distinguishing Burkitt lymphoma/
leukemia from other B-cell lymphomas.103,104

Prognosis for adults in the past has been very poor. During
the last two decades, outcomes for patients with Burkitt
lymphoma/leukemia have improved markedly following the
development of intensive chemotherapy strategies. The group
at St. Jude Children’s Hospital pioneered the use of fraction-
ated dosing schedules and alternating drug schedules in chil-
dren to take advantage of rapid cell proliferation and to
prevent drug resistance.105 Their treatment schedule used
high-dose cyclophosphamide, then doxorubicin, vincristine,
and CNS-targeting therapy including IT methotrexate and
cytarabine, high-dose intravenous (IV) methotrexate with leu-
covorin rescue, and IV cytarabine. Maintenance therapy was
not a component of treatment. Using this strategy, 27 of 29
patients (93%) achieved CR.105

Due to the success of this pediatric regimen, French106 and
German 73 investigators applied a similar treatment schedule
in adult patients. However, they added a “prophase” regimen
of corticosteroids and pulsed cyclophosphamide prior to
induction in order to reduce the risk of tumor lysis syndrome.
As in the pediatric regimens, and in contrast to most other
ALL treatment schedules, reinduction and maintenance phases
were not used since relapses after 1 year are uncommon.
Compared to historical controls, these studies yielded
improved CR rates (63% and 74% versus 44%) and higher
OS rates (49% and 51% versus 0%), thus setting a new standard
in the treatment of adult Burkitt lymphoma/leukemia. Study
results for Burkitt lymphoma/leukemia are summarized in
Table 3.4.

Investigators at the MD Anderson Cancer Center
developed the HyperCVAD regimen consisting of eight total

Table 3.3. (cont.)

Trial Design Number
of
patients

Outcome
measure

Chemotherapy
(%)

Autologous
transplant
(%)

Allogeneic
transplant
(%)

Comments

Stanford
University/
City of
Hope95

Long-term follow-up of
patients with Phþ ALL
treated with matched
sibling allo-SCT

CR1 48 – – 54 Improved
survival in
patients
transplanted
during CR1. Did
not evaluate
effect of imatinib
on transplant
outcome

CR2 26 OS at 10 yrs – – 29

Notes: aStandard risk defined as lack of t(4;11), t(1;19), 11q23 rearrangement, WBC< 30� 109, no myeloid markers, and CR1 achieved after one course
induction therapy.
bHigh risk defined by age 30–50 years, WBC greater than or equal to 25� 109, t(9;22), t(4;11) or other 11q23 rearrangement and t(1;19).
cHigh risk defined by age > 35 years, WBC> 100� 109 for B-cell lineage or > 30� 109 for T-cell lineage, and t(9;22).
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Table 3.4. Burkitt lymphoma/leukemia trials

Trial Regimen Number of
patients

CR (%) DFS (%) OS (%) Comments

Societe
Francaise
d’Oncologie
Pediatrique
(SFOP)106

Cytoreductive phase with
COP followed by therapy using
pediatric regimens

65 89 71 74 Young patient
population with
median age 26

EFS 3 years 3 years

MD Anderson
Cancer Center

HyperCVAD alone 48 85 60 53 Adding rituximab to
hyperCVAD appears to
improve survival based
on comparison to
historical controls

(MDACC)100,107 HyperCVAD with rituximab 28 86 88 89

3 years
estimated

3 years
estimated

CODOX-M/
IVAC/UKLG
LY06108

Low-risk patients received 3 cycles
CODOX-M, high-risk patients
received 4 cycles alternating
CODOX-M and IVAC

52 76 65
2 years

73
2 years

High-intensity
regimen can be
curative, but has
significant toxicity

Cancer and
Leukemia
Group B
(CALGB9251)109

Cytoreduction phase followed by
6 alternating cycles with
cytarabine, doxorubicin,
vincristine, high-dose MTX,
cyclophosphamide, and decadron
and 6 cycles intrathecal therapy

92 Eliminating intracranial
radiation decreases
neurotoxicity, but
does not decrease
efficacy

Cohort 1 52 Cohort 1 71 Cohort 1 66 Cohort 1 54

Cohort 2 40 Cohort 2 68 Cohort 2 67 Cohort 2 50

3 years 3 years

Cohort 1 received intracranial
radiotherapy

Societe
Francaise
d’Oncologie
Pediatrique

High intensity short duration with
regimen intensification based
upon disease burden

72 72 65 70 Consistent with
previous SFOP results
in an older patient
population

EFS 2 years 2 years

GOELAMS110

German
Multicenter
Study Group
for the
Treatment of
ALL

6 short intense cycles with
high-dose MTX and cytarabine,
fractionated alkylating agents and
rituximab. Two doses
maintenance rituximab

70 90 NR 79
3 years

The addition of
rituximab appears to
improve survival

GMALL111

Notes: COP: cyclophosphamide, vincristine, prednisone; CODOX-M: cyclophosphamide, vincristine, duxorubicin, and methotrexate; IVAC: ifosfamide, etoposide and
high-dose methotrexate; MTX: methotrexate; EFS: event-free survival.
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cycles of therapy using hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone alternating with
high-dose IV methotrexate and cytarabine. CNS therapy was
given with IT methotrexate and cytarabine.100 Their patient
population included 26 patients, with a mean age of 58 years,
significantly older than in previously published trials. This
regimen resulted in a CR rate of 81%, a 3-year OS rate of
49%, and a 3-year DFS rate of 61%.100 There was a sharp
decrease in survival for patients older than 60 years: 77%
versus 17% (p< 0.01). Other risk factors for poor prognosis
included female gender, decreased performance status, albu-
min < 3 g/dL, and hepatosplenomegaly.

Since CNS involvement is a significant concern in Burkitt
lymphoma/leukemia, cranial-directed therapy is a critical com-
ponent of treatment. However, the combination of IT chemo-
therapy and CNS-directed radiation therapy leads to
significant neurotoxicity. The CALGB 9251 study was
designed to test the hypothesis that CNS therapy could be
reduced and still control disease while improving the toxicity
profile.109 Ninety-two patients were enrolled and treated with
a cyclophosphamide/prednisone prophase followed by six
alternating cycles of chemotherapy. Cycles 2, 4, and 6 included
ifosfamide, methotrexate, vincristine, cytarabine, etoposide,
and dexamethasone while cycles 3, 5, and 7 included cyclopho-
sphamide, methotrexate, vincristine, doxorubicin, and dexa-
methasone. The first cohort of 52 patients received CNS-
directed treatment that included 12 doses of IT methotrexate,
cytarabine, hydrocortisone, and 2400 cGy of cranial irradiation
with radiation administered in 12 fractions between cycles 3
and 4. The second cohort of 40 patients received fewer doses of
IT chemotherapy (6 doses) and received 2400 cGy of cranial
radiation after cycle 7 only if there were prior bone marrow
involvement (27/40 patients). After median follow-up of 6.8
years in Cohort 1 and 4.1 years in Cohort 2, the first group of
patients had nine serious incidents of neurotoxicity while no
patients in the second group experienced such side effects. The
serious neurologic events included transverse myelitis, aphasia,
neuropathy, and blindness. Less severe neurologic side effects
were also more common in Cohort 1 than in Cohort 2 (61%
versus 26%, p¼ 0.001). Treatment responses were similar,
with a 3-year event-free survival (EFS) of 52% in patients in
Cohort 1 and 45% in patients in Cohort 2, with no statistically
significant difference between the two groups. The authors
concluded that omission of cranial irradiation in patients
without CNS involvement adequately controlled disease while
sparing patients the increased risk of neurologic toxicities.109

Because mature B-cell leukemia expresses CD20, it can be
targeted by rituximab, a monoclonal antibody against the
CD20 antigen. In preliminary reports, the addition of ritux-
imab appears to improve CR rates and may improve survival.
The addition of rituximab to the HyperCVAD regimen
improved 3-year OS from 53% to 89% (p< 0.01) and 3-year
DFS from 60% to 88% (p¼ 0.03) as demonstrated in a phase II
study compared to historical controls.107 Similarly, a study by
the GMALL group showed that the addition of rituximab to

aggressive chemotherapy led to a 3-year OS rate of 91% for
patients younger than 55 years old and 84% for patients older
than 55 years.111 These data suggest that the use of rituximab
may become a standard component of Burkitt lymphoma/
leukemia therapy.

Philadelphia chromosome positive (Phþ) ALL
The presence of the t(9;22)(q34;q11) translocation (Phþ) and
the resultant BCR-ABL fusion gene is the most common cyto-
genetic abnormality in adult ALL, and its presence has a
significant adverse prognostic impact.112,113 Median survival
of Phþ patients treated with standard ALL protocols was
9 months, with allogeneic stem cell transplant being the only
curative treatment.66,99,114 Fifty percent of patients with pre-
cursor B-cell ALL who are older than 60 years have t(9;22)
involvement, and allogeneic transplant is particularly difficult
in this older patient population.

The outcomes for patients with Phþ ALL have begun to
improve with the addition of targeted Bcr-Abl tyrosine kinase
inhibitors (TKI) to frontline therapy (see Table 3.5). The MD
Anderson group was the first to show that incorporating
imatinib into induction chemotherapy with their standard
HyperCVAD regimen improved CR rates to 90% and did so
without increasing toxicity.115 Another trial that confirmed
the value of imatinib was conducted by the Group for
Research on Adult Acute Lymphoblastic Leukemia
(GRAAPH)-2003 study, in which 45 patients with Phþ ALL
were treated with imatinib during the consolidation or the
induction phase of chemotherapy and continued until the
time of allogeneic SCT. All 22 patients who had a CR and
an HLA-matched donor went on to receive an allogeneic SCT
in first remission. The overall CR rate was 96%, and DFS and
OS were 51% and 65%, respectively, at a median of 18
months. These results were significantly better than the out-
come for patients enrolled on the pre-imatinib LALA-94 trial
who served as historical controls.117 A Korean group demon-
strated the feasibility of adding imatinib to post-induction
treatment that was then followed by allogeneic transplant
as consolidation therapy.120 In their study of 29 patients
with Phþ ALL, the relapse rate during post-remission
treatment with imatinib before SCT was 4.3% compared to
40.7% in a previous study that served as a historic control
(p¼ 0.003).120

In a separate study by the Japan Adult Leukemia Study
Group (JALSG), imatinib was added to standard chemother-
apy. The one-year EFS and OS were estimated to be 60% and
76.1%, significantly improved over a previous study used as a
historical comparison.116 In this phase II trial, early and pro-
longed exposure to imatinib was key to success, and with very
early, limited follow-up, the outcomes were significantly better
than historical controls and were identical whether or not
patients underwent SCT. Similar results come from a Chil-
dren’s Oncology Group (COG) study using escalating doses of
imatinib in children with Phþ ALL.121 With short follow-up,
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Schultz and colleagues showed that DFS and OS were similar
for children who underwent allogeneic stem cell transplant in
CR1 compared to those who received consolidation chemo-
therapy and imatinib but who were not transplanted. Longer
follow-up will be required to see if these early results apply to
longer-term EFS.

The optimal timing and duration of imatinib has not
yet been determined, although there is evidence that early
administration along with chemotherapy rather than after
induction and consolidation chemotherapy gives better results.
Wassmann and colleagues conducted a study of 92 patients
with 47 patients who received imatinib on an alternating
schedule and 45 patients who received imatinib concurrent
with chemotherapy.122 Ninety-five percent of patients receiv-
ing concurrent chemotherapy and imatinib achieved CR.

Importantly, 52% of patients receiving concurrent treatment
were MRD negative by PCR, while only 19% were PCR nega-
tive among patients receiving alternating chemotherapy and
imatinib (p¼ 0.01).

Imatinib is a particularly attractive treatment option for
older adults with Phþ ALL. As mentioned earlier, Phþ ALL is
more prevalent in older patients. The presence of comorbid-
ities in older patients makes chemotherapy, and especially
allogeneic transplant, more poorly tolerated than in younger
patients. There have been several recent clinical investigations
that assess the use of imatinib as frontline treatment in older
adults with Phþ ALL.118,119 Vignetti and colleagues used ima-
tinib and corticosteroids, without chemotherapy, as induction
treatment in 30 patients between ages 61 and 83 years.119 They
reported no major toxicities and a median survival of 20

Table 3.5. Phþ ALL

Trial Regimen Number of
patients

CR
(%)

DFS (%) OS (%)

French Groupe d’Etude et de
Traitement de la Leucemie
Aigue Lymphoblastique
de l’Adulte (LALA-94)114

Induction, consolidation, and
pretransplant cycles followed by sibling,
MUD, or autologous SCT based on donor
availability

154 53 NR 19
3 year

MD Anderson Cancer Center
(MDACC)115

HyperCVAD 48 92 14
5 year

12
5 year

HyperCVAD with concurrent imatinib 20 93 75
20 month

75
20 month

United Kingdom Medical Research
Council Adult Leukemia Working Party
and Eastern Cooperative Oncology
Group (UKALL XII/ECOG 2993)67

Two phases induction, intensification
followed by consolidation/maintenance
or SCT

293 83 NR 25
5 year

Japan Adult Leukemia Study Group
(JALSG)116

Standard induction plus imatinib
followed by consolidation with
alternating courses of imatinib and high
doses of MTX and Ara-C. SCT if donor
available

80 96 60
1 year
estimated

76
1 year
estimated

Group for Research on Adult
Lymphoblastic Leukemia (GRAAPH-
2003)117

Imatinib incorporated into induction or
consolidation based upon initial disease
response. SCT for patients with available
donor

45 96 51
18 months

65
18 months

German Multicenter Study Group for
Adult Acute Lymphoblastic Leukemia
(GMALL)118

Elderly patients randomized to standard
induction or imatinib

Imatinib 28 96 30
18 months
estimated

57
18 months
estimated

Chemotherapy 27 50 35
18 months
estimated

41
18 months
estimated

Italian Gruppo Italiano Malattie
Ematologiche dell’Adulto
(GIMEMA)119

Elderly patients treated with prednisone
and imatinib

29 100 74
1 year
estimated

48
1 year
estimated

Notes: MUD: matched unrelated donor; Ara-c: cytarabine (cytosine arabinoside); MTX: methotrexate; NR: not reported.
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months without the need for hospitalization, an excellent out-
come for a treatment with palliative intent. All of the patients
reached CR and survival was significantly better than pre-
imatinib regimens for older adults where the median survival
was only seven to nine months.123–126 Similarly, Delannoy
et al. used imatinib in consolidation and maintenance for older
adults with Phþ ALL127 and demonstrated significantly
improved DFS and OS at one year compared to historical
controls. Ottmann and colleagues randomized 55 patients with
a median age of 68 years to induction therapy with imatinib
alone versus age-adapted induction chemotherapy without
imatinib, though all patients received imatinib during consoli-
dation treatment.118 Despite an improved CR rate in the ima-
tinib group (96% vs. 50%, p¼ 0.0001), OS was the same in
both cohorts, estimated to be 42% at 24 months. Thus, the use
of imatinib in frontline therapies for older adults has resulted
in significant improvements in both remission rates and
improvements in survival.

Despite these significant improvements in response rates,
the emergence of imatinib-resistant clones may result in
relapse. Mutations in the kinase domain of the Bcr-Abl fusion
protein lead to less avid imatinib binding and subsequent
resistance to the drug.128 Mutations generally involve one of
four regions of the kinase domain. These are the ATP binding
loop (P-loop), contact site (including the T315 and F317
amino acids), the SH2 binding site, and the A-loop.129 The
P-loop and T315I mutations are associated with very poor
prognosis in CML and in Phþ ALL.130–132 In addition, the
T315I mutation leads to resistance to second-generation TKIs,
including dasatinib and nilotinib. While mutations often
emerge after an initial response to therapy, there is evidence
that BCR-ABL mutations are present in some patients who are
refractory to upfront TKI therapy in CML.131 Likewise, TKI
resistance mutations in ALL were seen in a subpopulation of
cells in 40% of patients enrolled on the GMALL ADE10
trial.133 At the time of relapse, 90% of the dominant cell clone
exhibited the same kinase domain mutation in that study.

The problem of relapsed/refractory ALL and patient
intolerance to imatinib may be partially overcome by the
introduction of the second-generation TKI dasatinib.118,134,135

In an interim analysis of a phase II trial of Phþ ALL patients
who were resistant or intolerant to imatinib, a combination of
dasatinib and prednisone induced a complete hematologic
remission in 100% of 23 patients within 3 weeks of treatment
initiation.135 There was little toxicity reported in conjunction
with these promising data, though median follow-up was
limited to 4.5 months at the time of study presentation. In
addition, dasatinib may effectively cross the blood–brain bar-
rier and is efficacious against CNS disease.136 Early promising
results of combining dasatinib with combination chemother-
apy have recently been reported.137

Nilotinib is another second-generation TKI with greater
(20-fold) potency against BCR-ABL than imatinib,138 though
it is also ineffective against the T315I point mutation.139 In a
phase II study of patients with blast crisis CML or relapsed/

refractory Phþ ALL, 20 patients (24%) achieved a complete
response, and no Phþ ALL patient developed CNS disease
with short follow-up.140

Adolescent/young adults and late
complications of therapy
The adolescent and young adult (AYA) population of ALL
patients is generally considered to encompass those between
the ages of 15 and 30 years. This is a unique population in
whom the observation was made that clinical outcome often
depends heavily on whether a person is treated on a pediatric
or an adult protocol. Because of community referral patterns,
such patients may be treated by pediatric or adult oncologists
who choose a regimen most appropriate for the population
with which that physician is most familiar. Pediatric treatment
protocols are often based on the Berlin–Frankfurt–Munster
(BFM) regimens initially developed in the late 1970s.141

Treatment consists of (1) an induction regimen including
oral corticosteroids, IV vincristine and daunorubicin, intra-
muscular L-asparaginase, and IT cytarabine and methotrexate;
(2) a consolidation regimen of 6-MP and IV and IT metho-
trexate; (3) a reintensification step including dexamethasone,
vincristine, doxorubicin, and L-asparaginase alternating with
cyclophosphamide, cytarabine, 6-TG, and IT methotrexate;
and (4) maintenance therapy containing oral methotrexate
and 6-MP for 2–3 years.142 Pediatric regimens typically use
higher doses of vincristine, corticosteroids, methotrexate, and
L-asparaginase than adult protocols. Adult therapy contains
higher doses of the myelosuppressive drugs daunorubicin,
cytarabine, and cyclophosphamide.

In observations by CALGB and Children’s Cancer Group
(CCG) investigators,143 AYA patients (aged 16 years to 21
years) who were treated on pediatric protocols had signifi-
cantly better EFS than those treated on adult protocols. Their
retrospective observations of separate CCG and CALGB trials
showed that AYA patients with similar risk factors had 7-year
EFS of 63% in those patients treated with pediatric regimens
compared to 7-year EFS of 34% in patients treated with adult
regimens. Similar results were seen in comparative trials
in France,144 the Netherlands,145 Italy,146 and the United
Kingdom.147 In all five studies, the ages and risk stratification
criteria were well matched among patients treated on pediatric
versus adult protocols. Thus, underlying biology alone is
unlikely to explain superior outcomes for those patients
treated on pediatric protocols. As mentioned previously, pedi-
atric regimens contain significantly more corticosteroids, vin-
cristine, methotrexate, and L-asparaginase than the drug
combinations used in adult trials.

Because these agents have been considered too toxic to give
to adults when dosed in a range for pediatric patients, it could
be that AYA patients are relatively underdosed with these
critical drugs. A recent study by Spanish investigators con-
firmed that the ALL-96 regimen, designed for pediatric
patients, was equally effective in adolescents aged 15–18 years
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as it was in young adults aged 16–30 years, with a CR rate of
98% and an OS rate of 69% with median follow-up of over
4 years.148 While there was a slightly higher incidence of
hematologic toxicity in the young adults compared to the
adolescent patients, overall outcomes were not affected. Pedi-
atric regimens also contain more CNS-directed therapy and a
prolonged maintenance phase. There has also been much
written about how ALL is commonly seen and treated by
pediatric oncologists and rarely encountered by adult oncolo-
gists.149–151 Pediatric oncologists and supporting staff may be
more inclined to avoid dose reductions, less likely to change
treatment schedules based on non-medical factors, and more
familiar with treatment side effects and supportive care strat-
egies. Patients under the care of a pediatric oncologist may also
be more likely to have a parent involved with their treatment
and appointments, making adherence to therapy more likely,
though no prospective comparative data are available to
answer this question.

Given the better outcomes seen in AYA patients treated
with pediatric protocols, much can be learned through this
phenomenon to improve the treatment of all patients with
ALL. There are major clinical trials under way that explore
the feasibility and test the effectiveness of extending the pedi-
atric approach to ALL to adults. An intergroup study, C-10403,
jointly designed by the CALGB, the Southwest Oncology
Group (SWOG), and the ECOG has been open since Novem-
ber 2007. The trial is enrolling patients aged 16–30 years old
with newly diagnosed precursor B-cell or precursor T-cell ALL.
The treatment schedule is the same as one arm of the COG
AALL0232 regimen, a BFM-based schedule that resulted in
improved 3-year DFS of 75% for patients 16–20 years old.
The investigators have an enrollment goal of 300 patients over
5 years, and there is a plan to compare patient outcomes with
historical controls. In another study, investigators at the Dana-
Farber Cancer Institute are enrolling patients aged 18 to
50 years old on a pediatric-inspired protocol that showed
excellent outcomes in an AYA patient population.152 In the
published results, 5-year EFS rates were 78% for patients aged
15–18 years old, with EFS rates of 77% for historical controls
aged 10–15 years (p¼ 0.09). In addition, there was no increase
in treatment-related complications in the older adolescents.
These results inspired the current trial for patients up to age
50 years old, with preliminary results showing an estimated
EFS rate of 75% and OS at 79% with a median patient age of
28 years and median follow-up of 18 months.153

Older adults
Older patients with ALL represent a challenging patient subset
given their higher likelihood of comorbidities, sensitivity to
drug toxicity, and unfavorable disease characteristics including
a high prevalence of the Philadelphia chromosome. Further,
response rates and outcomes of these patients are not well
studied because they are not frequently enrolled on clinical
trials. The limited number of patients enrolled on previous

trials demonstrate worse CR, DFS, and OS compared to
younger patients.124–126,154–157 More recently the PETHEMA-
ALL 96 trial enrolled 33 patients aged 56–77 without the
Philadelphia chromosome.158 Initially the induction chemo-
therapy regimen included vincristine, daunorubicin, prednis-
one, L-asparaginase, and cyclophosphamide and resulted in a
CR rate of 30% and early death during induction of 70%.
Removal of L-asparaginase and cyclophosphamide from the
regimen increased the CR rate to 70% and reduced early death
during induction to 22%, but did not affect DFS or OS. These
results are consistent with previous studies showing that age-
adjusted therapies are not sufficient alternatives for effective
disease treatment.125,156,159

The high incidence of unfavorable karyotypes in elderly
patients, specifically the Philadelphia chromosome, contrib-
utes to disease resistance and difficulty with drug tox-
icity.20,64,112,160 Recent trials have explored the efficacy of
imatinib as an alternative to, or in combination with, reduced
intensity multidrug induction regimens for older adults with
Phþ ALL. The results of these investigations are described
above in the section on Phþ ALL and demonstrate improved
responses and prolongation of survival for imatinib-treated
older adults. These studies suggest that age-adjusted therapy
with concomitant use of targeted therapy clearly benefit older
patients with Phþ ALL. The challenge for the future will be to
define new regimens that continue to minimize toxicity and
can overcome the emergence of drug resistance.

Supportive care
Effective treatment of adult ALL requires supportive manage-
ment of complications associated with chemotherapy and
frequently has a significant impact on outcome. Optimal
infectious disease management during periods of neutropenia
and management of tumor lysis syndrome are crucial areas of
supportive care. Neutropenic fever necessitates immediate
evaluation of the patient and initiation of therapy with anti-
biotics. The antibiotic coverage should be broad and chosen
based upon the frequency and resistance of bacterial isolates
within the specific hospital.161 Additionally, afebrile neutro-
penic patients should receive antibiotic prophylaxis with evi-
dence supporting the use of a fluoroquinolone, but ultimate
decision based upon individual patient comorbidities and
allergies.162 Antifungal and antiviral prophylaxis should also
be strongly considered as neutropenic patients are very
susceptible to severe and invasive fungal infections and reacti-
vation of latent viruses.163,164 Due to the significant immuno-
suppression rendered by the agents used to treat ALL,
patients should also receive prophylaxis for Pneumocystis
carinii during the entire course of consolidation and main-
tenance therapy.

Shortening the period of neutropenia to prevent possibly
fatal infections is the goal of using G-CSF, and previous studies
demonstrate the utility of this drug with induction regimens
for ALL.62,165–167 Thomas et al. randomized patients on the
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LALA-94 trial to receive G-CSF, granulocyte–macrophage
colony-stimulating factor (GM-CSF), or no CSF.167 When
given on day four of induction until return of absolute neutro-
phil count (ANC) > 1000, patients receiving G-CSF had sig-
nificantly shorter hospital stays, less time to neutrophil
recovery, and fewer severe infections compared with patients
that did not receive CSF. The previously discussed CALGB
9111 trial highlighted the benefit of using this drug in patients
prone to difficulty with hematologic recovery, specifically
older patients.62 The study observed a trend towards increased
CR rates in patients 60 years of age or older in the G-CSF arm
compared with the placebo arm. Although G-CSF does not
affect DFS or OS, it appears to be safe and assists patients to
proceed with post-remission therapy.

Tumor lysis syndrome presents another cause of morbidity
and possible mortality in adult ALL. Recent guidelines stress
identification of patients at high risk for tumor lysis syndrome,
which include ALL patients with an elevated WBC count at
baseline, elevated LDH, and baseline renal dysfunction.168 All
patients should be treated aggressively with fluid hydration,
allopurinol, and possibly rasburicase depending upon serum
uric acid level.

Relapsed disease
Although the majority of adults with ALL reach CR, most of
them will eventually relapse and subsequently be much less
responsive to salvage therapy. First relapse typically occurs
within the first two years after induction and remissions
lasting longer than 18 months are associated with improved
response to salvage regimens.169–171 CR rates for salvage regi-
mens range from 31% to 78% and survival for these patients
remains poor.170,172–175 The more effective salvage regimens
are multidrug and usually contain intermediate to high-dose
cytarabine.169 For patients with relapsed or refractory precur-
sor T-cell ALL, nelarabine, a deoxyguanosine analog prodrug,
is a single-agent therapy with proven favorable results.
DeAngelo et al. used nelarbine to treat relapsed and refractory
patients and demonstrated a CR rate of 41% and OS of 28% at
one year.176 Despite this difficult patient population, nelara-
bine allowed patients to proceed to transplant and increased
survival.

In order to evaluate the role of SCT in relapsed disease, the
large MRC UKALL XII/ECOG 2993 trial evaluated the out-
come of 609 relapsed patients treated with chemotherapy,
ASCT or allogeneic SCT.171 The 5-year OS rates for the
chemotherapy, ASCT, matched unrelated donor (MUD)
SCT, and sibling SCT arms were 4%, 15%, 16%, and 23%
respectively with a significant survival difference between the
chemotherapy and transplant groups. The LALA-94 trial
observed similar results in relapsed patients with active disease
or in CR2 with SCT producing improved DFS and OS with a
5-year OS of 25%. In these trials initial post-remission therapy
and risk stratification group did not affect relapse rate; how-
ever, achieving CR2 prior to SCT did improve outcome. These,

as well as previous studies,170,172,177 show that allogeneic SCT
is the only potentially curative therapy in relapsed or refractory
ALL. However, even in patients able to tolerate SCT with an
available donor the maximum 5-year OS reported is 25%,
which highlights the importance of developing improved
post-remission strategies to avoid disease recurrence.

Emerging therapeutic options
New purine analogs have shown activity in relapsed disease
and are being considered for frontline therapies. As mentioned
previously, nelarabine, a prodrug that when demethylated
forms a deoxyguanosine analog toxic to immature T cells,
has been approved for treatment of relapsed precursor T-cell
ALL, and has been incorporated into a frontline COG regimen
for this patient subset. A preliminary result of this study
reported that the addition of nelarabine treatment modules
does not appear to result in any additional toxicities and
appears to improve survival. Compared with historical
controls where survival was less than 50%, the 3-year EFS for
high-risk children (defined as a slow response to prednisone
pre-phase induction and/or high levels of MRD defined by
flow cytometric analysis following induction chemotherapy)
is over 70% with the addition of nelarabine.178 Clofarabine,
another novel purine nucleoside, has been recently approved
for treatment of relapsed ALL in children. In a phase II trial of
single-agent clofarabine in 61 children with relapsed/refractory
ALL, the overall response rate was 30%.179 Remissions were
sufficiently durable to allow patients to proceed to hemato-
poietic stem cell transplantation. Limited activity of single-
agent clofarabine has been reported in adults with relapsed
ALL; however, this may be worthy of further exploration. In a
phase I study of adults with refractory acute leukemias, clofar-
abine was combined with cyclophosphamide based on drug
synergy that was demonstrated in vitro in primary leukemia
cells.180 In this study, the dose-limiting toxicity was prolonged
marrow aplasia; nevertheless, significant clinical responses
were noted in four of six patients with refractory ALL.

A new preparation of vincristine, sphingosomal vincristine
(vincristine encapsulated in sphingomyelin liposomes or
“sphingosomes” for IV injection) results in prolonged expos-
ure to vincristine. Sphingosomal vincristine resulted in signifi-
cantly greater antitumor activity in vitro and in animal models
when compared with conventional vincristine.181 In a phase II
trial of single-agent sphingosomal vincristine given to adults
with relapsed or refractory ALL, the overall response rate was
14%182 and has prompted the further development of this
drug in relapsed ALL.

New preparations of active drugs are also being incorpor-
ated into frontline therapies. A single IV infusion of the long-
acting form of L-asparaginase, PEG-asparaginase, has been
tested as part of a frontline standard induction regimen in
adults with ALL. IV PEG-asparaginase was well tolerated and
resulted in a long duration of asparagine depletion which, in
earlier studies, correlated with improved DFS.183 In a
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randomized study of native L-asparaginase versus PEG-aspar-
aginase as part of induction and post-remission therapy per-
formed by the CCG, there was no difference in EFS between
the two arms. However, more effective asparagine depletion
and the lower rate of antibody development in the PEG-aspar-
aginase arm led these investigators to recommend PEG-aspar-
aginase over native asparaginase for frontline therapy of ALL
in children.184

From bench to bedside: evolution of targeted
therapies
Better definition of the molecular pathogenesis of ALL will
undoubtedly direct development of future subset-specific
targeted therapies. As described previously, the most promis-
ing example of current targeted therapeutic development in
ALL is the addition of the Abl TKI to the treatment of Phþ
ALL. New targeted inhibitors in development that may
improve response rates and prevent the emergence of drug
resistance are being evaluated in clinical trials. They include
the dual SRC/Bcr-Abl inhibitors SKI-606 and INNO-406 (for-
merly NS-187),185–187 both of which are active in most BCR-
ABL mutations that confer resistance to imatinib, except for
the T315I mutation. There was early success against the T315I
mutation using the aurora kinase inhibitor MK-0457;188 how-
ever, further testing of this agent was discontinued early due to
unreasonable toxicities. Further phase I testing of this agent to
determine an acceptable phase II dose may be required.

Another promising strategy, monoclonal antibody
targeting of antigens specific to certain disease subsets, is being
explored to enhance chemotherapeutic efficacy. The incorpor-
ation of rituximab into frontline therapies for Burkitt
lymphoma/leukemia (described earlier) may also be effective
for the 20–50% of precursor B-cell cases that express CD20.
Preliminary data from a clinical trial combining rituximab
with the HyperCVAD regimen in adults with precursor B-cell
ALL with CD20 expression suggest that the addition of ritux-
imab resulted in improvement in DFS to 56% compared with a
historical control DFS of 35% for this patient subset.189 Of
note, the addition of rituximab appeared to improve DFS only
for adults < 60 years old. Longer follow-up of these prelimin-
ary data is required to substantiate a beneficial role for direct
targeting of CD20 in adult ALL. Epratuzumab, a humanized
monoclonal antibody against CD22 located in the cytoplasm of
precursor B cells and the surface of more mature B cells, may
also have activity for this subset of patients and has already
shown some activity in relapsed ALL. In a study for children
with relapsed ALL, epratuzumab was combined with standard
reinduction therapy.190 Flow cytometric evaluation demon-
strated the rapid eradication of surface CD22 within 24 hours
of drug administration, indicating effective targeting of leu-
kemic cells. Complete remissions were observed in 9 of 15
patients. CD52 is expressed in over 70% of all adult ALL cases
and represents an attractive target. Alemtuzumab, an anti-
CD52 antibody, has been explored in a recently completed

CALGB phase I/II trial as an adjunct to standard chemother-
apy to determine whether it has a role in the eradication of
MRD.191 This study demonstrated that it was possible to add
alemtuzumab to frontline therapy without significant add-
itional toxicity; however, clinical outcome data have not yet
been reported.

New insights into ALL pathogenesis are leading to the
development of preclinical therapeutic models and early-
phase molecularly targeted clinical trials. As described above
in the section on Molecular genetics, aberrant NOTCH1 acti-
vation occurs in the majority of patients with precursor T-cell
ALL. This observation led investigators to explore targeted
inhibition of Notch1 protein activation. Gamma secretase is
required for Notch1 cleavage and subsequent activation; thus,
preclinical testing of compounds that inhibit gamma secretase
have demonstrated decreased proliferation and subsequent
differentiation of some T-cell ALL cell lines. Prolonged expos-
ure resulted in apoptotic cell death.192 An early phase
I clinical trial of a gamma secretase inhibitor for patients
with relapsed/refractory precursor T-cell ALL demonstrated
pharmacodynamic evidence of Notch1 inhibition and resulted
in one transient clinical response; further dose escalation was
limited due to severe diarrhea.193 Additional preclinical data
suggest that Notch1 positively regulates the mTOR pathway
in precursor T-cell ALL and that the combined inhibition
of mTOR using rapamycin with a gamma secretase inhibitor
could be a rational approach to treatment of these
leukemias.33

Targeting the mTOR pathway may also be useful for other
subsets of ALL. A recent gene expression-based chemical geno-
mic study screening for agents whose expression profile over-
lapped with the gene expression signature of corticosteroid
sensitivity or resistance in ALL cell lines identified that the
mTOR inhibitor rapamycin induced corticosteroid sensitivity
and apoptosis via modulation of the antiapoptotic MCL1 pro-
tein.194 Targeting mTOR has also been tested in a preclinical
NOD/SCID mouse xenograft ALL model. When mice with
established ALL were treated with a second-generation mTOR
inhibitor, CCI-779, they had a dramatic decrease in peripheral
blood blasts and in splenomegaly.195 Rapamycin has been
shown to induce apoptosis of primary ALL cells by inhibiting
signaling through the PI3K/AKT survival pathway.196 Recent
preclinical data also demonstrate a rationale for targeting PI3K
in Phþ ALL using a specific PI3K inhibitor in combination
with rapamycin.197

Aberrant expression of cell cycle regulatory genes, as
described above, occurs frequently in both precursor B- and T-
cell ALL and represents potential therapeutic targets.29 Flavopir-
idol, a serine/threonine kinase inhibitor that targets multiple
cyclin-dependent kinases, induces cell cycle checkpoint arrest
and may be an attractive targeted agent. In preclinical studies
of ALL cell lines, flavopiridol induced cell cycle arrest with
evidence of reduced cyclin-dependent kinase activity and induc-
tion of cell death.198 In a phase I trial in relapsed ALL, flavopir-
idol was administered for three days, followed by cytarabine and
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mitoxantrone.199 While it is difficult to ascertain the clinical
benefit of the addition of flavopiridol to known active agents in
relapsed ALL, pharmacodynamic studies suggested that flavopir-
idol induced significant cell cytotoxicity as a single agent.

Conclusions
Contemporary treatment strategies for adults with ALL are
increasingly dependent on improved risk stratification with a
focus on biologically based therapies. Significant progress
using biologically risk-adapted strategies has already been

demonstrated for adults with Phþ ALL and those with Burkitt
lymphoma/leukemia. Undoubtedly, the rapid evolution of
insights into the molecular pathogenesis of ALL will prompt
the development of targeted experimental therapeutic
approaches. However, due to the relative rarity and tremen-
dous biologic heterogeneity of ALL, future treatment progress
will rely upon carefully designed prospective subset-specific
studies that require the participation of large national and
international cooperative groups to achieve the ultimate goal
of improving cure rates for this challenging disease.
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Chapter

4 Chronic myeloid leukemia

Elias Jabbour, Hagop M. Kantarjian, and Jorge E. Cortés

Introduction
Chronic myeloid leukemia (CML) is a relatively rare disease
but is one of the most extensively studied and best understood
neoplasms, and one for which a direct gene link has been
found.1–3 CML is characterized by a balanced genetic trans-
location, t(9;22)(q34;q11.2), involving a fusion of the Abelson
oncogene (ABL) from chromosome 9q34 with the breakpoint
cluster region (BCR) gene on chromosome 22q11.2. This
rearrangement is known as the Philadelphia chromosome
(Ph). The molecular consequence of this translocation is the
generation of a BCR-ABL fusion oncogene, which in turn
translates into a Bcr-Abl oncoprotein.4,5 Bcr-Abl displays
transforming activity owing to its constitutive kinase activity,
which results in multiple signal transduction pathways leading
to uncontrolled cell proliferation and reduced apoptosis and
resulting in the malignant expansion of pluripotent stem cells
in bone marrow.6,7 CML is usually diagnosed in the chronic
phase (CP) and, if not treated, progresses through an acceler-
ated phase (AP) to a terminal blastic phase (BP).

Incidence, epidemiology, and etiology
CML accounts for 15% to 20% of cases of leukemia in the
United States. There is a slight male preponderance. Its annual
incidence is about 1 to 2 cases per 100 000 individuals. About
5000 to 6000 cases of CML are diagnosed annually. This
incidence has not changed over the past few decades, and
increases with age. The median age at CML diagnosis is 55 to
60 years; it is uncommon in children and adolescents. Before
imatinib therapy, the prevalence of CML was about 25 000
cases in the United States. Now that the annual mortality
following imatinib therapy has been reduced to 2%, the preva-
lence of CML will continue to rise, reaching a plateau (in the
next 20 years) at about 250 000 cases (when the annual inci-
dence will equal the annual mortality). This will change CML
from an uncommon disorder to a prevalent one.

There are no known familial associations in CML. Its risk is
not increased in monozygotic twins or in relatives of patients

with CML. There are no known common etiologic agents
incriminated in CML. Ionizing radiation (exposure to nuclear
bombs or accidents; radiation treatment of ankylosing spon-
dylitis and cervical cancer) has increased the risk of CML. Its
peak incidence is 5 to 10 years after exposure and is dose
related. The risk of CML is not increased in individuals
working in the nuclear industry. Radiologists working without
adequate protection (before 1940) had an increased risk of
developing myeloid leukemia, but no such risk has been found
in recent studies. Benzene exposure increases the risk of acute
myeloid leukemia but not of CML. CML is not a frequent
secondary leukemia following treatment of other cancers with
radiation and/or alkylating agents.8–11

Pathogenesis
The hallmark of CML, and a subpopulation of patients with
Philadelphia-positive acute lymphocytic leukemia (Phþ ALL),
is a genetic marker called the Philadelphia chromosome. This
abnormality arises as a result of a rearrangement between
genetic sequences from chromosomes 9 and 22 t(9;22)(q34;
q11.2). This transposition juxtaposes the BCR adjacent to the
ABL gene and codes for the Bcr-Abl fusion protein. Bcr-Abl is
a tyrosine kinase that continuously functions and results in
constitutive signaling in a variety of intracellular circuits.12–14 Bcr-
Abl expression has been shown to deregulate the cell growth,
motility, angiogenic, and apoptotic mechanisms necessary
for cellular transformation into a cancerous lesion. Some of
the downstream signaling molecules activated by Bcr-Abl
include Ras/Raf/mitogen-activated protein kinase (MAPK),15–17

phosphatidylinositol 3 kinase (PI3K),18–20 the STAT5/Janus
kinase,21–23 and c-Myc.24–26 In addition to Bcr-Abl, these mol-
ecules also could serve as important targets for inhibition for drug
development.

The transition from CP to advanced stages of CML is a
poorly understood phenomenon. The pathogenesis of the dis-
ease may rely on the ability of Bcr-Abl to deregulate genomic
replication, resulting in the acquisition of additional genetic
changes. These mutations also may arise in the BCR-ABL
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coding sequence itself, increasing mutagenic potential in a
cell with an already unstable phenotype. The most common
genetic mutations in patients in BP CML lie in p53, Rb, and
INK41/arf genes.27–29 These genes code for proteins critical in
the maintenance of cellular homeostasis, and their modifica-
tion has been repeatedly observed in a wide array of human
cancers.30 Therefore, directing inhibition of particular kinases
and other signaling molecules in a specific and targeted
manner has long been thought to represent an effective treat-
ment strategy for CML.

Manifestations and staging
About 30–50% of patients with CML diagnosed in the United
States are asymptomatic. The disease is found on routine
physical examination or blood tests. CML can be classified
into three disease phases: CP, AP, and BP. Diagnosis is most
commonly made during the CP. Common signs and symp-
toms of CML in CP, when present, result from anemia and
splenomegaly. These include fatigue, weight loss, malaise, easy
satiety, and left upper quadrant fullness or pain. Rare mani-
festations include bleeding (associated with a low platelet
count and/or platelet dysfunction), thrombosis (associated
with thrombocytosis and/or marked leukocytosis), gouty arth-
ritis (from elevated uric acid levels), priapism (usually with
marked leukocytosis or thrombocytosis), retinal hemorrhages,
and upper gastrointestinal ulceration and bleeding (from ele-
vated histamine levels due to basophilia). Leukostatic symp-
toms (dyspnea, drowsiness, loss of coordination, confusion)
due to sludging in the pulmonary or cerebral vessels are
uncommon in the CP despite white blood cell (WBC) counts
exceeding 100� 109/L. Splenomegaly is the most consistent
physical sign in CML, and is detected in 50% to 60% of cases.
Hepatomegaly is less common (10–20%). Lymphadenopathy,
and infiltration of skin or other tissues, is uncommon. When
present, they favor Ph-negative CML or accelerated or blastic
phases of CML. Headaches, bone pain, arthralgias, pain from
splenic infarction, and fever are more frequent with CML
transformation. Most patients evolve into AP prior to BP, but
20% transit into BP without warning. AP might be insidious or
present with worsening anemia, splenomegaly, and organ infil-
tration. BP presents as an acute leukemia with worsening con-
stitutional symptoms, bleeding, fever, and infections.

Diagnosis
The diagnosis of typical CML is simple and consists of docu-
menting, in the setting of persistent unexplained leukocytosis
(or occasionally thrombocytosis), the presence of the Ph
chromosome abnormality, the t(9;22)(q34;q11), by routine
cytogenetics, or the Ph-related molecular BCR-ABL abnormal-
ities by fluorescent in situ hybridization (FISH) or by molecu-
lar studies.

A FISH analysis relies on the colocalization of large geno-
mic probes specific to the BCR and ABL genes. Comparison of
simultaneous marrow and blood samples by FISH analysis

shows high concordance. FISH studies may have a false-
positive range of 1% to 10% depending on the probes used.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
amplifies the region around the splice junction between
BCR and ABL. It is highly sensitive for the detection of min-
imal residual disease. PCR testing can either be qualitative
(QPCR), providing information about the presence of the
BCR-ABL transcript, or quantitative, assessing the amount of
BCR-ABL message. Qualitative PCR is useful for diagnosis of
CML; quantitative PCR is ideal for monitoring residual dis-
ease. Simultaneous peripheral blood and marrow QPCR stud-
ies show a high level of concordance. False-positive and false-
negative results can happen with PCR. False-negative results
may be from poor-quality RNA or failure of the reaction;
false-positive results can be due to contamination. A 0.5–1 log
difference in some samples can occur depending on testing
procedures, sample handling, and laboratory experience.31,32

The Ph chromosome is usually present in 100% of meta-
phases, often as the sole abnormality. Ten percent to 15% of
patients have additional chromosomal changes (clonal evolu-
tion) involving trisomy 8, isochromosome 17, additional loss
of material from 22q or double Ph, or others.

Eighty-five percent of patients have a typical t(9;22); 5% have
variant translocations which can be simple (involving chromo-
some 22 and a chromosome other than chromosome 9), or
complex (involving one or more chromosomes in addition to
chromosomes 9 and 22). Patients with Ph variants have
response to therapy and prognosis similar to Ph-positive CML.

Differential diagnosis
CML can be confused with leukemoid reactions. These are
usually transient, have a temporal cause (severe infection,
steroids, stress), show modest rises of WBC counts up to
50� 109/L with toxic granulocytic vacuolation and Döhle
bodies in the granulocytes, and a normal or increased leuko-
cyte alkaline phosphatase (LAP) level. Corticosteroids can
rarely cause self-limiting extreme neutrophilia with a left shift.

CML should be differentiated from other myelodysplastic
or myeloproliferative syndromes like chronic myelomonocytic
leukemia, proliferative myelodysplastic syndrome, agnogenic
myeloid metaplasia, polycythemia rubra vera, and essential
thrombocytosis. While the clinical syndromes may overlap,
cytogenetic-molecular studies demonstrating the presence of
the Ph chromosome or BCR-ABL-related abnormalities clarify
the diagnosis.

A difficult diagnostic situation may arise in patients with a
typical morphologic picture of CML (splenomegaly, leukocy-
tosis) but who do not have the Ph chromosome. In some, the
BCR-ABL hybrid gene can be demonstrated by molecular
studies. Patients who are Ph negative and BCR-ABL negative
often have chronic myelomonocytic leukemia. Patients may
rarely have myeloid hyperplasia, with selective involvement of
the neutrophil, eosinophil, or basophilic cell lineages. These
are described as having chronic neutrophilic, eosinophilic,
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or basophilic leukemia and do not have evidence of the Ph
chromosome or BCR-ABL gene. Occasionally, patients with
Ph-positive CML may present like essential thrombocytosis
(marked thrombocytosis without leukocytosis). Cytogenetic
studies are required in all patients with essential thrombocy-
tosis to identify the occasional patient with Ph-positive CML
and essential thrombocytosis-like presentation.

Therapy
Treatment with imatinib
Historically, CML was treated with busulfan or hydroxyurea,
and was associated with a poor prognosis.33 These agents
controlled the hematologic manifestations of the disease, but
did not delay disease progression. Treatment with interferon
alpha (IFN-a) induced complete cytogenetic responses in
5–25% of patients with CML in CP, and improved survival
compared with previous treatments.34 Combining IFN-a with
cytarabine produced additional benefits.35 Allogeneic stem cell
transplantation (SCT) may be curative in CML, but it is
applicable to only a fraction of CML patients and carries a
significant risk of morbidity and mortality.

Imatinib (previously STI571), a small molecule tyrosine
kinase inhibitor (TKI), was the first drug that targets Bcr-Abl
to be developed36 and it has become the standard frontline
therapy for CML in early CP on the basis of the excellent
response rates and favorable toxicity profile shown in numer-
ous clinical trials. The International Randomized Study of
Interferon and STI571 (IRIS) trial first demonstrated the bene-
fits achieved with imatinib in this setting.37 Recent 7-year
update of the phase III IRIS trial confirmed the long-term
efficacy and safety of imatinib.38 After 7 years, the cumulative
complete cytogenetic response rate for first-line imatinib-
treated patients was 82%. The event-free survival (EFS) was
81%, and the estimated rate of freedom from progression to
AP or BP was 93%, with a low annual rate of loss of response
and transformation. The projected overall survival (OS) rate
for patients treated with imatinib was 86%. At 7 years, 332
patients (60%) randomized to imatinib remained on treatment
and on study.37,38 Imatinib also was found to be well tolerated
in the study, with the highest-grade adverse events (AEs)
reported as cytopenias, elevated serum alanine or aspartate
aminotransferase levels, pain, and nausea. Importantly, no
new adverse events have occurred with long-term therapy.

The standard imatinib dose for patients treated in CP is
400mg/day. However, the initial phase I, dose-finding trial in
patients who had previously received IFN-a demonstrated no
dose-limiting toxicities at imatinib doses up to 1000mg/day,39

and a dose–response relationship was observed. Based on these
data, recent studies have assessed the efficacy of first-line
therapy with high-dose imatinib, up to 800mg/day. A single-
arm study involving 114 patients with newly diagnosed CP-
CML showed a complete hematologic response rate of 98%
and a complete cytogenetic response rate of 90% in patients

who received an imatinib dose of 800mg/day.39 These data
compared favorably with historical controls from the same
institution treated with the standard dose, with significantly
higher complete cytogenetic response rates observed in
patients who received 800mg/day compared with those who
received 400mg/day (90% versus 74%, respectively; p¼ 0.01).

Randomized trials are now ongoing to assess whether high-
dose imatinib may indeed improve the long-term outcome of
patients with CML in CP. The Tyrosine kinase inhibitor OPti-
mization and Selectivity trial (TOPS) is a phase III study
involving 476 patients with newly diagnosed CML in CP
randomized in a 2:1 ratio to receive 800 or 400mg/day
imatinib.40 Recent reports from this trial indicate that imatinib
800mg/day showed a rapid response and trend of improved
major molecular response rates at 3, 6, and 9 months com-
pared with standard-dose imatinib therapy, although by 12
months the response rates were more similar. The European
Leukemia Net study41 compared 400 versus 800mg/day ima-
tinib in 215 high Sokal-risk patients, with a primary end
point of complete cytogenetic response at 12months. Results
were similar to those in the TOPS trial. A trend toward higher
rates of MMR with 800mg/day compared with 400mg/day
was observed; however, the differences were not statistically
significant.

Optimizing responses through careful monitoring
Throughout the course of therapy with imatinib, patients
should be routinely assessed for their response to therapy,
and the treatment should be optimized to maximize the
response and ultimately the long-term outcome. In order to
proactively identify patients with suboptimal responses or
resistance to imatinib, adequate monitoring is recommended
(Table 4.1).42–45 Cytogenetic response is still the gold standard
for adequate response to imatinib. Thus, monitoring of the
bone marrow for cytogenetic response is recommended every
3–6 months until a complete cytogenetic response is achieved,
and every 1 to 2 years thereafter. The BCR-ABL transcript
levels should be monitored, preferably in peripheral blood,
every 3 to 6 months until achievement of major molecular
response. Patients with a stable major or complete molecular
response can be monitored every 6 months. Although achiev-
ing the lowest possible levels of transcripts, and probably
ideally undetectable, is desirable, persistence of detectable tran-
script levels in the context of a complete cytogenetic response
is not an indication of failure of therapy. In some patients,
transcript levels may increase. Some studies have suggested
that an increase in transcript levels may increase the risk of
developing mutations or failure of therapy. The magnitude of
the increase that may predict for such events is variable, in part
due to the variability of the testing in different laboratories.
Most important is that a single elevation in transcript levels
should first be confirmed in a subsequent determination and
the magnitude of the increment should be determined to be
greater than the variability of the test in the laboratory where it
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is being tested. The National Comprehensive Cancer Network
(NCCN) recommends the following monitoring schedule: any
1-log increase in BCR-ABL transcripts should be repeated in
1 month; if the increase is confirmed on subsequent sam-
pling, the frequency of monitoring should be increased from
every 3 months to every month; and mutation assays can be
considered in case of elevations in BCR-ABL transcripts. Still,
most studies have demonstrated that the risk of relapse (or
association with mutations) is mostly present when a sizeable
increase (two- to five-fold) is associated with a loss of major
molecular response (or occurs in a patient who had not
achieved a major molecular response).

The early evaluation of response during the course of
therapy is important to determine that response to therapy is
progressing according to expectations that correlate with opti-
mal outcome. It has been established that patients who do not
achieve early responses have an increasing risk of eventual
transformation and a decreasing probability of eventually
achieving at least a complete cytogenetic response.46 This is
reflected in the current recommendations for the definition of
failure and suboptimal response to imatinib therapy.43

Resistance to imatinib
The molecular mechanisms responsible for resistance are only
partially understood. The most frequently identified mechan-
ism of resistance is the development of Bcr-Abl kinase domain
mutations. A mutation is identified in approximately 50% of

patients with resistance to imatinib, and they are more
common among patients with secondary resistance to imatinib
than those with primary resistance. Up to now, more than 100
different mutants of Bcr-Abl have been described.47–49 How-
ever, most of the clinically relevant mutations develop in a
few residues in the P-loop (G250E, Y253F/H, and E255K/V),
the contact site (T315I), and the catalytic domain (M351T
and F359V).48 In some patients, more than one mutation
may be present at the same time. This phenomenon appears
to increase in frequency after treatment with more than one
tyrosine kinase inhibitor.

Another possible cause of resistance to imatinib is over-
expression of Bcr-Abl. Although this was the most frequent
cause of resistance identified in cell lines, and case reports have
described clinical resistance to imatinib in association with
Bcr-Abl amplification or multiple copies of the Ph chromo-
some, the frequency with which this mechanism is identified is
not known, but is probably low.

The acquisition of additional chromosomal abnormalities
in the Ph-positive cell population, generally referred to as
clonal evolution, appears to be one of the main mechanisms
associated with both disease progression and imatinib resist-
ance. Multiple different chromosomes are involved in different
patients. This has made identification of the molecular mech-
anisms behind these events complicated. Activation of
members of the Src-kinase family or of other pathways down-
stream of Bcr-Abl (like the PI3K/AKT pathway) has been
reported although the frequency of occurrence of these mech-
anisms is not known. It is increasingly becoming evident that
multiple mechanisms and events can be involved in the devel-
opment of imatinib-resistant subclones and most of these
mechanisms are unknown.47–50 Many of the mechanisms of
resistance can be ascribed to the high degree of genomic
instability characterizing the Ph-positive clone.50 So far the
molecular mechanisms leading to this instability are only in
part understood and, although it has been suggested that Bcr-
Abl activation is able to induce some degree of genomic
instability, a preexisting genomic instability, probably at the
level of the stem cell, cannot be excluded.

Imatinib dose escalation
Dose escalation can improve the response in some of the
patients with resistance to standard dose imatinib and was
the main option for managing suboptimal responses and treat-
ment failures before the introduction of second-generation
TKIs. In an analysis of patients enrolled in the IRIS trial,
in whom imatinib dose was escalated due to resistance to
standard-dose therapy, freedom-from-progression and OS
rates were 89% and 84%, respectively, at 3 years from dose
escalation.51 In another study, 84 CP-CML patients were dose
escalated to imatinib 600–800mg/day after developing hema-
tologic failure (n¼ 21), or cytogenetic failure (resistance:
n¼ 30; relapse: n¼ 33) to imatinib 400mg/day. Among
patients that met the criteria for cytogenetic failure, 75%

Table 4.1. Recommended frequencies of response assessment in
patients with chronic myeloid leukemia

Assessment
method

Recommended frequencies of assessment

Initial monitoring
(until at least CCyR
achieved)

Subsequent
monitoring (for
patients with
stable CCyR)

Hematologic Every 2 weeks Every 3 months
once CHR is
achieved

Cytogenetic Every 3–6 months Every 12–24 months
once CCyR achieved

Molecular Every 3 months Every 3–6 months,
increasing to
monthly if a rising
BCR-ABL1 transcript
level is detecteda

Mutational
assessment

Upon detection of
failure, and possibly
suboptimal responseb

Upon detection of
imatinib failure or
rising BCR-ABL1
transcript levela

Notes: a5- to 10-fold increase of the BCR-ABL1 transcript level.
bThere is no use of measuring mutations before the start of therapy in newly
diagnosed patients.
CCyR: complete cytogenetic response; CHR: complete hematologic response.
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(47/63) responded to imatinib dose escalation. Patients achiev-
ing major cytogenetic response after imatinib dose escalation
had durable responses, with a sustained major cytogenetic
response in 88% and 74% of patients at 2 and 3 years, respect-
ively. In contrast, in patients where imatinib was dose escalated
because of hematologic failure, 48% achieved a complete
hematologic response and 14% (3/21) only attained a cytogen-
etic response.52 Although dose escalation after failure with
standard-dose imatinib is an important option for patients
with imatinib resistance, it is likely to be useful only in a subset
of patients with previous cytogenetic response to standard
imatinib therapy. Even in this setting, second-generation TKIs
have shown to be superior to dose escalation. Currently dose
escalation is mainly used for instances of suboptimal response
to imatinib, although there are limited data showing the value
of this approach (or any other) in this setting.

Second-generation TKIs
Strategies to overcome imatinib resistance are a logical pro-
gression for improving the prognosis of patients with CML.
These include novel and more potent multi-TKIs such as
dasatinib (BMS-354825, Bristol-Myers Squibb), an orally bioa-
vailable dual Bcr-Abl and Src inhibitor, and potent selective
Bcr-Abl inhibitors such as nilotinib (Tasigna; AMN-107). Both
nilotinib and dasatinib induced significant clinical responses
and have been approved by the Food and Drug Administration
(FDA) and European Medicines Agency (EMEA).

Dasatinib
Dasatinib is an orally available Abl kinase inhibitor with 325-
fold greater in vitro selectivity for unmutated Bcr-Abl com-
pared with imatinib.53 It differs from imatinib in that it can
bind to both the active and inactive conformations of the Abl
kinase domain and also inhibits a distinct spectrum of kinases
that overlaps with the array of kinases that imatinib inhibits.
Targets of dasatinib include Src family kinases (SFKs), c-Kit,
platelet-derived growth factor receptor, beta polypeptide
(PDGFR-b), and ephrin A. Dasatinib has activity against many
imatinib-resistant kinase domain mutations of Bcr-Abl.
Bcr-Abl mutations associated with resistance to dasatinib
have been characterized. In an in vitro mutagenesis study,
mutations at six residues were found to form nine dasatinib-
resistant Bcr-Abl mutants. However, only two (F317V and
T315I) were isolated at intermediate drug concentrations,
and T315I was the only mutant to be isolated at maximal
achievable plasma concentrations.54 Dasatinib was approved
by the FDA on the basis of its efficacy and safety profiles
shown in a series of phase II trials in patients who failed or
were intolerant to first-line imatinib therapy (Table 4.2).55–57

Dasatinib was initially approved at a dosage of 70 mg twice
daily for all indications. The label has recently been changed
such that 100 mg once daily is now the recommended starting
dose for patients with CP-CML on the basis of a phase III
dose-optimization study designed to evaluate the efficacy and

safety of four different dasatinib doses in patients who had
previously experienced imatinib failure. This study showed
that the 100-mg once-daily dosage was efficaciously equivalent
to 70mg twice daily, with decreased rates of thrombocytopenia
and pleural effusion.58,59 Dasatinib was registered for the treat-
ment of CP-CML based on results from the SRC/ABL Tyro-
sine kinase inhibition Activity Research Trials of dasatinib
(START)-C trial, a phase II international study of dasatinib
70mg twice daily which included 387 CP-CML patients with
resistance or intolerance to imatinib.56 Recent 24-month
follow-up data demonstrated a 2-year major cytogenetic
response rate of 62% and a complete cytogenetic response rate
of 53%.60 The progression-free survival (PFS) at 2 years was
80% and the OS rate was 94%. Responses to dasatinib in
patients with imatinib-resistant CP-CML enrolled in phase II
studies of dasatinib have been assessed by baseline mutational
status.61 Complete cytogenetic response rates were similar
among patients with unmutated Bcr-Abl and those harboring
mutations. Importantly, responses to dasatinib did not
appear to be diminished among patients harboring the P-loop
mutations. However, the activity was somewhat reduced
in patients with the F317L mutation, a mutant that has
required in vitro high concentrations of dasatinib to achieve
some inhibition. As expected, no complete cytogenetic
responses were achieved in patients harboring the T315I muta-
tion. The most frequently detected mutations in patients
exhibiting resistance to dasatinib are T315A/I, F317I/L, and
V299L.54,61–65 A randomized trial of dasatinib or dose increase
of imatinib (to 800mg daily) among patients who had failed
prior therapy with imatinib (400–600mg) demonstrated a
significantly higher rate of response and PFS for patients
receiving dasatinib, particularly among those who were already
receiving imatinib 600mg, those with Bcr-Abl mutations, and
those who had never achieved a cytogenetic response with
imatinib.66,67

Table 4.2. Phase II data for dasatinib second-line to imatinib failure

Disease n % Response

CHR Cytogenetic
response

Overall
survival

Major Complete

CML chronic 387 91 59 49 96% at
15
months

CML
accelerated

174 50 43 31 76% at
10
months

CML
myelo-blastic

109 26 34 27 11.8
months

CML
lympho-blastic

48 29 52 46 5.3
months

Note: CHR: complete hematologic response.
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Grade 3–4 toxicities included thrombocytopenia (49%) and
neutropenia (50%), pleural effusion (9%), dyspnea (6%), bleed-
ing (4%), diarrhea (3%), and fatigue (3%). Three percent of
imatinib-intolerant patients developed similar grade 3–4 tox-
icities. The appearance of new higher-grade toxicity between
12 and 24 months was uncommon.60

Dasatinib has also demonstrated clinical efficacy and is
approved for patients with AP- and BP-CML after failure with
other therapies (Table 4.2). Dasatinib treatment for patients with
AP-CML (n¼ 174) was examined in the START-A study.57,68

After a median follow-up period of 14.1 months, 45% of patients
had a complete hematologic response, 39% had a major cytogen-
etic response, and 32% had a complete cytogenetic response. The
estimated 12-month PFS and OS were 66% and 82%, respectively.
Treatment of patients with myeloid BP-CML (n¼ 109) and
lymphoid BP-CML (n¼ 48) with dasatinib 70mg twice daily
was evaluated in the START-B and START-L trials, respectively.69

After a follow-up period of up to 21 months, 27% of patients with
myeloid BP-CML and 29% of patients with lymphoid BP-CML
had a complete hematologic response. Major cytogenetic
responses were achieved in 33% of patients with myeloid BP-
CML and in 52% of patients with lymphoid BP-CML. The
START-L study also included 48 patients with Phþ ALL who
had failed or were intolerant to imatinib.70 With follow-up
extending to 18.5months, the complete hematologic response rate
was 33%. Major cytogenetic response was achieved for 57% of
patients; this was complete in all but one of these patients (54%).

Nilotinib
Nilotinib is an analog of imatinib with 10- to 50-fold greater
potency against un-mutated Bcr-Abl than its parent compound,
and has activity against all tested imatinib-resistant Bcr-Abl
mutants except T315I.71 It is approved at a schedule of 400mg
twice daily, and it should be administered on an empty stomach
(without food for 2 hours prior to and 1 hour after adminis-
tration) as food may significantly increase absorption increasing
the plasma concentrations in unpredictable fashion. Nilotinib
was approved following an open-label phase II study in patients
with CML who failed or who were intolerant to imatinib ther-
apy.72,73 Follow-up data confirmed the effectiveness of this
compound in CP-, AP-, and BP-CML (Table 4.3), although
it is currently approved only for CP and AP after imatinib
failure.74–76 At least ten nilotinib-insensitive Bcr-Abl mutations
have been identified. In a mutagenesis study, the P-loop muta-
tions Y253H and E255V persisted at intermediate drug concen-
trations, and T315I was isolated at maximum achievable plasma
concentrations.54 In the key phase II study, a total of 321 CP-
CML patients (71% imatinib-resistant; 29% imatinib-intolerant)
were evaluated. Imatinib-intolerant patients could not have
achieved prior major cytogenetic response on imatinib therapy.
Complete hematologic response was overall reported in 94% of
patients and in 76% among those with active disease at the
beginning. Of all imatinib-resistant and -intolerant patients,
58% achieved major cytogenetic response, with 72% of patients
having a baseline complete hematologic response achieving

major cytogenetic response. The major cytogenetic response
rate was 63% in imatinib-intolerant and 56% in imatinib-
resistant patients, respectively. Overall, 42% of patients achieved
a complete cytogenetic response (50% in imatinib-intolerant
and 39% in imatinib-resistant patients, respectively). The
median time to complete hematologic response and major
cytogenetic response was 1.0 and 2.8 months, respectively.
Responses were durable, with 84% of patients maintaining their
major cytogenetic response at 18 months. Estimated OS rates at
12 and 18 months were 95% and 91%, respectively. Median
duration of exposure was 465 days (15.5 months).73

Of 321 CP-CML patients, 281 (88%) had baseline mutation
data available, and 41% had detectable Bcr-Abl mutations prior
to nilotinib therapy. Fourteen percent of imatinib-resistant
patients had three mutations that were less sensitive to niloti-
nib in vitro (IC50> 150 nM; Y253H, E255K/V, and F359C/V)
and another 15% had a total of 16 mutations with unknown
sensitivity to nilotinib. Cytogenetic response rates in patients
harboring mutations sensitive to nilotinib (major cytogenetic
response 59%; complete cytogenetic response 41%) or muta-
tions with unknown sensitivity to nilotinib (major cytogenetic
response 63%; complete cytogenetic response 50%) were com-
parable to those for patients without baseline mutations (major
cytogenetic response 60%; complete cytogenetic response 40%).
Patients with mutations less sensitive to nilotinib in vitro had
less favorable response after 12 months of therapy (23% major
cytogenetic response). No complete cytogenetic responses were
observed in patients harboring L248V, Y253H, or E255K/V
mutations.77 Mutations most frequently associated with pro-
gression were E255K/V (6/7) and F359C/V (9/11).

Investigational second-generation TKIs
(Bosutinib [SKI-606])
Bosutinib (SKI-606), an orally available dual Src/Abl inhibitor,
is 30 to 50 times more potent than imatinib against unmutated
Bcr-Abl, with minimal inhibitory activity against c-Kit and

Table 4.3. Phase II data for nilotinib second-line to imatinib failure

Disease n % Response

CHR Cytogenetic
response

Overall
survival

Major Complete

CML
chronic

321 76a 58 42 91%
(18 months)

CML
accelerated

129 29 38 29 82%
(12 months)

CML blastic 136 11 40 29 42%
(12 months)

Note: a76% of patients achieved a CHR among those with active disease.
Overall 94% of patients achieved a CHR.
CHR: complete hematologic response.
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PDGFR. It has been suggested that the decreased off-target
effects may lead to decreased toxicity, particularly myelosup-
pression and fluid retention. It has significant activity against
most Bcr-Abl mutants tested, with the main exception being
T315I.78 The phase I study identified a recommended dose of
500mg daily and showed evidence of clinical efficacy. The
phase II study in patients with CP Phþ CML who have failed
imatinib and second-generation TKIs therapy is ongoing.
Preliminary data for 302 treated patients have been reported.
Among 69 patients who were resistant to imatinib and
had received no other TKI, 45% achieved a major cytogenetic
response, including 32% who had a complete cytogenetic
response. Treatment was generally well tolerated with no pleural
effusions and modest myelosuppression.79 The most common
adverse events were gastrointestinal (nausea, vomiting, diar-
rhea) that were usually grade 1–2, manageable and transient,
diminishing in frequency and severity after the first 3–4 weeks
of treatment.79

Multikinase inhibitors
Imatinib, dasatinib, nilotinib, and bosutinib are ATP-competitive
inhibitors and not active against the T315I mutant. Compounds
that target binding sites unrelated to the ATP kinase domain
may overcome this problem.

XL228 (Exelixis Inc, San Francisco, USA) is a potent, multi-
targeted kinase inhibitor with potent activity against wild-type
and T315I isoforms of Bcr-Abl (wild-type Abl kinase,
IC50¼ 5 nM; Abl T315I, 1.4 nM), aurora A (3.1 nM), IGF-1R
(1.6 nM), SRC (6.1 nM), and LYN (2 nM) kinases. A phase I
dose escalation clinical trial in patients with CML or Phþ ALL
who are resistant or intolerant to at least two prior standard
TKIs (including imatinib, dasatinib, and nilotinib) or have a
known Bcr-Abl T315I mutation is ongoing. XL228 was admin-
istered as a 1-hour IV infusion either once weekly or twice
weekly. XL228 has been generally well tolerated. Dose-limiting
toxicities observed with once-weekly dosing included grade 3
syncope and hyperglycemia in two patients. Preliminary evi-
dence of clinical activity has been observed in patients treated at
doses of 3.6mg/kg and higher, including stable or decreas-
ing WBC count and/or platelet count within 2 months
(14 patients, 5 with T315I), and/or > 1 log reduction in Bcr-
Abl levels byQPCRwithin 3months (3 patients, 2 with T315I).80

PHA-739538 (Nerviano Medical Sciences, Nerviano, Italy) is
an aurora kinase inhibitor with potent activity against native
and mutated Bcr-Abl, including T315I.81 Strong antiprolifera-
tive effects of PHA-739358 have been observed in CD34þ
cells harvested from untreated CML patients and from
imatinib-resistant individuals, including those with the T315I
mutation.81,82 Simultaneous short-term treatment with PHA-
739358 in association with imatinib resulted in pronounced
apoptosis of wild-type or low-grade imatinib-resistant Bcr-Abl
expressing cells while no such effects were observed in Bcr-Abl
negative or highly imatinib-resistant T315I mutants. In pri-
mary CD34þ cells of CML patients including non-dividing

quiescent leukemic stem cells, combination therapy with
imatinib and PHA-739358 revealed a synergistic antiprolifera-
tive activity which also affected immature CD34þ38� cells.
However, neither mono- nor combination therapy led to a
significant induction of apoptosis in this population of cells.
PHA-739358 did not affect quiescent stem cells, but resistance
emerged less frequently after incubation with PHA-739358
than with imatinib.82 Preliminary results of a multicenter
phase II study have been reported. Among seven patients
treated (one CP, one AP, five BP; six with T315I mutations),
one patient with a T315I mutation achieved a complete cyto-
genetic response and a second patient achieved a minor
cytogenetic response.83

Several other multikinase inhibitors have been progressed
into clinical trials. MK-0457, a potent aurora kinase inhibitor,
was the first agent to demonstrate clinical activity against the
T315I phenotype and in a study of 14 evaluable patients with
CML, 11 had an objective (hematologic, cytogenetic, and/or
molecular) response, including 9 patients with T315I.84 How-
ever, clinical development of MK-0457 was recently halted
over toxicity concerns.

AP24534 is an oral, multitargeted kinase inhibitor with
activity against native and kinase domain-mutant Bcr-Abl,
including T315I. Mutagenesis screening revealed that single-
agent AP24534 (40 nM) completely suppressed outgrowth of
most Bcr-Abl mutants. This agent is being explored in patients
with TKI failure.85 Among the patients treated in the phase I
trial, overall complete hematologic response was observed in
88% of patients in CP and major hematologic response in 2 of
4 AP patients. Cytogenetic responses were 4 complete and 2
partial. Of the 12 patients with T315I mutations, complete
hematologic response was reported in 5 of 6 CP patients and
major hematologic response in 2 of 2 AP patients. Cytogenetic
responses were 2 complete and 1 partial. The treatment was
overall well tolerated.

DCC-2036 is highly selective for ABL, FLT3, TIE2, and Src
family kinases, and when dosed at 100mg/kg per day by oral
gavage, significantly prolonged the survival of mice with CML-
like myeloproliferative disease induced by retroviral expression
of BCR-ABL wild type and T315I in bone marrow.86 This agent
is being explored in phase I clinical trials.

Non-tyrosine kinase inhibitors
Omacetaxine mepesuccinate (Omacetaxine; homoharringto-
nine; HHT; ChemGenex Pharmaceuticals, Victoria, Australia),
a cephalotaxine ester, is a multitargeted protein synthase
inhibitor that has been in clinical development for several
years. Omacetaxine shows clinical activity against Phþ
CML87,88 with a mechanism of action independent of tyrosine
kinase inhibition. Omacetaxine is currently in phase II/III
development in patients with CML (all phases) who are resist-
ant or intolerant to at least two prior TKIs (including imatinib,
dasatinib, and nilotinib) or who carry T315I-mutated Bcr-Abl.
Sixty-six patients with T315I have been treated, including 40 in
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CP, 16 in AP, and 10 in BP. A complete hematologic response
has been reported in 85%, 31%, and 20% of patients in CP, AP,
and BP, respectively. Major cytogenetic response has been
reported in 15% of patients in CP, and 6% in AP. In addition,
the T315I-mutated clone became undetectable in 39% of all
patients treated. The most frequently occurring grade 3–4
toxicities associated with Omacetaxine therapy were thrombo-
cytopenia 58%, neutropenia 41%, and anemia 36%.89 Recent
reports suggest that Omacetaxine is able to affect the leukemic
stem cell compartment, which would make it attractive for
the potential of total elimination of the leukemic cells and
potential cure.

Novel approaches to prevent resistance
Combination therapy
Rarely are human cancers cured by single-agent therapy. The
availability of several agents with demonstrated clinical activity
against CML has triggered interest in the use of combination
therapy with the aim to reduce the development of resistance,
improving the long-term outcome, and offering the perspec-
tive of cure for most patients. The current strategy in CML is
sequential treatment. Molecularly targeted kinase inhibitor
therapies are currently administered sequentially rather than
simultaneously. Newly diagnosed patients receive imatinib,
followed by Abl-second-generation inhibitors at time of resist-
ance or intolerance. The rationale for this approach is partly
historical, since imatinib was approved for CML therapy prior
to others on the basis of a very high single-agent response
rate, and partly based on a molecular understanding of resist-
ance mechanisms that led to the evaluation of other TKIs in
imatinib-resistant CML.

There is growing interest in testing the hypothesis that
administration of multiple Abl kinase inhibitors, such as nilo-
tinib, dasatinib, and imatinib, in early-phase patients could be
used to delay or prevent the emergence of drug-resistant
clones.90,91 Both nilotinib and dasatinib hold promise for
treating patients with imatinib-resistant CML. Cross-resist-
ance between nilotinib and dasatinib is limited to T315I, which
is also the only mutant isolated at drug concentrations equiva-
lent to maximal achievable plasma trough levels.91–94 Since the
T315I mutation of Bcr-Abl is highly resistant to imatinib,
nilotinib, and dasatinib, this approach needs to be extended
to include inhibitors of T315I Bcr-Abl to prevent this mutation
from becoming more prevalent. Alternatively, it is also import-
ant to explore the potential for synergy between TKI and other
classes of inhibitors that work through mechanisms not
involving inhibition of Abl tyrosine kinase activity.92,93 The
use of interferon in combination with TKI is attractive since
interferon induced durable responses, and even some cures, in
a small subset of patients. Early efforts at combining interferon
with imatinib suggested the combination to be manageable in
most patients although results, in single-arm trials, did not
appear better than what had been reported with single-agent
imatinib.94 Recently randomized trials have been reported

comparing imatinib alone or in combination with interferon.
One report suggested a higher rate of molecular responses with
the combination of pegylated interferon (PEG-IFN-a-2a) and
standard-dose imatinib.95 The long-term results have not been
reported. In another study, the combination of pegylated
interferon (PEG-IFN-a-2b) with high-dose imatinib did not
result in any difference in response rate or long-term EFS or
OS.96 Despite these negative results, there is still considerable
interest in the potential advantages of combining interferon
with imatinib. This is because there is the suggestion that
patients who have had exposure to interferon may have a
decreased probability of recurrence after interruption of
imatinib therapy,97 and it has been suggested that interferon
may act at the level of the leukemic stem cell, something that
currently available TKIs are unable to do.

Second-generation TKIs as first-line therapy
Another important approach to optimizing therapy in patients
with early CP-CML may be the use of second-generation TKIs
as frontline therapy. Several phase II trials are underway
studying nilotinib and dasatinib in this setting. The Italian
GIMEMA CML Working Party enrolled 73 patients in a
phase II study, having the achievement of complete cytogenetic
response rate at 1 year as the primary end point.98 All patients
and 48/73 (66%) completed 3 and 6 months of treatment,
respectively. The complete hematologic response rates were
100% and 98%, respectively; the complete cytogenetic response
rates were 78% and 96%, respectively. A major molecular
response was achieved by 59% after 3 months and 74% after
6 months. One patient progressed at 6 months to accelerated-
blastic phase with the T315I mutation. A phase II study in
patients with newly diagnosed CP-CML at the MD Anderson
Cancer Center showed that nilotinib 400mg twice daily
induces a complete cytogenetic response in nearly all patients
as early as 3 months after the start of therapy with a favorable
toxicity profile.99 Forty-nine patients have been treated for a
median of 13 months. Complete cytogenetic responses were
achieved, respectively, by 93% and by 100% of patients at
3- and 6-month evaluations. The rate of complete cytogenetic
response at 3, 6, 12, 18, and 24 months compares favorably to
those observed in historical controls treated with imatinib
400mg or 800mg daily. Major molecular response was
observed in 45% at 6 months and 52% at 12 months. The
estimated 24-month EFS is 95%. Preliminary data demonstrate
that nilotinib was well tolerated with infrequent reports of
grade 3 or 4 hematologic laboratory abnormalities and
non-hematologic AEs. Dasatinib has also been evaluated as
frontline therapy in a phase II study.100 Patients with previ-
ously untreated CP-CML received dasatinib 50mg twice daily
(53%) or 100mg once daily (47%). Complete cytogenetic
response rates at 3 and 6 months were 78% and 94%, respect-
ively. Major molecular response rates of 23% and 36% were
observed at 3 and 6 months, respectively. Grade 3–4 hemato-
logic toxicity included neutropenia (23%), thrombocytopenia
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(11%), and anemia (7%) and pleural effusions occurred in 13%
(grade 2) and 2% (grade 3) of patients.

Decision making
The primary goal of therapy for patients with CML is still
achievement of complete cytogenetic response. Those who
achieve this goal have a low probability of eventually progress-
ing. Achieving a major molecular response is desirable as it
further improves the long-term outcome, but patients who
have a complete cytogenetic response are not considered to
have failure to imatinib if they do not have a major molecular
response. This is because the difference in EFS probability is
small, although significant. The timing of this response is also
important. Despite initial suggestions from the IRIS trial that a
major molecular response at 12 months improved long-term
outcome, compared to complete cytogenetic response but no
major molecular response, the 7-year follow-up data have
shown no difference in outcome using this hallmark. By 18
months, patients who have a complete cytogenetic response
and major molecular response have a better probability of EFS
than those with complete cytogenetic response but no major
molecular response, but the difference is small (95% vs. 86%),
and even smaller if considering only transformation to AP or
BP or death as an event (99% vs. 96%).

The recommendations by the European Leukemia Net
(ELN) have provided a clear framework for decision making
and the significance of the definitions of failure and suboptimal
response have been demonstrated in two independent
series.101,102 Patients with suboptimal response to therapy have
an inferior outcome, although the significance appears to be
heterogeneous, with a more profound adverse prognostic effect
for patients with suboptimal response to therapy at earlier time
points (6 months) than at later time points (18 months). It is
however reasonable to consider treatment modifications for
patients who have a suboptimal response to therapy. Treatment
guidelines recommend dose escalation of imatinib to 600 or
800mg/day in cases of suboptimal response.42,43 However, it
should be acknowledged that there are minimal data available
regarding the effectiveness of this approach.52,53 For patients
with clear failure to imatinib therapy, the current approach is
to change therapy to a second-generation TKI, although allo-
geneic SCT is also an option following treatment failure.42,43

Clinical trial data have confirmed the efficacy of dasatinib and
nilotinib in patients with imatinib resistance or intolerance and
the superiority of dasatinib versus imatinib dose escalation
following imatinib resistance.66,67 It is possible that earlier treat-
ment switch to second-line agents, that is after suboptimal

response, could result in more favorable long-term outcomes
than with dose-escalated imatinib, but there are currently no
clinical data to support this hypothesis.

An important question now is what the response hallmarks
are for patients receiving second-generation TKIs. A recent
study has hinted at possible treatment goals for second-line
treatment. Among patients with CP-CML receiving dasatinib
(n¼ 70) or nilotinib (n¼ 43) after imatinib failure, those who
achieved a major cytogenetic response within 12 months post-
imatinib treatment had a significantly higher survival rate than
patients with a minor cytogenetic response or complete hema-
tologic response (1-year survival: 97% vs. 84%, respectively;
p¼ 0.02).103 Moreover, fewer than 10% of patients with no
cytogenetic response of any level within 3–6 months went on
to achieve a major cytogenetic response at 12 months, suggest-
ing these patients might require switch to third-line treatment
or to allogeneic SCT. However, additional studies are required
to confirm these findings.

The selection of second-line TKI therapy should be indi-
vidualized to each patient, carefully considering drug efficacy
and toxicity, as well as patient mutation data. In many cases,
a patient’s Bcr-Abl genotype can serve as a prognostic factor to
disease progression. Preliminary analysis from phase II studies
suggested that levels of response to new TKIs depend on the
type of Bcr-Abl kinase domain mutation. The outcome of
patients receiving second-generation TKIs depends on the type
of mutation, with mutations with predicted intermediate levels
of sensitivity (i.e., higher IC50 in vitro) having decreased prob-
ability of response and EFS, particularly in CP.104

Therapy decision should also take into consideration the
potential side effects, in relation to each patient characteristic.
Patient compliance is another point to be considered. Finally,
allogeneic SCT remains a potential therapeutic modality pro-
vided the patient is young, fit, has not achieved a major
cytogenetic response with second-generation TKI therapy,
and a donor match can be quickly identified.

Conclusions
For patients with CML, imatinib represented a significant
breakthrough in first-line treatment. Resistance to imatinib
monotherapy has emerged as an important clinical challenge.
The recent availability of highly potent TKIs, dasatinib and
nilotinib, has further broadened the treatment armament-
arium against CML. With the advent of novel agents, the
combination approaches, and possibly compounds with other
mechanisms of action, both conventional and targeted, the
treatment prospects of patients with CML are very hopeful.
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Chapter

5 Chronic lymphocytic leukemia/small
lymphocytic lymphoma
Karen W. L. Yee and Susan M. O’Brien

Introduction
Chronic lymphocytic leukemia (CLL) is the most common form
of leukemia in adults in the Western world, accounting for
nearly 25% of all leukemias with an estimated annual age-
adjusted incidence of 3 per 100 000 persons in the United
States.1,2 The median age at diagnosis is approximately 70 years,
with 81% of the patients diagnosed when aged � 60 years.1

Under the World Health Organization (WHO) classification,
CLL is a B-cell neoplasm and the entity T-cell CLL has been
reclassified as T-cell prolymphocytic leukemia (PLL).3 Recent
data from the Surveillance, Epidemiology, and End Results
(SEER) cancer statistics indicate that 5-year survival of patients
with CLL is 73%.4

Significant changes in the understanding and management
of CLL have occurred in the last two decades. With the advent
of newer treatment modalities, such as purine analogs and
monoclonal antibodies, substantial improvements have been
made in achieving complete responses (CR), with a proportion
achieving molecular remissions and durable responses. Despite
the advances in the treatment of patients with CLL, the major-
ity of patients will relapse after primary therapy.

Diagnosis
The current diagnosis of CLL is based onminormodifications of
the criteria originally proposed by the National Cancer Institute
(NCI) (Table 5.1).5,6 A bone marrow evaluation is no longer
required for diagnosis but is useful to determine the extent and
pattern of involvement and to clarify the etiology of cytopenias.6

The morphology and immunophenotype are adequate
for diagnosis and to distinguish CLL from other disorders
(Table 5.2).7 Although the typical B-cell CLL immunopheno-
type is CD5þ, CD19þ, CD23þ, FMC7-, with weak or negative
expression of CD22, CD79b, and surface membrane immuno-
globulin, there can be some variability in the expression of
these surface markers.8–11 Therefore, an immunophenotypic
scoring system is often used to aid in the diagnosis and differ-
entiation from other B-cell malignancies (Table 5.3).12–18

Using a highly sensitive flow cytometric technique, a
monoclonal B-cell lymphocytosis (MBL) can be detected in
individuals with no other features of a B-cell lymphoprolifera-
tive disorder.19,20 The B-cell clones may have a CLL-like
immunophenotype or that of other B-cell lymphoproliferative
disorders (Table 5.4). It is unclear whether the CLL-phenotype
MBL is biologically indistinguishable from CLL B cells.21,22

Monoclonal CLL-phenotype B cells can be detected in 2–5.5%
of the general population with normal blood counts,19,21,23,24

and in 13.9% of those with lymphocytosis.24 A higher incidence
of MBL (15–57.5%) has been observed in healthy first-degree
relatives of individuals affected with CLL; of whom 13.5–18%
have CLL-like immunophenotype.25,26 Individuals with CLL-
phenotype MBL and lymphocytosis may progress to frank
CLL requiring treatment at a rate of 1–2% per year.24

The diagnosis of small lymphocytic lymphoma (SLL)
requires the presence of adenopathy and/or splenomegaly.
The number of B lymphocytes in the peripheral blood should
not exceed 5� 109/L. The diagnosis should be confirmed by
histologic evaluation of a lymph node.

Prognosis
The natural history of CLL is highly variable. Survival has been
shown to correlate with clinical staging. Patients can be classi-
fied into low-, intermediate-, and high-risk groups (i.e., Rai
or Binet classifications) on the basis of presenting features
(i.e., lymphadenopathy, hepatosplenomegaly, anemia, and
thrombocytopenia) with median survivals of > 10, 7–9, and
2 years, respectively (Tables 5.5 and 5.6).5,27,28 Both staging
systems rely only on physical examination and laboratory tests
and do not require imaging. However, there is still marked
heterogeneity in outcome between different individuals within
the same stage.29

Risk may be further refined by the presence of other
adverse biologic prognostic factors, including a lymphocyte
doubling time of < 12 months, atypical morphology, elevated
serum β2-microglobulin levels, high levels of soluble CD23,
elevated serum thymidine kinase levels, and deletions or
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mutations of the p53 gene (Table 5.7).13,30–46 Chromosomal
abnormalities are detected in 30–50% and in over 80% of
patients using cytogenetic or fluorescence in situ hybridization
(FISH) analyses, respectively.47,48 Median survivals for patients
with 17p-, 11q-, trisomy 12q, normal karyotype, and 13q- as
the sole abnormality were 32, 79, 114, 111, and 133 months,
respectively.48 On multivariate analysis, 17p- and 11q- were
associated with shorter overall survival (OS).48 However,
recent data suggest that 17p- CLL is a clinically heterogeneous
disease, with some patients experiencing an indolent course
with prolonged survival.49 Furthermore, complex chromo-
somal abnormalities and translocations may also be associated
with advanced stage and inferior overall survival.50,51 As cyto-
genetic abnormalities have prognostic significance and
may influence treatment decisions, cytogenetics and/or FISH

analyses should be performed prior to treating a patient.
Moreover, as clonal evolution may occur during the course
of the disease,52,53 it would be prudent to repeat cytogenetic
and/or FISH analyses prior to administering salvage therapy.

Table 5.1. Diagnosis for chronic lymphocytic leukemia

Criteria NCI-WG 19965 IWCLL 20056,80

Peripheral blood
lymphocytes
(� 109/L)

> 5 Not specifieda

(� 5)

Morphology Not specified Small mature
lymphocytes
without visible
nucleoli; smudge
cells are
characteristic

Immunophenotype
of lymphocytes

� 1 B-cell marker
(CD19, CD20, or
CD23) and CD5
positivity in the
absence of other
pan-T-cell marker.
Monoclonal
expression of either κ
or κ chain low-
density surface Ig
(sIg)

� 1 B-cell marker
(CD19, CD20, or
CD23) and CD5
positivity in the
absence of other
pan-T-cell marker.
Monoclonal
expression of
either γ or γ chain
low-density
surface Ig (sIg)

Atypical cells (e.g.,
prolymphocytes)

< 55% and/or
< 15� 109/L

< 55% and/or
< 15� 109/L

Duration of
lymphocytosis

None required Not specified but
needs to be
chronic

Bone marrow
lymphocytes (%)

� 30 Bone marrow
evaluation not
requiredb

Notes: aNot specified initially in IWCLL, but mandated only that a chronic,
absolute increase in blood lymphocytes with the characteristic morphology and
immunophenotype be present; subsequently defined as � 5� 109/L.
bBone marrow evaluation is no longer required for diagnosis but useful to
determine extent and pattern of involvement and clarification of etiology of
cytopenias.
Source: NCI-WG: National Cancer Institute-sponsored Working Group; IWCLL:
International Workshop on Chronic Lymphocytic Leukemia.

Table 5.2. Differential diagnosis

Benign causes
B cell
Post-splenectomy
Hyper-reactive malarial splenomegaly
Persistent polyclonal B-cell lymphocytosis (e.g., smokers)

T cell
Bacterial (e.g., tuberculosis, syphilis)
Viral (e.g., infectious mononucleosis, cytomegalovirus [CMV])
Serum sickness
Thyrotoxicosis
Addison’s disease
Post-splenectomy

Malignant causes
B cell
Chronic lymphocytic leukemia
Prolymphocytic leukemia
Leukemic phase of non-Hodgkin lymphoma

Mantle cell lymphoma
Follicular small cleaved cell lymphoma
Splenic lymphoma with villous lymphocytes
Marginal zone lymphomas
Large cell lymphoma

Hairy cell leukemia
Waldenstrom’s macroglobulinemia

T cell
T-cell prolymphocytic leukemia
Adult T-cell leukemia/lymphoma
Sézary syndrome
Large granular lymphocytic leukemia
Peripheral T-cell lymphoma

Table 5.3. Scoring system for diagnosis of chronic lymphocytic
leukemia12–14

Marker Score for marker intensity

1 0

sIg Weak Strong

CD5 Positive Negative

CD23 Positive Negative

CD22 or CD79b Weak Strong

FMC7 Negative Positive

Note: Diagnosis of CLL requires a score of > 3 (with most cases of CLL having
scores of 4 or 5), whereas in other B-cell malignancies, the scores are usually< 3.
sIg: surface immunoglobulin.
Source: Reproduced from Oscier et al. 2004.14
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The presence of unmutated IGHV genes has been associ-
ated with high-risk cytogenetics,54,55 a need for chemother-
apy,56 and shortened survival.55–57 IGHVmutational status can
also segregate the different stages of Binet’s classification into
distinct groups with different survival patterns.55,57 However,
it is unclear what degree of homology of IGHV genes to germ-
line sequences (i.e., � 95% or � 98%) should be used to define
an unmutated phenotype.58 Recent data suggest that the use of
specific IGHV gene segments, such as the VH 3–21 gene, may
be associated with an inferior outcome regardless of muta-
tional status.59,60

In multivariate analysis, unmutated IGHV status, 17p dele-
tion, 11q deletion, age, white blood cell (WBC) count, and
lactate dehydrogenase (LDH) levels were independent prog-
nostic factors for survival.54 Two other series have indicated
that unmutated IGHV status and mutation, loss, or dysfunc-
tion of p53 were independent adverse prognostic factors.58,61

Patients with an unmutated IGHV status and/or high-risk
interphase cytogenetics may have a shorter progression-free
survival (PFS) and OS following therapy with a fludarabine-
based regimen.62–64

Because of the difficulty sequencing IGHV genes in a clinical
laboratory, surrogate markers for IGHV mutational status
have been evaluated. CD38 expression correlates with unmu-
tated IGHV gene, but is not a surrogate marker for
IGHV mutational status; however, it may serve as an

independent prognostic variable in patients with
CLL.56,58,61,65,66 The optimum cutoff level defining CD38-posi-
tivity remains unclear.56,58,65,67 Furthermore, CD38 expression
may vary during the course of the disease.65

Gene expression profiles of CLL cells with unmutated
IGHV genes are similar to those with mutated IGHV genes,
with a limited number of genes being differentially
expressed.68,69 One such gene is the intracellular protein tyro-
sine kinase ZAP-70, which plays a critical role in T-cell recep-
tor signaling. The function of ZAP-70 in CLL is unclear, but
postulated to enhance IgM signaling and thereby contribute to
the aggressive clinical course of patients with CLL and unmu-
tated IGHV genes.70 ZAP-70 expression appears to correlate with
an unmutated IGHV gene status and inferior outcome.71–74

However, its validity as a surrogatemarker for IGHVmutational
status is unclear as (1) approximately 6–29% of cases
show discordant status for ZAP-70 expression and IGHVmuta-
tional phenotype, (2) the optimum cutoff level defining ZAP-70-
positivity remains to be defined, and (3) careful separation
of T cells is required.71–75 Furthermore, reproducible results
between labs have been marred by technical difficulties with
the standardization of flow cytometric methods for assessing
ZAP-70 expression.76

Table 5.4. Diagnosis for monoclonal B-cell lymphocytosis (MBL)19,20

Criteria

Immunophenotype of
lymphocytes

Disease-specific immunophenotype;
Monoclonal expression of either κ or γ
chain; Absent or low-density surface
Ig in > 25% B cells

Supplementary Abnormal CD20/CD5 pattern; Heavy
chain monoclonal IGHV
rearrangements

Exclusion criteria Lymphadenopathy and
organomegaly, or Associated
autoimmune/infectious disease, or
B-lymphocyte count > 5� 109/L, or
any other feature diagnostic of a
B-lymphoproliferative disorder (except
possibly for a paraprotein which may
be present or associated with MBL)

Duration of
monoclonal B-cell
population

3 months

Subclassification CD5þ CD20Dim – corresponds to CLL
phenotype CD5þ CD20Bright –
corresponds with atypical CLL
[exclude t(11;14)] CD5 – corresponds
to non-CLL lymphoproliferative
disease IgD-only

Table 5.5. Modified Rai clinical staging system5,27

Risk level Stage Clinical features Median
survival (yr)

Low 0 Lymphocytosis only (in
blood and bone marrow)a

10

Intermediate I Lymphocytosisa with
lymphadenopathy

7

II Lymphocytosisa with
splenomegaly and/or
hepatomegaly with or
without
lymphadenopathy

7

High III Lymphocytosisa with
anemiab (hemoglobin
< 110 g/L) with or without
lymphadenopathy,
splenomegaly, or
hepatomegaly

1.5 to 4

IV Lymphocytosisa with
thrombocytopeniaa

(platelets < 100� 109/L)
with or without anemia
and/or lymphadenopathy,
splenomegaly, or
hepatomegaly

1.5 to 4

Notes: aLymphocytes > 5� 109/L in the peripheral blood and comprising
> 30% of nucleated cells in the bone marrow.
bExcluding immune-mediated anemia or thrombocytopenia.

Chapter 5: CLL/SLL

83



A comprehensive review of other prognostic markers is
beyond the scope of this chapter (reviewed in van Bockstaele
et al. and Kay et al.).77,78 A prognostic nomogram has been
generated to predict survival.36,37,46 However, with the excep-
tion of cytogenetics and FISH analyses, these prognostic
markers and/or indices should not be used to influence thera-
peutic decisions. Prospective trials (such as the German CLL
Study Group [GCLLSG] trial comparing fludarabine, cyclopho-
sphamide, and rituximab with observation in untreated, Binet
stage A, CLL patients at high risk of disease progression and the
Cancer and Leukemia Group B [CALGB] study comparing early
versus delayed fludarabine and rituximab therapy in asymptom-
atic, untreated, high-risk CLL patients) are required to verify and
establish the role of these prognostic markers in determining the
need for therapy, selecting the type of therapy,79 and determining
and/or predicting the response to therapy.

Indications for treatment
The indications for initiation of therapy in CLL remain those
recommended by the NCI-sponsored Working Group (NCI-
WG) (Table 5.8).5,80 Criteria for therapy include B symptoms

(i.e., fevers, sweats, or weight loss), progressive enlargement of
lymph nodes or hepatosplenomegaly, obstructive adenopathy,
development of or worsening thrombocytopenia and anemia,
immune hemolysis or thrombocytopenia not responsive to
corticosteroids, and rapid lymphocyte doubling time. Hyper-
viscosity due to a high lymphocyte count is uncommon; there-
fore, a high lymphocyte count in the absence of a rapid
doubling time is not an indication for therapy.

Assessment of response
The International Workshop on CLL (IWCLL)–NCI-WG80,81

has refined the evaluation of response to therapy previously
established by the NCI-WG,5 with more precision of lymph
node diameters (Table 5.9). Assessment of minimal residual

Table 5.6. Binet classification5,28

Stage Clinical features Equivalent
Rai staging

Median
survival
(yr)

A Lymphocytosis (in blood
and bone marrow)a with
< 3 areas of nodal
involvement.b No anemia
or thrombocytopenia

0–II 12

B Lymphocytosisa with � 3
areas of nodal
involvementb, with or
without splenomegaly
and/or hepatomegaly. No
anemia or
thrombocytopenia

I–II 7

C Lymphocytosisa with
anemiac (hemoglobin
< 110 g/L in men and
< 100 g/L in women) or
thrombocytopeniac

(platelets < 100� 109/L)
regardless of the number
of areas of nodal
involvement,
splenomegaly, or
hepatomegaly

III–IV 2 to 4

Notes: aLymphocytes > 5� 109/L in the peripheral blood and comprising
> 30% of total nucleated cells in the bone marrow.
bEach cervical, axillary, and inguinal area (whether unilateral or bilateral); spleen,
and liver count as one area. Therefore, the number of areas of nodal
involvement ranges from 1 to 5.
cExcluding immune-mediated anemia or thrombocytopenia.

Table 5.7. Prognostic factors14,30

Prognostic factor Clinical risk

Low High

Clinical features

Gender Female Male

Clinical stage Binet A/Rai 0 Binet C/Rai III–IV

Morphology

Lymphocyte morphology Typical Atypical

Pattern of marrow
trephine infiltration

Nodular or
interstitial

Diffuse

Chromosomal abnormalities Normal Trisomy
12 13q- (sole)

17p- 11q-

CD38 expression < 20–30% > 20–30%

ZAP-70 expression < 20–30% > 20–30%

IgVH gene status Mutated Unmutated

Markers of tumor burden
or proliferation

Lymphocyte
doubling time

> 12 months � 12 months

β2-microglobulin levels Low or normal High

Thymidine kinase (TK) Low or normal High

Lactate dehydrogenase
(LDH)

Low or normal High

Soluble CD23 levels Low or normal High

Markers of angiogenesis

Microvessel density Low or normal High

Serum VEGF levels Low or normal High

Tumor suppressors
or oncogenes p53

Normal Loss or
mutation/
dysfunction

Note: VEGF: vascular endothelial growth factor.

Source: Adapted from Oscier et al. 2004.14
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disease (MRD), by either multiparametric flow cytometry
based on the immunophenotype of the CLL cell or polymerase
chain reaction (PCR)-based strategies using either the qualita-
tive consensus IgH PCR or quantitative allele-specific oligonu-
cleotide (to the complementarity determining region 3
[CDR3]) PCR,82–84 should only be performed in a research
setting. Techniques for assessing MRD have become

standardized;84 however, prospective clinical studies are
required to validate the role of MRD-negativity as a surrogate
marker for disease eradication and/or improved survival prior
to its incorporation into routine clinical practice.

Therapeutic options for first-line therapy
Despite the failure of randomized trials to demonstrate an
improvement in OS between the different treatment regimens
and the paucity of data evaluating different therapeutic strat-
egies and achievement of CR on patient quality of life (QoL),
treatment rationales have been based on observations that
patients achieving a CR are more likely to have a prolonged
PFS and OS85 and the assumption that prolonged time to
treatment failure is associated with improved QoL. Therefore,
frontline treatment decisions are usually geared to achieving a
CR without increased toxicity.

Alkylating agents
An individual patient data meta-analysis indicated that imme-
diate treatment with chlorambucil with or without corticoster-
oids did not have a survival advantage over deferred
chemotherapy (10-year survival 44% vs. 47%, respectively,
p> 0.1) in patients with early-stage disease (Rai stages I or II;
Binet stage A).86 Therefore, treatment of asymptomatic early-
stage disease with alkylating agents is not warranted. At this
time, it is unclear whether (1) early therapy with nucleoside
analog combinations will be superior to observation in this

Table 5.8. Indications for treatment5

Disease-related systemic symptomsa

Weight loss � 10% within the previous 6 months

Extreme fatigue

Fevers > 38
�
C for � 2 weeks

Night sweats

Progressive marrow failure with development or worsening of
anemia and/or thrombocytopenia

Autoimmune cytopenias

Massive (> 6 cm below the costal margin) or progressive
splenomegaly

Massive (> 10 cm) or progressive lymphadenopathy

Progressive lymphocytosis

> 50% increase over 2 months

Lymphocyte doubling time < 6 months

Note: aExclude other causes, e.g., infection.

Table 5.9. Response criteria80

Criteria Complete
response (CR)

Partial response (PR) Stable disease (SD) Progressive
disease (PD)

Symptoms Absent Absent or present Absent or present Absent or present

Lymphadenopathya None > 1 cm � 50% reduction Change of –49% to þ49% � 50% increase

Hepato- and/or
splenomegaly

Absent � 50% reduction Change of –49% to þ49% � 50% increase

Neutrophils (� 109/L) � 1.5 � 1.5 or � 50% improvement
from baseline

Any Any

Lymphocytes (� 109/L) Normal � 50% reduction from baseline Change of –49% to þ49% � 50% increase

Platelets (� 109/L) > 100 > 100 or � 50% improvement
from baseline

Change of –49% to þ49% � 50% reduction
from baseline

Hemoglobin (g/dL)
(untransfused)

> 11 > 11 or � 50% improvement
from baseline

Increase < 11 or < 50%
improvement from baseline,
or decrease < 2

Decrease > 2 from
baseline

Bone marrow aspirate
and biopsy

Normocellular;
< 30%
lymphocytes;
no B-lymphoid
nodules

Hypocellular, or � 30%
lymphocytes, or B-lymphoid
nodules, or not done

No change of marrow
infiltrate

Increase of
lymphocytes to
> 30% from
normal

Note: aSum of the products of multiple lymph nodes (as evaluated by CT scans, ultrasound, or by physical exam).
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group of patients or (2) asymptomatic patients with early-stage
disease and leukemic cells expressing CD38, unmutated IGHV
genes, ZAP-70, etc. should be treated.

This same meta-analysis also demonstrated that there was
no difference in 5-year OS for previously untreated CLL
patients (mostly Binet stages B or C disease) who received
combination therapy (i.e., COP (cyclophosphamide, vincris-
tine, and prednisone), CHOP (cyclophosphamide, doxorubi-
cin, vincristine, and prednisone), or chlorambucil and
epirubcin) compared with those who received chlorambucil
with or without corticosteroids (48% vs. 48%, respectively,
p> 0.1).86 Early inclusion of an anthracycline did not improve
5-year survival.

Bendamustine
A phase III trial compared bendamustine, a potent alkylating
agent, with chlorambucil in 319 untreated patients with
advanced CLL.87,88 The overall response (OR) rate was super-
ior with bendamustine compared to chlorambucil (67% vs.
30%, respectively, p< 0.0001). After a median follow-up of
29.2 months, median PFS was 21.5 months with bendamustine
and 8.3 months with chlorambucil (p< 0.0001). These results
with bendamustine appear similar to those obtained with
single-agent fludarabine.89–96

Purine analogs
Fludarabine
Four randomized trials comparing fludarabine monotherapy
to alkylator-based chemotherapy (i.e., chlorambucil, mini-
CHOP, and CAP) in previously untreated patients with active
CLL consistently demonstrated higher OR and CR rates with
fludarabine compared with alkylator-based chemotherapy
regimens.89–92 Therapy with fludarabine was associated with
an improved PFS90,91 but no differences in OS have been
detected. The lack of survival difference may partly be due to
(1) the permittance of crossover to the other arm if there was
no response or disease progression,89,91 (2) lack of significant
high-quality responses achieved,89–92 and (3) heterogeneity in
other unmeasured prognostic variables (e.g., proportion of
patients with CD38-positive leukemic cells and unmutated
IGHV genes).

In an attempt to improve upon these response rates fludar-
abine has been combined with chemotherapeutic agents and/
or monoclonal antibodies. Phase II studies evaluating fludar-
abine plus cyclophosphamide (FC), administered in a variety
of different schedules and doses, in untreated patients with
CLL demonstrated OR rates of 76–100% and CR rates of 21–
60%,94,97,98 with a higher proportion of complete responders
lacking detectable disease by flow cytometry (i.e., < 1% CD5þ/
CD19þ cells).98–100

Five randomized trials comparing fludarabine alone to FC,
fludarabine and epirubicin (FE), or fludarabine administered
in conjunction with chlorambucil (F/CB) in untreated patients
with active CLL have been reported.91,93–96,101 FE and FC

demonstrated superior response rates and PFS compared to
single-agent fludarabine and/or single-agent chlorambucil.
93,95,96,101 In the United Kingdom (UK) CLL4 trial comparing
single-agent chlorambucil, single-agent fludarabine, and FC,
more hemolytic anemias were observed with chlorambucil
therapy.93 In the CALGB trial comparing single-agent fludar-
abine, single-agent chlorambucil, and F/CB, the F/CB arm was
prematurely closed due to excessive rates of life-threatening
toxicities, including major infections.91,101 More recently, an
increased frequency of therapy-related myelodysplasia (MDS)
and/or acute myeloid leukemia (AML) has been observed in
the patients treated with F/CB (0.5% vs. 0% vs. 3.5%, respect-
ively) after a median follow-up of 4.2 years.102 Similar findings
have not been reported in trials employing combination flu-
darabine (or cladribine) and cyclophosphamide or cladribine
and chlorambucil therapy;93,94,98,99,103,104 but have been
observed in patients treated with fludarabine, cyclophospha-
mide, and rituximab, with a 2.8% risk of developing MDS at
6 years.100,105

Treatment with fludarabine andmitoxantrone (FM) does not
appear to yield higher response rates (OR¼ 83%; CR¼ 20%)106

compared to historical results achievable with single-agent flu-
darabine, FC, or FE. In contrast, treatment of 69 untreated
patients with CLL with combination fludarabine, cyclophospha-
mide, and mitoxantrone (FCM) yielded an OR rate of 90%
(MRD-negative CR¼ 26%; MRD-positive CR¼ 38%; nodular
partial remission [NPR]¼ 14%; PR¼ 12%).107 Median response
duration was 37 months. It remains to be determined whether
FCM is truly superior to therapy with FC.

Cladribine (2-chlorodeoxyadenosine, 2-CdA)
Cladribine with or without corticosteroids has been evaluated
in previously untreated CLL patients with OR rates of 49–86%
(CR¼ 10–47%).108–111 These results are comparable to those
obtained with single-agent fludarabine.

A randomized phase III trial compared single-agent cladri-
bine with chlorambucil monotherapy and fludarabine mono-
therapy in 221 previously untreated CLL patients.112 OR rates
were similar in all three arms. CR rates were not reported.
Median time-to-progression (TTP) was significantly pro-
longed in patients receiving cladribine compared with fludar-
abine or chlorambucil (25 months vs. 10 months vs. 9 months,
respectively, p¼ 0.0003).

A phase III trial compared single-agent cladribine with
cladribine plus cyclophosphamide (2-CdA/C) and cladribine
plus cyclophosphamide and mitoxantrone (2-CdA/CM).110

Significantly higher CR rates were obtained in the 2-CdA/
CM arm compared with cladribine alone (36% vs. 21%,
respectively, p¼ 0.004), whereas only a trend for higher CR
was observed with 2-CdA/C compared with cladribine (29%
vs. 21%, respectively, p¼ 0.08). Eradication of MRD, as evalu-
ated by immunophenotyping, was higher in the 2-CdA/CM
arm compared with cladribine alone (23% vs. 14%, respect-
ively, p¼ 0.042). There were no detectable differences in OR,
PFS, and OS between the three groups.
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Pentostatin (deoxycoformycin)
Limited data are available on the usage of single-agent pentos-
tatin in untreated patients with CLL (OR¼ 46%; CR¼ 0%).113

Use of pentostatin in combination with cyclophosphamide
and rituximab is more efficacious than single-agent therapy
(vida infra).

Rituximab (Rituxan)
Rituximab induction therapy
Previously untreated CLL/SLL patients who received single-
agent rituximab, a chimeric human–murine anti-CD20
monoclonal antibody, as first-line and maintenance therapy
achieved OR rates of 57% (CR¼ 9%).114,115 Higher response
rates (OR¼ 90%; CR¼ 19%) were obtained when standard-
dose rituximab was administered for 8 weeks, instead of
4 weeks, in untreated patients with low tumor burden
(Rai stage 0 to II).116

Although CRs are rarely observed in CLL patients treated
with either single-agent rituximab or high-dose methylpredni-
solone (HDMP),117–119 the combination of rituximab and
HDMP (R-HDMP) has shown activity in relapsed or refractory
CLL, with tolerable side effects.120–122

The combination of fludarabine, cyclophosphamide, and
rituximab (FCR) has been assessed in 300 previously untreated
patients with CLL.100,105 OR was 95% (CR¼ 70%; NPR¼ 10%;
PR¼ 13%) with 82% and 42% of complete responders having
no MRD (i.e., < 1% CD5þ/CD19þ cells in the marrow) by
immunophenotyping and PCR analysis, respectively. After a
median follow-up of 72 months, the actuarial 6-year OS and
failure-free survival (FFS) were 71% and 51%, respectively.
Median TTP was 80 months with a projected 6-year PFS of
60%. Pretreatment characteristics independently associated
with inferior response were age � 70 years, β2-microglobulin
levels � twice the upper limit of normal, WBC � 150� 109/L,
abnormal chromosome 17, and LDH � twice the upper limit
of normal. The risk of serious or opportunistic infection was
10% and 4% for the first and second years of remission,
respectively, and < 1.5% per year for the third year onwards.
The 6-year risks of transformation to Richter’s syndrome and
development of MDS were 2.5% and 2.8%, respectively. The
proportion of patients achieving a CR and < 1% CD5þ/
CD19þ cells was significantly higher than that historically
achieved with FC therapy alone.99 The addition of three doses
of rituximab to FC (FCR-3), in lieu of the single dose adminis-
tered in the FCR regimen, did not appear to improve
responses.123

A phase III GCLLSG trial compared therapy with FC and
FCR as frontline therapy in 817 previously untreated patients
with advanced CLL.124 OR and CR rates were superior in the
FCR arm compared to the FC arm (95% and 52% vs. 88% and
27%, respectively, p� 0.001). PFS at 2 years was significantly
improved in the FCR arm (76.6% vs. 62.3%, p< 0.0001). There
was a trend to an increased 2-year OS rate in the FCR arm
(91% vs. 88%, p¼ 0.18). However, FCR treatment does not

appear to overcome the poor prognosis associated with 17p�
genomic aberrations.125 Treatment with FCR was associated
with more grade 3 and 4 adverse events (62% vs. 47%).
Although FCR therapy caused more neutropenia (33.6% vs.
20.9%, respectively, p¼ 0.001), the incidence of severe infec-
tions was not increased. A recent update shows that FCR
therapy was associated with improved OS. The OS rate at
38 months was 84.1% in the FCR arm versus 79% in the FC
arm (p¼ 0.01).126 A formal comparison of FCR with FR
therapy127,128 is still needed to determine which regimen is
more efficacious without increased toxicity. Furthermore,
because of encouraging results obtained with bendamustine
and rituximab (BR) in patients with relapsed or refractory
CLL,129 the GCLLSG conducted a phase II trial evaluating
BR in patients with untreated CLL.130 The OR rate was 91%
with 33% clinical CR. After 18 months 76% of patients were
still in remission; median PFS had not been reached. Based on
this data the GCLLSG is conducting a phase III trial of BR
versus FCR as frontline therapy for CLL.

The combination of pentostatin, cyclophosphamide, and
rituximab (PCR) appears to yield comparable OR rates (91%),
but lower CR rates (41%) compared with FCR, with eradica-
tion of MRD in some patients.131

Rituximab induction and consolidation therapy
The CALGB conducted a randomized phase II trial of fludar-
abine with concurrent versus sequential treatment with ritux-
imab in 104 symptomatic, previously untreated CLL patients.127

Patients were randomized to either six cycles of fludarabine
alone or six cycles of FR. After a 2-month observation period,
patients with� stable disease (SD) were treated with rituximab
for 4 weeks. The OR and CR rates after induction therapy
were 90% and 33% vs. 77% and 15%, respectively. These
responses increased to 90% and 47% vs. 77% and 28%, respect-
ively, after consolidation with rituximab. Median follow-up
was 43 months. The estimated 2-year PFS was 70% for each
arm. OS was similar in both arms.

Using data generated from the above study127 and a prior
randomized trial,91 a retrospective comparison of fludarabine
monotherapy to FR (sequential and concurrent) in previously
untreated CLL patients was performed by CALGB.132 Baseline
features of the patients were similar. Therapy with FR was
associated with significantly more ORs (84% vs. 63%, resp-
ectively, p¼ 0.0003) and CRs (38% vs. 20%, respectively,
p¼ 0.002). There was a significant difference in PFS (67% vs.
45%, respectively, p< 0.0001) and OS (93% vs. 81%, respect-
ively, p¼ 0.0006) at 2 years in favor of FR.

Alemtuzumab (Campath)
Alemtuzumab induction therapy
Subcutaneous alemtuzumab, a humanized anti-CD52 mono-
clonal antibody, produces OR rates of 87% (CR 19%) as front-
line therapy in patients with CLL.133 The majority of patients
(95%) cleared CLL cells from the blood. Although 86% of

Chapter 5: CLL/SLL

87



patients with adenopathy had a response, only 29% achieved a
CR (all of whom had lymph nodes of < 2 cm in diameter).
Most responses occurred after 18 weeks of therapy. First-dose
reactions typically associated with intravenous administration
(i.e., rash, nausea, dyspnea, and hypotension) were absent.

A phase III trial indicated that superior responses were
obtained with single-agent intravenous alemtuzumab com-
pared with chlorambucil as first-line therapy for patients
with CLL and active disease (OR 83% vs. 55%, respectively,
p< 0.001; CR 24% vs. 2%, respectively, p< 0.0001).134 Elimin-
ation of MRD occurred in 11 of 36 complete responders to
alemtuzumab versus none to chlorambucil. Median PFS was
significantly prolonged for patients receiving alemtuzumab
(14.6 months vs. 11.7 months, respectively, p¼ 0.001). Higher
incidences of grade 3 or 4 neutropenia were observed in the
alemtuzumab arm, but did not translate to increased incidence
of neutropenic fever or sepsis. More infusion-related events and
CMV infections were noted in patients receiving alemtuzumab.

The CFAR regimen, where alemtuzumab is combined with
the FCR regimen,135 was evaluated as frontline therapy in 60
patients with high-risk CLL, including those with deletion 17p
abnormalities.136 Twenty-eight percent of patients had the
deletion 17p abnormality. The OR and CR rates were 94%
and 69%, respectively. For the 13 patients with deletion 17p,
OR and CR rates were 77% and 54%, respectively. CFAR was
associated with more myelosuppression and fewer patients
completing all six intended cycles of therapy compared to a
historical high-risk group treated with FCR. With a median
follow-up of only 16 months, there was no difference in OS,
TTP, or infectious complications between the two groups.

Alemtuzumab consolidation therapy
Consolidation with single-agent alemtuzumab appears to
improve responses (i.e., PR or better) obtained with fludara-
bine in patients with CLL.137 Alemtuzumab was administered
a median of 4 months after fludarabine therapy. Six of seven
patients were converted from NPR to CR, and 12 of 15 patients
in PR to either a NPR (n¼ 3) or CR (n¼ 9). Nineteen of the 27
(56%) patients in CR after alemtuzumab therapy achieved a
molecular CR.

The efficacy of alemtuzumab for the treatment of MRD
following single-agent fludarabine therapy has been evaluated
further in two phase II trials; alemtuzumab was administered
(intravenously or subcutaneously) for 6 weeks following 4
months of standard dose and schedule fludarabine.138,139 Retro-
spective analyses indicated an increased frequency of infections
requiring hospitalization and/or parenteral antibiotics in patients
receiving fludarabine followed by alemtuzumab compared with
single-agent fludarabine or FR therapy (38% vs. 23% vs. 20%,
respectively, p� 0.01).140 CMV reactivation occurred in 20% of
patients receiving intravenous or subcutaneous alemtuzu-
mab.138–140 Alemtuzumab was able to convert a proportion of
patients with SD or PR after fludarabine to PRs and/or CRs.

The GCLLSG assessed the safety and efficacy of alemtuzu-
mab consolidation in patients with CLL in first remission.141,142

Twenty-three patients responding to first-line therapy with
fludarabine or FC were randomized to either standard-dose
alemtuzumab for 12 weeks or observation. Of the 21 evaluable
patients, 11 were randomized to the alemtuzumab arm before
the study was prematurely stopped due to grade 3 to 4 infections
(64%) and grade 4 hematologic toxicities in the alemtuzumab
arm (36%). All infections were successfully treated. Five of six
patients in the alemtuzumab arm achieved a molecular remis-
sion in the peripheral blood compared to none of three patients
in the observation arm (p¼ 0.048). After a median follow-up of
48 months, PFS was superior in the alemtuzumab arm com-
pared to the observation arm (i.e., not reached vs. 20.6 months,
respectively, p¼ 0.004).

The increased incidence of non-CMV infections observed
in the GCLLSG141,142, and the CALGB138,139 studies compared
to the Italian137 and MD Anderson143,144 studies (27% and 33%
vs. < 10%, respectively) may be due to the shorter interval
between chemotherapy and alemtuzumab administration,
2 months vs. 5–6 months, respectively. In an attempt to
decrease the risk of infections associated with alemtuzumab
consolidation therapy, the French Cooperative Group on
Chronic Lymphocytic Leukemia and Waldenstrom Macroglo-
bulinemia (FCGCLL/WM) limited the number of cycles of FC
induction chemotherapy to three and the duration of alemtu-
zumab therapy to 8 weeks,145 whereas the CALGB increased
the interval between completion of FR induction therapy (up
to six cycles) and alemtuzumab consolidation therapy to
3 months, with alemtuzumab being administered for a total
of 6 weeks.146 In the FCGCLL/WM trial, only 16 of 42 patients
completed alemtuzumab therapy, with 5 patients discontinu-
ing therapy due to CMV reactivation.145 In the CALGB study,
17 of 51 patients (33%) developed unacceptable toxicity attrib-
utable to alemtuzumab, including 5 deaths due to infectious
complications. Therefore, although all studies have shown
improvement in response rates with alemtuzumab consolida-
tion, the optimal regimen remains to be determined and its
safety and efficacy need to be verified in a randomized trial.

Therapeutic options for salvage therapy
Choice of salvage therapy is guided by factors such as age,
performance status, prior therapy, response and duration of
response to such therapy, and the goal of salvage therapy. Based
on retrospective data indicating that response to salvage therapy
appears to be strongly associated with response to prior therap-
ies and most patients have been or will be treated with fludar-
abine or fludarabine-based regimens, relapsed patients have
generally been classified into two groups based on prior
response or exposure to fludarabine: fludarabine-naïve or
-sensitive and fludarabine-refractory. However, the choice of
appropriate salvage therapy in relapsed patients is hampered
by (1) the lack of randomized trials, including those involving
stem cell transplantation (SCT), in patients who will have been
previously exposed to purine analog-based regimens and
monoclonal antibodies, (2) incomplete data in the currently
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reported phase II studies with respect to prior sensitivity or
resistance to purine analog- and/or monoclonal antibody-based
treatment regimens, and (3) usually inclusion of both purine
analog-sensitive and -resistant patients and/or alkylator-sensitive
and -resistant patients in the same clinical trial.

Fludarabine (purine analog)-naïve or fludarabine
(purine analog)-sensitive patients
Alkylating agents
Although retreatment of patients who have received prior
therapy with an alkylating agent with an alkylator-based regi-
men may induce responses in 21–62% of patients, the quality
of responses is poor (CR¼ 0–31%) and the duration of
responses usually short (2–18 months).90,147–150

Purine analogs
Fludarabine

In the majority of patients who have failed therapy with an
alkylator-based regimen, OR rates of 12–58% with CR rates of
0–26% can be obtained with single agent fludarabine.151–156

OS strongly correlated with quality of response achieved (i.e.,
CR vs. PR vs. no response [NR]).153,154 Long-term follow-up of
174 patients who received first-line therapy with single agent
fludarabine indicated that 67% of patients who relapse will
respond to salvage therapy with a fludarabine-based regimen,
with 74% of patients responding to rechallenge with single-
agent fludarabine.85

Several phase II studies have evaluated the efficacy of
fludarabine in combination with alkylators (e.g., fludarabine
and cyclophosphamide [FC]),99,157–160 anthracyclines/anthra-
quinones (e.g., fludarabine and doxorubicin [FDox] or fludar-
abine and mitoxantrone [FM]),106,161,162 both alkylators and
anthracyclines/anthraquinones (e.g., fludarabine, cyclopho-
sphamide, and mitoxantrone [FCM]),163,164 or other nucleo-
side analogs. Therapy with FC yielded OR rates of 60–94%
(CR¼ 10–29%) in previously treated patients, a proportion of
whom had received prior fludarabine (14–79%).99,157,158 Treat-
ment with FDox161 or FM106 appears to yield inferior results
compared to those obtained with FC. However, the majority
(72–83%) of these patients had received prior fludarabine in
contrast to patients treated with FC. Treatment with FCM
appears to yield similar response rates in patients who have
not received prior fludarabine, but may be associated with
more myelosuppression.163 While fludarabine, cytarabine
(cytosine arabinoside; Ara-C), mitoxantrone, and dexametha-
sone (FAND) chemotherapy can induce CRs of 60% in previ-
ously treated patients (87% of whom had received prior
fludarabine, with at least 19% being fludarabine-refractory),
granulocyte colony-stimulating factor (G-CSF) was required
to treat severe myelosuppression.165

Cladribine

Cladribine with or without corticosteroids can induce OR rates
of 31–68% with CRs of 0–31% in previously treated patients

with CLL.111,166–169 These results appear to be comparable to
single-agent fludarabine.

A small number of patients with CLL received therapy with
cladribine and cyclophosphamide (2-CdA/C) or cladribine,
cyclophosphamide, and mitoxantrone (2-CdA/CM).170–172

Treatment with 2-CdA/C yielded OR rates of 45–62% (CR
8–15%),170,172 which are similar to those obtained with FC
therapy. Therapy with 2-CdA/CM appears to be inferior to
both 2-CdA/C and FCM with an OR of only 37% (CR 5%) and
median response duration of 5 months.171

Pentostatin

Minimal efficacy was seen when pentostatin monotherapy was
used in previously treated patients with CLL (OR¼ 15–29%;
CR¼ 0–8%).113,173,174 However, 59% of the patients in at least
one study had been exposed to prior fludarabine.174 Twenty-
one patients with CLL were treated with pentostatin plus cyclo-
phosphamide (PC).175 OR was 81% (CR 19%) with median
response duration of only 7 months. Similar to what has been
observed with fludarabine-based regimens, response to salvage
therapy with cladribine- or pentostatin-based regimens appears
to be affected by prior fludarabine exposure.

Rituximab
Rituximab induction therapy

Single-agent rituximab administered at the standard dose and
schedule yielded unimpressive responses in previously treated
CLL/SLL patients (OR¼ 0–35%; CR¼ 0%).176–179 Alternative
doses (up to 2250mg/m2 per week) and schedules of adminis-
tration (thrice weekly) have improved response rates of single-
agent rituximab therapy (OR 36% and 52% and CR 0% and
4%, respectively) with median TTP of 8–11 months.180,181

The combination of rituximab and HDMP or high-dose
dexamethasone (HDD) can yield responses (OR¼ 75–93%;
CR¼ 8–36%) in patients with relapsed or refractory CLL with
tolerable side effects.120–122,182 Rituximab was administered in
combination with bendamustine (BR) to 81 patients with
relapsed or refractory CLL.129 Major toxicities included mye-
losuppression and infections. In the 62 evaluable patients, the
OR rate was 77% (CR¼ 14%; PR¼ 63%). Inferior results were
obtained when rituximab was combined with either pentosta-
tin or cladribine.183

Fludarabine, cyclophosphamide, and rituximab (FCR)
therapy has been evaluated in 143 previously treated patients
with CLL.184 An OR of 73% (CR¼ 25%; NPR¼ 16%; PR
¼ 32%) was obtained. Twenty-five of 35 (71%) patients in
CR had < 1% CD5þ/CD19þ cells in the marrow by flow
cytometry and 12 of 37 (32%) patients in CR achieved a
molecular remission. With a follow-up of 28 months, the
estimated median survival was 42 months. These results were
compared to those seen in historical controls treated with FC
and fludarabine with or without prednisone (Fþ/–P).185 ORs
and CRs for FC and Fþ/–P were 67% and 12% and 59% and
13%, respectively. Estimated median survival was 31 months
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and 19 months, respectively. Multivariate analysis showed that
the FCR group had a significantly higher CR rate and longer
survival compared to FC and Fþ/–P (p¼ 0.0001 and
p< 0.0001, respectively). Median survival for the non-
responders was similar for all three groups suggesting that
improved supportive care over time did not have a major
impact on survival.

A multicenter, phase III trial compared FCR with FC in 552
previously treated patients with CLL.186 A median of one prior
therapy had been administered, consisting of single-agent
alkylator therapy (66%), single-agent purine analog (16%), or
combination therapy (CHOP, COP, or fludarabine-containing;
18%). Patients with prior FC combination treatment or prior
rituximabwere not eligible. OR andCR rates were superior in the
FCR arm compared to the FC arm (70% and 24% vs. 58% and
13%, respectively, p� 0.0034). PFS was significantly improved in
the FCR arm (30.6 months vs. 20.6 months, p¼ 0.0002).

Therapy with pentostatin, cyclophosphamide, and rituxi-
mab (PCR) yielded OR rates of 75% (CR¼ 25%).187 Median
response duration and TTF were 25 months and 40 months,
respectively. Median survival was 44 months. Although
response frequencies were similar between patients treated
with the PCR regimen and the PC regimen, response duration
and OS with PCR appeared superior to results historically
obtained with PC.175,183 Results with PCR appear to be com-
parable to those obtained with FCR therapy, although a rela-
tively small number of patients were treated with PCR
compared to those treated with FCR.184 Comparable OR rates
(78%) were obtained with cladribine, cyclophosphamide, and
rituximab (2-CdA/CR).188

Alemtuzumab
Alemtuzumab induction therapy

Alemtuzumab was initially approved by the US Food and Drug
Administration (FDA) for the treatment of patients with refrac-
tory CLL.191 The majority of these patients had advanced-stage
disease, had received prior fludarabine (55–100%), and � 3
prior therapies. Standard-dose alemtuzumab was administered
intravenously in all except one study189 until a maximum
response was achieved or for a maximum of 12 weeks.190–197

The OR rates were 31–70% with CRs of 0–30%. Patients were
less likely to respond if they had high-risk disease, enlarged
lymph nodes, especially > 5 cm in diameter, WHO perform-
ance status of 2, and> 5 prior therapeutic regimens. The higher
quality of the responses (CR 30% and 36%, with no detectable
bone marrow disease by immunophenotyping in 20% of
patients) achieved in two trials may be due to differences in
patient characteristics and the duration of therapy with alemtu-
zumab. Median OS was reported only in three studies and
ranged from 16 months to 27.5 months. Median OS and treat-
ment-free survival may be significantly longer for patients with
MRD-negative CR compared to those achieving a MRD-posi-
tive CR, PR, or non-responders. Major toxicities were infusion-
related, infections (including CMV reactivation), neutropenia,
and thrombocytopenia.

Based on promising preliminary results with fludarabine
and alemtuzumab in patients with fludarabine-refractory
CLL,197 the efficacy and safety of this combination was further
evaluated in 36 patients with relapsed or refractory CLL.198

Twenty-five percent were fludarabine-refractory. Most toxici-
ties were infusion-related (predominantly with initial alemtu-
zumab doses); myelosuppression was also seen. The OR rate
was 83% (CR¼ 30%; PR¼ 53%). With a median follow-up
time of 15 months, the median OS for all patients was
35.6 months with a median TTP of 12.97 months.

In an attempt to improve upon results obtained with FCR
in previously treated patients, alemtuzumab was added to the
FCR regimen (CFAR).135 Of 74 evaluable patients, the OR rate
was 65% (CR¼ 24%; NPR¼ 3%; PR¼ 38%). Among the
fludarabine-refractory patients, the OR rate was 51% (CR¼ 13%;
PR¼ 38%). Responses were also observed in patients with
unfavorable cytogenetics; 44% of patients with del(17p)
responded. Estimated median TTP for all responders and
OS for all patients were 26 months and 19 months, respectively.
Toxicities included grade 3 or 4 neutropenia and thrombocyto-
penia. CMV reactivation occurred in 12 patients.

Three studies have evaluated the efficacy and safety of
alemtuzumab combined with rituximab in patients with
relapsed or refractory CLL (OR¼ 0–67%; CR¼ 0–44%).199–202

Responses may be higher in patients who are not fludarabine/
purine analog-refractory and have less advanced disease. CMV
reactivation occurred in up to 27% of patients.

Fludarabine-refractory patients
Treatment of fludarabine-refractory patients has met with
limited success. Furthermore, a significant proportion (40–89%)
of these patients will develop serious infections.203–205

Historically, OR rates of 22% (CR 1%) with a median survival of
10–13months have been obtained after first salvage therapy with
a variety of agents.203–205

The mechanisms implicated in resistance to purine analogs
include (1) a low intracellular deoxycytidine kinase (dCK) to
5’-nucleotidase (5’NT) ratio leading to decreased phosphoryl-
ation of the purine analogs, (2) mutations, deletions, and/or
epigenetic silencing via promoter methylation of the tumor
suppressor protein p53 which is required for apoptosis, and (3)
overexpression of the antiapoptotic BCL2 family members
which can impair p53 activity.206

Purine analogs
Cladribine

Although structurally similar, cladribine and fludarabine
differ in their mechanism of inducing apoptosis. Unfo-
rtunately, this has not translated into clinical benefit for
fludarabine-refractory patients.207 In a very select group
of fludarabine-refractory patients (i.e. intermediate stage, good
baseline hematologic parameters, � 3 prior types of therapy,
� 6 cycles of fludarabine), a modest response was seen (OR
¼ 32%; CR¼ 0%) with an OS of 26 months with single-agent
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cladribine.208 However, few patients will fulfill these character-
istics, as demonstrated by an accrual time of 4 years for 28
patients.

Rituximab
The OFAR regimen, consisting of oxaliplatin, fludarabine,
Ara-C, and rituximab, can induce responses in 33% of
fludarabine-refractory patients (CR¼ 7%; PR¼ 27%), includ-
ing those patients with 17p abnormalities.209 The 6-month OS
was 89%.

Alemtuzumab
Single-agent alemtuzumab given either intravenously or sub-
cutaneously can induce OR rates of 31–46% (CR¼ 0–29%) in
this group of patients.189–194,210,211 Response duration ranged
from 8.7 to 15.4 months188 with reported median OS for all
patients being 16–27.5 months.

In a small pilot trial of only six patients the combination of
alemtuzumab and fludarabine (FCam) yielded responses even
in patients refractory to single-agent alemtuzumab and single-
agent fludarabine.197 A phase II study conducted by the
United Kingdom National Cancer Research Institute (NCRI)
involving 50 patients with fludarabine-refractory CLL con-
firmed that OR rates of 45% (CR¼ 16%; PR¼ 29%) can be
achieved with single-agent alemtuzumab; however, only 2
of 11 (18%) patients who were refractory to both fludar-
abine and single-agent alemtuzumab achieved a PR with
oral fludarabine and subcutaneous alemtuzumab combination
therapy.212

The combination of fludarabine, cyclophosphamide, alem-
tuzumab, and rituximab (CFAR) had activity in patients
with fludarabine-refractory CLL (OR¼ 51%; CR¼ 13%;
PR¼ 38%).135 Responses were observed in patients who had
previously been treated with FCR and FC combination
chemotherapy.

Patients who are both fludarabine- and alemtuzumab-
refractory (defined as failure to achieve a response following
at least 8 weeks of single-agent alemtuzumab or an alemtuzu-
mab-based regimen or disease progression within 3 months of
completing therapy) have a poor outcome. Salvage therapy
with a variety of agents induced OR rates of only 20% (CR
0%) with a median survival of 8 months.213 Major infections
occurred in 60% of patients during first salvage therapy.

Recently ofatumumab, a humanized antibody targeting
CD20 at a different epitope from rituximab, produced a
response rate of 58% in patients with CLL refractory to both
fludarabine and alemtuzumab. Side effects were predomin-
antly infusion-related and mild. The significant activity of this
agent in a high-risk population led to FDA approval of
ofatumumab in 2009.214

BCL2 family-targeted therapies
Oblimersen sodium

One of the mechanisms implicated in resistance to purine
analogs is overexpression of the anti-apoptotic BCL2 family

members.206 Therefore, in an attempt to reduce BCL2 levels
and render cells more susceptible to apoptosis-inducing
agents, a randomized phase III trial evaluating FC with or
without oblimersen sodium in 241 patients with relapsed or
refractory CLL was conducted.215 Oblimersen sodium
(OBL) is a first-generation phosphorothioate antisense oligo-
deoxynucleotide of 18 nucleotides in length that is directed
against the first six codons of the open reading frame of the
BCL2 mRNA.

The OR rate was similar for both groups. However,
a higher proportion of patients who were treated with OBL-FC
achieved a major response (i.e., CR or NPR [17% vs. 7%, respect-
ively; p¼ 0.025]). For responders (i.e., CR or NPR), the median
response duration was significantly shorter in the FC-only arm
compared to the OBL-FC arm (20 months vs. not reached,
respectively; p¼ 0.002). As observed for TTP, in patients achiev-
ing a response, the 5-year survival rates were 47% in the OBL-FC
arm compared with 24% in the FC-only arm (p¼ 0.038).216

Furthermore, among fludarabine-sensitive patients, the addition
of OBL to FC chemotherapy resulted in a significant survival
benefit (p¼ 0.004).

Hematopoietic stem cell transplantation
Autologous stem cell transplantation
The rationale behind autologous SCT (ASCT) is the linear
dose efficacy observed with some chemotherapeutic agents,
with higher doses resulting in higher tumor kill. However,
limitations include potential for re-infusion of the tumor cells,
development of secondary MDS, lack of graft-versus-leukemia
(GVL) effect, and recent improvements in response rates and
remission durations with chemoimmunotherapy alone.

Several randomized trials are underway comparing auto-
transplant to chemotherapy in previously untreated patients
with advanced CLL (http://www.ebmt.org/5workingparties/
clwp/clwp6.html).217,218 Preliminary results from two of these
trials in younger (i.e., < 60–66 years of age) patients with
advanced CLL have been reported.217,218 Only one reported
event-free survival (EFS) outcomes in favor of autotransplant
(median of 63.1 months vs. 23.6 months, respectively;
p< 0.001) and none reported OS. Furthermore, up to 30%
of patients did not receive the intended autotransplant.218

Analysis of mutational IGHV status is ongoing for both trials,
as it is unclear whether autologous SCT is superior to stand-
ard treatment, especially in patients at high risk, for example
unmutated IGHV gene status.219 Longer-term follow-up is
required to determine impact of autotransplant in patients
with advanced-stage and/or high-risk disease. Currently, the
use of autotransplant is not recommended outside of a
clinical trial.

Allogeneic stem cell transplantation
The underlying principles behind the application of allo-
geneic SCT are the higher antitumor activity with increased
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doses of chemotherapy, the GVL effect, and the lack of stem
cell contamination. However, allogeneic SCT is associated
with morbidity and mortality due to toxicities from the
conditioning regimen, the presence of graft-versus-host
disease (GVHD), and infectious complications. Further-
more, feasibility is limited by age restrictions and donor
availability. As first-degree relatives of patients with CLL
may harbor a monoclonal population of B cells with a

CLL-like immunophenotype,25,26 all potential HLA-identical
related donors should have peripheral blood evaluated by
flow cytometry.

In contrast to ASCT, allotransplant is associated with a
plateau in disease-free survival (DFS) and OS,220–225 suggest-
ing that allotransplantation may be curative for some
patients. Allogeneic SCT may also be superior to standard
treatment and/or autotransplant in patients with CLL and an

Table 5.10. Selected non-myeloablative stem cell transplantation trials

Investigator, y
(references)

Patient characteristics Median
F/U

Response and toxicity

Median
age (y)

n Time from
diagnosis to
SCT (range,
mo)

Status prior to
SCT (%)

MUD
(%)

TRM (%) Disease
control

Overall
survival

Dreger 2003 237

(EBMTR)
54 77 49 (8–146) CR (10); PR (55) 18 1.5 yr TRM1yr

18%
CR 69%
PR 22%
EFS2yr
56%

OS2yr 73%

Schetelig
2003 241

50 30a 48 (12–204) Refractory (46) 50 2 yr NRM2yr

15%
CR 40%
PR 53%
PFS2yr
67%

OS2yr 72%

Khouri 2004 229 54 17 67 (22–168) Refractory (53) 0 1.8 yr 0% at
100-day;
TRM2yr

22%

CR 71%
PR 24%
PFS2yr
60%

OS2yr 80%

Sorror 2005 239 56 64b 52.8 (7.2–300) Refractory (53) 31 2 yr NRM2y

22%
CR 50%
DFS2yr
52%

OS2yr 60%

Caballero
2005 240

53 30c 44 (6–201) Refractory (20);
CR (17); PR (63)

0 3.9 yr NRM5.7yr

22%
DFS5yr
93%

OS5yr 72%

Schetelig
2004 238

54 20 NR NR 80 1.1 yr NR PFS1yr
50%

OS1yr 75%

Brown 2005 233 53 50 76.8 (2.4–
176.4)

Refractory (6);
CR (16); PR (26)

62 1 yrd NR PFS2yr
28%d

OS2yr
48%d

Delgado 2006 230 54 41 54 (10–164) Refractory (17);
CR (12); PR (70)

42 1.2 yr 5% at
100-day;
TRM2yr

26%

PFS2yr
45%

OS2y 51%

Michallet 2006 225

(SFGM-TC)
49e 158e 51e CRþ PR (51)e 89e 40moe NRM1yr

29% e
NRe OS8yr

35%e

Brown 2008 232 55 62 NR CRþ PR (56) 66 3.3 yr TRM3yr

15%
PFS3yr
54%

OS3yr 65%

Notes: aIncludes 1 patient with PLL.
bIncludes patients with CLL/SLL (n¼ 5) and CLL/PLL (n¼ 3)
cIncludes 2 patients with Richter’s syndrome.
dSurviving patients only (n¼ 31).
eIncludes 73 patients who received NMA SCT.
EBMTR: European Bone Marrow Transplant Registry; MUD: matched unrelated donor; F/U: follow-up; TRM: treatment-related mortality; NRM: non-relapse mortality; NR:
not reported.

Chapter 5: CLL/SLL

92



unmutated IGHV gene status or 17p deletion.226,227

Recent data suggest that patients with negative MRD status
have an improved survival compared to those with MRD-
positivity.195 However, it is unclear whether allergenic SCT
offers any additional benefit to patients who have already
achieved MRD-negativity after chemoimmunotherapy.226

There are no published randomized trials comparing allo-
geneic SCT to standard chemotherapy and/or ASCT in
patients with CLL. The optimal source of stem cells (i.e.,
bone marrow versus peripheral blood), the best conditioning
regimen, the timing of the transplant, and patient selection
remain to be defined.

Non-myeloablative stem cell transplantation
Non-myeloablative (NMA) allogeneic SCT was developed in
order to minimize the toxicity of the preparative regimen and
to exploit the potential for immune-mediated GVL effect. The
low-dose NMA preparative regimen (often fludarabine-based)
is designed not to eradicate the leukemia but to provide
sufficient immunosuppression to allow engraftment of donor
stem cells and development of a GVL effect. This strategy
allows for treatment of patients who are older and/or have
comorbidities that prevent use of standard, ablative condi-
tioning regimens.

Although follow-up is relatively short, NMA SCT is associ-
ated with a much lower cumulative and 100-day transplant-
related mortality (TRM) compared with myeloablative SCTs
(16–26% and 0–5%, respectively, vs. 38–50%, and 11–29%,
respectively), but potentially higher relapse rates (Table 5.10).
220–222,224,225,228–232 However, the incidences of grade 2 to 4 acute
GVHD and chronic GVHD appear to be comparable in patients
receiving either NMA or myeloablative SCTs (9–63% and
33–75%, respectively, vs. 37–56% and 40–85%, respect-
ively).220,224,228–230,233–238 Data suggest NMA SCT may over-
come the negative prognostic impact of ZAP-70-positivity,
unmutated IGHV gene status, and/or chromosomal abnormal-
ities.240–242 The optimal conditioning regimen and strategy for
prophylaxis of GVHD are unknown. Longer follow-up is
required to determine if remissions are durable, whether rates
of relapse or disease progression are comparable to those

achieved with myeloablative SCT, and whether the use of donor
leukocyte infusions (DLIs) to either achieve full donor chimerism
or control disease post-transplant is effective. In view of these
uncertainties, NMA SCTs should be performed in the context of
a clinical trial.

Conclusions
Significant changes in the understanding and management
of CLL have occurred in the last two decades. With the
advent of newer treatment modalities, such as purine che-
moimmunotherapy, substantial improvements have been
made in achieving CRs, with a proportion of patients
achieving molecular remissions and durable responses,
which may translate into prolonged survival for these
patients. Several questions remain unanswered in patients
with symptomatic previously untreated CLL, including (1)
the value of new prognostic testing in guiding initial ther-
apy, (2) the optimal first-line therapy, (3) the role of main-
tenance therapy, and (4) the role of allogeneic SCT.
Furthermore, despite the advances made in the understand-
ing and treatment of CLL, the majority of patients will
relapse after initial therapy. There is a paucity of data to
guide choice of appropriate salvage therapy in patients with
relapsed or refractory CLL.

Also, prior to the development of the revised IWCLL–NCI-
WG guidelines, there was no widely accepted definition for
relapsed and refractory CLL. This lack of a standardized def-
inition for relapse or refractory disease has impeded compar-
ability between studies and the evaluation of the clinical
significance of new therapeutic agents.

Allogeneic myeloablative and NMA SCT may be reason-
able and feasible options in the setting of patients with relapsed
and/or refractory CLL. However, responses and remission
durations are not satisfactory with the currently available sal-
vage therapies. Novel agents need to be evaluated and newer
treatment strategies need to be developed in order to circum-
vent or overcome resistance, optimize responses, and poten-
tially cure CLL. In the absence of data to guide salvage therapy
in these patients, enrollment onto a clinical trial should be
considered.
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Chapter

6 Myelodysplastic syndromes (MDS)

Stefan H. Faderl, Guillermo Garcia-Manero, and Hagop M. Kantarjian

Introduction
Myelodysplastic syndromes (MDS) are a heterogeneous group
of hematopoietic stem cell disorders which are distinguished
by cytopenias in the face of hypercellular marrows and dys-
plastic hematopoietic cell lines.1 Up into the 1970s MDS have
been called “preleukemia” expressing the proximity of MDS to
acute myeloid leukemia (AML), and their capacity to evolve
into AML over time. Although MDS is the currently accepted
term, the pathophysiology of MDS varies widely extending
from abnormalities of apoptosis and differentiation to prolifer-
ation and maturation arrest. It is nowadays also better under-
stood that there are notable differences between MDS and
AML, a separation which is also underlined by the clinical
manifestations and prognosis of MDS, which are primarily
determined by cytopenias and not leukemic transformation.2

The complexity of pathophysiology and resultant heterogen-
eity of prognosis have led to several recent attempts to fine
tune criteria for diagnosis and classification. In addition,
recent years have also seen important advances of treatment
with respect to hematopoietic growth factors, iron chelation,
and particularly epigenetic therapy and immunomodulatory
inhibitory derivatives (e.g., lenalidomide). These developments
have made the care of patients with MDS more demanding but
at the same time more satisfying as the possibilities for patients
with MDS are now larger than before.

Epidemiology and etiology
MDS occurs with an incidence of 3.5–12.6 per 100 000 per year
in the United States and is more frequent in men than women.
The incidence increases with age however, and can amount to
as high as 20–50 per 100 000 in individuals over 60 years, but
may yet remain under diagnosed in a substantial number of
patients.3,4 A recent analysis of a Medicare claims database
puts the incidence of MDS as high as 41 per 100 000 popula-
tion emphasizing the significant economic implications of
MDS based on the high incidence of cardiac, pulmonary, and
endocrine (diabetes) complications for transfusion-dependent

patients.5 Reasons for underdiagnosing MDS in the past may
have included a lack of reporting, overlap with other disorders
(e.g., aplastic anemia, myeloproliferative diseases, or AML), or
simply a perceived lack of effective therapeutic intervention
(e.g., in older patients with comorbidities).

The etiology of MDS remains unknown in most patients.
A relationship to predisposing factors is found in only 20–
30%.6,7 In addition to factors such as smoking, use of hair dyes,
exposure to agricultural and industrial toxins, occupational
exposures to stone and cereal dusts, or exposure to ionizing
radiation (atomic bomb survivors in Japan, decontamination
workers following the Chernobyl nuclear plant accident,
chronic exposure to low-dose radiation such as with radio-
pharmaceuticals), one of the most striking forms of secondary
MDS is treatment-related MDS (t-MDS).8 The incidence of
t-MDS is increasing because of better outcome for tumors that
formerly lacked effective therapy and can nowadays be as high
as 10–15% at 10 years following the primary malignancy (e.g.,
in Hodgkin lymphoma, non-Hodgkin lymphoma, or breast
cancer).9 Risk factors associated with t-MDS include the
cumulative dose of alkylating agents (e.g., cyclophosphamide,
melphalan) or topoisomerase II inhibitors (e.g., etoposide),
previous radiation exposure, older age, and use of radiotherapy
prior to transplantation. t-MDS following alkylator therapy
has a latency period of 3–8 years and is often associated with
abnormalities of chromosomes 5 and 7, whereas the latency
period following topoisomerase II inhibitors is shorter (e.g.,
2–3 years), and cytogenetic-molecular abnormalities more
frequently involve rearrangements of the MLL gene on
chromosome 11q23.

Secondary and t-MDS are distinguishable from primary
MDS by an earlier age of onset, more prominent dysplasia,
more severe cytopenias, more rapid progression to AML, and
worse outcome.

Clinical and laboratory features
Most frequently, patients present with fatigue, pallor, exer-
tional dyspnea, infections, and easy bruising and bleeding.
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Lymphadenopathy and hepatosplenomegaly (10–20%) and
central nervous system involvement are rare.

Among laboratory abnormalities, anemia is most common
followed by neutropenia and thrombocytopenia. Monocytosis
exceeding 1� 109/L in the blood favors a diagnosis of chronic
myelomonocytic leukemia, CMML). Marrow and blood smears
demonstrate dysplasia of varying severity in one or more cell
lines (Table 6.1). It should be noted that dysplastic changes are
not pathognomonic for MDS and can be seen in many other
conditions. Dyserythropoiesis in particular is a common mani-
festation of secondary dysplasia and other conditions associ-
ated with dysplasias and cytopenias need to be excluded: B12 or
folic acid deficiencies; nutritional deficiencies in general (anor-
exia nervosa); exposure to antibiotics, chemotherapy, ethanol,
benzene, or lead; regenerating bone marrow following a hypo-
plastic phase induced by drugs or infections; HIV-positive
disease; chronic inflammation and tuberculosis; liver disorders;
hypersplenism; Hodgkin disease, lymphomas, and metastatic
disease to the marrow.10 In some situations, follow-up testing
and an observation period will help to clarify the diagnosis.

The marrow in MDS is typically hypercellular, although
hypocellular variants may occur occasionally. In the latter case,
a significant overlap with aplastic anemia or other disorders
based on autoimmune-mediated mechanisms may exist and
these patients may benefit from immunomodulatory therapies.

The role of cytochemical stains is more limited in MDS
than AML, but they may play a role in some situations such as
(1) iron to assess iron content and to identify ringed side-
roblasts; (2) reticulin to define the degree of fibrosis; and
(3) platelet antibodies to highlight micromegakaryocytes.

Additional abnormalities observed in MDS include polyclo-
nal gammopathies in up to one-third of patients, monoclonal
gammopathies or hypogammaglobulinemia, the presence of
autoimmune antibodies, and B- or T-cell abnormalities.

Pathogenesis
Models of MDS pathogenesis assume a multistep process mani-
fested as ineffective hematopoiesis from increased apoptosis
and impaired differentiation and additional molecular hits
leading to genomic instability, karyotypic evolution, prolifer-
ation, and maturation arrest. Identification of specific, identifi-
able molecular abnormalities of the hematopoietic cells in
MDS remains limited and therefore the impact of the micro-
environment and other components of the non-hematopoietic
cell milieu have been emphasized more recently. Some aspects
of the process have been elucidated, opening the way to thera-
peutic interventions.

The hallmark of MDS is ineffective hematopoiesis asso-
ciated with dysplasia.11 Dysplasia is considered to reflect
apoptosis of hematopoietic progenitors. According to one
hypothesis, the early stages of MDS are characterized by exces-
sive proapoptotic signals, which are counterbalanced by a
compensatory phase of excessive hematopoiesis, hence the
apparent paradox of peripheral cytopenias in the presence of
hypercellular marrows.12 Increased apoptosis has also been
demonstrated in cells of the microenvironment, suggesting
that the primitive stem cell involved may be a progenitor to
both hematopoietic and stromal cells. Several cytokines and
intracellular proteins have been implicated: (1) overexpression
of the proapoptotic BCL2 family members in early stages of
MDS and the reverse observation in later stage MDS and
secondary AML;13 and (2) high levels of tumor necrosis factor
alpha (TNF-a) with induction of Fas expression. TNF-a
mRNA is overexpressed in marrows from MDS, but not in
normal marrows or marrows from AML. Similar to the activ-
ity of BCL2 family proteins, TNF-a overproduction seems to
be restricted to earlier MDS phases.14 Heterogeneity of the
behavior of MDS is furthermore promoted by the contribution
of additional processes such as abnormal marrow environ-
ment, immune dysregulation, increased function of macro-
phages, and changes in microvessel density and expression of
angiogenic factors and their receptors, respectively.

Of particular interest are recurrent cytogenetic abnormalities,
some of which have been associated with specific clinical syn-
dromes.15 To underline biologic differences with AML, dele-
tions, numerical abnormalities, and unbalanced translocations
are more commonly observed in MDS, whereas translocations
specifically associated with MDS are rare. Chromosomes
frequently involved are 3 (MDS1-EVI-1), 5 (e.g., 5q-), 7 (e.g.,
monosomy 7 and 7q-), 8 (e.g., trisomy 8), 20 (e.g., monosomy
20, 20q-), and complex abnormalities (Figure 6.1).16 The prog-
nostic significance of cytogenetic abnormalities in MDS is sub-
stantial, not inferior in its significance to a high blast percentage,
and therefore underestimated in the currently used clinical
prognostication tables (see IPSS below) (Table 6.2).17 Of interest
are abnormalities of chromosome 5, as several genes involved
in hematopoiesis have been mapped to this region (e.g.,
macrophage colony-stimulating factor [M-CSF], granulocyte-
monocyte colony-stimulating factor [GM-CSF], interleukin

Table 6.1. Morphologic criteria of dysplasia

Dyserythropoiesis Dysmyelopoiesis Dysmegakaryopoiesis

– Anisocytosis – Hypogranulation – Large abnormally
granular platelets or
hypogranular platelets

– Poikilocytosis – Hyposegmentation
(Pelger-Huët-like)

– Macrocytosis

– Marrow
dyserythropoiesis
including ringed
sideroblasts,
asynchronous
maturation,
abnormal nuclear
shapes, and
chromatin
clumping

– Marrow
micromegakaryocytes
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[IL]-4 and IL-5, CD14, interferon regulatory factor [IRF]-1, the
receptors for platelet-derived growth factor [PDGF], and others).
SomeMDS patients with an interstitial deletion of chromosome
5 meet the definition of the 5q- syndrome (Table 6.3).18 The
most commonly involved deleted region affects segment 5q13-
q31. Although identification of a critical gene has long evaded
scientific enquiry, more recently decreased expression (haploin-
sufficiency) of a ribosomal protein, RPS 14, was found to inhibit
erythroid growth, and promote megakaryocytic colony growth
and erythroid apoptosis.19

Genomic instability and numerous additional molecular
hits (RAS, FLT3, KIT, PDGFRb, FMS, JAK2, CTNN1, and
others) have been observed in MDS and characterize the transi-
tion from excess apoptosis to increased proliferation and mat-
uration arrest.20,21 Implication of CTNN1, located on 5q31 and
part of the heme biosynthesis pathway, is interesting as it links
abnormal mitochondrial iron regulation to some forms ofMDS
(such as RARS, see below). Abnormal methylation of DNA
promoter areas and deacetylation of histones (protein com-
plexes that form part of the chromatin structure of genes) have
been linked to silencing of genomic regions including tumor
suppressor genes. Hypermethylation of SOCS1 (suppressor of
cytokine signaling) has been observed in almost half of the
patients with high-risk MDS, but only in 20% of patients with

early-stage disease.22 SOCS1 methylation was associated with
RAS gene mutations, with adverse karyotype, and with a higher
risk of leukemic transformation.

A hypothetical model of the pathobiology of MDS starts
with suppression of normal hematopoiesis by polyclonal,
unaffected CD8-positive T cells and other cytotoxic suppressor
cells through production of proapoptotic cytokines (e.g.,
TNF-a, the Fas/Fas ligand system, transforming growth factor
beta [TGF-b]). An exaggerated immune response following
injury to hematopoietic progenitors thus provides the rationale
for the use of immunomodulatory therapy in MDS (e.g.,
antithymocyte globulins [ATG], ciclosporin, corticosteroids)
or antiapoptotic mediators. As proliferation continues, geno-
mic instability and additional molecular hits may shift the
balance from excessive apoptosis towards maturation arrest
and unchecked proliferation as can be seen more commonly
in advanced stages of MDS.

The role of the marrow microenvironment and non-hema-
topoietic cellular components has long been underestimated, but
has recently received renewed support by the success of immu-
nomodulatory, antiangiogenic, and microenvironment-oriented
therapies such as lenalidomide in at least some subtypes ofMDS.

The classification of MDS
Historically, the classification of MDS has been heavily focused
on morphologic criteria and in that sense, the classification by
the French–American–British (FAB) group provides the basis
for all subsequent classifications.23 It categorizes patients based
on percentage of blood and marrow blasts, the presence of
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Figure 6.1 Karyotype and survival in MDS.

Table 6.2. Karyotype and survival in MDS

Karyotype Median survival (months)

9q-, 15q-, t(15q), 12p-, þ21, 5q- � 77

-X, diploid, -Y, t(1q), t(7q), t(11q), -21 32–56

11q-, þ8, þ19, 7q-/-7, complexa 14–26

Complex,a t(5q) 4.4–8.7

Note: a � 3 abnormalities.

Source: Modified from Haase et al.17

Table 6.3. Clinical and pathologic characteristics of the 5q- syndrome

Demographics

� Younger age

� Female gender

Clinicopathologic features

� Isolated del(5)(q31-q33)

� Macrocytosis, erythroid hypoplasia, mono- or hypolobated
megakaryocytes

� Normal or elevated platelet count

Disease course

� Low rate of AML transformation (5–10%)

� Long median survival (> 5 yrs)

� Prolonged packed red blood cell (PRBC) transfusion needs (risk
of iron overload)

Therapy

� Lenalidomide� hematopoietic growth factors

� High rate of transfusion independence (> 60%)

� Durable response duration (median 	 2 yrs)
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marrow ringed sideroblasts, the number of peripheral mono-
cytes, and the presence of Auer rods. Five subtypes are defined
(Figure 6.2): refractory anemia (RA), refractory anemia with
ringed sideroblasts (RARS), refractory anemia with excess of
blasts (RAEB), refractory anemia with excess of blasts in
transformation (RAEB-t), and CMML.

Although time-tested and valuable, a number of limitations
of the FAB classification led to a new proposal by the World
Health Organization (WHO), which tried to integrate
biologic, immunophenotypic, and genetic information in add-
ition to morphologic criteria.18,24 Although morphologic cri-
teria remain a cornerstone of the WHO system, important
differences compared to FAB exist (Figure 6.2): (1) RA and
RARS are divided by unilineage and multilineage dysplasia;
(2) RAEB is separated into RAEB-I (5–10% blasts) and RAEB-
II (11–19% blasts); (3) RAEB-t has been eliminated and
patients with � 20% blasts are now diagnosed to have AML;
(4) CMML is not part of MDS any longer, but a separate entity
characterized by either myelodysplastic or myeloproliferative

features; and (5) there is now a group of unclassifiable MDS.
The WHO categories have correlated better with prognosis
and response to therapy than the FAB system.25 Attempts at
a molecular classification of MDS and identification of genetic
abnormalities in morphologic subgroups (e.g., JAK2mutations
in refractory anemia with ringed sideroblasts and thrombocy-
tosis [RARS-T]) are in early stages, but will undoubtedly
expand rapidly in the years to come leading to revisions of
the WHO as it is known today.

The International Prognostic Scoring System (IPSS) was
developed in 1996 based on a multivariate analysis of 816
patients with de novo, untreated (except for supportive care)
MDS.26 Calculating from the time of diagnosis, three variables
were significant for survival and AML transformation: percent
of marrow blasts, cytogenetic abnormalities, and severity of
blood cytopenias. It assigns points to each of the factors and
divides patients into low-, intermediate-1-, intermediate-2-, and
high-risk groups with a corresponding decline of median sur-
vival times and increase of the risk of AML transformation,
respectively (Table 6.4). Given the characteristics of the patients
based on whom the IPSS was developed it should be kept in
mind that expectations for survival and AML transformation
may not apply to other patients, such as previously treated
patients or those referred to tertiary care centers. For example,
the median survival of patients with IPSS low and intermediate-
1 groups referred to MD Anderson Cancer Center was only 2.1
and 1.2 years, respectively.27 Furthermore, the IPSS under-
values poor prognostic cytogenetic abnormalities and does not
take into account the significance of bad neutropenia and/or
thrombocytopenia. Refinements of the IPSS therefore continue
to be proposed. The WPSS (WHO-based prognostic scoring
system) includes transfusion dependency, which has been asso-
ciated with poorer prognosis in MDS, cytogenetic risk group,
and criteria of the WHO classification.28

FAB RA RARS RAEB RAEB-t CMML 

% BM blasts
% PB blasts
% RS
Mono (× 109/L) 

WHO

< 5
? 1

< 5
? 1

> 15

5–910–19 20–29
? 5

< 20
< 5

? 1

< 5

RA RCMD

RCMD
(with RS) 

RARS

RAEB-I RAEB-II

AML 

MDS/MPD
CMML 

Figure 6.2 FAB and World Health Organization (WHO) classification:
diagnostic criteria. BM: bone marrow; PB: peripheral blood; RS: ringed
sideroblasts; Mono: monocytes; RCMD: refractory cytopenia with multilineage
dysplasia; MPD: myeloproliferative disease.

Table 6.4. The International Prognostic Scoring System (IPSS) for MDS

Prognostic variable Score value

0 0.5 1 1.5 2.0

Marrow blasts (%) < 5 5–10 – 11–20 21–30

Karyotypea Good Intermediate Poor

Cytopeniasb 0/1 2/3

Combined score IPSS risk group Survival (%)c Progression to AML (%)c

0 Low 55 15

0.5–1 Int-1 35 30

1.5–2 Int-2 7 65

> 2 High 0 100

Notes: Int, intermediate.
aGood: diploid, -Y, del(5q), del(20q); Poor: complex, chromosome 7 abnormalities; Intermediate: others.
bHemoglobin < 10 g/dL, neutrophils < 1.5� 109/L, platelets < 100� 109/L.
cAt 5 years.
Source: Modified from Greenberg et al.26
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TheMDAnderson group published a new prognostic model
accounting for duration of MDS and prior therapy.29 It was
based on almost 2000 patients with MDS of whom only about
one-quarter had primaryMDS without any prior therapy and to
whom the original IPSS would have been applicable. Based on a
multivariate analysis, four prognostic groups of patients could
be identified with significantly different outcomes.

Other groups of MDS
Hypocellular MDS
Rather than hypercellular, a few patients withMDS present with
hypocellular marrows, a situation which is not always easy to
distinguish from aplastic anemia.30 Both conditions share
common features such as T-cell-mediated myelosuppression,
presence of parokysmal nocturnal hemoglobinuria (PNH)-type
clones, and responsiveness to immunomodulation. Distinctive
features based on antigen expression patterns of CD34-positive
cells by flow cytometry or immunohistochemistry have been
suggested.31 In practice, however, therapy may often be similar.

MDS with myelofibrosis
About 15% of patients with MDS have sufficient reticulin fibro-
sis to warrant the diagnosis. Minimal diagnostic criteria include
diffuse, coarse reticulin fibrosis and dysplasia in at least two cell
lineages. Depending on blast percentage and other clinical fea-
tures, the differential diagnostic considerations include acute
panmyelosis with fibrosis (APMF), acute megakaryocytic leu-
kemia (FABM7), malignant lymphomas, or hairy cell leukemia.
Marrow fibrosis identifies a distinct subgroup of MDS associ-
ated with high transfusion requirements and poor prognosis.32

Myelodysplastic syndromes/myeloproliferative
neoplasms (MDS/MPN)
This category includes myeloid disorders, which are difficult to
unambiguously assign to a purely dysplastic or proliferative
entity as they share characteristics of each. CMML serves as
a good example to highlight some of the controversies.33

Formerly part of the FAB classification and counted among

MDS, it has since become a separate disease entity with some
distinct features. Cytogenetic abnormalities are less frequent
than in MDS and, when present, involve monosomy 7, trisomy
8, or other structural changes including 12p. Among molecular
abnormalities disruptions of the PDGFRb gene located on
chromosome 5q33 were first described as the result of
the reciprocal translocation t(5;12). The resulting TEL-
PDGFRb fusion tyrosine kinase leads to constitutive and
ligand-independent stimulation of the tyrosine kinase activity
of PDGFRb and to a phenotype more consistent with a
MPD than MDS. Several translocations lead to fusions of
PDGFRb with other genes, and ultimately result in the same
consequences.34,35

RARS-T (Refractory anemia with ringed sideroblasts
and thrombocytosis)
RARS-T is a fairly recently defined subgroup of MDS. On a
molecular level, it is characterized by a mutation of JAK2, which
is typically found in patients with MPD (mostly polycythemia
vera). The JAK2mutation is thought to drive the thrombocytosis.

Therapy
For many years supportive care was the only available therapy
for MDS except for “active therapy” in the form of AML-type
chemotherapy or stem cell transplant (SCT) in the case of
advanced stages or progression to AML. This situation has
changed radically as new drugs became available in recent years,
which combine activity with acceptable toxicity and tolerability.
Treatment decisions in MDS have hence become even more
challenging as therapeutic decisions are also determined by
other factors such as age and performance status, the IPSS score,
and disease-specific characteristics (e.g., abnormalities of 5q-).
Specific criteria and guidelines which help in the decision-
making process have been established and are constantly revised
(Figure 6.3). It is important to be clear about the goals of therapy
in MDS, which differ from those in other hematologic malig-
nancies. MDS is often a chronic ailment that creates morbidity

Low-risk 
(IPSS low/int-1 

BM blasts < 10%) 

High-risk 
(IPSS int-2/high

BM blasts ≥ 10%)

Age ≥ 60 

HGF1

DNMTI 
IMiDs3

Clinical trial 

Age < 60 Age ≥ 60 Age < 60

Supportive care 
DNMTI 
IMiDs3

Clinical trial 

SCT2

AML-type therapy
DNMTI 

Clinical trial 
Supportive care1

DNMTI 
AML-type therapy

SCT 
Clinical trial 

Supportive care

Figure 6.3 Possible treatment algorithm for MDS.
Decision of low- versus high-intensity treatment
based on IPSS score, age, and performance status.
1Growth factors/supportive care in patients with
poor performance status; 2SCT especially for
younger patients with matched-related sibling
donor; 35q- MDS. HGF: hematopoietic growth
factors; BM: bone marrow; DNMTI: DNA
methyltransferase inhibitor (azacitidine, decitabine);
IMiD: immunomodulatory inhibitory drug
(lenalidomide); SCT: stem cell transplantation.
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andmortality because of refractory cytopenias and not, for most
patients, from progression to AML. For practical purposes,
patients are therefore usually divided into those with lower-
versus those with higher-risk disease (based on IPSS alone or
in some cases based on < 10% versus � 10% marrow blasts).
Patients with low-risk MDS can sometimes be observed as long
as they are asymptomatic, have few marrow blasts, and are not
transfusion-dependent. At any sign of progression they can then
be assessed for therapeutic intervention as outlined in Table 6.5.
Because of the more rapid pace of disease and poorer prognosis
with high-risk MDS, prompt therapy is usually recommended.
In either case, efforts should be made to enroll patients in
clinical trials. The goal of low-intensity programs is to produce
improvement of hematologic indices and quality of life, whereas
high-intensity programs are aimed at achieving remissions and
therefore changing the natural history of the MDS.

As there has been considerable heterogeneity among inter-
pretation of clinical trials in the past, adherence to a proposed
set of standardized response criteria for clinical trials in MDS
has largely facilitated reporting of responses and continues to
be crucial in the evaluation of patients with MDS on therapy
(Table 6.6).36,37

Supportive and low-intensity therapy
If the goal is hematologic improvement while at least main-
taining an acceptable quality of life the possibilities in-
clude transfusions of blood products, administration

of hematopoietic growth factors, and use of antibiotics. For
some patients, immune suppression (ATG, cyclosporine),
immunomodulatory inhibitory derivatives (lenalidomide), or
hypomethylating agents (azacitidine or decitabine) may be
appropriate. Supportive care and other forms of MDS-specific
therapy are therefore not mutually exclusive, and used in
combination may be synergistic.

Iron chelation therapy
Clinically significant iron accumulation may be expected in
patients who have received 5 g of iron or the equivalent of
25 units of packed red blood cells. Iron accumulation is of
concern in patients with more indolent forms of MDS who are
likely to require transfusion support over several years (e.g., in
5q- syndrome). Iron overload can be effectively managed with
iron chelation therapy. Desferioxamine (Desferal) has been in
use for many years and is administered either subcutaneously
or intravenously on up to 5-7 days/week. Deferasirox (Exjade)
is a once-daily oral iron chelator, which has recently been
approved in the United States for treatment of transfusional
iron overload in adult and pediatric patients. Use of iron
chelation in patients with MDS has shown to result in
improvement of survival in lower-risk MDS with low transfu-
sion needs (less than 2 units per month).38,39

Hematopoietic growth factors
Erythropoietin or darbepoietin (a modified form of erythro-
poietin with prolonged serum half-life and increased in vivo
biologic activity requiring less frequent dosing) alone or with
granulocyte colony-stimulating factor (G-CSF; filgrastim) can
result in erythroid responses in 40–50% of patients, particu-
larly those with low endogenous erythropoietin levels, which
are durable for a median of 2 to 2.5 years. Low pretreatment
serum erythropoietin levels (< 200–500mU/mL), infrequent
transfusion requirements (< 2 units packed red blood cells
per month), and favorable IPSS group have been predictive
for response.40,41 The combination of erythropoietin plus
filgrastim achieves durable responses (median duration of
up to 29 months in responding patients) and not only
improves anemia, but also survival for patients with above
defined characteristics.42 Higher doses of erythropoietins may
improve response rates.

Patients with severe neutropenia present a bigger challenge
and/or thrombocytopenia as response rates under those cir-
cumstances are lower than in patients with predominantly
anemia. Patients with neutropenia should be counseled about
the risk of infections and be aware of the telltale signs and
symptoms in order to seek prompt medical attention when
necessary. Filgrastim (or its pegylated variant pegfilgrastim) or
GM-CSF (sargramostim) should be used in patients with neu-
tropenic fever or to boost response rates in combination with
erythropoietins as outlined above. Either agent may improve
neutropenia in up to 70% of patients, but no data exist to prove
that they would reduce the number of infectious episodes,

Table 6.5. Therapy in MDS

Low-risk High-risk

� Hematopoietic growth factors � DNMT inhibitors

– Erythropoietin� filgrastim/
pegfilgrastim

– azacitidine

–decitabine

� Immunomodulation � Intensive
chemotherapy
(younger patients,
diploid cytogenetics)

– Antithymocyte globulins �
ciclosporin, � steroids

� Lenalidomide for 5q- � Allogeneic stem cell
transplantation

� Imatinib mesylate for
translocations involving 5q33, e.g.,
t(5;12)

� Investigational

� DMNT inhibitors

– azacitidine

– decitabine

� Investigational (histone
deacetylase inhibitors)
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prolong survival, or influence the rate of transformation to
AML.

Severe thrombocytopenia (platelet count < 20� 109/L) can
be expected to occur in almost a fifth of MDS patients, with
hemorrhagic complications ranging from 3% to 53% (depending
on therapy administered), and the frequency of hemorrhagic
deaths ranging from 14% to 24%.43 Recombinant human IL-11
(oprelvekin) is a megakaryocytic growth factor that stimulates
proliferation and maturation of megakaryocytic progenitor cells
and has been approved by theUS Food andDrugAdministration
(FDA) for prevention of severe thrombocytopenia following
myelosuppressive chemotherapy. However, adverse events
(arrhythmias, fluid retention) may be severe, especially in elderly
patients, and response rates in up to a third of patients (mainly
with platelet counts< 20� 109/L) are rather low.44 Recently, two
new drugs have emerged on the market which both work via the
thrombopoietin (TPO) receptor site, thus stimulating prolifer-
ation and differentiation of marrow megakaryocytes. Eltrombo-
pag is an orally available small molecule binding to the TPO

(c-mpl) receptor thereby activating Jak-Stat signaling pathways.45

Romiplostim is a fusion protein analog (peptibody) which shares
two peptide residues with four TPO receptor binding sites.46

Both drugs received FDA approval in idiopathic thrombocyto-
penic purpura (ITP). Although they have both raised interest
in MDS therapy, their role in MDS remains undefined at this
point.47

Immune modulation therapy
Immunosuppression
Some patients with MDS may benefit from immunosuppressive
therapy with antithymocyte (ATG) or antilymphocyte (ALG) glo-
bulins and ciclosporin with or without corticosteroids. Responses
of immunosuppressive therapy vary widely and have been
reported to be between 16% and 50%.48,49 Expression of
D-related human leukemic antigen 15 (HLA-DR15), a CD59-
deficient phenotype, marrow hypocellularity, low-risk MDS in
the absence of cytogenetic abnormalities, and a short history of

Table 6.6. Modified International Working Group response criteria in MDS

Criteria for altering the natural history of MDS

Category Response criteria (responses must last at least 4 weeks)

Complete remission (CR) � Marrow:

� 5% blasts with normal maturation of all cell lines

� Blood:

Hemoglobin � 11 g/dL, platelets � 100� 109/L, neutrophils � 1� 109/L, blasts 0%

Partial remission All CR criteria if abnormal before treatment except:

� Marrow:

Blasts decreased by � 50% over pretreatment but still > 5% (cellularity and morphology not relevant)

Cytogenetic response � Complete:

Disappearance of the chromosomal abnormality without appearance of new ones

� Partial:

At least 50% reduction of the chromosomal abnormality

Criteria for hematologic improvement

Category Response criteria (responses must last at least 8 weeks)

Erythroid responsea � Hemoglobin increase by � 1.5 g/dL

� Relevant reduction of units of red blood cell (RBC) transfusions by an absolute number of at least 4 RBC
transfusions/8 wk compared with the pretreatment transfusion number in the previous 8wkb

Platelet responsea � Absolute increase of � 30� 109/L for patients starting with > 20� 109/L platelets

� Increase from < 20� 109/L to > 20� 109/L and by at least 100%

Neutrophil responsea � At least 100% increase and an absolute increase > 0.5� 109/L

Notes: aHematologic improvement is measured in patients with the following pretreatment abnormal values: hemoglobin< 11g/dL or RBC-transfusion dependence,
platelet count < 100� 109/L or platelet-transfusion dependence, absolute neutrophil count < 1� 109/L. Pretreatment counts are averages of at least 2
measurements (not influenced by transfusions) � 1 week apart.
bOnly RBC transfusions given for a hemoglobin of � 9 g/dL pretreatment will count in the RBC transfusion response evaluation.
Source: Modified from Cheson et al.37
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transfusion dependence have been correlated with a higher like-
lihood of response to immunosuppression. Recent larger studies,
however, have challenged the predictive value of these
factors.50,51 Among 68 patients with MDS treated with ATG,
the only independent variable for response and survival was a
more favorable IPSS score.50 Combining ATG with ciclosporin
leads to higher responses than ATG alone.51 Response durations
are in the range of up to 1 year and in general shorter than can be
achieved in aplastic anemia.52 ATG are derived from horses,
goats, and other animals, so that problems with serum sickness
and other toxicities are frequent, especially in older patients.
Selection of appropriate patients is therefore essential. The cur-
rent consensus seems to favor younger patients with low-risk
MDS and possibly with shorter MDS duration.

Immunomodulatory inhibitory drugs (IMiDs)
Lenalidomide (a 4-amino-glutarimide analog of thalidomide)
stimulates T lymphocytes to shift from Th-1 to Th-2 responses
and enhances cell-mediated immunity. In addition, it has an
anticytokine effect and inhibits basic fibroblast growth factor
(bFGF) and vascular endothelial growth factor (VEGF)-
induced angiogenesis. Its precise mechanism of action is
unclear and may be a combination of any of the ones described.
In a combined phase I/II trial of 43 patients with transfusion-
dependent or symptomatic anemia, lenalidomide (25mg or
10mg daily or 10mg daily for 21 days with a one-week rest)
produced response rates of 56% including 47% of patients with
sustained independence from transfusions.53 Of particular
interest was the observation that among those patients with
5q- syndrome, the response rate was as high as 83%. These
results were confirmed in an expanded phase II trial of patients
with lower-risk MDS, transfusion dependence, and chromo-
some 5q deletion where the rate of transfusion independence
was 67% accompanied by a median rise of hemoglobin by
5.3 g/dL.54 The median time to response was 4.6 weeks and
the median duration of transfusion independence 2.2 years.
Moreover, 45% of evaluable patients achieved a complete cyto-
genetic remission. Severe neutropenia and thrombocytopenia
occurred in 50% to 60% of the patients requiring frequent
treatment interruptions or dose adjustments. Response rates
(transfusion independence) in patients with similar clinical
characteristics but without del(5q) were 26%.55 Furthermore
the median increase of hemoglobin levels was lower, and
response durations shorter (median of 41 weeks).

Lenalidomide is FDA approved for patients with low-risk
MDS who are transfusion-dependent and have a detectable del
(5q) and should be considered standard therapy for this group.
Its role in other settings of MDS remains investigational.

Epigenetic therapy
Global and gene-specific hypermethylation of promoter-
associated CpG islands in combination with deacetylation
and methylation of nucleosome-associated histone tails leads
to silencing of gene expression critical for cell growth and

differentiation.56 On the other hand, reversal of abnormal
methylation patterns or inhibition of deacetylase activity of
histone proteins can trigger a permissive gene expression state
and reactivate aberrantly silenced genes leading to leukemic
suppression of the MDS clone. Hypomethylating agents cova-
lently bind to DNA methyltransferase (DNMT) inhibitors after
phosphorylation and incorporation into DNA where they
inhibit their function leading to progressive hypomethylation.
This association has led to great interest in hypomethylating
agents as well as histone deacetylase (HDAC) inhibitors,
which have become a mainstay of MDS treatment. The two
most important drugs to date are azacitidine and 5-aza-2’-
deoxycytidine (decitabine).

The clinical development of azacitidine, a pyrimidine
nucleoside analog, in MDS dates back to the early 1980s.
Following encouraging results in initial studies of patients with
MDS the Cancer and Leukemia Group B (CALGB) conducted
a randomized study of observation (n¼ 92) versus subcutane-
ous azacitidine (75mg/m2 subcutaneously daily � 7 days every
4 weeks) (n¼ 99) in patients with high-risk MDS.57 The results
significantly favored azacitidine. Sixty-three percent (6% com-
plete response [CR], 10% partial response [PR], 47% hemato-
logic improvement) of patients responded to azacitidine
versus 7% in the observation arm. Median time to leukemia
transformation (21 months versus 13 months, p< 0.01) and
median survival (20 months versus 14 months, p¼ 0.01) were
also more favorable for azacitidine-treated patients. Further-
more, quality-of-life parameters such as fatigue, dyspnea,
physical functioning, positive affect, and psychological distress
improved significantly on the treatment arm. A larger phase
III follow-up study randomly assigned 358 patients to receive
azacitidine or conventional care regimens (best supportive
care, low-dose cytarabine, or intensive chemotherapy).58 After
a median follow-up of 21.1 months, median overall survival
was 24.5 months in the azacitidine group compared to
15 months for the conventional care group. This non-crossover
study is thus the first to demonstrate a survival advantage of
a therapeutic intervention in MDS.

Decitabine, a deoxycytidine analog with close relationship
to azacitidine, has been tested in similar types of patients.
When used at higher doses of 1500–2250mg/m2 per course it
was associated with severe and prolonged myelosuppression.
More recent in vitro data, however, demonstrated that at lower
doses, the cytotoxic effect of decitabine was minimal while still
markedly inhibiting DNMT activity.

At the lower dose schedule of 15mg/m2 three times daily
for 3 days every 6 weeks (145mg/m2 per course), 49% of 177
patients with MDS and a median age of 70 years responded.59

The median response duration was 36 weeks and median
survival 15 months. Using the same dose and schedule, in a
randomized study of decitabine versus best supportive care,
decitabine-treated patients had higher response rates (17%
overall including 9% complete responders compared to 0%,
p< 0.001) and a trend toward a longer median time to AML
progression or death (12.1 months versus 7.8 months, p
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¼ 0.16).60 Responses were durable and associated with trans-
fusion independence. The favorable results with lower-dose
schedules led to further trials to optimize the decitabine dose
schedule. In one study 95 patients with advanced MDS
(including CMML) were randomized to receive decitabine
20mg/m2 intravenously daily for 5 days, 20mg/m2 subcutane-
ously daily for 5 days, and 10mg/m2 intravenously daily for 10
days every 4 weeks (rather than 6 weeks as in previous stud-
ies).61 Sixty-nine patients (73%) had an objective response
(including 34% complete responders). The 5-day intravenous
schedule had the highest CR rate (39%). These single-center
results have recently been confirmed in a multicenter study.62

A low-dose but dose-intense schedule of decitabine may thus
be able to optimize clinical responses in MDS. In an inter-
national phase III study, 233 patients over 60 years with
primary or secondary MDS or CMML were randomized to
decitabine or supportive care.63 Up to eight cycles of decitabine
were permitted with overall survival as the primary end point.
Both the response rate (34%) and progression-free survival
(0.55 versus 0.25 years, p¼ 0.004) were significantly better
with decitabine. However, overall survival was not significantly
different.

Both azacitidine and decitabine are now approved for use
in patients with MDS and CMML. Both drugs may alter the
natural history of MDS, but need to be administered for a
minimum of three to six cycles to ensure adequate exposure
for patients to demonstrate a clinical response.64 Many ques-
tions remain: (1) optimal dose and schedule: there is a trend to
use lower doses to emphasize biologic activity at the cost of
untoward toxicity; (2) combination partners: current clinical
trials are evaluating whether the combination of a DNMT
inhibitor with a HDAC inhibitor enhances gene reactivation
and clinical responses. Numerous HDAC inhibitors are avail-
able in clinical trials with no clear picture yet as of a preferred
agent and the advantage of the combinations over single-agent
DNMT inhibitor therapy; and (3) how to approach patients
who fail DNMT inhibitors. A small study suggested response
rates of 30–40% for patients treated with decitabine after
failing azacitidine.65 However, most patients are not likely to
benefit from this strategy and it hence raises the specter of
intensive therapy (including SCT) and other investigational
drugs.

Investigational therapies
Arsenic trioxide has multiple mechanisms of action including
apoptosis, tumor cell differentiation, and inhibition of prolif-
eration of leukemic cells. There are two large multicenter
phase II trials of arsenic trioxide in MDS. In the European
study, 115 patients with a median age of 68 years received
arsenic trioxide 0.3mg/kg per day for 5 days followed by a
maintenance dose of 0.25mg/kg twice weekly for 15 weeks.66

The overall rate of hematologic improvement was 19% with
higher response rates in lower-risk patients (26% versus 17%).
Median response duration was only 3.4 months. In the US

trial, 76 patients received arsenic trioxide 0.25mg/kg per day
on 5 consecutive days per week for 2 weeks, followed by
2 weeks’ rest.67 The overall rate of hematologic improvement
was in the range of 20% with a median duration of hemato-
logic improvement of 6.8 months. Only one patient with
higher-risk MDS achieved CR. The activity of arsenic trioxide
has therefore been modest and could not establish itself in
MDS treatment algorithms.

The activity of tyrosine kinase inhibitors has been
restricted to MDS cases with specific molecular abnormalities
(e.g., fusion of the PDGFRb gene on chromosome 5q33 to the
ETV6 gene in translocation t(5;12)).68 As these are rare in
MDS and more frequent in patients with a proliferative variant
such as in CMML, only a few MDS patients will be eligible.

Ezatiostat is a small molecule glutathione analog, which
stimulates blood stem cell colony formation in vitro. In a phase
I/II study of ezatiostat in MDS (74% low and intermediate-1),
several dose schedules were explored, whereby 600mg/m2

intravenously daily for 3 days in cycles of 21 days was well
tolerated.69 Of 43 evaluable patients, 27 (63%) achieved hema-
tologic improvement in one or more cell lineages. Other
schedules are since being explored and an oral compound of
ezatiostat is in development.

Obatoclax is a small molecule antagonist of the BH3-
binding groove of the BCL2 family of antiapoptotic proteins.
In an exploratory study, patients with a variety of hematologic
malignancies were treated at doses of 7–40mg/m2 intraven-
ously over 24 hours every 2 weeks.70 Three of eight patients
with MDS achieved hematologic improvement characterized
by red blood cell or platelet transfusion independence.

Clofarabine is a new deoxyadenosine nucleoside analog with
activity in AML and MDS. Results from currently ongoing
phase II studies of intravenous and oral clofarabine at different
dose levels in patients with higher-risk MDS have recently been
reported.71 The overall response was 47% including 30% of
patients achieving CR. Responses were lower in patients who
had failed prior hypomethylating agents. Myelosuppression
and hospitalizations for neutropenic fever together with nausea,
vomiting, skin rashes, hyperbilirubinemia, and transaminase
elevations were frequent. Although clofarabine has shown
activity in patients with higher-risk MDS, the optimal dose
and schedule, especially for the oral formulation, remain to be
defined.

High-intensity therapy
Either AML-type regimens or SCT can change the natural
course of MDS leading to long-term benefit for some patients.
Given the demographics of MDS, however, either approach
will only be relevant for a few patients. The availability of lena-
lidomide and epigenetic therapy makes judicious selection of
patients for high-intensity approaches even more crucial and
challenging. When comparing the outcome of patients with
high-risk MDS treated with decitabine versus cytarabine-based
chemotherapy, complete responses were comparable (43%
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versus 46%), whereas mortality at 6 weeks (3% versus 12%,
p¼ 0.002) and 3 months (7% versus 22%) and estimated
2-year survival (47% versus 25%, p< 0.001) were significantly
in favor of decitabine.72

A multivariate analysis based on 394 newly diagnosed
patients with high-risk MDS addressed the outcome and rela-
tive merits of the following chemotherapy combinations:
(1) idarubicin plus cytarabine; (2) fludarabine plus cytarabine;
(3) fludarabine, cytarabine, plus idarubicin; (4) topotecan plus
cytarabine; and (5) cyclophosphamide, cytarabine, plus topo-
tecan).73 The CR rate was 58% and was significantly associated
with karyotype, performance status, age, duration of antece-
dent hematologic disorder, and treatment in laminar air flow
rooms. There was no difference in CR rate based on the
regimen used. Topotecan-based regimens had the lowest
induction mortality, especially in patients > 65 years. Overall
survival was similar to that of patients treated with idarubicin
and cytarabine.

Improvement in outcome is therefore unlikely to come from
further intensification of therapy. Innovative post-remission
strategies (availability of “targeted” therapies, immunomodula-
tion, epigenetic therapy) and exploration of new drugs (e.g.,
novel nucleoside analogs such as clofarabine, or new topoi-
somerase I inhibitors) are more likely to be promising.

Although potentially curative with long-term disease-free
survival rates of 30-70%, allogeneic SCT is applicable to only a
small fraction of patients because of age, concomitant medical
conditions, and donor availability. Treatment-related morbid-
ity and mortality remain substantial impediments to SCT.
Outcome is most favorable in patients who may need trans-
plant the least, for example younger patients with low-risk
MDS.74 In an update of the International Bone Marrow
Transplant Registry (IBMTR), 452 recipients of HLA-identical
sibling transplants with a median age of 34 years and high-
risk MDS in almost two-thirds were reviewed.75 Overall sur-
vival at 3 years was 42%. Survival was more favorable in
younger patients and those with platelet counts > 100� 109/L.
Relapse risk was higher in patients with high percentages of
marrow blasts at transplantation, with high IPSS scores, and
with T-cell depleted transplants. When patients were evalu-
ated by the IPSS, the disease-free survival was 60% in the low-
risk, 36% in the intermediate-1-risk, and 28% in the inter-
mediate-2-risk groups. This compared to 5-year survival rates
of 55%, 35%, and 7%, respectively for unselected patients not
receiving SCT suggesting a benefit of SCT mostly for high-
risk MDS patients.

A key question is therefore the optimal timing of SCT.Many
patients may enjoy relatively long periods of stable disease
following diagnosis, so that the risks of transplant-related com-
plications outweigh any possible benefit. Using a Markov deci-
sionmodel, three transplant strategies were compared with each
other: (1) SCT at diagnosis; (2) SCT at the time of progression to
leukemia; and (3) SCT some time after diagnosis but prior to
progression.76 In both the low and intermediate-1 IPSS groups,
delayed transplantation maximized overall survival, whereas
earlier transplantation improved survival in intermediate-2
and high IPSS groups. Reduced intensity conditioning (RIC)
SCT is one way to get around excessive toxicity in older
and pretreated patients. The European Blood and Marrow
Transplantation Group has reported a retrospective compari-
son of 836 patients with MDS who received RIC (215 patients)
or a standard conditioning regimen (621 patients).77 The RIC
group showed a significantly higher 3-year relapse rate and
lower 3-year non-relapse mortality rate, which translated into
a similar progression-free (33% in RIC versus 39% with stand-
ard conditioning, p¼ 0.9) and overall survival (41% versus 45%,
p¼ 0.8).

Results frommatched unrelated donor programs lag behind
those of matched related sibling transplants, although better
results (3-year relapse-free survival rate of 59%) have been
reported by the Seattle group using conditioning regimens with
targeted busulfan and cyclophosphamide.78 Autologous SCT
has a limited role in MDS and is restricted to patients in CR,
who could be harvested, and were candidates for the procedure.
Few data exist to evaluate the impact of other investigational
transplant approaches such as umbilical cord blood transplants
in MDS.

Conclusion
There is no doubt that progress has been made over the last few
years in the management of patients with MDS. Most notably,
the high activity of lenalidomide in 5q-syndrome and the
encouraging outcome of epigenetic therapy in most other
MDS scenarios have significantly altered the therapeutic field
where supportive therapy was once the preferred approach.
Therapeutic nihilism is therefore not justified any longer.
Undoubtedly, many more drugs will appear in the years to
come. As the biology of MDS becomes better understood,
classification and prognostic schemes will becomemore sophis-
ticated, new drugs will come to the market, and further progress
can be expected.
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Chapter

7 Hairy cell leukemia

Darren S. Sigal and Alan Saven

Introduction
Hairy cell leukemia (HCL) is a rare, chronic lymphoproliferative
disorder characterized by splenomegaly, pancytopenia, bone
marrow fibrosis, and frequent infectious complications. Its
hallmark is the hairy cell, a small- to medium-sized mono-
nuclear cell with a typical serrated border and cytoplasmic
projections.1 Although the World Health Organization
(WHO) has codified the appellation “hairy cell leukemia,”
“leukemic reticuloendotheliosis” was its historical reference
in the literature.2 Ewald first used this term for a disease
more consistent with acute monocytic leukemia.3 In 1958,
Bouroncle et al. used “leukemic reticuloendotheliosis” to
describe the clinical entity now recognizable as HCL.4 Eight
years later, Schrek and Donnelly also reported on the same
disease and commented on “peculiar cells” that had numer-
ous short villi and were arbitrarily called “hairy cells” on
phase contrast microscopy.5 “Hairy cell leukemia” gained
popular and official recognition.

Epidemiology
HCL constitutes approximately 2% of all lymphoid leukemias.4

It is predominantly a male disease, with the male:female ratio
ranging from 4:1 to 7:1.4,6 The vast majority of affected people
are white, with Ashkenazi Jews being an overrepresented
group.7 The median age of onset is in the early fifth decade.

Etiology
HCL has no known cause and risk factors are poorly charac-
terized. Farming or woodworking, or occupational exposure to
organic solvents, resulted in a higher relative risk for develop-
ing HCL.7 Infectious mononucleosis has been associated with
HCL, but a pathogenic role for Epstein–Barr virus has been
disputed.7–9 Studies evaluating radiation exposure as a HCL
risk factor have also produced conflicting results.7,10

Multiple case reports have documented the existence of a
rare familial HCL. Specific HLA haplotypes have been associ-
ated with some cases of familial HCL, but each family’s HLA

haplotype was unique.11,12 There has been no identification of
a common HLA haplotype among cases of unrelated HCL.11

Fluorescence in situ hybridization techniques have detected
clonal chromosomal abnormalities in up to 67% of HCL
patients.13 Gain or loss of alleles on chromosomes 5 and 14
were common findings. Mutations of specific bands on
chromosomes 1, 2, and 5 were unique to hairy cells from other
lymphoid neoplasms. However, it is not clear how or if these
changes culminate in HCL.13,14

Biology
A central tenet in the study of malignant hematology posits
that neoplastic cells are derived from normal cell counterparts.
Identification of these normal cells can elucidate the biology
and ontogeny of the neoplasm. A persistent search for the
normal counterpart of the hairy cell has not yielded definitive
answers. Bouroncle’s description of hairy cells possessing
pseudopods first suggested a common lineage with mono-
cytes.4 Hairy cells behave like monocytes, performing phago-
cytosis, producing a fibronectin matrix, and stimulating
T-lymphocyte colonies in semi-solid agar cultures.15–17 They
also resemble monocytes, displaying cell surface Fc receptors
and sharing overlapping electrophoretic mobility distribu-
tions.18,19 Implicit in the association of monocytopenia with
HCL is the erroneous notion that the hairy cell is an abnormal
monocyte. A proliferation of clonal monocytes could suppress
normal monocyte development and manifest as monocytope-
nia.20 Other papers have demonstrated hairy cells to have
morphology, functionality, and cell surface markers consistent
with T lymphocytes.21–23

Korsmeyer et al. resolved some of the controversy sur-
rounding hairy cell ontogeny when they demonstrated that
they possess immunoglobulin heavy and light chain gene
rearrangements. Hairy cells were clearly placed in the
B-lymphocyte lineage since T lymphocytes do not exhibit
immunoglobulin light chain gene rearrangement and mono-
cytes have neither heavy nor light chain rearrangement.24

Light chain-restricted surface immunoglobulin was displayed
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on 90–100% of hairy cells, reinforcing a B-lymphocyte
ancestry.25,26 Hairy cells also displayed the pan-B-cell markers
CD19, CD20, and CD22.27

In the schema of B-cell ontogeny, the hairy cell can be
considered an activated, late-stage, pre-plasma cell B lympho-
cyte. Activation refers to cellular changes that occur in the
germinal center following antigen exposure and demonstrates
late B-cell maturation. Hairy cell transit through the germinal
center is supported by the presence of BCL6 mutations.28

Further evidence for hairy cell activation is the “hairy” border
itself. The cytoskeletal arrangement of actin and spectrin neces-
sary to scaffold the “hairy” border resembles that of an activated
B cell.29,30 Hairy cell overexpression of the src proto-oncogene
is also found in hematologic malignancies of later stages of
B-cell development.31 Early B-cell markers, such as CD21 and
CD24, not present on activated B lymphocytes are also absent
from hairy cells.32 Hairy cells display the activation antigens
CD11c, CD22, CD25, HC2, and PCA-1.24,27,33,34 B lymphocytes
transiently exhibit HC2, before developing into plasma cells;
PCA-1 is only found on plasma cells. Coexpression of HC2 and
PCA-1 places the hairy cell in a transitional developmental
location between an activated B lymphocyte and a plasma cell.
Lack of affinity maturationmarkers excludes the possibility that
the hairy cell arises from a plasma cell.35

Despite having a B-cell ancestry, the hairy cell has several
key features that distinguish it from any other B-cell lympho-
proliferative disorder. Hairy cell shape and antigen expression,
as discussed above, are unique. Hairy cells display immuno-
globulins that are light-chain restricted, but have multiple
heavy-chain isotypes. One paper reported a cell with IgM,
IgD, IgA, and IgG on its surface, despite no evidence of dele-
tional recombination beyond the IgM isotype.26,36 This can
occur because of post-transcriptional mRNA splicing of a
common VHDJH transcript.36 Chronic lymphocytic leukemia
(CLL) and poorly differentiated lymphocytic lymphoma have a
very different isotype profile and do not display more than two
isotypes on any cell.25 Hairy cells preferentially express the IgG3
subclass that was not found on any IgG-positive non-Hodgkin
lymphoma cells.37 Up to 75% of hairy cells have p53 mutations,
a marker traditionally associated with poor prognosis in lymph-
oid hematologic disorders.38 Such a high rate of p53 mutations
in an indolent disease is surprising.39 The 7% of CLL cases with
p53mutations or deletions have a significantly worse prognosis,
and do not benefit from chemoimmunotherapy.40–42

The monocytoid B lymphocyte (MBL) emerged as a
tempting candidate for the normal hairy cell counterpart.
The term monocytoid is a misnomer describing a polyclonal
proliferation of B lymphocytes in reactive lymph nodes that
morphologically resemble monocytes. MBLs have a striking
morphologic resemblance to hairy cells.43 Immunohistochem-
istry and flow cytometry reveal shared antigenic expression,
including CD11c and CD20, between hairy cells andMBLs.43–45

Surface immunoglobulin is displayed on both cells. Like hairy
cells, MBLs may also represent a pre-plasma cell.43,44 However,
it has become clear thatMBLs aremuchmore tightly bound to a

different lymphoproliferative neoplasia: monocytoid B-cell
lymphoma (MBCL, known as splenic marginal zone lymphoma
by current WHO criteria).2 The immunophenotype of MBL
and MBCL are identical.43 Large cells found among MBLs in
reactive lymph nodes are indistinguishable from MBCL and
serve as the bridge linking the benign and malignant condi-
tions.46 Key differences between MBCL and HCL further refute
any direct relationship between MBLs and hairy cells. MBCL
stains actin and epithelial membrane antigen (EMA), HCL does
not; HCL expresses tartrate-resistant acid phosphatase (TRAP),
CD25, and PCA-1, while MBCL does not.44,45

Hairy B-cell lymphoproliferative disorder has been proposed
as the benign counterpart to a rare HCL variant. However,
a clear, direct HCL precursor cell analogous to the relationship
of MBL with MBCL remains elusive.47 An interesting consider-
ation was Burthem’s hypothesis that the hairy cell derives from
a B cell activated by T-cell-independent mechanisms, or resem-
bles such a cell after an unknown oncogenic event.48 B cells
activated by T-cell-independent pathways produce antigen-
specific antibodies of all isotypes except IgE, preferentially pro-
duce the IgG3 subclass, and colocalize with macrophages in
the splenic red pulp.49,50 All three observations have been made
in HCL.26,37,51

Pathology
Clinical features (see Table 7.1)
HCL usually has an insidious onset.1,4,6,16,52 The most common
symptoms leading to diagnosis were infectious episodes (29%),
weakness and fatigue (27%), bleeding complications (16%), and
abdominal pain or fullness (15%).6,52 Twenty-six percent of
patients were asymptomatic and discovered to have HCL on
routine hemograms or as an incidental finding on physical
exam.52 Most of the bleeding complications were from
petechiae or echymoses.6 Severe hemorrhage was rare and was
usually associated with a poor overall condition. About 70% of
patients with severe hemorrhage had platelet counts greater
than 50 000/mm3 suggesting that a qualitative platelet defect,
not absolute platelet numbers, was the culprit.52

Well over 90% of patients have splenomegaly at presentation,
with the vast majority described as moderate or massive. In fact,
the diagnosis of HCL should be questioned in patients without
splenomegaly.1,53 Hepatomegaly affected up to 50% of patients
and was often associated with splenomegaly.4,6,52 Palpable
lymphadenopathy has been reported to occur in 0–35% of
patients, but was rarely considered clinically significant.1,4,6 Aut-
opsy series reported discordance between palpable peripheral
lymphadenopathy and internal lymphadenopathy.54 Bulky or
massive abdominal lymphadenopathy occurred in patients with
longer disease duration and in patients with a splenectomy.55,56

Infections frequently led to the diagnosis of HCL or accom-
panied its diagnosis.52 Some form of serious infection eventu-
ally developed in over 50% of patients and was the most
common cause of death in patients with HCL.6 Unusual infec-
tions have been chronicled in HCL patients, including
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Mycobacterium kansasii, Mycobacterium tuberculosis, Crypto-
coccus neoformans, Aspergillus species, Legionella pneumophila,
and superficial and necrotizing herpes simplex virus. Pseudo-
monas, Escherichia coli, and Enterococcus have also been cul-
tured from patients.1,6,16,53,54 Aside from neutropenia and
monocytopenia, several other factors may explain the immuno-
deficiency of HCL.20,52 HCL patients have deficient granulocyte
reserve and leukocyte mobilization;57 impaired microbicidal
functioning;58 deficiencies in natural killer cell activity;59 and
poor interferon alpha production.60 Hairy cells have also been
found to secrete soluble interleukin-2 (IL-2) receptor that may
absorb IL-2 released from T cells, blunting an adaptive immune
response.61

In comparison to the National Cancer Institute’s Surveil-
lance, Epidemiology, and End Results Program, HCL patients
have 4.33 relative risk increase for either hematologic or solid
tumor secondary neoplasms. In one report, the relative risk was
40 for hematologic malignancies alone. The secondary cancers
were aggressive with a median survival of only 8.8 months after
diagnosis.62 HCL has also been rarely associated with vasculitic
syndromes and hairy cell infiltration of cortical bone.63–65

Laboratory features (see Table 7.1)
General
Routine chemistry and liver function panels do not demon-
strate any striking abnormalities.16,66 Markedly increased
leukocyte alkaline phosphatase and accelerated erythrocyte
sedimentation rates have been reported.67 Serum protein elec-
trophoresis detected polyclonal hypergammaglobulinemia in
22% of patients. Rare monoclonal spikes were also found.16,52

Hypocholesterolemia was a manifestation of HCL.68

Blood
Pancytopenia was reported in up to 79% of patients with one-
quarter of these cases having severe pancytopenia (hemoglobin
[Hb] < 8.5 g/dL, platelet count [Plt] < 100� 109/L, and abso-
lute neutrophil count [ANC] < 0.5� 109/L).52 Neutropenia
was present in over 75% of patients, frequently with an abso-
lute neutrophil count of < 0.5� 109/L. Monocytopenia was a
consistent finding.6,20 Anemia was usually normochromic and
normocytic without evidence of a myelophthisic process.6 One
report documented abnormal platelet function in eight out of
ten patients.69 Leukopenia was the most common white blood
cell finding, but leukocytosis did infrequently occur. The per-
centage of circulating hairy cells was highly variable, ranging
from 0% to 99%.6 In Romanovsky-stained preparations, hairy
cells are medium sized (10–20 mm) with a characteristically
serrated border and cytoplasmic projections occasionally visu-
alized. The nucleus is eccentric and round or bilobed with a
spongy appearance; nucleoli may be present (Figure 7.1).1,6

Splenic size on exam and at splenectomy correlated poorly
with the cytopenias.52,70 However, it is clear that blood counts
improved after splenectomy, indicating that hypersplenism is
one explanation for peripheral blood cytopenias.53 Hairy cell
infiltration of the marrow causing marrow failure also
occurs.71 Sometimes marked pancytopenia can occur with only
minimal hairy cell infiltration of the marrow. Increased secre-
tion of tumor necrosis factor alpha, an inhibitor of hematopoi-
esis, from hairy cells can account for this finding.70

Bone marrow
HCL invariably involves the bone marrow; however, attempts
at aspiration were only successful in 20–50% of patients.1,6,72

In contrast, bone marrow core biopsies were almost
always diagnostic.16 Hairy cells synthesize and assemble an
insoluble fibronectin matrix that was always present, making
marrow aspiration difficult.16,17 Hairy cell infiltration of the
marrow can be either patchy, focal, or diffuse with complete
marrow replacement.73 It may be that earlier disease is associ-
ated with the former.1 Even with heavy infiltration, hairy cells
do not appear packed due to a finely reticulated zone of
abundant cytoplasm separating the nuclei (Figure 7.2).72 Hairy
cell nuclei could be round to ovoid, convoluted, or indented.73

Mitosis is rare.72

Spleen, liver, and lymph nodes
Splenomegaly is one of the hallmark clinical findings in HCL.
The weight of splenectomy specimens ranged from 335 to
4000 g with nearly half of the spleens weighing more than
2000 g.1 Cut sections demonstrated the parenchyma to be
fleshy and congested. Microscopic examination revealed
replacement of the splenic architecture by hairy cells filling
the red pulp cords and sinuses, displacing the white pulp.
Nuclear indentation was more obvious than in the bone
marrow.6 On gross section, distended blood-filled spaces
occurred in the red pulp forming “blood lakes” or

Table 7.1. HCL presenting features

Symptoms Laboratory

Infections (29%) Pancytopenia (79%)

Constitutional (27%) Monocytopenia (always)

Asymptomatic (26%) Neutropenia (75%)

Bleeding (16%) Polyclonal
hypergammaglobulinemia (22%)

Abdominal pain/fullness
(15%)

Monoclonal proteins (rare)

Signs Platelet function abnormalities

Splenomegaly (> 90%) High LAP score

Hepatomegaly (50%) Accelerated ESR

Palpable
lymphadenopathy (rare)

Hypocholesterolemia

Chemistry panel and liver function
usually normal

Notes: ESR: erythrocyte sedimentation rate; LAP: leukocyte alkaline phosphatase.
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hemangiomas (Figure 7.3). These were presumably collections
of pseudosinuses, luminal structures lined by hairy cells and
filled with erythrocytes and leukocytes.6,51 Pseudosinuses, as
opposed to normal sinuses, were devoid of ringed fibers and
had an increased reticulin network.51

Liver specimens usually had mild to moderate enlarge-
ment. Hairy cells were diffusely present in the sinusoids
and portal tracts, only occasionally involving the liver par-
enchyma.1 Hepatic architecture was generally preserved,
but hairy cell-lined angiomatous lesions, resembling splenic
pseudosinuses, can be found in the sinusoids and portal
tracts.6,51

Despite negligible palpable peripheral lymph node involve-
ment, an autopsy series noted lymph node involvement in

20 of 20 patients.54 Microscopy documented focal aggregation
to complete replacement of lymph node architecture by
hairy cells.1

Hairy cells have a predilection for the bone marrow, spleen,
liver, and lymph nodes. They only rarely involve other organ
systems.54 As the main motility-inducing integrin on hairy
cells, aVb3 facilitates hairy cell infiltration of the spleen via
vitronectin and of the lymph nodes and liver via laminin and
collagen.74,75 CD44 homes hairy cells to the bone marrow by
binding to hyaluronan, triggering fibronectin generation.76

Cytochemistry
Li et al. first demonstrated that acid phosphatase isoenzyme 5
was highly specific for HCL and was tartaric acid resistant
(Figure 7.4).77 It was proposed that TRAP activity could dis-
tinguish hairy cells and be used as a marker for diagnosis.78

However, the percentage of TRAP-positive cells varied consid-
erably and occasionally HCL patients were TRAP negative.53 It
has subsequently become evident that TRAP activity is also
present in CLL, Hodgkin lymphoma, normal B lymphocytes,
and even in myeloid cells.79

Electron microscopy
Electron microscopy defined the ultrastructural features of
hairy cells. Cytoplasmic projections ranged from 0.5 to 4 mm
and were diffusely present on the cell. In contrast, splenic
marginal zone lymphoma cells have polarized cytoplasmic
projections.6,80 The nucleus measured 8–12 mm in diameter,
was oval, and frequently indented. Nucleoli were present in
about 50% of cells. The rough endoplasmic reticulum was
limited to several short strands.6 Ribosome-lamella complexes
have been found in 50% of patients with HCL.67 They are
cylindrical cytoplasmic inclusion bodies, although their exact

Figure 7.1 Classic hairy cell with a round nucleus, partially condensed
chromatin, small nucleolus, and ample rim of blue, agranular cytoplasm with
frayed margins. (Wright–Giemsa, � 1000.)

Figure 7.2 Typical histologic appearance of hairy cell leukemia characterized
by a monotonous population of lymphoid cells with abundant cytoplasm
imparting a well-spaced appearance to the centrally placed nuclei.
(Hematoxylin and eosin [H&E], � 400.)

Figure 7.3 Hairy cell leukemic involvement of the splenic red pulp. Note
the presence of several blood-filled spaces lined by leukemic cells known as
“blood lakes,” a distinctive feature of splenic hairy cell leukemia. (H&E, � 200.)
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cellular role remains to be defined.81 Ribosome-lamella com-
plexes have also been rarely identified in other hematologic
malignancies, including myeloid leukemia, Waldenstrom’s
macroglobulinemia, and CLL.82

Immunophenotype (see Table 7.2)
Snap-frozen bone marrow or soft-tissue specimens were used
to discern the immunophenotype of hairy cells. HLA-DR,
CD19, CD20, and CD22 were pan-B-cell antigens expressed
on hairy cells.34,83,84 An antigenic profile of CD11c, CD25, and
CD103 served to distinguish hairy cells from other lympho-
proliferative disorders. CD103 was the most specific marker.85

Routine preparation of bone marrow specimens does not
include snap-freezing. Instead, samples are formalin-fixed,
decalcified, and paraffin-embedded. This process damages
the cluster of differentiation antigens diminishing the utility
of these monoclonal antibodies in clinical practice.86 DBA.44
and L26 (an anti-CD20 antibody) are fixative-resistant mono-
clonal antibodies that were sensitive for hairy cells, although
not specific.45,87 Formalin-resistant antibodies have been
raised against T-bet, a T-cell-associated transcription factor.
Antibodies against T-bet strongly and uniformly stained hairy
cells, exposing even minimal residual disease in bone marrow
specimens. Weak non-specific staining to other B-cell lymph-
omas was easily distinguished.88

Two-color flow cytometry was able to detect hairy cells
constituting < 1% of peripheral blood lymphocytes. Coex-
pression of CD11c, CD25, and CD103 reliably separated
HCL from CLL (Figure 7.5). CD11c and CD25 binding was
relatively non-specific. However, their expression intensities

on flow cytometry conferred very specific characteristics:
CD11c and CD25 had 30-fold and 6-fold higher intensities
in HCL than in CLL, respectively. CD103 was the most
specific marker, without any expression on CLL cells.27

Figure 7.4 Tartrate-resistant acid phosphatase staining in hairy cell leukemia.
Note the presence of cells with intense cytoplasmic positivity (red granules).
(Acid phosphatase with tartrate, � 1000.)
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Figure 7.5 The
characteristic
immunophenotypic
profile of hairy cell
leukemia with expression
of CD11c (bright), CD25,
and CD103.

Table 7.2. HCL immunophenotype

Fluorescence activated cell sorting

(FACS) antigens

CD11c, CD25, CD103, CD5 (4%), CD10 (26%), HLA-DR, CD19,
CD20, CD22

Fixative-resistant monoclonal antibodies

DBA.44, L26 (anti-CD20 antibody), anti-T-bet antibody
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However, CD103 is now known to occur on intraepithelial
T lymphocytes as the aE subunit of the aEb7 integrin.89 CD5
and CD10, antigens used to exclude HCL as a diagnostic
possibility, were actually expressed on 4% and 26% of hairy
cells, respectively.27

Differential diagnosis
The differential diagnosis of lymphoproliferative disorders
with splenomegaly and no peripheral lymphadenopathy
includes splenic lymphoma with villous lymphocytes, HCL-
variant, and prolymphocytic leukemia.

HCL-variant is a very rare B-cell lymphoproliferative dis-
order with features distinct from typical HCL. Patients present
with vague symptoms, massive splenomegaly, and a markedly
elevated white blood cell count. Mild cytopenias occur, but
monocytopenia and neutropenia are absent.90,91 HCL-variant
is probably a hybrid disease between typical HCL and B-cell
prolymphocytic leukemia (B-PLL). The cells have a round,
centrally located nucleus, a nucleolus, and peripheral conden-
sation of the chromatin, as in B-PLL. Their evenly distributed
numerous broad-based cytoplasmic projections resemble typ-
ical HCL. The nuclear:cytoplasmic ratio is intermediate
between typical HCL and B-PLL.92 HCL-variant cells have
variable TRAP staining and are CD11c positive and CD25
negative.91,92 Bone marrow aspiration is easily obtained and
reticulin is not increased on core biopsy.90,91 Splenectomy
specimens reveal red pulp infiltration, but “blood lakes” are
not observed. Patients usually follow a chronic course,
but have poor responses to standard HCL therapies.91,93

An aggressive blastic variant form has been described.94

Splenic lymphoma with villous lymphocytes (SLVL) is a
marginal zone lymphoma that also has an insidious onset,
often massive splenomegaly, and cytopenias. SLVL patients
have an absolute lymphocytosis and a frequent monoclonal
protein spike.80,95 SLVL cells resemble those of HCL except for
a more condensed chromatin and a moderate degree of cyto-
plasmic basophilia without ribosome-lamella complexes
(Figure 7.6). Their thin cytoplasmic projections have a unique
polar distribution. SLVL cells commonly express CD11c and
CD25, but only rarely display CD103. They are TRAP nega-
tive.80,96 Bone marrow aspiration is easily obtained. Splenic
infiltration is mainly in the white pulp.80

B-cell prolymphocytic leukemia (B-PLL) is mainly a disease
of elderly men presenting with vague symptoms. Exam reveals
massive splenomegaly without peripheral lymphadenopathy.
Median absolute lymphocyte counts are greater than
350� 109/L with anemia and thrombocytopenia.97 B-PLL cells
have scant cytoplasm, a centrally placed nucleus with a large
nucleolus, and peripheral chromatin condensation.53

Therapy
Before the introduction of active therapies, most HCL patients
had a chronic disorder with survival extending over several
years. A small group of patients with neutropenia,

thrombocytopenia, and a rapid deterioration of general health
experience an aggressive course.52 Splenectomy was utilized
early on to palliate symptoms, but also potentially altered the
natural history of disease. Interferon alpha was the first sys-
temic therapy to demonstrate significant activity. Pentostatin
and cladribine were progressive improvements in therapy,
extending survival by inducing very protracted remissions.
Treatment is reserved for patients with symptoms or cytope-
nias. These include an ANC � 1.5� 109/L, Hb � 10 g/dL, Plt
� 100� 109/L, symptomatic splenomegaly, recurrent infec-
tions, or bone lesions. About 80% of patients at diagnosis will
require therapy.

Splenectomy
Bouroncle’s initial description of HCL included a patient with
pancytopenia who had a rapid normalization of his peripheral
blood counts after splenectomy.4 Many other case series have
since confirmed the beneficial effects of splenectomy in
HCL.6,52,53,66,71,98 Patients who had a splenectomy were cyto-
penic, in their fifth decade, and were recently diagnosed with
HCL.52,53,98,99 Complete response (CR) rates after splenectomy,
as defined by Catovsky’s criteria (Hb > 11 g/dL, ANC
> 1.0� 109/L, and Plt> 100� 109/L), were 40–60%, with over-
all responses (OR) approaching 100%.6,52,53,98 Responses were
brisk, occurring within one to two weeks post-splenectomy;
platelets were the most common cell line to normalize.53,99

Interestingly, spleen size at splenectomy did not correlate

Figure 7.6 The neoplastic cells of splenic marginal zone lymphoma (also
known as splenic lymphoma with villous lymphocytes) bear a superficial
resemblance to hairy cells but have more cytoplasmic basophilia without the
characteristic textured appearance of hairy cell cytoplasm. While the cytoplasm
may display coarse villous projections it lacks the frayed margins typical of hairy
cells. (Wright–Giemsa, � 1000.)
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with blood count responses.52,71,98 Splenectomy was associated
with a decreased risk for infection in HCL patients.98 Partial
responses (PRs) relapsed more quickly and had a shortened
survival when compared to CRs.53,98 In a large retrospective
multicenter analysis with matched controls, splenectomy con-
ferred a statistically significant survival benefit. Median survival
for splenectomized patients had not been reached at 96 months,
while non-splenectomized patients had a median survival
less than 24 months.99 However, whether splenectomy actually
improves survival in HCL is moot.6,66 Splenectomy was only
found to affect survival in patients with cytopenias (Hb< 12 g/dL,
ANC < 0.5� 109/L, or Plt < 100� 109/L) or spleens more
than 4 cm below the costal margin.52,99

Interferon
Quesada et al. first reported on the activity of interferon alpha
in HCL. Of seven patients (five with a prior splenectomy),
there were three CRs, four PRs, and an OR rate of 100%.100

Six other studies included heavily pre-treated patients (over
three-quarters with prior splenectomy or chemotherapy) with
a median age in the early fifth decade. They reported a CR
range of 0–30%, a PR range of 24–92%, and an OR range of
52–93% (see Tables 7.3 and 7.4).101–107 Surprisingly, in a large
intergroup study randomizing untreated patients to either
interferon alpha or pentostatin, the interferon alpha group

only had 11% CRs, 27% PRs, and an OR rate of 38%.103

Variability in response criteria may help explain this discrep-
ancy, as some studies documented CRs even with detectable
bone marrow hairy cells.105,108 Also, the intergroup study had
the lowest median baseline platelet count suggesting a worse
prognosis for these patients.52,99,103 Finally, the intergroup
study included actively infected patients who did not respond
as well to therapy.

Time to blood count normalization after therapy for plate-
lets, hemoglobin, and neutrophils were 4–8 weeks, 4 months,
and 5 months, respectively. Monocytopenia continued to
improve over one year. Hairy cells were rapidly cleared from
the peripheral blood, but persisted in the bone marrow for
months.100,108 Disease-free survival (DFS) ranged from
6 months to 2 years, but long-term DFS was observed in a
small group of interferon alpha-treated patients.101,103–105 One
study that randomized patients treated with one year of inter-
feron alpha to another 6 months of treatment or observation
noted that the additional therapy only delayed relapses, but did
not reduce them.109 CRs and PRs appeared to relapse at the
same rate.104,105 With over 7 years of follow-up, overall sur-
vival was about 90%.101,104,105 The intergroup study noted
equivalent survival between interferon alpha and pentostatin,
but the study had a crossover design.103 Fatigue, malaise,
myalgias, and mild bone marrow suppression were the main
toxicities. Infections did not occur beyond 8 weeks of
interferon alpha therapy, and patients suffered from fewer
infections after therapy started.100,104,108

Purine nucleoside analogs
In 1972, Giblett et al. described a pediatric condition
with clinical immunodeficiency, lymphopenia, and adenosine
deaminase (ADA) deficiency.110 ADA-deficient immuno-
deficiency produces dramatic elevations of deoxyadenosine
50-triphosphate (dATP).111,112 All tissues lack ADA, but only
lymphocytes are susceptible to the toxic effects of dATP.113,114

Carson et al. reasoned that ADA-resistant deoxyadenosine

Table 7.3. HCL therapies

Cladribine: 0.1mg/kg per day by continuous intravenous infusion
for seven consecutive days

Pentostatin: 4mg/m2 intravenously every other week for two
cycles beyond maximum response for 6 to 12 months

Interferon alpha-2a: 3 million IU subcutaneously daily for 16 to
24 weeks, then maintenance at 3 million IU three times per week

Interferon alpha-2b: 2 million IU/m2 subcutaneously three times
per week for 6 months

Table 7.4. Interferon studies

Study Patients (n) Untreated patients (n) Median age (years) Responses (%) Median DFS (months)

Overall Evaluable OR CR

Berman et al.101 35 23 10 54 69 0 24

Foon et al.102 15 14 5 52 93 1 NR

Grever et al.103 159 159 159 53 38 11 20

Quesada et al.104 30 30 7 48 87 30 > 10

Ratain et al.105 69 68 8 53 75 13 25

Rai et al.106 42 25 42 NR 52 28 NR

Golomb et al.107 195 195 NR NR 82 4 NR

Median values 42 30 9 53 75 11 > 22

Notes: DFS: disease-free survival; NR: not reported.
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analogs would be specifically lymphotoxic. With a chlorine sub-
stitution at position 2 of the purine ring of 20-deoxyadenosine,
cladribine (2-chlorodeoxyadenosine) is resistant to ADA deami-
nation.115 Therefore, the relative activities of deoxcytidine
kinase and 50-nucleotidase regulate the intracellular concentra-
tions of phosphorylated cladribine.116,117 Lymphocytes are
unique for constitutively expressing deoxycytidine kinase,
rendering them specifically susceptible to cladribine.118

Pentostatin (2-deoxycoformycin), another purine nucleoside
analog, directly inhibits ADA producing a lymphotoxic build-
up of dATP.119

Pentostatin
Spiers et al. first reported on the dramatic activity of pento-
statin in two HCL patients with pancytopenia, splenomegaly,
and bone marrows that could not be aspirated. Within 4 weeks,
peripheral blood counts normalized, spleen size corrected, and
the marrow was aspirable.120,121 Several much larger series
included heavily pre-treated patients (over half with splenec-
tomy and/or interferon alpha) with a median age in the mid-
fifth decade. CRs ranged from 64% to 87%, PRs ranged from
3% to 26%, and ORs ranged from 79% to 96% (see Tables 7.3
and 7.5).122–126 A large cohort of previously untreated patients
had 76% CRs, 3% PRs, and 79% OR.103 Hematologic values
corrected over a matter of weeks.121,127,128 ORs to pentostatin
were equivalent among patients who had received prior ther-
apy and those who had not.122,125 CRs were achieved after six
to ten cycles (each cycle was 2 weeks).122,125,126 Relapse-free
survival extended beyond 10 years, but a plateau had not been
reached for late relapses.122,124–126,129 Most relapses occurred
within 2 years of therapy and did not require retreatment at
the time of relapse.122,126 With nearly 10 years median follow-
up the overall survival was 80%.124 Patients who achieved CR
had statistically improved overall survival compared to
patients whose best response was a PR.129

Pentostatin-treated patients developed bacterial and oppor-
tunistic infections.122,124,125 Infection-related deaths occurred
in several studies, usually within the first two cycles of ther-
apy.103,122,125 Delayed infections were also reported, mainly

localized herpes zoster. Pentostatin has divergent effects
on the immune system. Prolonged suppression of T-cell subsets
contributes to delayed toxicities. However, pentostatin
also normalizes the total white blood cell count, monocyte
count, and natural killer (NK)-cell activity. 130,131 Other drug
toxicities were usually mild, including nausea and vomiting,
skin rash, and keratoconjunctivitis. Neutropenic fever was
common, but resolved rapidly together with other cytopenias.
Severe liver and neurotoxicity was rarely reported at treatment
doses, with one death attributed to neurologic toxicity.122,125,126

Cladribine
Cladribine has been generally accepted as the first-line treat-
ment of HCL for several reasons: brief treatment regimen, high
response rates that are durable, and a favorable toxicity profile.
Scripps Clinic initiated the first phase I clinical study of cla-
dribine in February of 1981, establishing the standard dose at
0.1mg/kg per day by continuous infusion for seven consecu-
tive days.132 Investigators there later reported on the first use
of cladribine for HCL in 12 patients; 11 patients achieved a
CR and 1 patient a PR.133 Additional series included heavily
pre-treated patients (at least half with prior splenectomy,
interferon, or pentostatin) with a median age in the early- to
mid-fifth decade, and administered the standard 0.1mg/kg
per day by continuous infusion for seven consecutive days.
CRs ranged from 75% to 91%, PRs ranged from 0% to 24%,
and ORs ranged from 75% to 100% (see Tables 7.3 and
7.6).123,134–140 Four of the six studies had OR rates of 98% to
100%.123,134,137,139 The largest series of cladribine in HCL,
reported by Saven et al., included 358 patients, more than all
other cladribine studies combined, and reported 91% CRs and
7% PRs for an OR rate of 98%.139 Alternative regimens using
oral, subcutaneous, or weekly bolus schedules have achieved
results similar to standard infusional cladribine, but these
studies are small and with limited follow-up.141–144 Response
rates to cladribine were independent of prior therapies.139,140

Most patients had normalization of their peripheral
blood counts within 7 weeks, heralded by resolution of
thrombocytopenia.135,137–139 Hairy cells began clearing from

Table 7.5. Pentostatin studies

Study Patients (n) Untreated patients (n) Median age (years) Responses (%) Median DFS (months)

Overall Evaluable OR CR

Cassileth et al.122 62 50 19 NR 84 64 > 39

Else et al.123 185 185 76 52 96 81 180

Flinn et al.124 154 154 154 57 79a 76a > 120

Grem et al.125 66 66 NR 57 91 65 > 6

Kraut et al.126 23 23 10 54 91 87 13.5

Median values 66 66 47.5 55.5 91 73 > 39

Note: aData from Grever et al.103

NR: not reported.
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the peripheral blood within days, splenomegaly corrected
within 3 months, and the bone marrow cleared over 6
months.138 Median time to first relapse for CRs ranged from
30 to 35 months and for PRs ranged from 10.5 to
24 months.134,139 Relapse-free survival at 10 years was 64%,
with CRs having longer relapse-free survival than PRs. There
was no plateau in the curve, questioning the potential curabil-
ity of HCL with cladribine (Figure 7.7).134,136 Recent follow-up
of the Scripps’ patients found no evidence of bone marrow
hairy cells even 18 years after treatment, indicating that some
patients may perhaps be cured.145 Overall survival with follow-
up of 9 and 12 years was 97% and 87%, respectively.134,136

Patients developed bacterial and opportunistic infections,
including oral herpes simplex virus, dermatomal and dissem-
inated herpes zoster, and cytomegalovirus.139 Infectious deaths
to Candida (two patients) and aspergillosis (one patient) were
reported within 4 weeks of cladribine.135,138 In comparison
to pentostatin, cladribine had many fewer early infection-
related deaths despite more patients being enrolled on cladri-
bine studies. This is probably related to active infection being
an exclusion criterion in the cladribine studies. Delayed infec-
tions occurred, but were very uncommon.139 Cladribine causes

suppression of CD4þ lymphocytes for extended periods of
time.141 This is balanced against a restoration of mononuclear
cell interferon alpha production and a rapid regeneration of
certain lymphocyte subsets, possibly contributing to the rarity
of delayed infections.60,146

Myelosuppression and culture-negative fevers were the
most common acute toxicities. Culture-negative fevers were
frequent, occurring in 42% of patients. Due to this, patients
with neutropenic fever were not routinely given antibiotics
unless associated with fever > 38.5�C, shaking chills or rigors,
or an inability to maintain oral hydration despite acetomino-
phen.129,139,147 Filgrastim did not alter the rate of culture-
negative fevers and is not recommended for routine use in this
setting.148 Four patients developed peripheral neuropathies of
which two were reversible.139,147

Salvage therapies
An approach to salvage therapy after the first cycle of cladri-
bine will be presented. Indications for salvage therapy are
the same as the indications for initial therapy (see above).

Table 7.6. Cladribine studies

Study Patients (n) Untreated patients (n) Median age (years) Responses (%) Median DFS (months)

Overall Evaluable OR CR

Else et al.123 34 34 18 52 100 82 > 132

Chadha et al.134 86 85 60 49 100 79 > 115

Estey et al.135 46 46 27 51 89 78 > 30a

Hoffman et al.137 49 49 21 51 100 76 > 55

Juliusson et al.138 16 16 3 48 75 75 12

Saven et al.139 358 349 179 53 98 91 98b

Median values 47.5 47.5 24 51 99 78.5 > 76.5

Note: aData from Seymour et al.140

bData from Goodman et al.136
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Figure 7.7 (a) Time-to-treatment failure for all
341 patients who achieved a response. (b) Time-to-
treatment failure for patients achieving a complete
response or partial response. This research was
originally published in Blood. Saven A, Burian C,
Koziol JA, Piro L. Long-term follow-up of patients
with hairy cell leukemia after cladribine treatment.
1998;92:1918–26.139 # the American Society of
Hematology. Reproduced with kind permission
from Blood.
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Most patients who relapse do not require salvage therapy at the
time of relapse.

Retreatment with a purine analog or interferon
After first relapse, 60 patients were treated with a second
course of cladribine producing a CR and PR in 73%
(44 patients) and 17% (10) of patients, respectively, with a
median response duration of 35 months. After a second
relapse, ten patients received a third course of cladribine pro-
ducing a CR and PR in 60% (6) and 20%131 of patients,
respectively, with a median response duration of 20 months.
Finally, two patients received a fourth course of cladribine
resulting in one durable CR of 42 months.136 Although
response rates appear similar, subsequent lines of therapy are
of diminishing duration.123 Pentostatin and interferon alpha
have been used as salvage therapy in small numbers of patients
and each have elicited responses, including complete and par-
tial remissions.139,140

Rituximab
Rituximab has been an effective salvage therapy for relapsed
and/or refractory HCL. One study treated 24 HCL-relapsed
patients with rituximab 375mg/m2 weekly for four consecutive
weeks, producing an OR rate of 26% that was evenly split
between CRs and PRs. Two of six patients relapsed at 14 and
16 months, including one CR and one PR.149 Another study
treated 15 relapsed and/or refractory patients with the same
dose of rituximab for eight consecutive weeks. OR rate was
80%, including eight CRs, two CRs with minimal residual
disease, and two PRs. Five patients relapsed between 8 and
39 months from starting therapy. Of eight CRs, only one
relapsed at 18 months.150

A retrospective study evaluated eight patients who had
relapsed HCL to prior purine analog therapy. All eight patients
received salvage therapy with rituximab in combination (either
sequential or concomitant) with a purine analog. The OR rate
was 100%, including 87.5% CRs. Median progression-free sur-
vival has not been reached with 29-month median follow-up.
The recurrence rate at 2 years was 20%.151

BL-22 recombinant immunotoxin
BL-22 is a recombinant immunotoxin composed of an anti-
CD22 variable domain fused to a fragment of pseudomonas
exotoxin. Sixteen heavily pretreated HCL patients received
BL-22 as salvage therapy. All patients had received multiple
prior regimens and had relapsed and/or progressive disease
after cladribine. Eleven patients had a CR and two patients
experienced a PR. Six patients had a CR after one cycle, while
five patients required two to nine cycles. Three patients relapsed
(two with HCL-variant) within 12 months, but achieved
another CR after retreatment. Patients received concomitant
rofecoxib and infliximab to prevent a cytokine-release syn-
drome. Reversible hemolytic-uremic syndrome occurred in

two patients requiring plasmapheresis.152 Fatal hemolytic-
uremic syndrome was reported with a different construct of
the anti-CD22 immunotoxin.153 BL-22 is currently available for
research patients at the National Cancer Institute.

Minimal residual disease
CR requires the absence of bone marrow hairy cells, which has
historically been determined by histology and TRAP staining.
These techniques are not reliable for identifying minimal
residual disease (MRD), the very small numbers of cells that
can persist after definitive therapy. More sensitive methods
using DBA.44 and L26 (anti-CD20 antibody) immunohisto-
chemical stains have detected residual hairy cells in half the
bone marrow samples from patients considered in CR by
standard morphologic techniques.154 Another study has sug-
gested that the presence of MRD predicts for relapse, which
would hold therapeutic and surveillance implications.155 MRD
can also remain stable for extended periods of time and even
fluctuate.154,155 Much longer follow-up is necessary to better
define the importance of MRD in HCL. Scripps Clinic recently
reviewed the bone marrows of patients who were in a continu-
ous hematologic complete remission, up to 18 years after a
single course of cladribine, for evidence of MRD. Using highly
sensitive multi-color flow cytometry for CD11c, CD25,
CD103, and a pan-B-cell marker, the immunohistochemical
stains DBA.44 and L26, and standard histology, half of the
patients had no evidence of residual bone marrow hairy cells
and may be potentially cured. The other half of patients had
MRD without ever experiencing a clinical relapse.145 This
suggests that MRD may not be a major end point in HCL
and undermines the rationale for eliminating MRD or per-
forming surveillance bone marrow biopsies.

Diagnosis and treatment strategy
Patients presenting with cytopenias, including monocytopenia,
splenomegaly, and minimal lymphadenopathy should be evalu-
ated for HCL. B lymphocytes coexpressing CD11c, CD25, and
CD103, with a pan-B-cell marker, on two-color flow cytometry
of peripheral blood is diagnostic of HCL. Confirmatory bone
marrow biopsies should also be performed.

Treatment is limited to patients with symptoms or cytope-
nias, including an ANC � 1.0� 109/L, Hb � 10 g/dL, Plt
� 100� 109/L, symptomatic splenomegaly, recurrent infections,
or bone lesions. Most patients will require therapy at presenta-
tion. However, at first relapse, most patients will not require
treatment and can be observed. Cladribine delivered at a dose
of 0.1mg/kg per day by continuous infusion for seven consecu-
tive days is generally considered standard frontline therapy.

Special circumstances
� Actively infected or severely thrombocytopenic patients:

Splenectomy may be the most appropriate therapy for this
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group of patients because of the infectious and cytopenic
risks with systemic therapy.

� Patients � 50 years old: Younger patients will enjoy longer
life expectancy exposing them to a greater potential for
delayed adverse effects from any frontline therapy. They
are also more likely to require second- and third-line
therapies. For these reasons, consideration should be given
to starting therapy with single-agent rituximab. Rituximab
is a relatively innocuous therapy with proven activity as a
second-line agent, even if perhaps less active than the
purine analogs.

� Relapse � 18 months after first-line cladribine: In this
situation, cladribine will likely produce a second remission
that is again relatively durable.

� Relapse < 18 months after first-line cladribine: A variety of
reasonable approaches are possible, including single-agent

rituximab given weekly for eight consecutive weeks; use of
a pentostatin; use of interferon; or splenectomy.

� Second relapse and beyond: Depending on the duration of
the first two remissions, the status of hematopoiesis, and a
patient’s performance status, therapeutic options include
pentostatin, rituximab (depending on prior therapy),
splenectomy, interferon, or BL-22 (on study). Case reports
have also documented the roles of alemtuzumab and bone
marrow transplantation.156,157
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Chapter

8 Acute promyelocytic leukemia:
pathophysiology and clinical results update
Francesco Lo-Coco, Massimo Breccia, and Syed Khizer Hasan

Introduction
Acute promyelocytic leukemia (APL) is a distinct subset of acute
myeloid leukemia (AML) associated with unique features and
requiring specificmanagement. The disease was initially recognized
in 1957 by Hillestad,1 who described three patients with a rapidly
fatal acute leukemia characterized by an abundant number of
abnormal promyelocytes infiltrating the marrow and a severe hem-
orrhagic syndrome. In the following decades, APL has become a
well-recognized entity, characterized as the M3 subtype of AML
within the French–American–British (FAB) morphologic classifi-
cation accounting for approximately 10% of cases of AML.2

Clinically, APL is associated with a bleeding diathesis due to
excessive fibrinolysis, which worsens during initial administra-
tion of chemotherapy. Most patients present with a low white
blood cell (WBC) count, but 10% to 30% have a WBC count
greater than 10 000/μL, with increased risk of serious and poten-
tially fatal hemorrhages into the central nervous system and
lungs. The disease is initiated by a malignant transformation of
an immaturemyeloid cell followed by block in differentiation at
the promyelocyte stage. The promyelocytes and blasts in> 95%
of APL cases harbor a balanced, reciprocal translocation involv-
ing the long arms of chromosomes 15 and 17 that is often the
only cytogenetic abnormality present.3,4

In spite of being an infrequent disease, APL represents one
of the most successful examples of translational research in
medicine. Over the past two decades, considerable progress has
been made in the treatment of this leukemia, such that it has
been converted nowadays into the most frequently curable
adult leukemia.5,6 Moreover, the APL model provides an extra-
ordinary opportunity to investigate key mechanisms of leuke-
mogenesis and a paradigm for innovative treatments including
differentiation therapy and the use of chromatin remodeling
agents and antibody-directed therapy.

Molecular architecture of the t(15;17)
In 1977, Rowley et al.7 from the University of Chicago reported
on the consistent occurrence of a chromosomal translocation
t(15;17)(q22;q21) in APL. This aberration was subsequently

found to be uniquely associated to and therefore pathogno-
monic of the disease. Upon cloning of the translocation in the
late 1980s, it was shown that chromosome breakpoints lie
within the RARα locus on chromosome 17 and the PML locus
on chromosome 15, resulting in the fusion of the two genes.8,9

Based on the location of breakpoints within the PML locus, the
PML-RARα transcript isoforms Bcr1, Bcr2, and Bcr3 may be
formed. The Bcr1, Bcr2, and Bcr3 transcripts derive from PML
breakpoints in intron 6, exon 6, and intron 3 and are referred to
as long (L) isoform, variable (V) isoform, and short (S) isoform,
respectively.4 Breakpoints in RARα invariably occur in all
patients in intron 2. PML-RARα L isoform accounts for approxi-
mately 55% of APL cases, while the S andV isoforms are detected
in approximately 35% and 8% of patients, respectively. The PML-
RARα fusion is detectable by fluorescence in situ hybridization
(FISH) or reverse transcriptase-polymerase chain reaction (RT-
PCR) in > 95% of APLs morphologically defined by FAB cri-
teria, while in the remaining cases several variant rearrange-
ments have been described that constantly involve RARα and
partner genes other than PML4 (described in more detail
below).

Structure and function of PML and RARα
The human PML gene is comprised of nine exons with exons
7 to 9 having potential to generate by alternative splicing a
number of C-terminally divergent PML isoforms.10 The exact
functions of these isoforms are not clear at present. PML
belongs to a family of proteins containing a distinctive
C3HC4 zinc-binding domain referred to as RING (really inter-
esting new gene) finger. Similarly to other members of this
family, such as BRCA1, PML acts as a tumor suppressor and
has been implicated in the control of genomic stability.11 PML
controls p53-dependent apoptosis, growth suppression, and
cellular senescence in response to ionizing radiation and onco-
genic transformation.12 In the nucleus PML co-localizes with
other proteins such as p53, pRb, Daxx, and CBP12,13 and
organizes into a multiprotein complex termed “PML nuclear
bodies” through its ability to form homomultimers. The PML
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protein has a modular structure with several domains
(Figure 8.1). These include the following: a cysteine-rich
region (aa 57–222) composed of three zinc finger-like struc-
tures. The first is a Zn2þ binding motif, RING finger. The
following two are called B-box zinc fingers (aa 140–161 and aa
189–222). RING finger/B-box proteins often are linked to a
coiled-coil (CC) domain and comprise a subfamily of RING
proteins (RBCC for RING-B Box-Coiled-Coil). In addition to
the RBCC motif, a nuclear localization signal (NLS) which is
required for biologic activity of protein and an acidic Ser/Pro-
rich region of unknown function is present within the C-
terminal portion of PML. The RING finger/B-box region is
involved in localization of PML into nuclear bodies (NB). The
CC motif mediates oligomerization of PML-RARα and its
interaction with wild type PML.8,9,10,14,15

RARα is a member of the retinoic acid (RA) nuclear recep-
tor family serving as a ligand-inducible transcription factor by
binding through its DNA binding domain “C” to specific
retinoic acid response elements (RARE) which are located in
the promoters of many genes, including those of RARα, RARb,
and RARg. The RARE are composed of hexanucleotide direct
repeats with a variable number of spacer nucleotides between
the repeated motifs. As shown in Figure 8.1, RARα contains
two domains, AF-1 (A/B domain) and AF-2 (E domain),
which can cooperate to activate transcription. RA-RARα

pathway indeed plays an important role in the control of the
myeloid cell differentiation. In the absence of ligand, RARα
forms heterodimers with the retinoid X receptor (RXR)
through its ligand binding domain “E” and recruits a corepres-
sor complex containing histone deacetylase (HDAC) activities
that induces chromatin condensation and transcriptional
repression.16

Retinoids, natural or synthetic derivatives of vitamin A, are
necessary dietary constituents that exert profound effects on
development, cell proliferation and differentiation in normal
cells and various cancer cells by regulating the expression of
specific genes. RARs (α, b, g,) are activated by both all-trans
retinoic acid (ATRA, also called tretinoin, which is an acid
form of vitamin A) and 9-cis-RA, whereas RXRs (α, b, g,) are
activated by 9-cis-RA only. Physiologic concentrations of RA
(1� 10–9M) are able to release the nuclear corepressors com-
plex from the RAR-RXR and recruit coactivators with histone
acetyltransferase activities (HAT). This results in hyperacetyla-
tion of histones at RARE sites, chromatin remodeling, and
transcriptional activation of RARα-target genes.17–19

Both the PML and RARα moiety of the PML-RARα fusion
protein have functional domains from each of the two native
proteins. The N-terminal proline-rich domain together with
the RING finger, the B boxes, and the coiled-coil (RBCC)
motifs of PML are fused to domains B through to F of RARα.16

Pro RING B1 B2 Coiled coil

Coiled coil 

Ser/Pro B

A B C D E

C D E

PML RARrel

F 

Unknown
function

Transcriptional  
activation AF-1 

F 

DBD 
(RARE) 

Hinge 
region 

LBD co-repressor/ 
co-activator sites 

RXR heterodimerization 

RARrel

NLS

Pro RING B1 B2 Ser/Pro NLS 

bcr 2bcr 3

PML 

bcr 1

Figure 8.1 Schematic representation of PML-RARα fusion protein. PML regions labeled as RING, B1, and B2 represent cysteine–histidine-rich domains; coiled-coil
region, nuclear localization signal (NLS), and an acidic C-terminal Ser/Pro-rich domain, positions of three breakpoint cluster regions indicated by arrows (upper
panel); A–F: RARα functional domains; DBD: DNA binding domain; RARE: retinoic acid response element; LBD: ligand binding domain; RXR: retinoid X receptor (lower
panel). In the fusion protein (middle panel), RING finger, the B boxes, and the coiled-coil regions are consistently retained, whereas the C-terminal portion of
PML varies depending on alternative splicing of the PML exons. RARα is fused through B to F domain.
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Biologic effects of PML-RARα
The t(15;17) translocation results in two fusion gene products,
PML-RARα and RARα-PML on the 15qþ and 17q- derivatives,
respectively. Whereas PML-RARα is invariably expressed in all
patients, the reciprocal RARα-PML fusion is detectable only in
~70% of cases4,20,21 suggesting that the former hybrid is the
one contributing a major role in disease pathogenesis.

Both in vivo studies in transgenic animals and in vitro
analysis in hematopoietic cells have demonstrated that the
PML-RARα fusion protein contributes to the leukemic pheno-
type by inhibiting differentiation and promoting survival of
hematopoietic precursors. In the PML-RARα fusion protein,
oligomerization of RARα through the coiled-coil domain of
PML is responsible for the oncogenic activity.22 As a conse-
quence of heterodimerization through the RING finger
domain of wild-type PML with PML-RARα, wild-type PML
becomes delocalized into micro-speckled nuclear particles.
This variation in subcellular distribution of PML in APLs
bearing the PML-RARα rearrangement is clinically relevant
as it allows rapid diagnosis through immunostaining tech-
niques.21,23 PML-RARα protein alters the intranuclear distri-
bution of PML and other nuclear-body-associated proteins and
is a stronger transcriptional repressor than RARα. This results
from its increased affinity for the SMRT (silencing mediator
for retinoid and thyroid hormone receptors) corepressor and
nuclear receptor corepressor (N-CoR).24,25

The corepressors N-CoR and SMRT are part of a multi-
protein complex that includes HDACs. In the absence
of ligand, both wild-type RARα and PML-RARα repress tran-
scription by increasing recruitment of corepressors and HDAC
complex to the promoter region of RA target genes resulting
in deacetylation of histones. Deacetylated histones alter the
conformation of chromatin and its accessibility to the tran-
scriptional machinery, resulting in transcriptional silen-
cing.19,26 Pharmacologic doses of RA are able to release the
interaction between HDACs and corepressors, favoring
recruitment of coactivators leading to active transcription on
the DNA of target genes. In turn, these molecular events
overcome the maturation arrest of leukemic promyelocytes
resulting in in vivo differentiation of blasts and clinical
remission.

Variant RARα translocations
In the vast majority of FAB-defined M3 cases, the classical
t(15;17) is detected;27 however, a series of variant chromosomal
aberrations have been reported, including t(11;17)(q23;q21),
t(5;17)(q35;q12-q21), t(11;17)(q13;q21), and der(17), whereby
RARα is fused to the PLZF, NPM, NuMA, and STAT5b genes,
respectively.28–31 In common with PML-RARα-associated
APL, patients with fusion genes involving NPM and NuMA
appear to be sensitive to ATRA. In contrast, APL associated
with a PLZF-RARα rearrangement is characterized by lack of a
differentiation response to retinoids, and patients harboring
this variant translocation treated with ATRA alone have a poor

prognosis.32 At pharmacologic levels of ATRA, the corepressor
complex is released from the retinoid receptor moiety of
PML-RARα, NPM-RARα, PLZF-RARα, and presumably
NuMA-RARα fusion proteins; however, the PLZF moiety of
the PLZF-RARα fusion protein contains a BTB/POZ rep-
ression domain that binds the N-CoR and SMRT corepressors
in a retinoid-independent manner so that transcriptional
repression is not relieved by ATRA. This latter phenomenon
has been proposed to account for the lack of response to
ATRA that characterizes cases of APL with the t(11;17)
(q23;q21).

Molecular basis for response to all-trans
retinoic acid (ATRA) and arsenic
trioxide (ATO)
PML-RARα in its basal state interacts with N-CoR and SMRT
corepressors that mediate transcriptional silencing. Transcrip-
tional activation by PML-RARα in response to pharmacologic
doses of ATRA (10–6–10–7M) occurs via a conformational
shift that releases these corepressors and instead recruits coac-
tivator proteins. This coregulator exchange model (replace-
ment of corepressors by coactivators) is supported by recent
transcriptome and proteome analyses33 with modulation of
a large number of genes involved in the initiation/promotion
of granulocytic differentiation, such as the upregulation
of granulopoiesis-associated transcription factors C/EBPs and
cytokines/cytokine receptors, as well as their corresponding
post-receptor signal transduction molecules. Furthermore
ATRA induces the degradation of the PML-RARα chimeric
protein by triggering caspase-mediated cleavage.34 Further
studies on the pathways involved in PML-RARα catabolism
led to the discovery of a ubiquitin/proteasome-mediated deg-
radation of PML-RARα and RARα, which was dependent on
the binding of 26S proteasome regulatory subunit 1 (SUG-1)
in the AF-2 transactivation domain of RARα.35,36 Indeed, a
number of components of the proteasome pathway that appear
to be necessary for the degradation of PML-RARα can be
significantly enhanced upon ATRA.37

Arsenic trioxide (ATO) exerts dose-dependent effects
on APL cells.38 At high concentration (1–2� 10–6M),
ATO induces apoptosis, mainly through activating the
mitochondria-mediated intrinsic apoptotic pathway. At low
concentrations (0.25–0.5� 10–6M) and with a longer treat-
ment course, ATO tends to promote differentiation of APL
cells. Several mechanisms have been implicated in the action of
arsenic in APL. One of the most intensively studied mechan-
isms is the induction of reactive oxygen species (ROS) in cells
treated with arsenic.39,40 ROS species include hydrogen perox-
ide and superoxide, which could be scavenged by systems that
include glutathione, glutathione-S-transferase, catalase, and
N-acetylcysteine (NAC). These systems can decrease arsenic-
induced cell death.41,42 ROS production can induce phosphor-
ylation and activate Jun N-terminal kinase (JNK), which in
turn triggers apoptosis.43,44
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Other biologic features of APL and their
impact on therapy
In addition to PML-RARα, other biologic features of APL
account for its unique phenotype and provide potential targets
for tailored treatment. As concerning their surface markers,
APL cells are characterized by a virtually absent or minimally
expressed gp-170, i.e., the main effector of the multidrug
resistance phenotype that is found in a high proportion of
AML. Immunophenotypic studies have also shown that APL
is featured by a distinctive antigen profile that includes strong
positivity for CD33; expression of CD13 and CD117; infre-
quent expression of HLA-DR and CD34; and lack of CD7,
CD11a, CD11b, CD14, and CD18.45,46 In addition, leukemic
promyelocytes frequently show aberrant expression of the
T-cell-associated antigen CD2 and low or negative CD34
expression.46,47 A negative impact on outcome has been sug-
gested for CD2 and CD56 expression although studies in large
series of patients receiving modern ATRA plus chemotherapy
regimens have not confirmed these associations.6,47 CD33 is
detected in virtually 100% of APL cases at high density and
homogeneously. This may account, together with lack of gp-
170 expression, for the optimal therapeutic response observed
with the anti-CD33 monoclonal antibody (mAb) gemtuzumab
ozogamicin (GO), a compound which may induce molecular
remission even if used as single agent and/or in advanced
disease.48,49 The cytotoxic agent of GO is N-acetyl gamma
calicheamicin dimethyl hydrazide, a derivative of gamma cali-
cheamicin.50 Binding of GO to the CD33 antigen is followed
by endocytosis, cleavage of the covalent link between the
mAb and calicheamicin in lysosomes by acid hydrolysis, and
release of calicheamicin. Glutathione reduction produces a
reactive intermediate of calicheamicin which in turn causes
DNA double-strand breaks.51–56 GO allows delivery of an
anthracycline-like compound (calicheamicin) directly to leu-
kemia blasts. Although at present only a few reports have been
published on GO treatment for APL, it is presumable that its
use in this leukemic subset will be expanded in the near future
and most investigators believe that APL represents an ideal
target disease for GO.

The FLT3 receptor is involved in the proliferation and
differentiation of hemopoietic stem cells. Following binding
to its ligand, the FLT3 receptor activates several intracellular
signaling pathways which ultimately lead to cell proliferation.
FLT3 receptor internal tandem duplications (ITD) in the jux-
tamembrane domain and point mutations in the tyrosine
kinase II domain have been reported to occur in up to 45%
of APL cases. This suggests that targeted therapies using FLT3
inhibitors may prove effective in APL. Both ITD and muta-
tions in the tyrosine kinase II domain have been correlated
with higher WBC count at presentation, and ITD mutations
have been more frequently detected in cases harboring the
S-type PML-RARα.57,58 Expression profile studies in patients
with mutated FLT3 have shown increased expression of genes
involved in cell growth, cell cycle control, cell adhesion and

migration, suggesting a role of these alterations in the patho-
genesis of the disease and its clinical manifestations.57,59 As
concerning their prognostic significance, a presumed negative
impact of FLT3 mutations on treatment outcome has not been
confirmed in the large clinical studies with modern ATRA and
chemotherapy reported by the GIMEMA and Medical
Research Council (MRC) groups.57,58 Although FLT3 inhibi-
tors have been successfully used in APL mouse models,59 due
to the availability of several other effective agents no clinical
trials have been conducted so far in patients.

Treatment of newly diagnosed APL
Standard induction therapy and supportive
measures
The current standard approach for induction in newly diag-
nosed patients includes the simultaneous administration of
ATRA and anthracycline-based chemotherapy, which leads to
complete remission (CR) in 90% to 95% of patients.60 Initial
studies on ATRA monotherapy highlighted the need for con-
solidation therapy to avoid clinical relapse:61 two subse-
quent randomized studies (European APL group and North
American Intergroup)62,63 demonstrated the significantly
better outcomes of patients who received ATRA and chemo-
therapy compared to patients treated with chemotherapy
alone, in terms of relapse rate. A subsequent randomized
European APL group study64 clearly showed that simultaneous
administration of ATRA and chemotherapy improved the
outcome of APL patients. Based on these studies, a consensus
has been reached to establish the concomitant combination
of ATRA plus chemotherapy as the standard approach for
frontline induction65–70 (Table 8.1). As to the type of anthra-
cyclines, comparable CR rates have been reported using ATRA
plus daunorubicin and cytarabine64 and ATRA plus idarubicin
alone,67,69 while no apparent advantage was observed by using
other cytotoxic agents in addition to anthracyclines (e.g., cytar-
abine). A recent randomized study of the European APL
group71 showed an increased risk of relapse when cytarabine
was omitted from a schedule using daunorubicin both in
induction and consolidation therapy; however, this study was
unable to demonstrate differences in terms of CR or induction
failure rates.

Possible modifications of the standard approach, based on
poor recognized prognostic factors, such as CD56 expression,
short PML-RARα isoform, or FLT3 mutations, are not sup-
ported by data on large cohorts of patients treated with ATRA
and idarubicin schedule.

In addition to the specific antileukemic treatment, support-
ive care is critical for the successful outcome of therapy. Once
a suspicion of APL is established on the basis of morphologic
criteria, the disease should be treated as a medical emergency,
even before a genetic diagnosis is made, in order to reduce the
risk of fatal hemorrhages due to coagulopathy.6,72 Treatment
of the hemorrhagic diathesis should be based on transfusion of
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frozen plasma and platelet support to maintain the fibrinogen
level above 150mg/dL and platelet counts above 30–50� 109/L.
These supportive measures should be more intensive in
patients considered at higher risk of lethal hemorrhages due
to the presence at diagnosis of adverse prognostic features,
such as older age, hyperleukocytosis, or increased levels of
creatinine.72 On the other hand, use of heparin or other anti-
coagulants to attenuate the risk of bleeding remains question-
able.72 Particular attention must be paid to early symptoms or
signs suggestive of the APL differentiation syndrome (DS) in
patients treated with either ATRA or ATO. The diagnosis of
DS should be suspected in the presence of one of the follow-
ing symptoms/signs: dyspnea, fever, weight gain, peripheral
edema, hypotension, acute renal failure, and pulmonary infil-
trates at chest X-rays. Treatment with dexamethasone at a dose
of 10mg twice daily should be promptly started in suspected
DS. Differentiating agents could be maintained unless progres-
sion to overt syndrome or lack of response to dexamethasone
is observed. At the present time, no evidence of morbidity and
mortality rates reduction with use of prophylactic corticoster-
oids has been reported.73

ATO in newly diagnosed patients
Several studies conducted in China, India, and the USA have
explored the role of ATO as frontline therapy. The results of
these trials reported clinical remission rates of more than 80%
and a high incidence of molecular remission using ATO alone
or in combination with ATRA73–78 (Table 8.2). Based on these
encouraging findings, the ongoing trial of the Italian coopera-
tive group GIMEMA compares the standard AIDA (all-trans
retinoic acid and IDArubicin) versus an ATO plus ATRA-

based regimen first developed at the MD Anderson Cancer
Center in Houston.78

As to its toxicity profile, ATO therapy may result in devel-
opment of DS in up to 25% of cases. Moreover, treatment with
ATO is frequently associated with QT prolongation that may
in turn lead to fatal torsade de pointes. Physicians caring for
APL patients treated with ATO should therefore maintain
serum potassium above 4.0mEq/L and serum magnesium
above 1.8mEq/L and withhold the drug in case of significant
QTc interval prolongation.73

Consolidation therapy
Current consensus on consolidation exists on the need of using
at least two cycles of intensive anthracycline-containing ther-
apy and on the adoption of a risk-adapted strategy whereby
treatment intensity is modulated according to the predefined
risk of relapse.66,73 Although no randomized studies proved in
the long term the benefit of adding ATRA to chemotherapy
during consolidation therapy, two independent trials
(GIMEMA and PETHEMA) showed a statistically significant
improvement in outcomes when ATRA was added in the first
15 days of each consolidation course.66,79

As to the role of cytarabine, a recent randomized study of
the European APL group demonstrated an increased risk of
relapse when this agent was omitted from the consolidation
schedule.71 A recent joint analysis of the PETHEMA and
European APL groups showed a significantly lower cumulative
incidence of relapse in younger patients with low WBC count
(< 10 � 109/L) treated with anthracycline as a single agent in
the Spanish LAP99 trial as compared to patients treated in
the European APL2000 trial, which included cytarabine.

Table 8.1. Outcomes of newly diagnosed APL patients treated with simultaneous ATRA and chemotherapy

Reference/
Cooperative
group

Induction regimen No. treated
patients

CR (%) DFS (%) CIR (%) OS (%)

Mandelli et al., 199767

GIMEMA
ATRAþ idarubicin 253 95 79 NA 87 (2 yrs)

Sanz et al., 199969

PETHEMA
ATRAþ idarubicin 123 89 92 NA 82 (2 yrs)

Burnett et al., 199965

MRC
ATRAþ anthracyclineþ cytarabine�
etoposide

120 87 72 20 71 (4 yrs)

Sanz et al., 200466

PETHEMA
ATRAþ idarubicin (risk-adapted) 251 90 90 7.5 85 (3 yrs)

Lengfelder et al., 200970

AMLCG
ATRAþ daunorubicinþ cytarabineþ
thioguanine

142 92 81.8 8.1 82 (6 yrs)

Kelaidi et al., 200964

European APL 93a

European APL 2000a

ATRAþ daunorubicinþ cytarabine
571
331

81.8–94
91.4–93.9

NA
NA

18.4–59.2
24.1–18.9

36.4–77.3
88.6–95.6

Note: DFS: disease-free survival; CIR: cumulative incidence of relapse; OS: overall survival; NA: not applicable.
aresults are expressed only for patients with WBC counts ranging from > 50 000/μl to 10 000/μl
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The possible reasons underlying these discrepancies could be
due to the different type and/or dosing schedule of the anthra-
cyclines used.80 Both the PETHEMA and GIMEMA groups
suggested a potential benefit in using cytarabine in consoli-
dation therapy in the high-risk relapse group.

The role of ATO therapy in consolidation is currently being
explored not only in patients treated with ATO in induction
but also in patients treated with standard approaches. The
above-mentioned studies that used ATO as induction and
post-remission therapy demonstrated a high efficacy of this
agent.75–79 In a recent large trial of the US Intergroup, patients
who entered CR after standard ATRA plus chemotherapy
were randomized to receive or not two courses of ATO before
classic post-remission therapy with daunorubicin and ATRA.81

Patients in the ATO arm had better overall survival and event-
free survival compared to patients treated with the standard
approach; however, while this study clearly shows a benefit in
adding ATO as post-remission therapy, it has to be emphasized
that the standard arm resulted in inferior survival rates as
compared to those reported from other studies using conven-
tional ATRA plus chemotherapy schedule.

The achievement of molecular remission after post-remission
therapy represents a major treatment objective according
to International Working Group criteria response in AML.82

Patients persistently PCR positive at the end of consolidation
confirmed in two consecutive low-sensitivity assays will invari-
ably relapse and should be considered, according to recent
European LeukemiaNet (ELN) guidelines73 for allogeneic stem
cell transplantation (SCT). Patients with molecular persistence,
who are not candidates for SCT, should be considered for rescue
therapy with ATO or GO.

Stem cell transplantation
In light of the high cure rates that are obtained with upfront
ATRA and chemotherapy, there is no role for SCT in patients
who are in first remission at the end of consolidation. SCT is
instead recommended for the small fraction of APL patients
with molecular persistence of residual disease at this time
point, as well as for patients in second CR with unavailable
HLA-identical donor remaining PCR positive after salvage

therapy with ATO. Recent ELN guidelines indicate autologous
SCT as a valid alternative for patients ineligible for allogeneic
transplant, provided that molecular remission is achieved after
salvage therapy. All published studies regarding allogeneic SCT
were based on the use of ablative conditioning regimens and
data following reduced intensity conditioning are currently
lacking.73

Maintenance therapy
The role of maintenance in APL patients is still a matter of
debate: two randomized trials have proved the benefit of
ATRA-based regimens as post-consolidation therapy,63,64

whereas two additional and more recent randomized trials
did not report substantial benefit from two different mainten-
ance regimens.83,84 The GIMEMA group83 and the Japanese
group84 failed to demonstrate an improvement in terms of
relapse rate and survival. These apparently contradictory find-
ings suggest that the effectiveness of maintenance would be
inversely related to the intensity of prior induction and con-
solidation therapy. Although the role and type of maintenance
therapy is still being investigated at present, particularly with
respect to its optimal schedule and target patient population,
the majority of groups have incorporated maintenance into
their APL therapeutic programs.

Treatment of relapsed APL
The benefit of early intervention at the time of molecular
relapse as compared to treatment started at the time of frank
hematologic relapse has been demonstrated by two studies
carried out in the pre-ATO era.85,86 These investigations
provided the rationale for sequential molecular monitoring
after consolidation therapy for a minimum period of three
years in APL patients. The improvement of survival and hema-
tologic relapse risk remains to be proven with ATO-based
relapse therapy. The recommendations for management of
documented molecular relapse, in the absence of specific data,
are identical to those for patients with hematologic relapse. In the
pre-ATO era, salvage therapy in this latter subset consisted of
the re-administration of ATRA and chemotherapy followed by

Table 8.2. Outcomes of APL patients treated with arsenic trioxide as frontline therapy

Reference No. APL
patients

Induction therapy CR (%) Molecular
remission (%)

OS (%) DFS (%)

Lazo et al., 200374 12 ATO 0.15mg/kg 100 90 80 (2 yrs) 80 (2 yrs)

Shen et al., 200475 61 ATRA vs. ATO vs.
ATRAþATO

95 vs. 90 vs. 95 NA NA 68 vs. 85 vs.
100 (2 yrs)

Mathews et al., 200676 72 ATO 10mg 86 76 81 (2.5 yrs) 86 (2.5 yrs)

Ghavamzadeh et al.,
200677

111 ATO 0.16mg/kg 86 92 88 (3 yrs) 64 (2 yrs)

Ravandi et al., 200978 82 ATRAþATO 0.15mg/kg
(þGO 19 patients)

92 100 85 (3 yrs) 78 (3 yrs)
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SCT. Preliminary studies with ATO as salvage therapy con-
ducted by the Shangai and by the Western group75 and con-
firmed by recent studies75,87 showed a CR rate of 80–90% with
50–70% of patients alive at 3 years. As suggested by recent ELN
guidelines, the use of at least two cycles of ATO results in the
achievement of a second molecular remission in nearly 80% of
cases.73 In addition, GO appears to induce a high rate of
molecular responses as a single agent in advanced disease,48

even when used at low doses.88 After ATO rescue to obtain
second CR, there are no current guidelines as regards the choice
of autologous or allogeneic SCT in second CR. As previously
detailed in the section on SCT role in APL, allogeneic SCT is
highly recommended at the present time only for patients
failing to achieve a second molecular remission whereas for
patients unfit for SCT, the available options include repeated
cycles of ATO with or without ATRA and GO.73

Conclusions and future perspectives
Elucidation of the pathophysiology of APL by identifi-
cation of the specific PML-RARα oncoprotein and of its

biochemical functions has provided relevant information to
unravel key mechanisms of leukemogenesis in this disease.
In particular, recruitment of the corepressor complex by a
fusion protein leading to transcription inhibition and mat-
uration arrest represents a frequent finding in AML patho-
genesis and provides a rationale for transcription therapeutic
targeting. Moreover, molecular insights into APL have
proved extremely useful to improve rapid and specific diag-
nosis of this leukemia and to sensitively monitor minimal
residual disease. Tailored treatment with ATRA and chemo-
therapy results in cure of nearly 80% of APL patients and
attempts to substitute cytotoxic therapy with combinatorial
ATRA plus ATO are currently underway. In spite of this
progress, the therapeutic benefit achieved in APL through
targeted therapy has not yet been translated into other
leukemic subsets which remain essentially unresponsive to
differentiating agents. Further studies on the mechanisms
underlying the maturation block of AML and to unravel
relevant pathways for therapeutic targeting are warranted
to improve treatment results in the other AML subsets.
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Chapter

9 Myeloproliferative neoplasms

Ayalew Tefferi

Introduction
The 2008 World Health Organization (WHO) classification
system for hematologic malignancies uses histology and gen-
etic information to organize myeloid neoplasms into five
operational categories: acute myeloid leukemia (AML), mye-
lodysplastic syndromes (MDS), myeloproliferative neoplasms
(MPN), “MDS/MPN,” and “myeloid/lymphoid neoplasms
associated with eosinophilia and rearrangements of platelet-
derived growth factor receptor a/b or fibroblast growth factor
receptor 1” (Table 9.1).1 The MPN category is in turn
subclassified into eight separate entities: chronic myelogenous
leukemia (CML), polycythemia vera (PV), essential thrombo-
cythemia (ET), primary myelofibrosis (PMF), systemic masto-
cytosis (SM), chronic eosinophilic leukemia, not otherwise
specified (CEL-NOS), chronic neutrophilic leukemia, and
“MPN, unclassifiable.” The first four are referred to as “classic”
MPN and further subclassified into BCR-ABL-positive (CML)
and BCR-ABL-negative classic MPN. This chapter will focus
on the latter.

Historical perspective
In 1951, William Dameshek (1900–69) grouped the four clas-
sic MPN (CML, PV, ET, and PMF), along with DiGuglielmo’s
syndrome (erythroleukemia), under the rubric of “myelopro-
liferative disorders (MPD).”2 However, the history of MPD
antedates Dameshek by more than a century. In 1879, Gustav
Heuck (1854–1940) described PMF under the title of “Two
cases of leukemia with peculiar blood and bone marrow find-
ings.”3 In 1904, Max Askanazy (1865–1940) reported another
PMF case with substantial EMH of the liver and diffuse bone
marrow fibrosis.4 In 1907, Herbert Assmann (1882–1950)
described a similar case (“Heuck–Assmann syndrome”), which
he called “osteosclerotic anemia.”5 PMF is also known as
agnogenic myeloid metaplasia (a term first used in 1940),6

chronic idiopathic myelofibrosis (a term used in the 2001
WHO document on the classification of hematologic malig-
nancies),7 and myelofibrosis with myeloid metaplasia. In 2006,

the International Working Group for Myelofibrosis Research
and Treatment (IWG-MRT) reached a consensus to exclu-
sively use the term PMF.8

Louis Henri Vaquez (1860–1936) was the first to describe
PV in 1892 in a 40-year-old man with chronic “cyanosis”,
distended veins, vertigo, dyspnea, palpitations, hepatospleno-
megaly, and marked erythrocytosis.9 In 1903, William Osler
(1849–1919) published a landmark, descriptive case series
consisting of four patients with “Chronic cyanosis, with
polycythemia and enlarged spleen: a new clinical entity.”10

Osler distinguished PV from both relative polycythemia and
secondary polycythemia associated with heart and lung dis-
eases. By 1908, Osler had reviewed 18 cases of what he
referred to as “Vaquez’s disease” or “polycythemia with
cyanosis.”11

ET is the last of the classic MPN to be formally described
(as “hemorrhagic thrombocythemia”) in 1934 by Emil Epstein
(1875–1951) and Alfred Goedel.12 Their patient presented with
extreme thrombocytosis, slight erythrocytosis, and recurrent
mucocutaneous bleeding. Similar cases of thrombocythemia
associated with bone marrow megakaryocytic hyperplasia,
splenomegaly, thrombosis, or hemorrhage had subsequently
appeared in the literature under different names: hemorrhagic
thrombocythemia, idiopathic thrombocythemia, thrombo-
cythemia, essential thrombocythemia, megakaryocytic leuke-
mia, thromboblasthemia, and piastrinemia. In a 1954 review of
these cases,13 the authors made note of the distinction between
idiopathic and secondary thrombocythemia and suggested the
former to be a manifestation of a primary bone marrow
proliferative disorder that is distinct from both PV and “mega-
karyocytic leukemia.”

Classification and morphology
The 2008 WHO classification system for hematologic
malignancies includes five categories of myeloid neoplasms
(Table 9.1): AML, MDS, “MDS/MPN”, MPN, and “PDGFR-
or FGFR1-rearranged myeloid/lymphoid neoplasms associated
with eosinophilia.”14
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Table 9.1. The World Health Organization classification of myeloid neoplasms

1. Acute myeloid leukemia and related neoplasms

a. Acute myeloid leukemia with recurrent genetic abnormalitiesa

b. Acute myeloid leukemia with myelodysplasia-related changes (includes therapy-related myeloid neoplasms)

c. Acute myeloid leukemia, not otherwise specifiedb

d. Myeloid sarcoma

e. Myeloid proliferations related to Down syndromec

f. Blastic plasmacytoid dendritic cell neoplasms

g. Acute leukemias of ambiguous lineaged

2. Myeloproliferative neoplasms

a. Chronic myelogenous leukemia, BCR-ABL1þ
b. Neutrophilic leukemia

c. Polycythemia vera

d. Primary myelofibrosis

e. Essential thrombocythemia

f. Chronic eosinophilic leukemia, not otherwise specified

g. Mastocytosis

h. Myeloproliferative neoplasms, unclassifiable

3. Myeloid/lymphoid neoplasms associated with eosinophilia and abnormalities
of PDGFRA, PDGFRB, or FGFR1

4. Myelodysplastic/Myeloproliferative neoplasms

a. Chronic myelomonocytic leukemia

b. Atypical chronic myeloid leukemia, BCR-ABL1 negative

c. Juvenile myelomonocytic leukemia

d. Myelodysplastic/Myeloproliferative neoplasm, unclassifiable (includes the provisional entity of refractory anemia with ring sideroblast
and thrombocytosis)

5. Myelodysplastic syndrome

a. Refractory cytopenia with uni-lineage dysplasia (could be mono- or bi-cytopenia)

i. Refractory anemia (ring sideroblasts < 15% of erythroid precursors)

ii. Refractory neutropenia

iii. Refractory thrombocytopenia

b. Refractory anemia with ring sideroblasts (dysplasia limited to erythroid lineage)

c. Refractory cytopenia with multi-lineage dysplasia (regardless of ring sideroblast %)

d. Refractory anemia with excess blasts

e. Myelodysplastic syndrome with isolated del(5q) (requires < 5% marrow blast count)

f. Myelodysplastic syndrome, unclassifiable

g. Childhood myelodysplastic syndrome (includes the provisional entity of refractory cytopenia of childhood)

Notes: aThe recurrent genetic abnormalities include t(8;21)(q22;q22), inv(16)(p13.1q22) or t(16;16)(p13.1;q22), t(15;17)(q22;q12), t(9;11)(p22;q23), t(6;9)(p23;q34), inv(3)
(q21q26.2) or t(3;3)(q21;q26.2), t(1;22)(p13;q13), and the provisional entity of AML with mutated NPM1 or CEBPA.
bSubclassified into AML with minimal differentiation, without or with maturation and acute myelomonocytic, monoblastic/monocytic, erythroid,
megakaryoblastic, or basophilic leukemia; also includes acute panmyelosis with myelofibrosis.
cIncludes transient abnormal myelopoiesis and acute myeloid leukemia associated with Down syndrome.
dIncludes acute undifferentiated leukemia, mixed phenotype acute leukemia with t(9;22)(q34;q11.2), mixed phenotype acute leukemia with t(v;11q23),
mixed B/myeloid phenotype acute leukemia-NOS, mixed T/myeloid phenotype acute leukemia-NOS, and the provisional entity of natural killer cell lymphoblastic
leukemia/lymphoma.
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AML is defined by the presence of � 20% peripheral blood
or bone marrow blasts or t(8;21)(q22;q22), inv(16)(p13.1q22)/t
(16;16)(p13.1;q22), t(15;17)(q22;q12), or extramedullary mye-
loid sarcoma. MDS is typically characterized by cytopenia(s)
and trilineage myeloid dysplasia. The MDS/MPN category
includes chronic myeloid neoplasms that display laboratory
features of both MDS and MPN (Table 9.1).15

MPN is distinguished from MDS and MDS/MPN by
the absence of dyserythropoiesis, dysgranulopoiesis, and
monocytosis (� 1� 109/L). Within the MPN category, specific

diagnosis is not based on isolated histologic findings but
on comprehensive assessment of multiple clinical and labora-
tory features (Table 9.2). Bone marrow megakaryocyte cluster
formation is a characteristic feature of ET, PV, and PMF.
Megakaryocytes in ET and PV are large and mature-appearing
(Figure 9.1a). Megakaryocytes in PMF have hyperchromatic
and irregularly folded bulky nuclei (Figure 9.1b). In PV
and PMF, there is histologic evidence of trilineage prolifer-
ation. CML is characterized by small and hypolobulated
megakaryocytes.

Table 9.2. The 2008 World Health Organization diagnostic criteria for polycythemia vera (PV), essential thrombocythemia (ET),
and primary myelofibrosis (PMF)

2008 WHO diagnostic criteria

PVa ETa PMFa

Major
criteria

1 Hb > 18.5 g/dL (men)
> 16.5 g/dL (women)
or
Hb > 17 g/dL (men),
or > 15 g/dL (women)
if associated with a sustained increase
of � 2 g/dL from baseline that cannot
be attributed to correction of iron
deficiency
or b

1 Platelet count � 450� 109/L 1 Megakaryocyte proliferation and atypiac

accompanied by either reticulin and/or
collagen fibrosis
or
in the absence of reticulin fibrosis, the
megakaryocyte changes must be
accompanied by increased marrow
cellularity, granulocytic proliferation,
and often decreased erythropoiesis
(i.e., pre-fibrotic PMF)

2 Presence of JAK2V617F or similar
mutation

2 Megakaryocyte proliferation with
large and mature morphology
No or little granulocyte or erythroid
proliferation

2 Not meeting WHO criteria for CML, PV,
MDS, or other myeloid neoplasm

3 Not meeting WHO criteria for CML,
PV, PMF, MDS, or other myeloid
neoplasm

3 Demonstration of JAK2V617F or other
clonal marker
or
no evidence of reactive marrow
fibrosis

4 Demonstration of JAK2V617F
or other clonal marker
or
no evidence of reactive
thrombocytosis

Minor
criteria

1 BM trilineage myeloproliferation 1 Leukoerythroblastosis

2 Subnormal serum Epo level 2 Increased serum LDH

3 EEC growth 3 Anemia

4 Palpable splenomegaly

Notes: aDiagnosis of PV requires meeting either both major criteria and one minor criterion or the first major criterion and two minor criteria.
aDiagnosis of ET requires meeting all four major criteria.
aDiagnosis of PMF requires meeting all three major criteria and two minor criteria.
bor Hb or Hct > 99th percentile of reference range for age, sex, or altitude of residence or red cell mass > 25% above mean normal predicted.
cSmall to large megakaryocytes with aberrant nuclear/cytoplasmic ratio and hyperchromatic and irregularly folded nuclei and dense clustering.
Hb: hemoglobin; Hct: hematocrit; BM: bone marrow; Epo: erythropoietin; EEC: endogenous erythroid colony; WHO: World Health Organization;
CML: chronic myelogenous leukemia; MDS: myelodysplastic syndrome; LDH: lactate dehydrogenase.
Source: Jaffe et al.7
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Cytogenetic findings
Cytogenetic abnormalities are seen in approximately 33% of
patients with PMF,17 11% of patients with PV,18 and 7% of
those with ET.19 The type of cytogenetic abnormalities seen in
PMF, PV, and ET are similar and the most frequent are
del(20q), del(13q), þ8, þ9, and chromosome 1 abnormal-
ities.17–20 Of note, abnormalities of chromosomes 5 and 7,
which are prevalent in MDS, also occur in MPN.21 On the
other hand, þ9 and del(13q), which are frequently seen
in MPN, are rarely seen in MDS whereas del(20q) is seen in
both MPN and MDS.22,23 Chromosomal breakpoint regions
seen with del(20q) include q11.2-q13·1, with del(13q) q12-q22
and with chromosome 1 anomalies q10-q25/p10-q31.

Molecular pathogenesis
JAK2, MPL, and TET2 mutations are recurrent in PV, ET, and
PMF but their precise pathogenetic contribution has not been
fully elucidated. JAK2V617F is most prevalent in PV, ET, and
PMF but also occurs in other myeloid neoplasms;23,24 muta-
tional frequency is estimated at ~95% in PV, ~60% in ET or
PMF, and less than 20% in other myeloid neoplasms.25,26

JAK2V617F allele burden in patients with ET is significantly
lower than that seen in patients with either PV or PMF in
whom mutant allele homozygosity has been ascribed to mitotic
recombination leading to uniparental disomy.27 Most of the
approximately 5% of patients with JAK2V617F-negative PV
carry JAK2 exon 12 mutations.28 Among the latter, N542-
E543del is the most frequent.29 PV patients with JAK2 exon
12 mutation are younger and might present with apparently
“isolated” erythrocytosis.

MPN-associated MPL mutations are much less frequent
than JAK2 mutations and have been described in
JAK2V617F-negative patients with ET or PMF. Specific MPL

mutations includeMPLW515L,MPLW515K,MPLW515S, and
MPLS505N.) MPL515 mutational frequency is estimated at 4%
for ET and 11% for PMF.30–34 TET2 mutations occur in ~14%
of patients with JAK2V617F-positive PV, ET, or PMF.35 Add-
itional studies have demonstrated TET2 mutations also in
JAK2V617F-negative MPN as well as in SM, MPN-U, chronic
myelomonocytic leukemia (CMML), MDS, MDS/MPN, and
AML.36–38 Furthermore, TET2 mutations have been shown to
coexist with other pathogenetically relevant mutations includ-
ing PML-RARA, MPLW515L, JAK2V617F, or KITD816V.36–38

JAK2, MPL, and TET2 mutations all originate from a
primitive hematopoietic stem cell but do not necessarily repre-
sent the primary oncogenic event. Expression of JAK2V617F,
JAK2 exon 12 mutant, or MPLW515L in mice has been
shown to induce a PV-like or PMF-like phenotype.39 Recent
studies suggest genetic susceptibility for the acquisition of
JAK2V617F.40–43

Diagnosis
In suspected PV, diagnostic evaluation begins with periph-
eral blood JAK2V617F mutation screen and measurement of
serum erythropoietin (Epo) level (Figure 9.2). The presence of
JAK2V617F is expected in > 95% of patients with PV and
excludes the possibility of secondary polycythemia. The pres-
ence of subnormal serum Epo level, which is expected in
> 90% of patients with PV, further confirms the diagnosis.44,45

In the absence of JAK2V617F, a normal or elevated serum Epo
level makes the diagnosis of PV highly unlikely and evaluation
for secondary polycythemia should be considered (Figure 9.3).
If serum Epo level is subnormal, however, the possibility of PV
associated with a JAK2 exon 12 mutation should be entertained
(Figure 9.2). The 2008 WHO diagnostic criteria for PV are
outlined in Table 9.2.

(a) (b)

Figure 9.1 Megakaryocyte morphology in essential thrombocythemia (a) as opposed to primary myelofibrosis (b). From Tefferi et al.16
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According to the 2008 WHO criteria, the platelet threshold
for the diagnosis of ET has been lowered from 600� 109/L to
450� 109/L (Table 9.2).46 After excluding obvious cases of
reactive thrombocytosis, it is reasonable to screen peripheral
blood for JAK2V617F since the mutation is detected in the
majority of patients with ET (Figure 9.2).47 The presence of
JAK2V617F confirms clonal thrombocytosis but specific diag-
nosis is made after careful review of bone marrow histology. It
is important to always consider the possibility of CML or
prefibrotic PMF in patients presenting with “isolated” throm-
bocythemia; the presence of BCR-ABL1 or dwarf megakaryo-
cytes supports a diagnosis of CML whereas the presence of
leukoerythroblastosis or increased lactate dehydrogenase
(LDH) suggests PMF.48

Epidemiology
There appears to be a higher incidence of PV, ET, and PMF in
persons of Jewish ancestry.49 Reported incidence figures in PV
range from 0.5–2.6/100 000.50,51 ET is the most frequent
among the classic BCR-ABL-negative MPN with an annual
incidence of between 0.2 and 2.5/100 000.49,52–57 Incidence
figures in PMF range from 0.4 to 1.5/100 000.53–56,58 Median
age at diagnosis of PV is approximately 60 years with a

slight (1.2:1) male preponderance.59 Approximately 7% of
patients are diagnosed before age 40.59 In ET, median age
at presentation is approximately 55 years and the disease is
more prevalent in women by a factor of approximately 2.
Based on a large Mayo Clinic database of well-documented
cases, median age at diagnosis in PMF was approximately
57 years with a male to female ratio of 1.6. The same database
revealed approximately 2%, 9%, and 29% prevalence rates of
patients diagnosed before age 30, 40, and 50 years, respectively
(unpublished).

Clinical manifestations
Clinical features in PV and ET include microvascular disturb-
ances (headaches, lightheadedness, atypical chest discomfort,
paresthesias, and erythromelalgia), aquagenic pruritus, consti-
tutional symptoms (fatigue, night sweats, low-grade fever), and
thrombohemorrhagic complications. Erythromelalgia repre-
sents painful and burning sensation of the feet or hands asso-
ciated with erythema and warmth. Aquagenic pruritus occurs
in 48% of patients with PV but is infrequent in ET.60

Incidences of major thrombosis at diagnosis range from
9.7% to 29.4% for ET and 34% to 38.6% for PV; the corres-
ponding figures for major thrombosis during follow-up are 8%

Figure 9.2 Diagnostic algorithm in chronic myelogenous leukemia (CML), polycythemia vera (PV), essential thrombocythemia (ET), and primary myelofibrosis (PMF).
MDS: myelodysplastic syndrome; MPN: myeloproliferative neoplasm; Epo: serum erythropoietin; BM: bone marrow. From Tefferi et al.16
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to 30.7% for ET and 8.1% to 19% for PV.61 In almost all
instances, arterial events are more prevalent than venous
events and thrombosis in general is more frequent than major
bleeding. Venous thrombosis in PV and ET includes some-
times catastrophic abdominal vein thrombosis (AVT). The
prevalence of MPN-associated AVT might be higher than the
reported ~5% figure since a substantial proportion of “idio-
pathic” AVT might represent latent MPN, as has been recently
indicated by JAK2V617F mutational analysis of such
cases.62–64 Other disease manifestations in PV and ET include
splenomegaly, ill-defined constitutional symptoms, and first-
trimester miscarriages.65

Bleeding diathesis in PV and ET is currently believed to
involve an acquired von Willebrand syndrome (AvWS) that
becomes apparent in the presence of extreme thrombocytosis.
The mechanism of AvWS in MPN is currently believed to
involve a platelet count-dependent increased proteolysis of high
molecular weight von Willebrand protein.66 Other qualitative
platelet defects in PV and ET are believed to play a minor
role in disease-associated hemorrhage and include defects in
epinephrine-, collagen-, and ADP-induced platelet aggregation,
decreased ATP secretion, and acquired storage pool deficiency
that results from abnormal in-vivo platelet activation.

The typical features of PMF are anemia, marked hepato-
splenomegaly, and constitutional symptoms. Cachexia
develops over the disease course with profound weight loss
primarily affecting muscle mass. Other symptoms include left
upper quadrant discomfort, early satiety, pruritus, easy bruis-
ing, peripheral edema, lymphadenopathy, and ascites. Some
patients may experience splenic infarcts with severe pain that
may be referred to the left shoulder. Hepatosplenomegaly in
PMF is secondary to extramedullary hematopoiesis (EMH)
that might also involve other organs: lymph nodes (lymph-
adenopathy), pleura (effusion), peritoneum (ascites), lung
(interstitial process), and the paraspinal and epidural spaces
(spinal cord and nerve root compression).

Laboratory features
Erythrocytosis in PV and thrombocytosis in ET are essential
components of the two diseases. Approximately a third of the
patients in addition display mature (i.e., not left-shifted) leu-
kocytosis. The peripheral blood smear in PV and ET does not
show substantial qualitative changes. Bone marrow examin-
ation in ET is equally unremarkable with the exception of the
presence of megakaryocyte clusters. In contrast, the bone

Figure 9.3 A contemporary approach to the diagnosis of secondary polycythemia. CO: carbon monoxide; p50: the partial pressure of oxygen in blood at which 50%
of the hemoglobin is saturated with oxygen; EPOR: erythropoietin receptor; BPG: biphosphoglycerate; PHD: prolyl hydroxylase domain-containing enzyme; VHL:
the von Hippel-Lindau tumor suppressor protein; HIF: hypoxia-inducible factor. From Tefferi et al.16
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marrow is hypercellular in PV and shows trilineage prolifer-
ation, in addition to megakaryocyte clusters.

The most characteristic peripheral blood finding in PMF is
leukoerythroblastosis (presence of nucleated red blood cells,
metamyelocytes, myelocytes, myeloblasts, or megakaryocytes)
and dacryocytosis. Anemia is present at diagnosis in the
majority of the patients. Other peripheral blood findings
include leukocytosis or leukopenia, thrombocytosis or
thrombocytopenia, presence of circulating blasts, and
increased serum levels of LDH. Bone marrow biopsy often
yields a “dry tap.” Both “cellular phase” and “overtly fibrotic”
stages of the disease are recognized. In general, increased
proliferation of granulocytic and megakaryocytic lineage cells
is accompanied by reduced erythropoietic elements. Reticulin
fibrosis in PMF is sometimes accompanied by dilated sinuses,
intra-sinusoidal hematopoiesis, and/or osteosclerosis.

Prognosis
Patients with ET and PV display a shortened life expect-
ancy, which becomes apparent after the first decade of the
disease.67,68 In both instances, shortened survival has been
ascribed to delayed disease transformation into AML or
MF but deaths from thrombohemorrhagic complications
can also occur. In addition, over the course of the disease,
there is an increased risk of both thrombosis and bleeding.

Two recent Mayo Clinic studies have described prognostic
factors in ET and PV.69,70 Median survival in ET was 23.2 years
in the absence of advanced age, anemia, and leukocytosis and
9 years in the presence of two of these three factors. Also,
anemia and extreme thrombocytosis predicted a significantly
higher risk of leukemic transformation, which was 0.4% in the
absence of these risk factors and 6.5% in the presence of both
risk factors. In PV, advanced age, leukocytosis, and arterial
thrombosis at diagnosis predicted of inferior survival. In the
absence of the first two risk factors, median survival was
projected at 23 years as opposed to 9 years in the presence of
both risk factors. Leukocytosis in PV was also identified as an
independent predictor of leukemic transformation.

Risk factors for thrombosis in ET and PV are well-defined
and most investigators agree on what constitutes “high-risk”
and “low-risk” in this instance.61 Several studies have consist-
ently identified advanced age (> 60 years) and thrombosis
history as risk factors for thrombosis in both PV70–72 and
ET.67,73,74 Whether or not the presence of cardiovascular risk
factors confers additional risk is uncertain.61,75,76 What is
no longer controversial is the lack of prognostic relevance
attached to platelet count.70,77 Instead, recent studies have
suggested that leukocytosis predicts a higher risk of throm-
bosis in both ET and PV but an even more recent study in
low-risk disease could not confirm these observations.78 The
frequently cited association of extreme thrombocytosis with
gastrointestinal bleeding is based on anecdotal observation and
may, in some instances, be attributed to occult acquired von
Willebrand syndrome.79

PMF is associated with shortened survival (median
~69 months)80 and causes of death include progression into
blast phase disease. A subset of patients with either PV or ET
progress into a clinical phenotype that is similar to PMF and
such post-PV or post-ET MF is managed like PMF. The Inter-
national Prognostic Scoring System (IPSS) for PMF utilizes five
independent predictors of inferior survival (age > 65 years,
hemoglobin < 10 g/dL, leukocyte count > 25� 109/L, circulat-
ing blasts � 1%, and presence of constitutional symptoms)
to stratify patients into low- (no risk factors), intermediate-1-
(one risk factor), intermediate-2- (two risk factors), and high-
(� 3 risk factors) risk categories; the respectivemedian survivals
are estimated at 135, 95, 48, and 27 months.80 More recently,
red blood cell transfusion requirement at diagnosis (median
survival ~20 months)81 and the presence of “unfavorable”
cytogenetic abnormalities (median survival ~50 months)17

were reported to carry an IPSS-independent adverse
prognostic effect.

JAK2V617F and prognosis
in myeloproliferative neoplasms
In ET, the presence of JAK2V617F has been associated with
advanced age, higher hemoglobin level, increased leukocyte
count, decreased platelet count, and venous thrombosis.82

Furthermore, in mutation-positive patients with ET, a Mayo
Clinic study has demonstrated a direct correlation between
bone marrow mutant allele burden and both leukocyte and
platelet count.47 The aforementioned study from the Mayo
Clinic also showed a higher prevalence of palpable splenomeg-
aly and venous thrombosis in patients with a higher mutant
allele burden. More importantly, however, overall survival or
transformation rates to MF or AML were not affected by either
the presence of the mutation or its allele burden.47 In another
Italian ET study, JAK2V617F “homozygous” patients, com-
pared to those with a wild-type or “heterozygous” mutational
status, displayed older age, higher leukocyte count, higher
hemoglobin level, larger spleen size, and higher incidences of
thrombosis and fibrotic transformation.83

In PV, the first study that compared JAK2V617F “homozy-
gous” and “heterozygous” patients associated the former with
higher hemoglobin level, presence of pruritus, and higher rate
of fibrotic transformation.84 A subsequent study confirmed
these findings and also demonstrated a higher leukocyte count
and lower platelet count in homozygous patients.83 The later
group of investigators also showed that a high mutant allele
burden correlated with higher hemoglobin level and leukocyte
count, larger spleen size, presence of pruritus, and an increased
propensity to require chemotherapy or experience cardiovas-
cular events.85 A Mayo Clinic PV study using bone marrow-
derived DNA for allele burden measurement also found a
correlation with leukocyte count and pruritus, but not with
hemoglobin level, spleen size, thrombotic complications, or
need for cytoreductive therapy.86
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In PMF, the first Mayo Clinic study showed an association
between JAK2V617F and older age, history of thrombosis,
and pruritus.87 The particular study did not identify JAK2V617F
mutational status as an independent prognostic factor for sur-
vival. Subsequently, an Italian study found that JAK2V617F
“homozygous” patients with PMF displayed a higher leukocyte
count; larger spleen size; and were more likely to experience
pruritus, leukemic transformation, and require chemotherapy
or splenectomy.88 In a most recent Mayo Clinic study, signifi-
cantly shortened overall and leukemia-free survivals were associ-
ated with a low JAK2V617F allele burden.89 In contrast, the
outcome of patients with higher mutant allele burden was not
significantly different than that of JAK2V617F-negative cases.

Treatment
ET and PV
There are a limited number of controlled studies that guide
treatment decisions in PV and ET. Controlled studies have
demonstrated the value of low-dose aspirin in all patients with
PV and hydroxyurea in high-risk patients with ET for prevent-
ing thrombotic complications.90,91 Other randomized studies
in PV include (1) hydroxyurea vs. pipobroman (similar sur-
vival, thrombosis risk, and leukemic transformation rate),92

(2) phlebotomy alone vs. phlebotomy plus oral chlorambucil
or radiophosphorus (results favored treatment with phlebot-
omy alone in terms of survival),71 (3) radiophosphorus vs. oral
busulfan (results favored busulfan in terms of survival),93 and
(4) radiophosphorus alone vs. radiophosphorus plus hydro-
xyurea (no difference in survival).92 In ET, another random-
ized study showed hydroxyurea (plus aspirin) to be superior to

anagrelide (plus aspirin) in terms of preventing arterial throm-
bosis and severe bleeding complications.94 In the same study,
although anagrelide performed better in terms of venous
thrombosis, it was generally less tolerated and was associated
with a higher incidence of fibrotic transformation.

In addition to the above-listed randomized studies, there is
general agreement, although not evaluated in a controlled
setting, to employ phlebotomy in all patients with PV.95 In
this regard, I recommended a hematocrit target of below 45%
in men and 42% in women although I do not object to higher
hematocrit targets of up to 50%, if necessary for one reason or
another.77 Also in PV, uncontrolled studies have provided
convincing evidence that hydroxyurea benefits high-risk
patients with PV, as is the case with high-risk ET.96 Uncon-
trolled studies have also shown the value of pipobroman and
interferon alpha (IFN-a) for both PV and ET, sometimes
associated with modest reductions in JAK2V617F allele burden
in the case of IFN-a.97–105 The latter drug can also be useful in
patients with PV-associated pruritus; other treatment
approaches for pruritus include serotonin reuptake inhibi-
tors106 and phototherapy.72

Considering the above, I recommend phlebotomy and low-
dose aspirin in all patients with PV. In addition, I recommend
instituting hydroxyurea therapy in high-risk disease.107 This
treatment strategy, with the exception of phlebotomy, also
applies to ET – low-dose aspirin in all patients75,108,109 and
the addition of hydroxyurea for high-risk disease.110,111

However, the use of aspirin in both PV and ET requires the
absence of clinically relevant acquired von Willebrand
syndrome, which might occur in patients with extreme
thrombocytosis;66 I recommend screening for ristocetin cofac-
tor activity in patients with platelet counts that exceed one
million per microliter and holding aspirin if the results are
below 30%. It is reasonable to consider IFN-a, pipobroman, or
busulfan as second-line therapy in hydroxyurea-intolerant
or -refractory cases but randomized studies are needed to
establish their role as first-line therapy. Of note, there is no
hard evidence to implicate hydroxyurea as being leukemogenic
in the treatment of PV or ET.69,70,112

Myelofibrosis
At present, allogeneic hematopoietic stem cell transplantation
(allo-SCT) is the only treatment approach in MF that is poten-
tially curative.113 However, such therapy is marred by high
treatment-related mortality (TRM) and morbidity. In a recent
review of the literature,114 the estimated 1-year TRM associ-
ated with conventional intensity conditioning (CIC) allo-SCT
was ~30% and overall survival ~50%. Overall outcome is
similar for reduced intensity conditioning (RIC) allo-SCT
(5-year median survival of 45%).115 In the latter study of RIC
allo-SCT in MF, treatment-related and relapse-related death
rates were each ~41%. By comparison, in a recent study of
transplant-eligible patients with PMF who were not trans-
planted, the 1- and 3-year survival rates ranged from 71% to

Table 9.3. Current management and risk stratification in essential
thrombocythemia (ET) and polycythemia vera (PV)

Risk categories

ET PV

Low Low-dose
aspirin

Low-dose aspirin þ
phlebotomy

Low but with
extreme
thrombocytosisa

Low-dose
aspirinb

Low-dose aspirinc þ
phlebotomy

High Low-dose
aspirin þ
hydroxyurea

Low-dose aspirin þ
phlebotomy þ
hydroxyurea

Notes: aExtreme thrombocytosis is defined as a platelet count of 1000� 109/L
or more.
bClinically significant acquired von Willebrand syndrome (ristocetin cofactor
activity < 30%) should be excluded before the use of aspirin in patients with
a platelet count of over 1000� 109/L.
cRIC, reduced intensity conditioning.
Risk stratification for ET and PV:
High risk: age � 60 years or previous thrombosis.
Low risk: neither of the above.
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95% and 55% to 77%, respectively.114 Furthermore, although a
substantial number of patients who survive allo-SCT achieve
complete hematologic, histologic, and molecular remis-
sions,116 approximately 60% experience extensive, treatment-
requiring chronic graft-versus-host disease.113

Considering the above, I am currently recommending allo-
SCT in transplant-eligible patients with PMF whose median
survival is estimated at less than 5 years: (1) IPSS80 high- (median
survival ~27 months) or intermediate-2-risk patients (median
survival ~48 months), (2) red blood cell transfusion-dependent
patients (median survival ~20 months),81 and (3) patients with
unfavorable cytogenetic abnormalities (median survival ~40
months).117 I also prefer pre-transplant splenectomy for patients
with marked splenomegaly, in the setting of RIC allo-SCT.

Drug therapy in PMFhas not been shown to improve survival
and is usually considered in the presence of either symptomatic
anemia or splenomegaly. Conventional therapy for the former
include androgen preparations,118 prednisone,118 erythropoiesis
stimulating agents,119–121 and danazol.122,123 Each one of these
options results in response rates of 10% to 20% and response
durations of 6 to 18 months. Low-dose thalidomide in combin-
ation with prednisone has recently been identified as an effective
drug for MF-associated anemia, thrombocytopenia, and spleno-
megaly with an approximately 50% overall response rate.124–128

Lenalidomide, a thalidomide analog, has also been evaluated in
MFwhere 20% to 30% response rates in both anemia and spleno-
megaly were documented.129 Lenalidomide response rates were
higher and quality of responses most impressive in MF patients
with the del(5q) abnormality.130 The therapeutic value of thal-
idomide is undermined by its neurotoxicity and that of lenalido-
mide by its myelotoxicity.

Pomalidomide (not US Food and Drug Administration
[FDA] approved at this time) is another second-generation

immunomodulatory agent (IMiD) created by chemical modi-
fication of thalidomide with the intent to reduce toxicity and
enhance therapeutic activity. Pomalidomide and lenalidomide
are more potent than thalidomide in their antiangiogenic,
antitumor necrosis factor alpha (TNF-a), and T-cell costimu-
latory activity. In an international phase II randomized study,
84 patients were randomized to one of four treatment arms:
pomalidomide (2mg/day)þ placebo (n¼ 22), pomalidomide
(2mg/day)þ prednisone (n¼ 19), pomalidomide (0.5mg/day)
þ prednisone (n¼ 22), and prednisoneþ placebo (n¼ 21).131

Response rates among the four treatment arms were 23%
(pomalidomide 2mg/dayþ placebo), 16% (pomalidomide
2mg/dayþ prednisone), 36% (pomalidomide 0.5mg/dayþ
prednisone), and 19% (prednisoneþ placebo). The drug was
well tolerated and neuropathy and severe myelosuppression
did not appear to be an issue. Longer follow-up and additional
studies are required to define the role of pomalidomide in the
treatment of MF.

Hydroxyurea is the current drug of choice for controlling
splenomegaly, leukocytosis, or thrombocytosis in PMF.132 Other
drugs that have been used in a similar setting include busulfan,133

melphalan,134 and 2-chlorodeoxyadenosine.135 In contrast,
IFN-a has limited therapeutic value in MF.136 Splenectomy is a
viable treatment option for drug-refractory symptomatic spleno-
megaly and may also result in red blood cell transfusion-inde-
pendence in approximately 25% of patients.137 Radiation therapy
is most useful in the treatment of non-hepatosplenic EMH
whereas splenic irradiation offers only transient benefit and
might be associated with severe myelosuppression.138,139

Management during pregnancy
There is an increased rate of first-trimester miscarriages
(approximately 30%) in both ET and PV.65,140,141 There is no

Figure 9.4 A treatment approach for the
symptomatic patient with myelofibrosis. IPSS:
International Prognostic Scoring System for primary
myelofibrosis; CIC: conventional intensity
conditioning; RIC: reduced intensity conditioning;
allo-SCT: allogeneic hematopoietic cell
transplantation. *Alternatively, one could consider
investigational drug therapy in the presence of risk
factors for poor transplant outcome (e.g., presence
of marked splenomegaly or absence of an HLA-
identical sibling donor). From Tefferi. Bone Marrow
Transplant, in press.
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controlled evidence to suggest that specific treatment influences
outcome.65,142 Therefore, at present, I recommend that low-risk
pregnant patients with ET or PV be managed the same way as
their non-pregnant counterparts. A most recent study sug-
gested the value of aspirin therapy in reducing first trimester
miscarriage risk in low-risk ET.143 In high-risk disease, IFN-a is
the drug of choice in women of childbearing age wishing to
be pregnant, because of the theoretical risk of teratogenicity
associated with the use of other cytoreductive agents.98

Conclusions
Recent descriptions of JAK2, MPL, and TET2 mutations in
PMF and related MPN have raised the prospect of molecularly

targeted therapy.36,144,145 Several anti-JAK2 drugs are currently
in active clinical trials. TG101348 is a potent and selective
orally bioavailable JAK2 inhibitor with excellent in vitro146

and in vivo147 activity against JAK2V617F-driven neoplasia.
Preliminary results in humans suggest favorable effects in
splenomegaly, leukocytosis, and constitutional symptoms.148

Similar treatment effects have also been shown with another
JAK2/JAK1 inhibitor, INCB018424.149 Other drugs that are
currently in clinical trials or soon will be include both ATP
mimetics (XL019, CYT387,150 AZD1480, SB1518) and histone
deacetylase (HDAC) inhibitors (ITF2357, MK0683, LBH589).
Only time will tell how much an anti-JAK2 therapeutic
approach will affect survival and quality of life in MPN.
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Chapter

10 Monoclonal gammopathy of undetermined
significance, smoldering multiple myeloma,
and multiple myeloma
S. Vincent Rajkumar and Suzanne R. Hayman

Introduction
The plasma cell dyscrasias are a diverse group of disorders
characterized by the presence of a monoclonal plasma cell
population in the bone marrow. The most common plasma
cell disorders include monoclonal gammopathy of undeter-
mined significance (MGUS), solitary plasmacytoma, smolder-
ing myeloma (SMM), multiple myeloma (MM), primary (AL
or immunoglobulin light chain) amyloidosis, and Walden-
strom’s macroglobulinemia (WM) (Table 10.1). This chapter
is focused on the pathogenesis, clinical features, diagnosis, and
management of MGUS, SMM, and MM.

Laboratory testing for monoclonal proteins
Monoclonal immunoglobulins are commonly referred to as
monoclonal proteins, M proteins, or paraproteins. The pres-
ence of an M protein is indicative of an underlying clonal
plasma cell proliferative disorder, although further testing
is required to distinguish among the various plasma cell
disorders.

Serum protein electrophoresis
and immunofixation
Agarose gel serum protein electrophoresis (SPEP) and serum
immunofixation (IF) are the main methods of detection of
serum M proteins (Figure 10.1a and b). M proteins appear as
localized bands on SPEP.1 Although presence of a localized
band on SPEP is suggestive of M protein, IF is necessary for
confirmation as well as to determine the heavy- and light-
chain classes of the M protein. In addition, serum IF is more
sensitive than SPEP and can detect smaller amounts of
M protein, and should therefore be performed whenever MM
or a related disorder is suspected. The size of the M protein is
measured using the SPEP; small M proteins < 1 g/dL on SPEP
and M proteins that are apparent only on serum IF are
considered “unmeasurable.”

Quantitative immunoglobulin studies
Quantitation of serum immunoglobulins is performed with a
rate nephelometer in patients in whom M proteins are
detected. It is an added parameter that can be followed, par-
ticularly in patients with MM and WM where, at times, the
M protein size estimated on SPEP may be unreliable (e.g.,
small beta migrating proteins, and IgA/IgM proteins that tend
to polymerize).

Urine protein electrophoresis and immunofixation
Typically, screening for suspected monoclonal gammopathies
should include urine protein electrophoresis (UPEP) and urine
IF in addition to the serum studies discussed earlier. Urine
studies are important because approximately 15–20% of
patients with plasma cell disorders secrete free monoclonal
light chain M protein (Bence-Jones protein) that is excreted
freely by the kidney. These proteins are usually not present in
sufficient quantities in the serum to be detected by either SPEP
or serum IF. In such patients, the diagnosis of a plasma cell
dyscrasia would be missed if urine studies were not performed.
A 24-hour urine specimen is therefore required for UPEP and
urine IF. Urine M protein levels measured on UPEP are used
in monitoring disease progression and response to therapy in
the same manner as serum M protein levels. Urine M protein
levels > 200 mg/day are considered measurable. If patients
have measurable disease in the serum and urine, it is important
to follow both the serum and urine M protein levels to monitor
disease status.

Serum free light chain assay
Measurement of serum free light chains by the free light chain
(FLC) assay (Freelite™, The Binding Site Limited, Birming-
ham, UK) may obviate the need for UPEP and urine IF in
some circumstances. It provides a more convenient method of
measuring serum light chains.2 The FLC test is an automated
nephelometric assay that quantitates free kappa (k) and
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Table 10.1. Diagnostic criteria for plasma cell disorders

Disorder Disease definition References

Monoclonal
gammopathy of
undetermined
significance (MGUS)

All 3 criteria must be met: 47
1. Serum monoclonal
protein < 3 g/dL

2. Clonal bone marrow
plasma cells< 10%, and

3. Absence of end-organ
damage such as
hypercalcemia, renal
insufficiency, anemia,
and bone lesions (CRAB)
that can be attributed to
the plasma cell
proliferative disorder

Smoldering multiple
myeloma (also
referred to as
asymptomatic
multiple myeloma)

Both criteria must be met: 47
1. Serum monoclonal
protein (IgG or IgA)
� 3 g/dL and/or clonal
bone marrow plasma
cells � 10%, and

2. Absence of end-organ
damage such as lytic
bone lesions, anemia,
hypercalcemia, or
renal failure that can
be attributed to a
plasma cell proliferative
disorder

Multiple myeloma All 3 criteria must be met
except as noted:

47,228

1. Clonal bone marrow
plasma cells � 10%

2. Presence of serum and/
or urinary monoclonal
protein (except in
patients with true non-
secretory multiple
myeloma), and

3. Evidence of end-organ
damage that can be
attributed to the
underlying plasma cell
proliferative disorder,
specifically
○ Hypercalcemia:
serum calcium
� 11.5mg/dL

○ Renal insufficiency:
serum creatinine
> 1.73mmol/L

○ Anemia:
normochromic,
normocytic with a
hemoglobin value
of > 2 g/dL below
the lower limit of

Table 10.1. (cont.)

Disorder Disease definition References

normal, or a
hemoglobin value
< 10 g/dL

○ Bone lesions: lytic
lesions, severe
osteopenia or
pathologic
fractures

Waldenstrom’s
macroglobulinemia

Both criteria must be met: 229–233
1. IgM monoclonal
gammopathy
(regardless of the size of
the M protein), and

2. > 10% bone marrow
lymphoplasmacytic
infiltration (usually
intertrabecular) by small
lymphocytes that
exhibit plasmacytoid
or plasma cell
differentiation
and a typical
immunophenotype
(e.g., surface IgMþ,
CD5þ/�, CD10�,
CD19þ, CD20þ,
CD23�) that
satisfactorily
excludes other
lymphoproliferative
disorders including
chronic lymphocytic
leukemia and mantle
cell lymphoma

Note: IgM MGUS is
defined as
� Serum IgM
monoclonal protein
< 3 g/dL, and
bone marrow
lymphoplasmacytic
infiltration
< 10%, and

� No evidence of
anemia,
constitutional
symptoms,
hyperviscosity,
lymphadenopathy, or
hepatosplenomegaly

Smoldering
Waldenstrom’s
macroglobulinemia (also
referred to as indolent or
asymptomatic
Waldenstrom’s
macroglobulinemia)
is defined as
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Table 10.1. (cont.)

Disorder Disease definition References

� Serum IgM
monoclonal protein
� 3 g/dL and/or bone
marrow
lymphoplasmacytic
infiltration� 10%, and

� No evidence of end-
organ damage
such as anemia,
constitutional
symptoms,
hyperviscosity,
lymphadenopathy, or
hepatosplenomegaly
that can be attributed
to a lympho-plasma
cell proliferative
disorder

Solitary
plasmacytoma

All 4 criteria must be met: 49,234
1. Biopsy proven solitary
lesion of bone or soft
tissue with evidence of
clonal plasma cells

2. Normal bone marrow
with no evidence of
clonal plasma cells

3. Normal skeletal survey
and MRI of spine and
pelvis (except for the
primary solitary lesion)

4. Absence of end-organ
damage such as
hypercalcemia, renal
insufficiency, anemia,
or bone lesions (CRAB)
that can be attributed
to a lympho-plasma cell
proliferative disorder

Systemic AL
amyloidosis

All 4 criteria must be met: 235
1. Presence of an amyloid-
related systemic
syndrome (such as
renal, liver, heart,
gastrointestinal tract,
or peripheral nerve
involvement)

2. Positive amyloid
staining by Congo red
in any tissue (e.g., fat
aspirate, bone marrow,
or organ biopsy)

3. Evidence that amyloid
is light-chain related
established by
direct examination

Table 10.1. (cont.)

Disorder Disease definition References

of the amyloid
(immunohistochemical
staining, direct
sequencing, etc.), and

4. Evidence of a
monoclonal plasma cell
proliferative disorder
(serum or urine
M protein, abnormal
free light chain ratio,
or clonal plasma cells in
the bone marrow)

Note: Approximately 2–3
percent of patients with
AL amyloidosis will not
meet the requirement for
evidence of a monoclonal
plasma cell disorder listed
above; the diagnosis of
AL amyloidosis must be
made with caution in
these patients

POEMS syndrome All 3 criteria must be met: 236
1. Presenceof amonoclonal
plasma cell disorder

2. Peripheral neuropathy,
and

3. At least one of the
following seven features:
osteosclerotic bone
lesions, Castleman’s
disease, organomegaly,
endocrinopathy
(excluding diabetes
mellitus or
hypothyroidism),
edema, typical skin
changes, and
papilledema

Note: Not every patient
meeting the above criteria
will have POEMS syndrome;
the features should have a
temporal relationship to
each other and no other
attributable cause. The
absence of osteosclerotic
lesions should make the
diagnosis suspect.
Elevations in plasma or
serum levels of vascular
endothelial growth factor
and thrombocytosis are
common features of the
syndrome and are helpful
when the diagnosis is
difficult

Source: Modified, reproduced with permission from Rajkumar SV, Dispenzieri A,
Kyle RA. Mayo Clinic Proc 2006;81:693–703. # Mayo Clinic Proceedings.235
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lambda (l) chains (i.e., light chains that are not bound to
intact immunoglobulin) secreted by plasma cells. An abnormal
k:l FLC ratio is indicative of an excess of one light chain type
versus the other, and is interpreted as a surrogate for clonal
expansion. The assay is performed on automated chemistry
analyzers, is widely available, and is commonly used to moni-
tor patients with oligo-secretory MM and AL, as well as
patients with the light chain-only form of MM.3–5

The normal serum free k level is 3.3–19.4mg/L and the
normal free l level is 5.7–26.3mg/L.6 The normal ratio for
FLC k:l is 0.26–1.65. The normal reference range in the FLC
assay reflects a higher serum level of free l light chains than
would be expected given the usual k:l ratio of 2 for intact
immunoglobulins. This occurs because the renal excretion of
free k (usually existing in a monomeric state) is much faster
than for free l (which is usually in a dimeric state).2,3 Patients
with a k:l FLC ratio < 0.26 are typically defined as having
monoclonal l FLC and those with ratios > 1.65 are defined as
having a monoclonal k FLC.

Monoclonal gammopathy of undetermined
significance (MGUS)
MGUS is a premalignant clonal plasma cell proliferative
disorder defined as the presence of a serum M protein
< 3 g/dL, bone marrow monoclonal plasma cells < 10%, plus
absence of anemia, hypercalcemia, lytic bone lesions, or
renal failure that can be attributed to the plasma cell prolif-
erative disorder.7,8 It is the most common plasma cell dys-
crasia, prevalent in approximately 3% of the general
population � 50 years of age.9 The prevalence increases with
age; 1.7% in those 50–59 years of age, and over 5% in those
> age 70. The age-specific incidence is higher in males than
in females. MGUS is also twice as common in African–
Americans compared to whites.10

MGUS is associated with a life-long risk of progression to
MM or a related disorder. The overall rate of progression of
MGUS is 1% per year11,12 and the risk of progression does
not diminish over time.11,13 However, the true lifetime prob-
ability of progression is significantly lower when competing
causes of death are taken into account, approximately
11% at 25 years.14

Pathogenesis
Pathogenesis of MGUS
Antigenic stimulation and immunosuppression
MGUS is the precursor lesion from which almost all cases of
MM and related disorders are felt to evolve. It is character-
ized by evidence for genomic instability on molecular
genetic testing. What initiates this instability is not well
understood, but antigenic stimulation may be a key factor
(Figure 10.2). Aberrant response to antigenic stimulation
may be mediated by Toll-like receptors (TLRs) which

normally aid in recognition of infectious agents and patho-
gen-associated molecular patterns (PAMP) and initiate the
host-defense response.15–17 Human MM cell lines and pri-
mary MM cells express a broad range of TLRs, unlike
normal plasma cells. Another possible factor is enhanced
activation of the interleukin (IL)-6 pathway in plasma cells.
IL-6 is a major plasma cell growth factor18 and there is
overexpression of CD126 (IL-6 receptor alpha-chain) in
MGUS compared to normal plasma cells.19,20 During aber-
rant response to antigenic stimulation, plasma cells may
acquire one of the various cytogenetic alterations that result
in the limited clonal plasma cell proliferative process of
MGUS (Figure 10.2).

Another factor that may increase the risk of MGUS is
immunosuppression. Monoclonal proteins have been reported
in the context of immunosuppressive states such as human
immunodeficiency virus (HIV) and bone marrow/stem cell
and organ transplantation.21–24 Patients undergoing renal
transplantation can develop monoclonal proteins dependent
on their levels of immunosuppression.24

Cytogenetic changes
Over 90% of MGUS is associated with cytogenetic changes,
likely during IGH switch recombination or somatic hyper-
mutation.25 We classify MGUS into two types: IGH translo-
cated and IGH non-translocated. Approximately 50% of all
patients with MGUS have IGH translocated MGUS with
primary translocations in the clonal plasma cells involving
the immunoglobulin heavy chain (IGH) locus on the long
arm of chromosome 14 (q32) (Figure 10.2).25,26 The most
common partner chromosome loci and the genes dysregu-
lated in these translocations are: 11q13 (CCND1 [cyclin
D1 gene]), 4p16.3 (FGFR-3 and MMSET), 6p21 (CCND3
[cyclin D3 gene]), 16q23 (c-maf ), and 20q11 (maf-B).27–29

It is likely that these translocations play an important patho-
genetic role in the resulting limited clonal proliferation that
manifests as MGUS.

Categories of MGUS which lack evidence of IGH trans-
locations are referred to as IGH non-translocated MGUS. Most
of these exhibit hyperdiploidy, usually of the odd-numbered
chromosomes, with the exception of chromosome 13. A small
proportion of MGUS does not have evidence of either IGH
translocations or hyperdiploidy.8,25,30–34 Deletion of chromo-
some 13, a major prognostic factor in MM, is seen in up to
50% of patients with MGUS by interphase fluorescent in situ
hybridization (FISH); thus the presence of this abnormality
cannot be used to differentiate MGUS from MM.29

Pathogenesis of myeloma
The progression of MGUS to MM or a related disease occurs at a
rate of approximately 1% per year, and the fixed rate of progres-
sion is strongly suggestive of a simple, random, two-hit genetic
model of malignancy.11 In other words, the risk of progression is
similar, regardless of the known duration of antecedent MGUS,
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Figure 10.1 (a) Serum protein electrophoresis
(SPEP) and immunofixation (IF) showing a normal
pattern with no evidence of monoclonal protein.
(b) Serum protein electrophoresis (SPEP) showing a
monoclonal (M) protein in the gamma region, which
is IgG lambda on immunofixation (IF).
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Figure 10.2 Pathogenesis of myeloma. MGUS: monoclonal gammopathy of undetermined significance; IL-6: interleukin 6.
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suggesting that the second-hit responsible for progression is a
random event, and not a consequence of cumulative damage.

The exact pathogenesis is unknown. Abnormalities in
plasma cells and the microenvironment have been detected
with progression, but little is known about the precise
sequence of events (Figure 10.2). RAS mutations, p16 meth-
ylation, abnormalities involving the c-MYC family of onco-
genes, secondary translocations, and p53 mutations have all
been identified in clonal plasma cells in association with
progression to a symptomatic stage.27 It is possible that the
second-hit responsible for disease progression may be differ-
ent in IGH translocated versus non-translocated MGUS, and
even within the various subtypes of IGH translocated MGUS,
depending on the partner chromosome involved. For
example, amplification of chromosome 1q21 has been found
in > 40% of patients with SMM and MM compared to 0% in
MGUS,35 suggesting that such amplification (e.g., by trisomy 1)
may play a role in progression, perhaps in non-IGH translo-
cated MGUS.

The bone marrow microenvironment undergoes
marked changes with progression, including induction of
angiogenesis,36 suppression of cell-mediated immunity,37 and
paracrine loops involving cytokines such as IL-6 and vascular
endothelial growth factor (VEGF).38 As in solid tumors, the
transition from MGUS to MM may involve an angiogenic
switch. In a solitary plasmacytoma, which can be considered
analogous to a localized stage I solid tumor, induction of
angiogenesis at the time of diagnosis has been shown to be a
predictor of progression to MM, suggesting a pathogenetic
role.39 There is also a gradual increase in degree of bone
marrow angiogenesis along the disease spectrum of MGUS to
SMM to symptomatic MM.36 In one study, approximately 60%
of MM bone marrow plasma samples stimulated angiogenesis
in an in vitro angiogenesis assay, compared to 0% of SMM and
7% of MGUS, P< 0.001.40

The increased angiogenesis seen in MM may be related
to the expressions of pro-angiogenic cytokines.41 However,
no significant differences are seen in the expressions of VEGF,
basic fibroblast growth factor (b-FGF), or their receptors
among MGUS, SMM, and MM. Loss of angiogenesis inhibi-
tory activity has been noted with disease progression from
MGUS to MM, which may, in part, account for the increase
in angiogenesis that occurs in MM.40,42

New blood vessel formation may contribute to disease
progression by ensuring an adequate tumor nutrient supply,
as well as by paracrine stimulation of tumor growth. The
role of angiogenesis in MM has triggered an interest in
antiangiogenic therapy. Studies show that while increased
microvessel density (MVD) in MM may not regress
following conventional-dose or high-dose chemotherapy,
regression has been noted in responders with thalidomide,
a therapeutic agent with known antiangiogenic properties.43

Clinical trials are ongoing to test the hypothesis that therapy
with antiangiogenic agents may inhibit angiogenesis and
delay progression in SMM.

Clinical features and differential diagnosis
MGUS usually is asymptomatic, although there is a group of
MGUS-associated disorders (non-malignant and malignant)
that can be symptomatic (see Chapter 11 on amyloidosis and
other rare plasma cell dyscrasias). MGUS is differentiated from
MM and related disorders based on the presence or absence of
end-organ damage that can be attributed to the plasma cell
disorder. The differentiation of MGUS from MM or the other
plasma cell disorders can be difficult at the time of initial
presentation because MGUS is relatively common in the gen-
eral population in those over the age of 50 years, and some
clinical and laboratory abnormalities may be coincidental. The
typical laboratory studies necessary to differentiate MGUS
from other plasma cell disorders are a complete blood count
(CBC); serum electrolytes, including calcium, albumin, and
creatinine; liver function tests; and a complete roentgeno-
graphic bone survey. If abnormalities are detected on the
above tests, additional studies to determine the causes of these
abnormalities are required; only patients in whom the abnor-
malities are felt to be related to the plasma cell proliferative
disorder can be considered to have myeloma or a related
process. A bone marrow aspirate and biopsy is indicated when
the M protein is � 1.5 g/dL, in a non-IgG MGUS, when the
serum FLC ratio is abnormal (see below), and when abnormal-
ities are noted on the CBC, serum creatinine, serum calcium,
or radiographic bone survey. A bone marrow should also be
considered in any patient with presumed MGUS in whom
there is doubt about the diagnosis.

Prognosis
In a large population-based study of MGUS involving 1384
patients, only the size and type of M protein (IgM and IgA
subtypes) were predictive of progression to MM or a related
malignancy.11 In another study, a bone marrow plasma cell
percentage of 6–9% carried twice the risk of progression
compared to having � 5% marrow involvement.44 The pres-
ence of circulating peripheral blood plasma cells detected
using a sensitive slide-based immunofluorescent assay is also
a risk factor for progression.45 This suggests that alterations
in the expressions of adhesion molecules may be involved in
the progression of MGUS to MM; alternatively, the presence
of circulating plasma cells may be a marker of plasma cell
proliferative rate. However, the clinical application of this
test is limited by its lack of widespread availability in clinical
practice.

An abnormal serum FLC ratio as determined by the
serum FLC assay is an important risk factor for progression
of MGUS. In a study of 1148 patients, the risk of progres-
sion with an abnormal FLC ratio at the time of diagnosis of
MGUS was over three times higher compared to a normal
ratio, and was independent of the size and type of the serum
M protein.14 The risk of progression to MM or related
malignancy at 10 years was 17% with an abnormal ratio
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compared to 5% with a normal ratio. Based on three known
risk factors (size of the serum M protein, the type of
immunoglobulin, and the serum FLC ratio), a simple risk
stratification system can be used to predict the risk of
progression of MGUS (Table 10.2).14 Patients with three
adverse risk factors, namely an abnormal serum FLC ratio,
non-IgG MGUS, and a high serum M protein level (� 15 g/L),
have a 58% risk of progression at 20 years (high-risk MGUS),
compared to 37% with any two risk factors present (high-
intermediate-risk MGUS), 21% with one risk factor present
(low-intermediate risk MGUS), and 5% when none of the risk
factors are present (low-risk MGUS). The low-risk MGUS
subset (constituting almost 40% of the cohort) has a life time
risk of only 2% when competing causes of death are taken
into account.

Management
The current standard of care for MGUS without an associated
disorder is observation alone, without therapy.26,46 Patients
with MGUS may benefit from risk stratification as discussed
above to guide follow-up. Patients with low-risk MGUS can be
rechecked in 6 months, and then once every 2 years, or only at
the time of symptoms for evidence of progression.14 All other
subsets of patients need to be rechecked in 6 months, and then
yearly thereafter.

Smoldering multiple myeloma (SMM)
Introduction
SMM is defined by the presence of a serum IgG or IgAMprotein
� 3 g/dL and/or bone marrow plasma cells � 10%, plus absence
of anemia, hypercalcemia, lytic bone lesions, or renal failure that
can be attributed to the plasma cell proliferative disorder.47,48

SMM accounts for approximately 15% of all cases of newly
diagnosed MM.7,49 SMM is a clinical entity separated from
MGUS mainly to aid clinical management. There are no good
data to suggest that SMM is a true, discrete, pathogenetic stage.
The SMM phenotype likely comprises of patients with MGUS
(i.e., no biologic malignant transformation has occurred)
and early-stage MM (malignant transformation has occurred).
As a result, the risk of progression of SMM is highest in the first
5 years when the subset of patients with preclinical early-stage
myeloma develop overt disease, and decreases with time as the
cohort becomes enriched with patients who have biologic
MGUS. The risk of progression to MM or related malignancy
is much higher in SMM compared to MGUS, 10–20% per year
versus 1% per year, respectively. Therefore, patients with SMM
andMGUS should be managed differently in terms of frequency
of follow-up, development of chemopreventive strategies, and
enrollment into clinical trials. Similar to MGUS and active
MM, almost all patients with SMM appear to have evidence
of genomic instability manifested as IGH translocations or aneu-
ploidy on molecular genetic testing.50

Clinical features and differential diagnosis
By definition, SMM is asymptomatic. Testing to differentiate
SMM from active MM is the same as described for MGUS.
Most patients with SMM eventually develop symptomatic dis-
ease.49 The time to progression (TTP) to symptomatic disease
is approximately 3–4 years, but differs greatly depending on
the definition used for SMM.51 In the subset of SMM patients
having bone marrow plasma cells � 10%, the median TTP is
approximately 2–3 years.52

The natural history of SMM was recently characterized
by a large study from the Mayo Clinic.53 During 2204 cumula-
tive years of follow-up, the overall rate of progression at 10
years was 62%; median TTP was 5.5 years. Patients were
categorized into three groups: Group 1, serum M protein
� 3 g/dL and bone marrow containing � 10% plasma cells
(n¼ 113, 38%); Group 2, bone marrow plasma cells � 10%,
but serum M protein < 3 g/dL (n¼ 158, 52%); Group 3, serum
M protein � 3 g/dL, but bone marrow plasma cells < 10%
(n¼ 30, 10%). The median TTP was 2.4, 9.2, and 19 years in
groups 1, 2, and 3 respectively; correspondingly at 10 years,
progression occurred in 76%, 59%, and 32%, respectively.

Prognosis
Similar to the results in MGUS, abnormal peripheral blood
monoclonal plasma cell studies, defined as an increase in the
number or proliferative rate of circulating plasma cells by
slide-based immunofluorescent assays, have been shown to
indicate a higher risk of progression in SMM.52 However, this
test is not widely available in clinical practice.

The presence of occult bone lesions on magnetic resonance
imaging (MRI) increases the risk of progression in patients
otherwise defined as having SMM.49 In a recent study, Wang
and colleagues estimated risk of progression in 72 patients
with SMM in whom an MRI of the spine was also performed.51

The median TTP was significantly shorter with an abnormal
MRI compared to normal MRI, 1.5 years versus 5 years,
respectively.

Risk stratification of SMM
Weber and colleagues have shown that similar to MGUS, the
size and type of the involved immunoglobulin are important
predictors of progression in SMM.54 Patients with a serum
M protein � 3 g/dL and IgG type (comprising about 45% of
patients with SMM) had a median TTP > 4 years. In contrast,
patients with a serum M protein > 3 g/dL or of the IgA type
(about 45% of patients) had a median TTP of approximately
2 years, while a small subset of patients with > 3 g/dL IgA
SMM had a median TTP of 9 months.

Management
The standard of care is observation alone until evidence of
progression to active MM.26 Patients with SMM need
more frequent follow-up than those with MGUS; at least every
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3–4 months.8 Two small randomized trials have shown no
benefit of early therapy compared to therapy at the time of
symptomatic progression.55,56

There are preliminary data that thalidomide may delay
TTP,57,58 but data are needed from randomized trials before
such therapy can be recommended, particularly given the
adverse effects associated with the drug. A randomized phase
III trial at Mayo Clinic is currently testing thalidomide plus
zoledronic acid versus zoledronic acid alone in patients with
SMM. The results of this study will help determine the utility
of thalidomide in this setting. Outside of a clinical trial, routine
therapy with bisphosphonates is not recommended.

With the increasing availability of novel targeted therapies
for MM,59–61clinical trials are ongoing to determine if the early
use of these newer agents or bisphosphonates can delay pro-
gression of SMM.

Multiple myeloma
Introduction
The diagnosis of active MM requires� 10% monoclonal plasma
cells on bone marrow examination (or a biopsy proven plasma-
cytoma), M protein in the serum and/or urine (except in patients
with true non-secretory myeloma), and evidence of end-organ
damage (hypercalcemia, renal insufficiency, anemia, or bone
lesions) attributable to the underlying plasma cell disorder.
Almost all MM is felt to evolve from an antecedent MGUS.

MM accounts for approximately 10% of hematologic
malignancies.26,62 The annual incidence, age-adjusted to the
2000 United States population, is 4.3 per 100 000.63 Almost
20 000 new cases and 11 000 new deaths were estimated to
occur in the United States in 2007.64 MM is twice as common
in African–Americans compared to whites, and slightly more
common in males than females. The median age at diagnosis is
66 years,65 and only 2% of patients are < 40 years of age.

Clinical features
The most common presenting symptoms of MM are fatigue
and bone pain.65 Osteolytic bone lesions and/or compression
fractures are hallmarks of the disease, which can be detected on
routine radiographs, MRI, or computed tomographic (CT)
scans, and may cause significant morbidity. Bone pain may
present as an area of persistent pain or migratory bone pain,
often in the lower back and pelvis. Pain may be sudden in onset
when associated with a pathological fracture, and is often pre-
cipitated by movement. Extramedullary expansion of bone
lesionsmay cause nerve root or spinal cord compression.Anemia
occurs in 70% of patients at diagnosis and is the primary cause
of fatigue. Hypercalcemia is found in one-fourth of patients,
while the serum creatinine is elevated in almost one-half.

Diagnosis
Laboratory studies
A CBC with differential, liver function tests, urinalysis, serum
electrolytes, including serum creatinine and calcium, b2-
microglobulin, albumin, C-reactive protein, and lactate dehy-
drogenase (LDH) are needed for diagnosis, prognosis, and
staging. In addition, patients require SPEP/IF, UPEP/IF, and
serum FLC to quantify and identify the involved monoclonal
protein. An M protein can be detected by SPEP in 82%
of patients with MM, and by serum IF in 93%.65 Up to 20%
of patients with MM lack heavy-chain expression in the
M protein, and are considered to have light-chain MM. The
M protein in these patients is always detected in the urine, but
can be absent in the serum, even by IF, making it necessary
that serum and urine protein electrophoreses and IF are always
done in all patients in whom MM is suspected. The addition of
a UPEP/IF will increase the sensitivity of detecting monoclonal
proteins in patients with MM to 97%. A 24-hour urine for
UPEP/IF that quantifies the amount of monoclonal protein, as
well as the total protein, is frequently beneficial for diagnosis.

Table 10.2. Risk-stratification models to predict progression of monoclonal gammopathy of undetermined significance to myeloma
or related disorders

Risk group No. of
patients

Relative
risk

Absolute risk of
progression at
20 years

Absolute risk of progression at 20 years
accounting for death as a competing risk

Risk stratification model incorporating all 3 predictive factors

Low-risk (Serum M protein < 1.5 g/dL,
IgG subtype, normal FLC ratio (0.26–1.65))

449 1 5% 2%

Low-intermediate-risk (Any 1 factor
abnormal)

420 5.4 21% 10%

High-intermediate-risk (Any 2 factors
abnormal)

226 10.1 37% 18%

High-risk (All 3 factors abnormal) 53 20.8 58% 27%

Source: This table was originally published in Blood. Rajkumar SV et al. Serum free light chain ratio is an independent risk factor for progression in monoclonal
gammopathy of undetermined significance (MGUS). Blood 2005;106;812–17.14 # The American Society of Hematology.
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If the proteinuria determined on a 24-hour collection is not
predominantly monoclonal, it is not consistent with MM, and
other proteinuric diseases should be considered, including AL,
hypertension, diabetes mellitus, membranoproliferative glo-
merulonephritis, or other renal parenchymal disease. The pres-
ence of a MGUS in this case may or may not be related to the
pathologic renal process. Most (60%) of the remaining patients
who are negative for monoclonal protein on serum and urine
electrophoreses and IF studies will have evidence of a para-
protein by the serum FLC assay. Only 1–2% of patients with
MM will have no detectable M on any of these tests, and these
patients have true non-secretory MM.

Bone marrow studies
A unilateral bone marrow aspiration and biopsy is indicated in
all patients with MM. By definition, all patients should have
bone marrow involvement with � 10% clonal plasma cells. If a
lesser extent of involvement is detected, one is either dealing
with an erroneous diagnosis or there is a sampling error due to
patchy marrow involvement, in which case, a repeat bone
marrow biopsy is indicated. Occasionally, an entity called
“multiple” solitary plasmacytomas may be present in which
there are clearly multiple plasmacytomas on clinical and radio-
graphic examination, but marrow involvement is either minimal
or absent. The monotypic nature of the bone marrow plasma
cells then is established by the demonstration of an abnormal k:l
ratio by immunohistochemistry or flow cytometry. Myeloma
cells typically stain positive for CD38, CD56, and CD138,
and are usually negative for surface immunoglobulin and CD19
on flow cytometry. Up to 20% stain positively for CD20.

Given the impact of MM cell cytogenetic abnormalities on
prognosis (see Prognosis below), bone marrow plasma cells
should be studied using conventional karyotyping and FISH
studies to detect specific chromosome abnormalities, such as t
(11;14), t(4;14), t(14;16), monosomy 13, interstitial deletion of
14q32, and 17p-. A bone marrow plasma cell DNA labeling
index, another prognostic indicator, also should be performed,
if available. The test must be performed on fresh marrow and is
a double immunofluorescence technique in which the sample
is incubated in vitro with 5-bromo-2-deoxyuridine. BU-1, a
fluorescent monoclonal antibody, identifies cells synthesizing
DNA, and by using fluorescein-conjugated immunoglobulin
antisera (k or l), the plasma cell population is then identified.

Identification of bone disease
Plain radiographic examination of all bones, including long
bones (skeletal survey), is the usual method for detecting lytic
bone lesions in MM. Conventional roentgenograms show skel-
etal abnormalities in almost 80% of patients with MM; often
these lesions have a characteristic punched-out appearance
(Figure 10.3). Osteoporosis and/or fractures may also be
detected by conventional radiography. Occasionally, osteo-
sclerotic lesions can occur. CT and MRI scans are more sensi-
tive than conventional radiography in detecting bone disease.
In asymptomatic MM patients with normal roentgenograms,

up to 50% have tumor-related abnormalities on MRI of the
lower spine. CT and/or MRI studies are indicated when symp-
tomatic areas show no abnormality on routine radiographs.
Their routine use in assessing extent of bone disease in add-
ition to skeletal radiographs is unclear.18 F-fluoro deoxyglu-
cose positron emission tomography (FDG-PET) has shown
promise in the evaluation of bone disease and in the staging
of MM (Figure 10.4). However, the routine use of this method
and its specific role in disease management requires further
investigation.

The use of nuclear bone scans is not indicated, as this
imaging modality is more sensitive for the detection of osteo-
blastic rather than osteolytic lesions. The role of bone mineral
density studies in MM and their use in identifying patients at
risk for pathologic fractures and those for whom prophylactic
bisphosphonate therapy might be considered also remains
unresolved.

Pathogenesis of bone lesions
The lytic bone lesions in MM are caused by an imbalance
between the activities of osteoclasts and osteoblasts. There is
an increase in RANKL (receptor activator of nuclear factor-
kappa B ligand) expression by osteoblasts (and possibly
plasma cells) accompanied by a reduction in the level of its
decoy receptor, osteoprotegerin (OPG).66,67 This leads to an
increase in the RANKL/OPG ratio, which causes osteoclast
activation and bone resorption. In addition, increased levels
of macrophage inflammatory protein-1a (MIP-1a), IL-3,
and IL-6 produced by marrow stromal cells contribute to
osteoclast over activity.

Figure 10.3 Osteolytic lesions in the skull on plain radiographs in a patient
with myeloma.
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Concurrently, increased levels of IL-3, IL-7, and dickkopf 1
(DKK1) inhibit osteoblast differentiation in MM. Myeloma
cells express DKK1 and increased expression of DKK1 by these
cells has been associated with the presence of focal bone lesions
in MM.68 The combination of osteoclast activation and inhib-
ition of osteoblast differentiation is believed to be the mechan-
ism behind the development of osteolytic lesions in MM.

Differential diagnosis
In patients with evidence of monoclonal proteins, the main
differential diagnoses are among MM, MGUS, SMM, WM,
and primary (AL) amyloidosis. In patients with a marrow
plasmacytosis, monoclonal plasma cell disorders can be differ-
entiated from a polyclonal reactive plasmacytosis based on k/l
staining. A reactive plasmacytosis can be seen in autoimmune
diseases, metastatic carcinoma, chronic liver disease, acquired
immunodeficiency syndrome (AIDS), or chronic infection. In
monoclonal plasma cell disorders, the monoclonal cells express
either k or l, resulting in a markedly abnormal k:l ratio.
In contrast, both k and l staining plasma cells (usually in a
k:l ratio of approximately 2:1) are seen in disorders in which
there is a reactive plasmacytosis.

Bone lesions in a patient with MGUS due to an unrelated
metastatic carcinoma may be mistaken for MM. The presence
of a small M protein and < 10% plasma cells in the bone
marrow makes metastatic carcinoma with an unrelated MGUS

more likely. If there is any doubt, a biopsy of one of the lytic
lesions is needed.

Prognosis
Stage
Historically, although median overall survival (OS) has been
approximately 3–4 years,65 some patients may live longer than
10 years.69–72 Survival partially depends on disease stage, and
since 1975, the Durie–Salmon staging system has been used to
stratify patients with MM.73 However, this staging system has
limitations, especially in the categorization of bone lesions.74,75

The International Staging System (ISS) has subsequently been
developed, a collaborative effort by investigators from 17 insti-
tutions worldwide and based on data from 11 171 patients.76

The ISS overcomes the limitations of the Durie–Salmon
staging, and has prognostic relevance. It divides patients into
three distinct stages and prognostic groups, based solely on the
b2-microglobulin and serum albumin levels (Table 10.3).

Prognostic factors
Several independent prognostic factors are used in addition
to disease stage to help predict outcome in MM (Table
10.3).25,74,77–79 Facon et al. have shown that patients undergoing
stem cell transplantation can be grouped into three clear prog-
nostic categories using two prognostic factors; median OS was
25 months if patients had a high b2-microglobulin and deletion

Figure 10.4 FDG-PET/CT imaging of a myeloma
patient with disease involvement of the spine,
extremities, ribs, pelvis, liver, gallbladder, pancreas,
and right kidney.
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of chromosome 13 by FISH.80 Patients with only one abnormal
factor had a median OS of 47 months, while OS was
> 111 months in patients in whom both factors were normal.

Age, hemoglobin, creatinine, calcium, albumin, immuno-
globulin isotype, plasmablastic morphology, and extent of
bone marrow involvement have also demonstrated prognostic
value.74,77,79 However, they possess limited predictive value,
once the ISS and the independent prognostic factors discussed
earlier are known.81,82

Risk stratification
The most compelling and powerful prognostic factors for
survival in MM, whether alone or in combination with other
factors, remain particular MM plasma cell cytogenetic abnor-
malities that form the basis for disease risk stratification. At
the Mayo Clinic, newly diagnosed MM is stratified as either
standard-risk (75% of patients) or high-risk disease (25%).
This stratification often guides treatment and refines the esti-
mates for survival, with patients with standard risk having
a median OS of 6–7 years, and those with high-risk disease
having a median OS of < 2–3 years, even in patients having
undergone previous tandem autologous stem cell transplant-
ation (ASCT).62 Having one or more of the following places
the disease in the high-risk category: PCLI � 3%; by FISH:
t(14;16), and/or deletion 17p, and/or t(4;14); by conventional
cytogenetics (karyotype): monosomy 13, or hypodiploidy.

Management
Since the 1960s, the mainstay of therapy for myeloma had been
conventional chemotherapy, particularly with oralmelphalan and

prednisone (MP). High-dose therapy with ASCT was then found
to prolong survival compared to conventional chemotherapy.
ASCT is now routinely incorporated into the treatment strategy
either early in the disease course or at the time of relapse in eligible
patients. In the last decade the treatment of myeloma has under-
gone remarkable advances with the emergence of thalidomide,83

bortezomib,84,85 and lenalidomide86,87 as effective agents.
Initial therapy depends on eligibility for SCT and risk-

stratification. Eligibility for SCT is determined by age, per-
formance status, and coexisting comorbidities. Risk stratifica-
tion is based on the presence or absence of high-risk factors.88

The approach to treatment of symptomatic newly diagnosed
MM at Mayo Clinic is outlined in Figure 10.5. Table 10.4 lists
the most common regimens used in the treatment of newly
diagnosed myeloma. Response to therapy is assessed using the
International Myeloma Working Group Uniform Response
Criteria (Table 10.5).89

Initial therapy in patients eligible for ASCT
It is important to avoid prolonged melphalan-based therapy in
patients with newly diagnosed MM who are considered eligible
for ASCT, as it can interfere with adequate stem cell mobiliza-
tion, regardless of whether an early or delayed transplant is
contemplated. Typically, patients are treated with approxi-
mately 2–4 cycles of induction therapy prior to stem cell
harvest. This includes patients who are transplant candidates,
but who wish to reserve ASCT as a delayed option for relapsed
refractory disease. Such patients can resume induction therapy
following stem cell collection until a plateau phase is reached,
reserving ASCT for relapse.

Vincristine, doxorubicin, dexamethasone (VAD), used for
many years as pre-transplant induction therapy, is no longer
recommended. Cavo and colleagues, in a matched case–
control study of 200 patients, demonstrated that response rates
with VAD were significantly lower compared to thalidomide
plus dexamethasone (Thal/Dex); 76% versus 52%, respect-
ively.90 Preliminary results from a randomized trial from
France confirmed these findings.91 Similarly, high-dose pulsed
dexamethasone alone dosed at 40mg orally on days 1–4, 9–12,
and 17–20 every 4–5 weeks is also no longer recommended.
Objective response rates with high-dose dexamethasone are
low, approximately 45%.92 More importantly, in randomized
trials, the early mortality rate associated with dexamethasone is
over 10% within the first 4 months of therapy, reflecting the
high toxicity of this regimen.93,94

The main choices for initial therapy currently are either
immunomodulatory agents (IMiDs) plus dexamethasone, i.e.,
Thal/Dex or lenalidomide-dexamethasone (Rev/Dex), or bor-
tezomib-containing regimens. The role of other pre-transplant
induction regimens besides the ones discussed below, such as
those containing doxorubicin or liposomal doxorubicin, need
to be weighed in terms of the added side effects that can affect
quality of life, and should be considered investigational until
future studies show that the addition of these agents improves
long-term outcome.

Table 10.3. Major prognostic factors in myeloma

� Advanced age

� Poor performance status

� International Staging System Stage

○ Stage I (serum β2 microglobulin < 3.5mg/L and albumin
� 3.5 g/dL)

○ Stage II (not fitting stage I or II)

○ Stage III (serum β2 microglobulin � 5.5mg/L)

� Durie–Salmon Stage

� Risk-stratification factors

○ Deletion 13 or hypodiploidy by karyotyping

○ Translocations t(4;14) or t(14;16) on fluorescent in situ
hybridization (FISH)

○ Deletion 17p on FISH

○ Bone marrow plasma cell labeling index (PCLI) 3% or greater

� Elevated serum lactate dehydrogenase (LDH)

� Plasmablastic morphology
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Table 10.4. Selected regimens for the treatment of newly diagnosed
multiple myeloma

Regimen Usual dosing schedule*

Melphalan-Prednisone
(MP)(7-day schedule)26

Melphalan 8–10mg oral days 1–7

Prednisone 60mg/day oral days
1–7

Repeated every 6 weeks until
plateau

Melphalan-Prednisone
(MP)(4-day schedule)111

Melphalan 0.25mg/kg (9mg/m2)
oral days 1–4

Prednisone 2mg/kg oral days 1–4

Repeated every 4–6 weeks until
plateau

Thalidomide-
Dexamethasone
(Thal/Dex)92

Thalidomide 200mg oral days
1–28

Dexamethasone 40mg oral days
1–4, 9–12, 17–20

Reduce dexamethasone to days
1–4 after first 4 cycles

Repeated every 4 weeks � 4
cycles as pre-transplant induction
therapy; or continued till plateau
or progression if used as primary
therapy

Lenalidomide-
Dexamethasone
(Rev/Dex)86,98

Lenalidomide 25mg oral days
1–21 every 28 days

Dexamethasone 40mg oral days
1–4, 9–12, 17–20 every 28 days

Reduce dexamethasone to days
1–4 after first 4 cycles

Repeated every 4 weeks � 4
cycles as pre-transplant induction
therapy; or continued till plateau
or progression if used as primary
therapy

Lenalidomide-
Dexamethasone
(Rev/low-dose Dex)98

Lenalidomide 25mg oral days
1–21 every 28 days

Dexamethasone 40mg oral days
1, 8, 15, 22 every 28 days

Repeated every 4 weeks � 4
cycles as pre-transplant induction
therapy; or continued till plateau
or progression if used as primary
therapy

Bortezomib-Dex
(Vel/Dex)103

Bortezomib 1.3mg/m2

intravenous days 1, 4, 8, 11

Dexamethasone 40mg oral days
1–4, 9–12

(cont.)

Reduce dexamethasone to days
1–4 after first 2 cycles

Repeated every 3 weeks � 4
cycles as pre-transplant induction
therapy

Melphalan-Prednisone-
Thalidomide (MPT)111

Melphalan 0.25mg/kg oral days 1–
4

Prednisone 2mg/kg oral days 1–4

Thalidomide 100–200mg oral
days 1–28

Repeated every 6 weeks � 12
cycles

Melphalan-Prednisone-
Bortezomib (MPV)113

Melphalan 9mg/m2 oral days 1–4

Prednisone 60mg/m2 oral days
1 to 4

Bortezomib 1.3mg/m2

intravenous days 1, 4, 8, 11, 22, 25,
29, 32

Repeated every 42 days � 4 cycles
followed by maintenance therapy
as given below:

Melphalan 9mg/m2 oral days 1–4

Prednisone 60mg/m2 oral days
1 to 4

Bortezomib 1.3mg/m2

intravenous days 1, 8, 15, 22

Repeated every 35 days � 5 cycles

Melphalan-Prednisone-
Lenalidomide (MPR)

Melphalan 0.18mg/kg oral days 1–
4

Prednisone 2mg/kg oral days 1–4

Lenalidomide 10mgoral days 1–28

Repeated every 4–6 weeks � 9
cycles

Bortezomib-Thalidomide-
Dexamethasone (VTD)237

Bortezomib 1.3mg/m2

intravenous days 1, 4, 8, 11

Thalidomide 100–200mg oral
days 1–21

Dexamethasone 20mg/m2 oral
days 1–4, 9–12, 17–20

Reduce dexamethasone to days
1–4 after first 2 cycles

Repeated every 4 weeks � 4
cycles as pre-transplant induction
therapy

Note: *Starting and subsequent doses need to be adjusted for performance
status, renal function, blood counts, and other toxicities.
Source: Reproduced with permission from Rajkumar SV, Lacy MQ. ASCO Education
Book 2006 # ASCO.
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Thalidomide, dexamethasone (Thal/Dex)

The finding of increased angiogenesis in MM and the recogni-
tion of the antiangiogenic properties of thalidomide led to its
evaluation in MM. In the last few years, Thal/Dex has emerged
as the most commonly used induction regimen for the treat-
ment of newly diagnosed MM in the United States. The up-
front use of Thal/Dex was initially based on three phase II
clinical trials.58,95,96 Response rates with Thal/Dex range from
64–76% in these studies.

The Eastern Cooperative Oncology Group (ECOG)
reported the results of a randomized trial comparing Thal/
Dex to dexamethasone in 202 patients.92 The best response
within four cycles of therapy was significantly higher with
Thal/Dex compared to dexamethasone alone; 63% versus
41%, respectively, p¼ 0.0017. Stem cell harvest was successful
in 90% of patients in each arm. Deep vein thrombosis (DVT)
was more frequent with Thal/Dex (17% vs. 3%). Overall, grade
3 or higher non-hematologic toxicities were seen in 67% of
patients within four cycles with Thal/Dex, and 43% with dex-
amethasone alone (p< 0.001). Early mortality (first 4 months)
was 7% with Thal/Dex and 11% with dexamethasone alone.
Based on this trial, the United States Food and Drug Adminis-
tration (FDA) granted accelerated approval for Thal/Dex for
the treatment of newly diagnosed myeloma.

Another randomized, double-blind, placebo-controlled
study compared Thal/Dex versus dexamethasone alone as pri-
mary therapy in 470 patients with newly diagnosed mye-
loma.94 As in the ECOG trial, response rates were

Table 10.5. Response criteria for multiple myeloma

Response
subcategory

Response criteria

Complete response
(CR)

� Negative immunofixation of serum and
urine, and

� Disappearance of any soft tissue
plasmacytomas, and

� < 5% plasma cells in bone marrow

Stringent complete
response (sCR)

CR as defined above plus

� Normal FLC ratio, and

� Absence of clonal cells in bone marrow
by immunohistochemistry or
immunofluorescence

Very good partial
response (VGPR)

� Serum and urine M-component
detectable by immunofixation but not
on electrophoresis, or

� � 90% reduction in serum
M-component plus urine
M-component < 100mg per 24 h

Partial response (PR) � � 50% reduction of serum
M-protein and reduction in 24-h
urinary M-protein by � 90% or to
< 200mg per 24 h

� If the serum and urine M-protein
are unmeasurable a � 50% decrease
in the difference between involved
and uninvolved FLC levels is
required in place of the M-protein
criteria

� If serum and urine M-protein are
unmeasurable, and serum free light
chain assay is also unmeasurable,
� 50% reduction in bone marrow
plasma cells is required in place of M-
protein, provided baseline percentage
was � 30%

� In addition to the above criteria,
if present at baseline, � 50% reduction
in the size of soft tissue plasmacytomas
is also required

Stable disease (SD) � Not meeting criteria for CR, VGPR, PR,
or progressive disease

Progressive disease
(PD)

Increase of 25% from lowest response
value in any one or more of the
following:

� Serum M-component (absolute
increase must be � 0.5 g/dL)c

and/or

� Urine M-component (absolute increase
must be � 200 mg per 24 h) and/or

(cont.)

� Only in patients without measurable
serum and urine M-protein levels: the
difference between involved and
uninvolved FLC levels (absolute
increase must be > 10mg/L)

� Bone marrow plasma cell percentage
(absolute % must be � 10%)

� Definite development of new bone
lesions or soft tissue plasmacytomas or
definite increase in the size of existing
bone lesions or soft tissue
plasmacytomas

� Development of hypercalcemia
(corrected serum calcium > 11.5mg/
dL) that can be attributed solely to
the plasma cell proliferative
disorder

Note: All response categories (CR, sCR, VGPR, PR) require two consecutive
assessments made at any time before the institution of any new therapy;
CR and PR and SD categories also require no known evidence of progressive
or new bone lesions if radiographic studies were performed. Radiographic
studies are not required to satisfy these response requirements. Bone marrow
assessments need not be confirmed.

Source: Adapted with permission from Durie et al. International uniform
response criteria for multiple myeloma. Leukemia 2006;20:1467–73.89
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significantly higher with Thal/Dex compared to placebo/dex,
63% versus 46%, respectively, p< 0.001. The TTP also was
superior with Thal/Dex versus placebo/dex 22.6 versus
6.5 months, p< 0.001. DVT and other grade 3–4 events were
more frequent with Thal/Dex (30.3% vs. 22.8%).

Lenalidomide, dexamethasone (Rev/Dex)

Lenalidomide, a thalidomide analog, is a second-generation
IMiD. It appears safer and more effective than thalidomide
in preclinical and clinical studies. Rev/Dex is currently
approved by the FDA for the treatment of MM in patients
who have failed one prior therapy. In newly diagnosed MM, a
phase II trial conducted at the Mayo Clinic demonstrated
remarkably high activity with the Rev/Dex regimen. Thirty-
one of 34 patients (91%) achieved an objective response.86

With longer follow-up, 56% of patients achieved VGPR or
better.97 The rate of grade 3 or higher non-hematologic tox-
icity (50%) was lower than Thal/Dex. The OS rate at 3 years
was remarkably high at 88%.97

A recent randomized trial (E4A03) compared Rev/
standard-dose Dex (dexamethasone dosed at 40mg days 1–4,
9–12, 17–20) versus Rev/low-dose Dex (40mg dexamethasone
once weekly).98 Preliminary results showed lower toxicity,
lower early mortality, and superior OS at 1 and 2 years with
Rev/low-dose Dex. DVT rates were also low with Rev/low-dose
Dex making this one of the safest pre-transplant induction
regimens for MM. Based on these data, Rev/low-dose Dex is
currently the regimen of choice in the Mayo Stratification for
Myeloma and Risk-adapted Therapy (mSMART) protocol
for the treatment of standard-risk MM in patients who are
candidates for ASCT outside the setting of a clinical trial
(Figure 10.5).88

Although Rev/low-dose Dex appears to be an excellent pre-
transplant induction regimen, there is evidence to suggest that
it may impact negatively on the collection of peripheral blood
stem cells for transplant.99,100 A total of 376 patients over a
5-year period were evaluated at the Mayo Clinic, Rochester. In

those patients mobilized with granulocyte colony-stimulating
factor (G-CSF) alone, there were fewer total CD34þ stem cells
collected (p< 0.001), a decrease in the average daily and day 1
collections (both p< 0.001), and an increase in the number of
aphereses (p¼ 0.004), compared to those who previously had
been induced with dexamethasone alone, Thal/Dex, or VAD.99

These findings largely were reproduced by Mazumder et al.100

It remains unclear whether longer duration of therapy or
interval from the last dose of lenalidomide ultimately impacts
collection. Stem cell mobilization may still be successful with
chemotherapy-containing mobilization regimens, such as
cyclophosphamide and G-CSF. Once AMD-3100, the CXCR4
inhibitor mobilizing agent, becomes available, its utility in this
setting will also be evaluated.

Bortezomib-based regimens

Bortezomib is a proteasome inhibitor FDA approved for the
treatment of patients with relapsed and refractory MM. In newly
diagnosed MM, bortezomib has shown response rates of
approximately 40% as a single agent.101 Significantly higher
response rates (approximately 70–90%) have been observed with
bortezomib plus dexamethasone (Vel/Dex),102,103 bortezomib,
thalidomide, dexamethasone (VTD), and other bortezomib-
based combinations. The CR plus VGPR rate was approximately
25–30%withVel/Dex in one study. No adverse effect on stem cell
mobilization was noted. The most common grade 2 or higher
adverse events in one study were sensory neuropathy (31%),
constipation (28%), myalgias (28%), and fatigue (25%).102

Harousseau and colleagues reported preliminary results of
a randomized trial comparing VAD versus Vel/Dex as pre-
transplant induction therapy.104 With over 400 patients
enrolled, the preliminary results show superior response rates
and long-term outcome with Vel/Dex compared to VAD. DVT
risk was low with bortezomib (< 5%).

The major drawback of bortezomib-based regimens is the
need for intravenous therapy and the risk of neurotoxicity
early in the disease course. However, bortezomib-based

Approach to Treatment 

Not Transplant Candidate Transplant Candidate

MPT or VMP

Observation

Lenalidomide plus low-dose Dex,
or bortezomib-based regimen for 4 cycles

Auto Transplant 
(second transplant 

if not in CR or 
VGPR after first)

Newly Diagnosed Myeloma

Continue induction
and 

Delayed Transplant 
at time of relapse

Figure 10.5 Approach to the treatment of newly
diagnosed myeloma. MPT: melphalan, prednisone,
thalidomide; VMP, bortezomib, melphalan,
prednisone; Dex: dexamethasone; CR: complete
response; VGPR: very good partial response.
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regimens e.g., VTD are of particular value in patients with
renal failure, in whom it has been found to be safe and
effective,105 and in patients with high-risk MM (see below).

Initial therapy in patients ineligible for ASCT
Melphalan, prednisone (MP)

MP has been used in the treatment of MM for over
40 years.106,107 The response rate with MP is approximately
50%. The median survival is approximately 3–4 years. A meta-
analysis of 26 randomized trials found superior response rates
but no survival benefit with combination chemotherapy regi-
mens compared withMP prior to the arrival of thalidomide and
bortezomib.107 MP is well tolerated, but responses can some-
times take 6 months to occur. The substitution of dexametha-
sone in place of prednisone improves response rate and the
speed of response, but does not improve OS.

Melphalan, prednisone, thalidomide (MPT)

Four randomized studies have shown that MPT (melphalan,
prednisone, thalidomide) improves response and event-free
survival (EFS) compared to MP;108–110 an OS advantage has
been observed in the two Intergroupe Francophone Myelome
(IFM) trials.109,111

Palumbo et al. randomized compared MP for 6 months
versus MPT for 6 months followed by maintenance thalido-
mide.112 Overall response rates were significantly higher with
the MPT compared to MP (76% versus 48%) as was the CR
plus near CR rate (28% versus 7%). MPT resulted in superior
2-year progression-free survival (PFS) rates (54% versus 27%,
p< 0.001), and a trend toward an improved 3-year OS. Facon
et al. randomized 447 patients (ages 65–75) to MP versus
MPT versus tandem ASCT with reduced-dose melphalan
(100 mg/m2; MEL100).108 PFS was superior with MPT com-
pared to either MP or tandem MEL100 groups, median PFS 28
months, 18 months, and 19 months, respectively, p< 0.001.
There was also a significant survival advantage with MPT;
median OS 52 months, 33 months, and 38 months, respect-
ively. Early (first 3 months) mortality rate was 8% with MP
compared to 3% with MPT.

Hulin et al. confirmed a survival advantage with MPT
compared to MP in a randomized trial in 232 patients over
the age of 75, median survival 45 versus 28 months respect-
ively, p¼ 0.03.109 This trial showed that the benefit of MPT
over MP persists in patients up to at least age 85, but it is
important to note that patients received a lower dose of thal-
idomide of 100mg/day. In contrast to the three MPT random-
ized trials discussed so far, Waage and colleagues found no
benefit with MPT compared with MP in a randomized pla-
cebo-controlled trial.110 The reasons for this discrepancy are
not clear, but may be related to the use of high doses of
thalidomide (400mg) in an elderly patient population
resulting in increased early mortality particularly among those
over the age of 75.

As a result of the above studies, MPT has emerged as the
current standard of care for patients not eligible for ASCT

(Figure 10.5). MPT therapy is associated with greater toxicity
than MP. Therefore, not all elderly patients may be able to
tolerate the regimen. Grade 3–4 adverse events occur in
approximately 55% of patients treated with MPT, compared
to 22% with MP.112 As with Thal/Dex, there is a significant
(20%) risk of DVT with MPT in the absence of thrombopro-
phylaxis. However, this rate drops to approximately 3% with
the use of thromboprophylaxis (e.g., enoxaparin).112

Melphalan, prednisone, bortezomib (VMP)

Mateos et al. found a response rate of 89%, with a remarkably
high CR rate of 32% with the VMP regimen in a phase II
study.113 A recent randomized trial compared VMP to MP in
682 patients, median age 71 years.114 In this trial, VMP had a
significantly superior response rate compared to MP (71%
versus 35%, p< 0.001), as well as a superior CR rate (30%
versus 4%). TTP was significantly superior with VMP com-
pared to MP, 24 versus 17 months respectively, p< 0.001.
The 2-year OS rate was 83% with VMP versus 70% with
MP respectively, p< 0.001. Importantly, VMP appeared to
overcome adverse cytogenetic features; there was no significant
difference in TTP or OS with VMP in patients with and
without high-risk myeloma. Neuropathy is a significant risk
with VMP therapy; grade 3 neuropathy occurred in 13% of
patients versus 0% with MP. Neuropathy of any grade with
VMP occurred in 44% of patients; grade 2 or higher in 30%.
Based on this trial, VMP is an alternative to MPT for the
treatment of patients with newly diagnosed myeloma not
eligible for ASCT, especially those with high-risk features
(Figure 10.5).

Melphalan, prednisone, lenalidomide (MPR)

Palumbo and colleagues studied the addition of lenalidomide
to MP in newly diagnosed patients > 65 years of age.115 Fifty-
four patients were studied. The overall response rate was 85%,
with 42% of patients achieving at least VGPR or better, and
17% of patients achieving a CR. PFS was 87% at 16 months;
and similar to VMP, therapy with MPR appeared to overcome
the adverse effect of deletion 13.115 Major grade 3–4 adverse
events were neutropenia (66%), thrombocytopenia (34%),
anemia (17%), rash (10%), and febrile neutropenia (8%). All
patients received prophylactic aspirin; DVT was uncommon,
occurring in three patients (6%), including two after aspirin
discontinuation. Based on this trial, MPR appears to be a very
effective oral regimen for the treatment of elderly patients with
MM who are not candidates for ASCT. An ECOG randomized
trial (E1A06) is comparing MPR to MPT.

Hematopoietic stem cell transplantation
Autologous stem cell transplantation (ASCT)

Although not curative, ASCT improves CR rates and prolongs
median OS in MM by approximately 12 months).116–119 The
mortality rate is 1–2%. Melphalan 200mg/m2 is the most
widely used preparative (conditioning) regimen for ASCT.
Melphalan 140mg/m2 and 8Gy total body irradiation (TBI) is
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inferior and is not recommended.120 Studies are ongoing to
determine if the conditioning regimen can be improved with
the addition of radioactive compounds (holmium [166Ho-
DOTMP] or samarium [153Sm-EDTMP])121, 122 or bortezomib.

Three randomized trials show that survival is similar whether
ASCT is done early (immediately following four cycles of induc-
tion therapy) or delayed (at the time of relapse as salvage ther-
apy).123–125 In a Spanish randomized trial, patients responding to
induction therapy had similar OS and PFS when ASCT was
compared with eight cycles of chemotherapy.126 The results of
this trial suggest that the greatest benefit from ASCT may be in
those with disease refractory to induction therapy.127,128

There is little doubt that ASCT prolongs survival in MM,
but its timing (early versus delayed) is controversial.118 Given
the new, effective, and well-tolerated agents to treat MM, some
patients and physicians may choose to delay the procedure.

Tandem autologous transplantation

With tandem (double) ASCT, patients receive a second
planned ASCT after recovery from the first procedure.71,129

The IFM 94 randomized trial found significantly better EFS
and OS in recipients of double versus single ASCT.130

A similar benefit was also demonstrated in a randomized trial
conducted in Italy;131 two other randomized trials have yet to
show significant improvement in OS with tandem ASCT, but
they have shorter follow-up.132,133 In both the French and
Italian trials, the benefit of a second ASCT was restricted to
patients failing to achieve a CR or VGPR with the first proced-
ure. Based on these results, we now routinely collect enough
stem cells for two transplants in all eligible patients, but we do
not routinely offer tandem ASCT. Patients achieving a CR or
VGPR with the first transplant are just observed or offered
clinical trials investigating maintenance therapy, reserving the
second ASCT for relapse.134 Patients not achieving such a
response are offered a second ASCT.

Allogeneic transplantation

Allogeneic transplantation is supported in myeloma by the
presence of a graft-versus-myeloma effect.135,136 However,
only 5–10% of patients are candidates because of age, availabil-
ity of a HLA-matched sibling donor, and adequate organ
function. Further, the high treatment-related mortality
(TRM), mainly related to graft-versus-host disease (GVHD)
has made conventional allogeneic transplants unacceptable for
most patients with MM.

Several recent trials have been conducted using non-
myeloablative conditioning regimens (mini-allogeneic trans-
plantation).137 Initial trials evaluating this approach included
relapsed or refractory patients, which were thought to account
at least in part for the poor outcomes. It also became appar-
ent that this approach was less useful in patients who had
significant residual tumor burden at the time of the non-
myeloablative transplant, which led to the concept of a planned
ASCT followed by a planned reduced intensity conditioning
allogeneic stem cell transplant (RIC SCT) a couple of months

later.138 The initial studies had treatment-related mortalities
approaching 25%; 3-year OS and PFS rates were 41% and 21%,
respectively.138 Adverse OS was associated with chemoresis-
tant disease, more than one prior transplantation, and absence
of chronic GVHD. Using the planned tandem autologous/non-
myeloablative allogeneic SCT approach, outcomes have been
better with TRM of 15%, and 2-year OS approaching 75%.139

However, there is also a high risk of acute and chronic GVHD,
and the occurrence of GVHD appears necessary for disease
control.

There are published data from only one randomized trial
that addresses allogeneic SCT in high-risk patients, as defined
by the presence of deletion 13 by FISH and of a b2 micro-
globulin > 3mg/L.140 Based on biologic randomization,
patients were allocated to either double ASCT or to a single
ASCT followed by a RIC allogeneic SCT. Although patients
did better than expected in both arms, with median OS of 41
and 35 months, respectively, there was no significant differ-
ence between the two arms with a median follow-up of
24 months. The major criticisms of this study have been that
the criteria used to select ‘high-risk’ disease did not select for
the highest-risk patients, and that the reduced intensity condi-
tioning used may have been too immunosuppressive, thereby
abrogating the graft-versus-myeloma effect.

At this time, mini-allogeneic transplantation remains
investigational. It should only be considered in the context of
clinical trials in standard-risk MM because current results with
the tandem ASCT strategy described earlier yield 7-year sur-
vival rates in excess of 40%. In these patients, the TRM and
GVHD rates with non-myeloablative allogeneic transplant-
ation are unacceptably high.

Treatment of high-risk myeloma
Patients with high-risk MM tend to do poorly with a median
OS of approximately 2 years, even with tandem ASCT.
Options for these patients should include novel therapeutic
strategies.62,88 For example, bortezomib-containing regimens
can be considered early in the disease course as primary
therapy, with ASCT reserved for relapse. In at least three
separate studies, bortezomib appears to overcome the adverse
effect of deletion 13.113,141,142 Thus for initial therapy in trans-
plant candidates, a bortezomib-containing regimen should be
considered; similarly for non-transplant candidates, VMP
should be preferred over MPT.

Allogeneic approaches may be an option in selected
patients; for example, ASCT followed by non-myeloablative
allogeneic transplantation. However, as mentioned above,
the IFM 99 trial in patients with deletion 13 and high β2-
microglobulin levels did not show significant benefit with this
strategy compared to tandem ASCT.140 We generally do not
advocate early ASCT in high-risk myeloma. If ASCT is done
(early or delayed), routine maintenance therapy could be con-
sidered given the high risk for early relapse. Clearly, clinical
trials and new agents specifically designed for high-risk MM
are needed.
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Maintenance therapy
Maintenance therapy with interferon alpha is of limited value
and is seldom used.143 Results from the phase III US Inter-
group Trial S9321 showed no benefit with interferon as main-
tenance therapy after ASCT.144 A study by Berenson and
colleagues suggests that prednisone may be useful for main-
tenance therapy.145 PFS (14 vs. 5 months) and OS (37 vs.
26 months) were significantly longer with 50mg versus
10mg of prednisone orally every other day. As this compari-
son included only those who responded initially to steroid-
based therapy, and patients did not receive ASCT, it is difficult
to generalize these results to current practice.

A French trial (IFM 99–02) randomized 597 patients (age
< 65) following tandem ASCT to no maintenance (arm A),
pamidronate (arm B), or pamidronate plus thalidomide
(arm C).146 There was a significant improvement in EFS with
maintenance thalidomide plus pamidronate; the 3-year EFS
rate from the time of randomization was 36% in arm A, 37%
in arm B, and 52% in arm C (p< 0.009). The corresponding
4-year OS rates were 77%, 74%, and 87%, respectively
(p< 0.04). Results of a few other studies are also showing
benefit with maintenance thalidomide, but questions still
remain if all patients in the control arm had timely access to
thalidomide off-study.147 Studies addressing the use of lenali-
domide and other agents post-ASCT are ongoing. At present,
we do not recommend routine maintenance therapy in mye-
loma except for high-risk patients.

Treatment of relapsed multiple myeloma
Almost all patients with MM eventually relapse. If relapse
occurs more than 6 months after stopping therapy, the initial
treatment regimen should be re-instituted. Patients who have
cryopreserved stem cells early in the disease course can derive
significant benefit from ASCT as salvage therapy.148 In gen-
eral, patients who have an indolent relapse can often be treated
with single agents with or without low-dose corticosteroids.
These patients present with asymptomatic increases in serum
and urine monoclonal protein levels, progressive anemia, or a
few small lytic bone lesions. In contrast, patients with more
aggressive relapse often require therapy with a combination of
active agents. Given the non-curative nature of myeloma,
patients with relapsed disease typically continue on one drug/
regimen until relapse or toxicity and then try the next option.

Corticosteroids and conventional chemotherapeutic agents

High-dose pulsed dexamethasone or intravenous methylpred-
nisolone are reasonable options, particularly if the patient has
had an initial response to corticosteroids and was off high-dose
corticosteroids when the relapse occurred.149,150 Patients
relapsing more than 6–12 months following an ASCT can
respond to MP or MPT, since most would not have been
exposed to this regimen as induction therapy. Conventional
combination chemotherapy regimens such as VBMCP (vin-
cinstine, carmustine [BCN4], melphalan, cyclophosphamide,

and prednisone), VAD, or other alkylator-based regimens
can be effective in relapsed and refractory disease. Intravenous
melphalan at a dose of 25mg/m2 is another active regimen, but
usually requires transfusion and growth factor support.

Thalidomide and thalidomide-based regimens

Thalidomide has a response rate of 25% in heavily pre-treated
patients with relapsed and refractory disease.83,151 Several
studies have confirmed the activity of thalidomide in relapsed,
refractory MM.152–156 The median duration of response is
approximately one year. Thalidomide is usually given in a
dosage of 100–200mg daily. After a response is achieved, the
dose should be adjusted to the lowest dose that can achieve
and maintain a response in order to minimize long-term
toxicity.

Thal/Dex with or without cyclophosphamide has signifi-
cant activity in the treatment of relapsed MM. Studies show
that response rates in relapsed disease are about 50% with the
combination of thalidomide and corticosteroids,157 and
increase to over 65% with an oral three-drug combination of
thalidomide, corticosteroids, steroids, and cyclophosphamide
(CTD).158–160 Several other combination chemotherapy regi-
mens containing thalidomide are being studied, including
VDT-PACE (bortezomib, dexamethasone, thalidomide, cispla-
tin, doxorubicin [Adriamycin], cyclophosphamide, and etopo-
side), BLT-D (clarithromycin, low-dose thalidomide, and
dexamethasone), and MTD (melphalan, thalidomide, and
dexamethasone).161

Bortezomib and bortezomib-based regimens

Bortezomib is approved for the treatment of patients with
relapsed and refractory MM.162,163 Approximately one-third
of patients with relapsed refractory myeloma respond to bor-
tezomib therapy, with an average response duration of one
year.84,164 In a phase III trial, PFS was superior with bortezo-
mib compared to dexamethasone alone in patients with
relapsed, refractory MM.85 With extended follow-up the
median OS with bortezomib was 29.8 months versus
23.7 months for dexamethasone, despite significant crossover
from the dexamethasone to bortezomib arm.165

Bortezomib with or without dexamethasone is an active
regimen for the treatment of aggressive relapse; bortezomib
has also been combined with intravenous liposomal doxor-
ubicin with a high response rate.166 In a randomized trial,
this combination yielded a superior TTP (9.3 versus
6.5 months) as compared to single-agent bortezomib; this
promising result, however, has not yet translated into a
better OS.167

Zangari et al. reported their experience with bortezomib,
thalidomide, and dexamethasone (VTD) in a phase I trial.168

The overall response rate was 55%; EFS and OS were 9 and
22 months, respectively. Myelosuppression was the most
common grade 3–4 toxicity. Peripheral neuropathy worsened
above baseline in 5–9% of these heavily pre-treated patients.
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Lenalidomide

Lenalidomide first showed promising activity in MM in two
phase I trials.169,170 Richardson et al. reported activity in a
multicenter randomized phase II trial that enrolled 102
patients with relapsed/refractory MM.87 The overall response
rate with single-agent lenalidomide was 17%.

Two large phase III trials have since shown significantly
superior TTP with Rev/Dex compared to placebo plus dexa-
methasone in relapsed MM.171,172 In these trials, grade 3–4
neutropenia was more frequently seen with the combination of
Rev/Dex; the frequency of grade 3–4 infections was similar in
both arms.

Other drugs

There is a continued search for other active agents based on
advances in myeloma biology.173 There are preliminary data
suggesting modest efficacy with arsenic trioxide,174 but further
confirmation is needed. CC-4047 (pomalidomide, another
thalidomide analog) has also shown promising activity.175

Disease complications
Hypercalcemia
Aggressive hydration with isotonic saline and corticosteroids
are effective in most cases. A single dose of pamidronate,
60–90mg intravenously over 2–4 hours,176 or zoledronic acid,
4mg intravenously over 15 minutes,177 will normalize the
calcium levels within 24–72 hours in most patients.

Skeletal lesions
Surgical fixation of fractures or impending fractures of long
bones may be needed. Local radiation should be limited to
patients with disabling pain who have a well-defined focal
process that has not responded to analgesics and/or chemo-
therapy. The administration of bisphosphonates significantly
reduces the number of skeletal events (pathologic fracture,
need for irradiation or surgery on bone, and spinal cord
compression).178 In a randomized trial of 392 patients with
at least one lytic lesion, skeletal events (pathologic fracture,
radiation or surgery to bone, and spinal cord compression)
after 9 months of therapy were significantly fewer with pami-
dronate compared to placebo, 24% versus 41%, respectively,
p< 0.001.178 More recently, zoledronic acid has been shown to
have comparable efficacy to pamidronate.179,180 Either pami-
dronate (90mg intravenously over at least 2 hours every
4 weeks) or zoledronic acid (4mg intravenously over 15–30
minutes every 4 weeks) is recommended in patients with
MM who have one or more lytic lesions on skeletal
roentgenograms.179,181

The typical recommendation initially was to continue
bisphosphonates indefinitely at monthly intervals.181 However,
by 2003, avascular osteonecrosis of jaw (ONJ) was described as
a new complication associated with their use.182–186 The eti-
ology of ONJ is unclear, but is likely multifactorial in origin.
Although most patients who develop ONJ have had recent

dental or oral surgical procedures (70%), the remainder
develop spontaneous ONJ.186 Proposed mechanisms include
that inhibition of osteoclast activity reduces bone turnover
and remodeling and that bisphosphonates prevent release of
bone-specific factors that promote bone formation.187

The incidence of ONJ ranges from 4.4% to 21%,
depending on the type and duration of bisphosphonate
use.187,188 The risk increases with duration of therapy, and
likely with the use of zoledronic acid compared to pamidro-
nate or other lower intensity bisphosphonates. A Mayo Clinic
consensus statement recommends pamidronate instead of
zoledronic acid as the bisphosphonate of choice for long-term
therapy.187 It also recommends 2 years of monthly bispho-
sphonate therapy for patients with MM bone disease,
followed by either cessation of therapy in patients who are
off active treatment for their myeloma or continuation of
therapy every 3 months for those who are receiving MM
therapy. These recommendations are bolstered by two recent
observations. The first is that the rates of MM bone disease in
the pre-bisphosphonate era were highest during the first
2 years after diagnosis.189 The second supporting observation
is the recent finding that pamidronate use after tandem trans-
plant did not provide any significant reduction in skeletal
events.146

Calcium supplementation should be given in those with
MM, without hypercalcemia, at 500–600mg twice daily.
Vitamin D deficiency is very common in MM patients and
levels should be drawn upon diagnosis and repletion insti-
tuted accordingly. Daily vitamin D supplementation in
the absence of frank deficiency should be approximately
800–1000 IU in addition to calcium to optimize bone health.
Myeloma patients with severe renal impairment or end-stage
renal disease on dialysis benefit from a formal endocrinology
evaluation in a bone clinic, given the prevalence of other meta-
bolic bone diseases in this group. The use of intravenous and oral
bisphosphonates in the dialysis population remains controver-
sial.190 The recommendations for calcium and vitamin
D supplementation listed above also do not apply to this
population.

Vertebroplasty (injection of methylmethacrylate into a col-
lapsed vertebral body) and kyphoplasty (introduction of an
inflatable bone tamp into the vertebral body and after inflation
the injection of methylmethacrylate into the cavity) have been
successfully used to decrease pain and help restore height.191

Pain relief is generally rapid, and can be long-lasting in eligible
patients.

Spinal cord compression from an extramedullary plasma-
cytoma should be suspected in patients with severe back pain,
weakness or paresthesias of the extremities, bladder or bowel
dysfunction, or incontinence. The standard treatment for cord
or cauda equina compression are corticosteroids (dexametha-
sone 10mg to 40mg intravenously, followed by 4mg orally/
intravenously four times daily) and radiation therapy. On rare
occasions, surgical decompression may be necessary if the
spine is deemed unstable.

Chapter 10: MGUS, SMM, and MM

172



Renal insufficiency
Non-steroidal anti-inflammatory agents can precipitate renal
failure and should generally be avoided.192,193 Volume deple-
tion, infection, and radiographic contrast media may also con-
tribute to acute renal failure. Maintenance of a high urinary
output (3 L/day) is important in preventing renal failure in those
with high levels of monoclonal light chains in the urine. A trial
of plasmapheresis should be considered in patients with acute or
subacute renal failure due to light-chain cast nephropathy in an
attempt to prevent irreversible renal damage.194 This should be
followed by a rapid-acting bortezomib-containing combination
therapy, such as bortezomib, dexamethasone, and thalidomide
(VDT), bortezomib, doxorubicin, and dexamethasone (VDD),
cyclophosphamide, bortezomib, and dexamethasone (CyBor-
D), or bortezomib, doxorubicin, and dexamethasone (PAD).

Anemia
Iron, folate, or B12 deficiencies may contribute to the anemia
seen with MM as well and must be recognized and treated.
Treatment of the underlying disease and renal failure often
leads to improvement in the hemoglobin level. Erythropoietin
(40 000 units subcutaneously weekly) or darbepoietin (200mcg
subcutaneously every 2 weeks) are useful in patients with
persistent symptomatic anemia,195,196 but should be used cau-
tiously because of a higher risk of DVT when used in combin-
ation with thalidomide or lenalidomide. In addition, the recent
data concerning erythropoiesis-stimulating agents and their
possible roles in tumor progression, including in the hemato-
logic malignancies, need to be taken into consideration as well.
Blood transfusions are indicated for patients with symptomatic
anemia who do not obtain benefit from other therapies.

Infections
Patients should receive pneumococcal and influenza vaccin-
ations. Intravenous gamma globulin every 3–4 weeks is only
indicated if patients have recurrent serious infections associ-
ated with severe hypogammaglobulinemia. The use of prophy-
lactic antibiotics in patients receiving chemotherapy for
myeloma has not been settled. Prophylaxis against Pneumo-
cystis jiroveci pneumonia (previously known as Pneumocystis
carinii or PCP) should be considered in all patients recei-
ving high-dose corticosteroid therapy. A small randomized
placebo-controlled trial of trimethoprim and sulfamethoxazole
in 57 patients with newly diagnosed MM demonstrated benefit
with routine prophylaxis administered with the first two cycles
of chemotherapy.197 Trimethoprim-sulfamethoxazole should
be avoided in patients receiving Thal/Dex therapy due to the
risk of serious skin toxicity. Prophylaxis with other antibiotics
(such as ciprofloxacin, levofloxacin, or cephalosporins), alter-
native agents for Pneumocystis jiroveci prophylaxis, should be
considered. A US randomized trial, URCC 1099, comparing
no prophylaxis, trimethoprim plus sulfamethoxazole, and
ciprofloxacin in patients with newly diagnosed MM receiving
chemotherapy recently completed accrual; however, its results

are not yet available. It has been recognized that bortezomib
increases the risk for activation of herpes zoster and antiviral
prophylaxis is recommended.

Hyperviscosity syndrome
Infrequently, patients with MM with an IgA or IgG isotype
develop hyperviscosity syndrome. Plasmapheresis is indicated
and relieves the symptoms. Plasmapheresis should be per-
formed regardless of the viscosity level if the patient has signs
or symptoms of hyperviscosity.198 It is a temporizing measure
which should be followed by prompt systemic therapy.

Side effects associated with novel agents
IMiDs
Increased risk for venous thromboembolism (VTE)

As a single agent, neither thalidomide nor lenalidomide
increases the incidence of VTE in patients with newly diag-
nosed or previously treated MM. The incidence of VTE with
thalidomide alone is 3–4% in new MM57,199 and 2–4% in
refractory disease.200 However, the addition of dexamethasone,
especially at high dose, to either IMiD markedly increases the
risk, particularly in those with new disease. In newly diagnosed
MM, the incidence of VTE with Thal/Dex is 14–26%92,95,96 and
2–8% in those with relapsed/refractory disease without throm-
boprophylaxis.201 The risk increases to about 25% in patients
receiving the Thal/Dex in combination with other cytotoxic
chemotherapeutic agents, particularly doxorubicin.152,200,202–204

Other risk factors associated with an increased VTE risk include
concurrent erythropoietin administration and dose of dexa-
methasone. Data arising from the E4A03 ECOG protocol evalu-
ating lenalidomide and either low-dose dexamethasone
(160mg/month) or high-dose dexamethasone (480mg/month)
showed VTE rates of 8% and 23%, respectively.205 Prophylactic
anticoagulation strategies have not been systematically evalu-
ated in randomized trials, but include aspirin, low molecular
weight heparin, and warfarin. Based on limited data, a recent
consensus was published on behalf of the International Mye-
loma Working Group recommending varying strategies based
on a risk assessment model.201

Teratogenicity

The use of thalidomide, lenalidomide, and other IMiDs
in pregnancy is absolutely contraindicated and the System
for Thalidomide Education and Prescribing Safety Program
(STEPS) must be followed to prevent teratogenicity.206

Rash

The use of IMiDs can result in a rash, which can often be dose-
related rather than due to a true drug allergy. The rash can be
mild and fleeting or extensive and desquamating. No dosing
changes are likely to be necessary with mild (grade 1) rashes, as
often they resolve spontaneously despite continuation of
treatment.
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For those patients with grade 2–3 skin toxicity, it is advis-
able to hold the IMiD until the rash resolves and then restart
the drug at a lower dose. Patients with grade 4 toxicity should
not receive further drug, regardless of dose. Medications being
administered concurrently with the IMiD, such as a sulfona-
mide or allopurinol, may increase the risk for and severity
of the rash and should be avoided, if possible. Rarely, a life-
threatening hypersensitivity reaction, toxic epidermal necroly-
sis, has been reported with the use of thalidomide.207

Hypothyroidism

Thyroid function tests should be performed prior to treatment
with an IMiD, with periodic monitoring thereafter, every 3–4
months. Multiple reports of the development of hypothyroid-
ism in patients on thalidomide have been published.208,209

More recently, thyroid dysfunction with lenalidomide has also
been reported.210,211

Peripheral neuropathy

An autonomic neuropathy (5%) may be seen with the use of
thalidomide and may manifest as sinus bradycardia and/or
hypotension, with occasional syncope. Modifications in dose
may reduce the severity of the symptoms, although at times,
the drug may need to be completely discontinued.

The development of a peripheral neuropathy while taking
thalidomide is much more common than an autonomic neur-
opathy. It is the most common side effect for which thalido-
mide is either held or dose reduced, and occurs in > 50% of
patients.212 Initial symptoms typically are numbness and tin-
gling in the hands and feet, but can progress to more severe
manifestations such as ataxia and motor dysfunction.

Constipation

Constipation is the most common gastrointestinal side effect
(> 50%) seen with the use of thalidomide. It can be severe and
is exacerbated by other medications such as narcotics. A bowel
regimen should be initiated when treatment with thalidomide
is started. If constipation is severe, a dose reduction in thalido-
mide should be considered as the constipation may be dose
dependent. When constipation is seen with lenalidomide, it
is usually mild and dose reductions are not usually necessary.

Myelosuppression

Thaldomide is not associated with significant myelosuppres-
sion. Mild leukopenia and neutropenia may be seen in a minor-
ity of patients and are usually not significant enough to warrant
a change in dose. Lenalidomide, by comparison, is associated
much more frequently with a reduction in blood counts, and
myelosuppression is its most frequent side effect, with rates
depending on whether or not a patient has been previously
treated. Dose modifications are frequently necessary as a result.

Use of IMiDs in patients with renal dysfunction

The pharmacokinetics of thalidomide have been reported as
similar in patients with normal renal function and in those

with significant renal impairment, as has the frequency of drug
side effects in these two groups of patients.213 Dose reductions
in thalidomide in the setting of renal insufficiency and dialysis
are not necessary. This is in contradistinction to lenalidomide,
which is renally excreted, where total and renal clearance
significantly decrease with progressively worsening renal
function.214 Dose adjustments are recommended for patients
with a creatinine clearance < 50mL/min.214 Lenalidomide
should be administered after dialysis if used in that setting.

Bortezomib
Bortezomib is cleared by the liver and those with severe hep-
atic dysfunction should not be given the drug. Some of the
most common side effects associated with bortezomib are
gastrointestinal, such as nausea (64%), vomiting (36%), consti-
pation (43%), and diarrhea (51%), which usually can be readily
managed with supportive care measures. Cytopenias are also
not unusual, particularly thrombocytopenia (43%), for which a
dose reduction or holding a dose may be indicated. The devel-
opment of a predominantly sensory, often painful peripheral
neuropathy develops in approximately 40%. It most often
begins in the feet and lower extremities, but can go on to affect
the upper extremities. A dose reduction should be instituted
promptly if symptoms develop. The neuropathy can improve
with the discontinuation of the drug, but potentially can take
months. Bortezomib is not associated with an increased risk
for venous thromboembolism.

IgMmyeloma
The majority of MM is associated with an IgA or IgG isotype.
IgM myeloma represents a distinct entity, but comprises
< 0.5% of all MM.215 The differential diagnosis to be made is
between IgMMM andWM, the distinction of which is import-
ant based on differing clinical courses, prognoses, and treat-
ments. The distinction may be clinically straightforward, with
IgM MM demonstrating > 10% marrow involvement with a
clonal plasma cell population and one or more of the
following: lytic bone lesions, hypercalcemia, and/or renal
insufficiency. However, in more ambiguous cases where a
diagnosis cannot be made on clinical grounds, immunophe-
notyping, chromosomal, and FISH analyses may be of particu-
lar value. Karyotyping is usually normal in both diseases;
however, � 50% of WM cases by FISH show chromosome
6q-, not found in MM.216–219 In addition, IGH translocations
commonly seen in MM are rarely seen with WM.216,219,220

Plasma cell leukemia
Definition
Plasma cell leukemia (PCL) is a variant of MM characterized
by a fulminant course and poor prognosis. It is the most
aggressive of the plasma cell neoplasms. It may arise as a
primary process, de novo (pPCL), or secondarily (sPCL) as a
leukemic transformation from a previously diagnosed MM.
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These two forms of PCL are different with respect to immu-
nophenotypic and genetic features, history, and OS. The cur-
rent, clinically derived definition of PCL is the presence of an
absolute peripheral blood plasma cell count of > 2� 109/L or
a differential with > 20% plasma cells.221

Epidemiology
Primary PCL represents approximately 2–4% of newly
diagnosed MM221,222 and sPCL has a similar incidence.223 The
median age at diagnosis of pPCL in a recent study was 54.5
years compared to 65.7 years for those with sPCL.223 Secondary
PCL often has been characterized as a late manifestation
of MM; however, a recent study noted that the median time to
leukemic transformation from an underlying MMwas approxi-
mately 20.8 months from the time of the MM diagnosis.223

Cytogenetics
The genetic and molecular bases for both forms of PCL are
not well understood.

Primary PCL tumors compared to sPCL or MM more
often have hypodiploid or pseudodiploid karyotypes.223,224,225

The prevalence of IGH translocations in both pPCL (87%)
and sPCL (82%)223 is higher than reported for MM
(50%),25,26 and is consistent with the positive correlation
between these translocations and non-hyperdiploidy.226,227

The prevalences of the common IGH translocations have been
reported as significantly different between pPCL and sPCL.
Tiedemann et al. noted that 71% of pPCL versus 23% of sPCL
had t(11;14), p¼ 0.03.223 The increased prevalence of t(11;14)
in pPCL compared to MM has been previously noted (33%
versus 13%), although its significance has not been delineated

fully.225 Deletion of 13q is believed to be a negative prognostic
factor in MM, especially if detected by karyotyping. The preva-
lence of this deletion was found to be 42% in MM in one
study,225 68–85% in pPCL,223,225 and 67% in sPCL.223 Loss or
inactivation of 17p13.1 confers a poor prognosis in MM,
although it is found in a minority of MM cases, approximately
10%. Allelic TP53 inactivation in pPCL and sPCL has been
reported as 50% and 75%, respectively.223 This same study,
however, did not find that 17p and deletion 13 in PCL signifi-
cantly affected OS.223 Clearly, the relative importance and
interrelationships among the cytogenetic abnormalities in both
forms of PCL remain largely unknown.

Prognosis
The prognosis for PCL is poor, although significantly better
for pPCL compared to sPCL, 7–11 months222–225 versus
1.3 months, respectively, p¼ <0.001.223

Treatment
There is no one first-line therapy recommended for pPCL, as
there are relatively few patients and there are no randomized
trials. Therapy is extrapolated from the MM literature. Before
the development of IMiDs and bortezomib, treatment with
combination chemotherapy versus the use of melphalan and
corticosteroids alone resulted in a significant OS benefit in
PCL, unlike in MM. Whether OS will improve in both PCL
categories with the use of the newer therapeutic agents, alone
or in combination, remains to be seen. Although there are no
data suggesting that allogeneic SCT is superior to ASCT in this
group of patients, allogeneic transplant is often considered in
younger, eligible patients given the otherwise poor prognosis.
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Chapter

11 Amyloidosis and other rare plasma cell dyscrasias

Angela Dispenzieri and Suzanne R. Hayman

Introduction
The spectrum of plasma cell disorders is vast. From a prolif-
eration standpoint, the spectrum extends from the premalig-
nant monoclonal gammopathy of undetermined significance
(MGUS) to multiple myeloma, to plasma cell leukemia. The
picture, however, is much more complex because there are
also low tumor burden and low proliferation plasma cell
diseases responsible for a clinical phenotype ranging from
troublesome to fatal. These conditions are rare, but must
be recognized in order to reduce morbidity and mortality.
For most of these diseases, the pathogenesis is not well
understood.

The discussion will begin with the three more common and
potentially life-threatening disorders, light chain amyloidosis
(AL), POEMS syndrome (polyradiculoneuropathy, organome-
galy, endocrinopathy, monoclonal protein, skin changes), and
cryoglobulinemia. Subsequently, the monoclonal gammopathy-
associated disease entities will be parsed according to their
dominant clinical feature – neuropathy, dermopathy, and
nephropathy – and will include: MGUS-associated peripheral
neuropathy, scleromyxedema, xanthogranulosum necrobiotica,
and Schnitzler’s syndrome.

Immunoglobulin light chain amyloidosis
Immunoglobulin light chain amyloidosis (AL) is a low tumor
burden plasma cell disorder characterized by deposition of
insoluble fibrils composed of immunoglobulin light chains.
Without treatment, it has an inexorable progressive course
due to uncontrolled tissue damage. Not all amyloidosis is
related to a plasma cell dyscrasia. Although AL is the most
common form of systemic amyloidosis, with an incidence of
approximately 1 case per 100 000 person-years in Western
countries,1 there are other forms of systemic amyloidosis as
well (Table 11.1). It is imperative that the amyloid be typed
to ascertain which type of amyloidosis is present in order to
direct the treatment plan accordingly.

Diagnosis
There are four essential steps in diagnosing amyloidosis:
(1) consider the diagnosis; (2) make the diagnosis by tissue
biopsy; (3) determine the precursor protein; and (4) define the
extent of involvement. Perhaps the biggest challenge for
patients with AL is having the diagnosis considered in timely
fashion. Often it is a physician other than a hematologist/
oncologist who is charged with thinking about diagnosis.
Although features like periorbital purpura and macroglossia
are nearly pathognomonic, they are rare and cannot be relied
upon to trigger consideration of a diagnosis of AL. The most
commonly affected organs resulting in symptoms are the heart,
kidneys, skin, peripheral nerves, autonomic nerves, and liver.
Although the gastrointestinal tract is commonly biopsy posi-
tive, it is relatively uncommon for patients to have symptoms
referable to it. As shown in Figure 11.1 the dominant symptom-
atic organ system involved varies among different practices.3

Once the diagnosis is suspected, a monoclonal protein in
the serum and the urine should be sought and a tissue biopsy
performed. Screening for a monoclonal protein is done by
serum immunoglobulin free light chain measurement and
immunofixation studies of the serum and urine, although an
important part of the workup, serum and 24-hour urine pro-
tein electrophoresis, are insufficient as screening tools. The
biopsy may be of the tissue causing symptoms or of a more
accessible tissue, like fat or bone marrow. The sensitivity of a
biopsy of a symptomatic organ is much higher than that of the
more accessible tissues, i.e., more than 95% for symptomatic
tissue, 75–80% for fat, and 50–65% for bone marrow.
A diagnosis of amyloidosis is not made by hematoxylin and
eosin staining alone; rather special stains like Congo red,
thioflavin T, and sulfated Alcian blue are required. Congo
red avidity is not sufficient; apple-green birefringence under
polarized light is essential for a diagnosis. Electron microscopy
is also helpful to identify the 8–11 nanometer non-branching
fibrils. Once a diagnosis of amyloidosis is made, typing is
required by subjecting the amyloid to direct sequencing,

Management of Hematologic Malignancies, ed. SusanM. O’Brien, Julie M. Vose, and HagopM. Kantarjian. Published by Cambridge University Press.
# Cambridge University Press 2011.

184



immunogold, immunofluorescence, or immunohistochemis-
try because even the presence of serum or urine monoclonal
protein does not assure a diagnosis of AL.4,5

Finally, a thorough assessment of extent of involvement is
required in order to develop a treatment plan.6 It is at this time
that the distinction between localized and systemic AL is made.
The designation “localized” applies to those cases of AL in
which the precursor protein (the immunoglobulin light chain)
is made at the site of amyloid deposition7 and is typically not
associated with a detectable circulating monoclonal protein in
the serum or urine. The classic examples of localized AL are
tracheobronchial, urinary tract, cutaneous, lymph node, and
nodular cutaneous involvement. Establishing the extent of
disease is achieved by a thorough review of systems and phys-
ical examination and by performing the tests shown in
Table 11.2: these are required to assess prognosis and plan
follow-up. The definitions of organ involvement are listed in
Table 11.3.

Treatment
At present, all treatments are directed at destroying the under-
lying plasma cell clone, which in turn reduces or eliminates the
amyloidogenic clonal immunoglobulin light chain. It had been
assumed that the amyloid fibrils detected in tissue biopsies

Table 11.1. Classification of the most common amyloidoses

Type of amyloidosis Precursor protein
component

Clinical presentation

AL amyloidosisa (previously referred
to as primary amyloidosis)

κ or λ immunoglobulin
light chain

Primary or localized; see text for syndromes

AA amyloidosis (previously referred to as
secondary amyloidosis)

Serum amyloid
A protein

Renal presentation most common; associated with chronic
inflammatory conditions; typically acquired, but hereditary
in case of familial Mediterranean fever

ATTR amyloidosis
bMutated TTR (commonly referred to as
familial amyloid polyneuropathy)

Mutant TTR Hereditary; peripheral neuropathy and/or cardiomyopathy

Wild-type TTRb (senile amyloidosis) Normal TTR Restrictive cardiomyopathy; carpal tunnel syndrome

β2-microglobulin amyloidosis
(associated with long-term dialysis)

β2-microglobulin Carpal tunnel syndrome

Aβ amyloidosis Aβ protein precursor Alzheimer disease

Other hereditary amyloidosis

A fibrinogen (also called familial renal
amyloidosis)

Fibrinogen α-chain Renal presentation

Lysozyme Lysozyme Renal presentation most common

Apolipoprotein A-I A-I apolipoprotein Renal presentation most common

Notes: aAL amyloidosis is the only form of amyloidosis that is secondary to a clonal plasma cell disorder. AL amyloidosis can be associated with multiple
myeloma in approximately 10% of patients.
bTTR refers to transthyretin, which is commonly referred to as prealbumin.
Source: Printed from Rajkumar et al. with permission.2
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Figure 11.1 AL amyloidosis organ involvement and symptomatology.
(a) Dominant organ involvement at presentation. (b) Symptoms at presentation.
PNS: peripheral nervous system; GI: gastrointestinal; CHF: congestive heart
failure; OH: orthostatic hypotension. Based on data from Palladini G, et al.3

Chapter 11: AL and rare plasma cell dyscrasias

185



were the source of tissue injury and dysfunction and that
chemotherapy produced improvement in organ function by
shifting the equilibrium from fibril formation and favored
fibril dissolution. More recently, that hypothesis has been
challenged with the hypothesis that the clonal amyloidogenic
light chains form toxic intermediates responsible for the tissue
damage.9 In every day clinical practice, this debate is less
important since currently there are no drugs that directly
attack and/or dissolve the amyloid.

Nearly all cases of systemic AL will require therapy. Deter-
mining the extent of organ involvement helps estimate the risk
associated with different treatment options. Which parameters
will be followed to modulate ongoing treatment decisions
should also be defined. This last recommendation cannot be
overemphasized; patients with AL are complex, often very ill,
and have multiple disease parameters to follow, making it
difficult to track a patient’s progress in a busy clinical practice.
The goal in these patients is to achieve a reduction in the
precursor protein (monoclonal protein), ideally complete dis-
appearance of it; however, for some patients a mere 50%
reduction of the monoclonal protein is sufficient to both halt
the progression of organ damage and to allow for significant
improvement of organ function (Table 11.3).10 A priori, it is
unclear which patients will require the complete hematologic

response or the partial hematologic response. Therefore, the
ultimate challenge in managing these patients is balancing
treatment-related toxicity and efficacy.

Figure 11.2 illustrates the current treatment strategy
employed for patients with systemic AL seen at the Mayo
Clinic. The three most important questions relating to therapy
of AL are: (1) the role of high-dose chemotherapy with per-
ipheral blood stem cell transplantation (SCT); (2) the role of
novel therapies; and (3) the relative importance of complete
remission.

High-dose chemotherapy with stem cell transplant
In routine practice, the first question asked is whether a patient
is a candidate for high-dose chemotherapy with SCT. Risk
factors include physiologic age, performance status, cardiac
function as determined by serum troponin T and functional
class, and numbers of organs involved.11–13 Capitalizing on the
improved overall survival observed with patients with mye-
loma undergoing high-dose chemotherapy with peripheral
blood SCT, SCT has been widely applied to patients with AL,
and over 1000 patients have been reported in the literature.
The most common conditioning regimen is melphalan
200mg/m2. Hematologic responses have been reported any-
where from 32% to 68% and complete hematologic responses
from 16% to 50%.13–18 Organ response is time dependent and
a median time to response can take up to one year, but organ
responses, the most important outcome, range anywhere
from 31% to 64%. Patients with the deepest hematologic
responses are more likely to have long-term overall survival.10

The treatment-related mortality is quoted from 6% to 27% at
day 100 with the majority of deaths due to cardiac causes, but
patients also succumb to multiorgan failure, hepatic insuffi-
ciency, hemorrhage, and sepsis.13–18 At Mayo Clinic, the day-
100 mortality is 11%, and the median survival of patients with
three-organ involvement is 30 months, with two-organ
involvement 68 months, and 98 months for patients with
one-organ involvement.13 Overall survival of 337 patients is a
projected median of 82 months.

A small, prospective randomized controlled trial compar-
ing melphalan and dexamethasone to SCT did not demon-
strate any improvement in overall survival for the SCT arm
over the conventional chemotherapy arm (see below).17 In
contrast, a case–control study comparing overall survival of
63 AL patients undergoing SCT with 63 patients not undergo-
ing transplantation was performed.19 For SCT and control
groups, respectively, the 1-, 2-, and 4-year overall survival rates
were 89% and 71%; 81% and 55%; and 71% and 41%. Allo-
geneic SCT should be considered experimental in these
patients. The European Group for Blood and Marrow Trans-
plantation (EBMT) registry reported 19 patients with AL
who underwent allogeneic (n¼ 15) or syngeneic (n¼ 4) SCT
between 1991 and 2003.20 With a median follow-up time of 19
months, overall and progression-free survival were 60% and
53% at 1 year, respectively. Overall, 40% of patients died of
transplant-related mortality.

Table 11.2. Tests required for diagnosis and staging of AL

All patients

Tissue biopsy Congo red stain with apple-green
birefringence Type amyloid protein

Blood tests Alkaline phosphatase

Bilirubin

Creatinine

Albumin

Troponin

Brain natriuretic peptide or N-terminal brain
natriuretic peptide

Immunoglobulin free light chain

Serum protein electrophoresis with
immunofixation

Factor X

24-hour urine Protein electrophoresis with immunofixation

Echocardiogram Assess for heart size and diastolic dysfunction

As clinically indicated

Diagnostic imaging of liver and spleen

Fecal fat measurements

Serum carotene levels

Nerve conduction studies
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Table 11.3. Defining amyloid organ involvement and response to therapy

Organ system Involvementa Improvement Worsening

Kidney 24-hour urine protein > 0.5 g/day,
predominantly albumin

50% reduction in 24-hour urine protein
excretion (at least 0.5 g/day) without
worsening of creatinine or creatinine
clearance by 25% over baseline

50% increase in urinary protein loss
(at least 1 g/24 hours), or 25%
worsening of creatinine or creatinine
clearance

Heart Echo: mean wall thickness
> 12mm, no other cardiac cause

� 2mm reduction in the interventricular
septal (IVS) thickness by
echocardiogram, or

Increase in cardiac wall thickness by
� 2mm (2-D ECHO), or

Improvement of ejection fraction by
� 20%, or

Increase in New York Heart
Association class by 1 grade with
a decreasing ejection fraction of
� 10%

Improvement by 2 New York Heart
Association classes without an
increase in diuretic use or in wall
thickness

Liver Total liver span > 15 cm in the
absence of heart failure or alkaline
phosphatase > 1.5 times
institutional upper limit of normal

� 50% decrease in an initially elevated
alkaline phosphatase level, or
Decrease in liver size by at least 2 cm
(radiographic determination)

� 50% increase of alkaline
phosphatase above lowest level

Nerve,
peripheral

Clinical symmetric lower extremity
sensorimotor peripheral
neuropathy

Improvement in electromyogram nerve
conduction velocity (rare)

Not defined

Nerve,
autonomic

Gastric-emptying disorder, pseudo-
obstruction, voiding dysfunction
not related to direct organ
infiltration

Not defined Not defined

Gastrointestinal
tract

Direct biopsy verification with
symptoms

Not defined Not defined

Lung Direct biopsy verification with
symptoms
Interstitial radiographic pattern

Not defined Not defined

Soft tissue Tongue enlargement, clinical
Arthropathy
Claudication, presumed vascular
amyloid
Skin
Myopathy by biopsy or
pseudohypertrophy
Lymph node (may be localized)
Carpal tunnel

Not defined Not defined

Hematologic Complete response (CR):
Serum and urine negative for
monoclonal protein by immunofixation
Free light chain ratio normal
Marrow < 5% plasma cells
Partial response (PR):
If serum M component > 0.5 g/dL,
a 50% reduction
If urine light chain in urine with a visible
peak and > 100mg/day and 50%
reduction
If free light chain > 10mg/dL and 50%
reduction

Progression from CR:
Any detectable monoclonal protein
or abnormal free light chain ratio
(light chain must double)
Progression from PR or stable disease:
50% increase in serum M protein to
> 0.5 g/dL or 50% increase in urine
M protein to > 200mg/day, or free
light chain increase of 50% to
> 10mg/dL

Note: aBiopsy of affected organ or biopsy at an alternate site with clinical involvement.

Source: Reprinted from Gertz et al. with permission.8
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Standard chemotherapy
The successful use of cytotoxic chemotherapy to produce
regression of AL was reported over 30 years ago,21–23 and its
value was verified in a double-blinded prospective randomized
study of melphalan and prednisone versus placebo in 1978.24

Melphalan and prednisone doubled the overall survival as com-
pared to colchicine in two subsequent randomized trials,
making it the standard therapy for most patients with AL until
the mid-2000s25,26 (Table 11.4). The median time to response
was 1 year. Although only 18% of patients responded to mel-
phalan and prednisone, responders enjoyed a median survival
of 89months, whereas non-responders had amedian survival of
15 months. Nephrotic-only patients with a normal serum crea-
tinine enjoyed an organ response rate of 39%; whereas patients
with cardiomyopathy had organ response rates of only 15%.38

Other treatments like single-agent dexamethasone and VAD
(vincristine, doxorubicin [Adriamycin], and dexamethasone)
may produce responses in patients.28,30–37

Multiagent alkylator-based therapy did not improve overall
survival,27 but replacing the prednisone with dexamethasone is
associated with higher response rates and better overall sur-
vival. In 2004, Palladini et al. reported their experience treating
41 patients who were not transplant candidates with melphalan
and dexamethasone. Hematologic response rates of 67%,
including 33% complete responses, and organ response rates
of 48% were reported.29 In a 3-year update, these patients
had an overall median survival of 5.1 years and progression-
free survival of 3.8 years.39 A total of 21 patients – 13 non-
responders and 8 responders – died after a median of 1.6 years
(range, 0.1–5.7 years). Death was not amyloid-related in four
patients who responded to melphalan and dexamethasone,
whereas it was due to progressive cardiac amyloidosis in the
remaining cases. The lower than expected rate of myelodys-
plasia (2.4%) seen in this study was attributed to the modest
total dose of melphalan administered (median, 288mg; range,
48–912mg), even considering the additional cycles delivered
in four relapsing patients. In a separate retrospective study of
153 amyloid patients receiving melphalan/prednisone regimens,
bone marrow damage consistent with alkylator-induced myelo-
dysplasia was seen in 7% of the total patient population,
with a 42 month actuarial risk of myelodysplasia or acute leuke-
mia of 21%.40

The value of melphalan and dexamethasone was further
validated in a prospective randomized study of 100 patients
randomized to autologous SCT (ASCT) with melphalan com-
pared to oral melphalan and dexamethasone which showed no
difference between the two arms for hematologic responses.
The landmark analysis performed to correct for early mortality
associated with transplant also showed no difference in overall
survival.17 On an intention-to-treat basis, the median survival
for melphalan and dexamethasone was 57 months vs. 22
months for the SCT arm. This important study is limited by
its very small size for a disease that is very heterogeneous in its
extent. Among the 50 patients randomized to receive SCT,
only 37 actually made it to transplant and then 9 of those died

Table 11.4. Standard chemotherapy for AL

n Hematologic
response (%)

Organ
response (%)

Median
survival (mo)

MP23–26 ~200 28 20–30 18–29

VBMCP27 49 29 31 29

Melphalan IV (25mg/m2

every 4–6 weeks)28
50 Not stated ~50

Melphalan-Dex17,29 96 52–67 39–48 57–60

Dex30,31 77 Not stated 15–35 12–21

Dex-IFN32 93 33 Not stated 29

VAD28,33–37 ~100 42–50 Not stated Not stated

Note: MP: melphalan and prednisone; VBMCP: vincinstine, carmustine (BCNU), melphalan, cyclophosphamide, and prednisone; Dex: dexamethasone; IFN: interferon;
VAD: vincinstine, doxorubicin, and dexamethasone.

Newly Diagnosed AL Amyloidosis

Transplant
eligible

Not wanting
transplant

Mel 200 ASCT*

Observation Observation

Hematologic Response

No Hematologic Response

More chemotherapy

Mel-Dex†

Transplant
ineligible

Figure 11.2 Mayo Clinic treatment algorithm.
*Consider second-line therapy if either hematologic partial response not
achieved at day þ100 or organ progression at 6 months.
{Treat to max responseþ2 (no more than ten cycles), and consider second-line
therapy if hematologic minimal response not seen after four cycles
or organ progression at 6 months.
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within 100 days, a 24% treatment-related mortality, leaving
only 28 patients for their landmark analysis. In contrast, of
the 50 patients randomized to melphalan and dexamethasone,
43 patients received three or more cycles of therapy.

Novel therapies for AL
New therapies for AL involving incorporation of novel agents
have also been described. Thalidomide, as a single agent,
has a heightened toxicity in patients with AL and in most
studies no hematologic or organ responses have been reported
(Table 11.5).41,44,51 In contrast, in combination with dexa-
methasone, 48% of 31 patients achieved hematologic response,
with 8 (26%) organ responses. Median time to response was
3.6 months (range, 2.5–8.0 months). Treatment-related tox-
icity was frequent (65%), and symptomatic bradycardia was a
common (26%) adverse reaction.42 Wechalekar et al. have
treated 75 patients with a cyclophosphamide, thalidomide,
dexamethasone combination.45 A hematologic response
occurred in 48 (74%) of 65 evaluable patients including com-
plete hematologic responses in 14 (22%). With a median
follow-up of 22 months, median estimated overall survival
from commencement of treatment was 41 months.

Lenalidomide has been combined with dexamethasone
for the treatment of AL. In a trial of 23 patients, one patient
had a hematologic and organ response with lenalidomide
alone.46 Eleven patients also received dexamethasone after
three cycles of lenalidomide, and overall response rates of 12
who completed more than three cycles of therapy were 10/12
with 9/12 hematologic and 5/12 organ responses. Of interest,
ten patients did not complete three cycles of therapy, and
analysis demonstrated that the cardiac troponin T level was
highly predictive of patients being able to complete protocol

therapy. In a similar study, with more restrictive eligibility
entry criteria, of 24 evaluable patients, the overall hematologic
response rate was 67%, including a 29% hematologic complete
response.47

There have been three published manuscripts on the role of
bortezomib, only one of which was a prospective clinical trial.50

In the phase I study authored by Reece et al. two schedules
were tested: bortezomib (0.7–1.6mg/m2) days 1, 8, 15, and 22
every five weeks and days 1, 4, 8, and 11 every three weeks
(0.7–1.3mg/m2).50 Of these 31 patients who had a relapsed AL,
50% had a hematologic response to therapy. Most commonly
reported toxicities included gastrointestinal events, fatigue,
and nervous system disorders. Maximum tolerated dose was
not defined but grade 3 congestive heart failure was observed
in two patients. The once weekly schedule was better tolerated.
Of the two non-clinical trial reports, the first of these was that
of Kastritis et al.48 Patients received standard dose bortezomib
plus dexamethasone 40mg days 1–4 every 21 days. Grade 3
non-hematologic toxicities included neurotoxicity, fatigue,
peripheral edema, constipation, and exacerbation of postural
hypotension. Among 16 evaluable patients 94% had a hemato-
logic response and 44% had a hematologic complete response.
Five patients (28%) had a response in at least one affected
organ. The median number of administered cycles was five.
Among the 12 patients who received fewer than the proscribed
six courses of therapy, the reasons were progression in 1
patient, death in 3 patients and toxicity in 8 patients. In the
other retrospective study looking at 20 patients who were
treated with bortezomib with or without dexamethasone, the
median numbers of cycles administered was three with a range
of 1–6. Among the 16 patients who had hematologic response,
25% of these patients had relapsed at 9 months. Treatment was
discontinued early in 40% of the patients due to toxicity.49

Table 11.5. Immune modulatory derivatives and proteosome inhibitors in patients with AL

Regimen n No prior
Rx (%)

� 2
organs (%)

Cardiac
(%)

Heme
response (%)

Organ
response (%)

Median
f/u (mo)

Grade
3–4 AE (%)

Thal 200–800mg41 16 6 31 25 25 0 NR 50

Thal/Dex 42 31 42 61 38 48 26 32 65

Thal 200–800mg43 12 58 67 42 0 11 2.3a 58

Thal 50–200mg44 18 28 50 67 0 11 5.6a 75

CTX/Thal/Dex45 75 59 33 16 48 26 18 NR

Len�Dex46 22 43 57 65 43 26 17 83

Len�Dex47 34 NR NR NR 47 21 NR > 35

Bortez�Dex48 18 61 61 84 94 (44 CR) 28 9.5 NR

Bortez�Dex49 20 NR NR 60 80 (ISCR) 30 11 NR

Bortez50 31 0 55 19 50 (20 CR) NR NR 52

Note: aMedian time on treatment.
Rx: treatment; AE: adverse events; Cardiac: cardiac involvement; Dex: dexamethasone; f/u: follow-up; mo: months; Thal: thalidomide; Len: lenalidomide; CTX:
cyclophosphamide; Bortez: bortezomib; NR: not reported.
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Using prognostic factors to make treatment decisions
There have been many prognostic factors identified in these
patients including β-2 microglobulin and level of circulating
immunoglobulin free light chains.52,53 One of the most com-
monly applied prognostic factors applied in the past decade
has been the numbers of organs involved.54 Although useful,
more important than “number” of organs involved is the
“extent” of organs involved. Because the most important deter-
minant of survival is the extent of cardiac involvement,55

echocardiogram has been an important test in characterizing
cardiac involvement.56 However, these measurements do
not detect early involvement and there are issues with inter-
observer variability. More recently, cardiac biomarkers (tropo-
nin T, troponin I, N-terminal brain natriuretic factor [NT-BNP],
and brain natriuretic factor [BNP]) that can be measured in
the blood have been shown to be excellent predictors of prog-
nosis (Figure 11.3).12,57–59 These routine laboratory tests are
reproducible and relatively inexpensive.

Troponin T is also a powerful predictor of treatment-
related mortality for patients undergoing SCT. Among 271
patients, those with troponin levels of 0.06mg/L or higher
had a day-100 all-cause mortality rate of 28% as compared to
patients with troponin levels less than 0.06mg/L who had a
day-100 all-cause mortality rate of 7% (p< 0.001) despite risk-
adapted dose modification of melphalan.60

Because the immunoglobulin free light chain is an import-
ant prognostic factor in AL patients in terms of both baseline
value and extent of reduction,28,53,61 investigators at Memorial
Sloan Kettering have looked at treating those patients who did
not achieve a complete hematologic response at 3 months after
their SCT with adjuvant thalidomide and dexamethasone.
Thirty-one patients began adjuvant therapy, with 16 (52%)
completing 9 months of treatment and 13 (42%) achieving
an improvement in hematologic response. By intention-to-
treat, overall hematologic response rate was 71% (36% com-
plete response), with 44% having organ responses. With a
median follow-up of 31 months, 2-year survival was 84%
(95% confidence interval: 73%, 94%).62

Treating localized amyloidosis
The location of the amyloid is an important clue in recogniz-
ing the amyloid as being localized. The most frequent sites of
localized amyloid are respiratory tract, genitourinary tract, and
skin.63 Pulmonary amyloid can be subdivided into nodular,
laryngeal/tracheobronchial, or diffuse interstitial. Only the
third represents a manifestation of systemic AL.64,65 The nodu-
lar form of amyloid presents as solitary pulmonary nodules or
multiple nodules. This does not represent the systemic form of
AL.66 These nodules are not calcified and often require resec-
tion to exclude a diagnosis of malignancy. The usual treatment
for tracheobronchial AL is yttrium-aluminum-garnet (YAG)
laser resection of the tissue and more recently electron beam
radiation therapy (EBRT).67 Obstructive ureterovesicular amy-
loidosis is always localized. Patients present with hematuria or

obstruction.68 Surgery69 and dimethylsulfoxide instillation70

are the standard approaches.

POEMS syndrome
POEMS syndrome is an acronym referable to 5 of the 12
important features of a fascinating paraneoplastic syndrome:
polyradiculoneuropathy; organomegaly; endocrinopathy;
monoclonal protein; skin changes. The other six include:
papilledema; extravascular volume overload; sclerotic bone
lesions; thrombocytosis (PEST); high levels of vascular endo-
thelial growth factor (VEGF); and abnormal pulmonary func-
tion tests (Table 11.6). The major clinical feature of the
syndrome is a chronic progressive polyradiculoneuropathy
with a predominant motor disability.71–73 Other names for
the syndrome include osteosclerotic myeloma, Crow–Fukase
syndrome, and Takatsuki syndrome.73,74 Although the major-
ity of patients have osteosclerotic myeloma, these same
patients usually have only 5% bone marrow plasma cells or
less (almost always monoclonal lambda), and rarely have
anemia, hypercalcemia, or renal insufficiency. Castleman’s
disease may also be a part of the disease. These characteristics
and the superior median survival differentiate POEMS syn-
drome from multiple myeloma.

The pathogenesis of this multisystem disease is complex.
Elevation of VEGF and proangiogenic and proinflammatory
cytokines is a hallmark of the disorder.75 Little is known about
the plasma cells except that more than 95% of the time they are
lambda light chain restricted. Plasma and serum levels of
VEGF are markedly elevated in patients with POEMS76–78

and correlate with the activity of the disease.77,79,80 During
the median follow-up period of 11 months, there was a total
of four deaths and three progressions.
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Figure 11.3 Predicting outcome post autologous peripheral blood stem
cell transplant based on cardiac biomarker staging system. Stage 1, both
biomarkers below cutoff; Stage 2, one of the two biomarkers below cutoff; and
Stage 3, both biomarkers above cutoffs. Cutoffs troponin T < 0.035μg/L and
NT-proBNP < 332 ng/L (39 pmol/L). Results updated from original publication
published in Blood 2004;104:1881–7.12 Median follow-up of surviving patients is
35.5 months.
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The peak incidence of the POEMS syndrome is in the fifth
and sixth decades of life, one to two decades earlier than
patients with multiple myeloma. Symptoms of peripheral
neuropathy (PN) usually dominate the clinical picture.81

Patients will usually present with complaint of tingling, par-
esthesias, and coldness beginning in the feet. Motor involve-
ment follows the sensory symptoms. Severe weakness occurs in
more than one-half of patients and results in inability to climb
stairs, arise from a chair, or grip objects firmly with their
hands. The course is usually progressive and patients may be
confined to a wheelchair. Impotence occurs but autonomic
symptoms are not a feature. The cranial nerves are not
involved except for papilledema. Hyperpigmentation is
common. Coarse black hair may appear on the extremities.
Other skin changes include skin thickening, rapid accumula-
tion of glomeruloid angiomata, flushing, dependent rubor or
acrocyanosis, white nails, and clubbing. Testicular atrophy and
gynecomastia may be present. Pitting edema of the lower
extremities is common. Ascites and pleural effusion occur in
approximately one-third of patients. The liver is palpable in
almost one-half of patients but splenomegaly and lymphaden-
opathy is found in fewer patients. Bone pain and fractures
rarely occur. Weight loss and fatigue are common features as
the disease progresses. Because patients become so restricted in
their movement due to their neuropathy, it is rare for them to
report dyspnea despite markedly abnormal pulmonary testing.

Thrombocytosis is common, and polycythemia may be
seen.72,81 Anemia and thrombocytopenia are not characteristic

unless there is coexisting Castleman’s disease. The size of the
M protein on electrophoresis is small (median 1.1 g/dL) and is
rarely more than 3.0 g/dL. The M protein is usually IgG or IgA
and almost always of the lambda type.72,73 Bone marrow
usually contains < 5% plasma cells, and when clonal cells are
found they are almost always monoclonal lambda. Protein
levels in the cerebrospinal fluid are elevated in virtually all
patients. Osteosclerotic lesions occur in approximately 95%
of patients, and can be confused with benign bone islands,
aneurysmal bone cysts, non-ossifying fibromas, and fibrous
dysplasia. Lesions may be densely sclerotic, be lytic with a
sclerotic rim, have a mixed soap-bubble appearance, or any
such combination (Figure 11.4). Bone windows of CT body
images are often very informative. 18-fluoro-deoxyglucose
(FDG)-avidity is variable.

Endocrinopathy is a central but poorly understood feature
of POEMS. In a recent large series from the Mayo Clinic,82

approximately 84% of patients have a recognized endocrino-
pathy, with hypogonadism as the most common endocrine
abnormality, followed by thyroid abnormalities, glucose
metabolism abnormalities, and lastly by adrenal insufficiency.
The majority of patients had evidence of multiple endocrino-
pathies in the four major endocrine axes (gonadal, thyroid,
glucose, and adrenal).

Renal dysfunction is usually not a dominant feature of
this syndrome, and it is more likely to occur in the
context of coexisting Castleman’s disease. In our experience
approximately 9% of patients have proteinuria exceeding

Table 11.6. Criteria for the diagnosis of POEMS syndromea

Major criteria 1. Polyradiculoneuropathy

2. Monoclonal plasma cell proliferative disorder (almost always λ)

3. Sclerotic bone lesions

4. Castleman’s disease

5. Vascular endothelial growth factor elevation

Minor criteria 6. Organomegaly (splenomegaly, hepatomegaly, or lymphadenopathy)

7. Extravascular volume overload (edema, pleural effusion, or ascites)

8. Endocrinopathy (adrenal, thyroid,b pituitary, gonadal, parathyroid, pancreaticb)

9. Skin changes (hyperpigmentation, hypertrichosis, glomeruloid hemangiomata, plethora,
acrocyanosis, flushing, white nails)

10. Papilledema

11. Thrombocytosis/polycythemiac

Other symptoms and signs Clubbing, weight loss, hyperhidrosis, pulmonary hypertension/restrictive lung disease,
thrombotic diatheses, diarrhea, low vitamin B12 values

Possible associations Arthralgias, cardiomyopathy (systolic dysfunction), and fever

Note: aPolyradiculoneuropathy and monoclonal plasma cell disorder present in all patients; to make diagnosis at least one other major criterion and one minor
criterion is required after exclusion of other causes.
bBecause of the high prevalence of diabetes mellitus and thyroid abnormalities, this diagnosis alone is not sufficient to meet this minor criterion.
cAnemia and/or thrombocytopenia are distinctively unusual in this syndrome unless Castleman’s disease is present.
POEMS: polyradiculoneuropathy, organomegaly, endocrinopathy, M protein, skin changes.
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0.5 g/24 hours and only 6% have a serum creatinine greater
than or equal to 1.5mg/dL.72 The renal histology is diverse
with membranoproliferative features and evidence of endothe-
lial injury being most common.83

On lymph node biopsy, the histology is frequently angio-
follicular lymph node hyperplasia (Castleman’s disease)
or Castleman’s disease-like.72,74 Between 11% and 30% of
POEMS patients have documented Castleman’s disease
or Castleman’s-like disease.74,84 This estimate may be conser-
vative since most patients do not undergo lymph node
biopsies.

Nerve conduction studies and electromyelography demon-
strate a polyradiculoneuropathy with prominent demyelination

as well as features of axonal degeneration, which are similar to
the findings of patients with chronic inflammatory demyelinat-
ing polyradiculoneuropathy (CIDP). The dominant feature of
this syndrome is typically the PN, and not infrequently patients
are initially diagnosed with CIDP or, less frequently, Guillain–
Barre syndrome.

Patients may develop arterial and/or venous thromboses
during their course. Lesprit et al. observed 4/20 patients to
have arterial occlusion.85 In the Mayo series, there were
18 patients suffering serious events such as stroke, myocardial
infarction, and Budd–Chiari syndrome.72 Affected vessels
include carotid, iliac, celiac, subclavian, mesenteric, and
femoral.86–89 Gangrene of lower extremities can occur.88

(a)

(c) (d)

(b)

Figure 11.4 Bone lesions in POEMS syndrome. (a) Diffuse sclerotic lesions seen on bone windows of CT scan. (b) Mixed lytic and sclerotic lesion, “soap-bubble
lesion.” (c and d) Lytic lesion with sclerotic rim on right ischium on CT (c) and 18F-fluorodeoxyglucose (FDG-PET) (d). With permission from Blood Reviews. Dispenzieri
Blood Reviews 2007;21:285–99.75
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The pulmonary manifestations are protean, including pul-
monary hypertension, restrictive lung disease, impaired neuro-
muscular respiratory function, and impaired diffuse capacity
of carbon monoxide, but improve with effective therapy.90–94

Treatment and prognosis
The course of POEMS syndrome is chronic and patients typ-
ically survive for more than a decade in contrast to multiple
myeloma. In our experience, the median survival was 13.8
years.72 In one French study, at least 7/15 patients were alive
for more than 5 years.84 In Nakanishi et al.’s series of 102
patients, the median survival was 33 months74 though in
Takatsuki et al.’s study of 109 patients, the authors stated that
the “clinical course is very chronic . . . some patients survived
greater than 10 years.”73 In our experience, only fingernail
clubbing and extravascular volume overload, i.e., effusions,
edema, and ascites, were significantly associated with a shorter
overall survival.72 More recently, we have identified respiratory
symptoms to be predictive of adverse outcome.90 In the French
series, patients without plasmocytoma or bone lesions had a
worse prognosis than those with other types of plasma cell
dyscrasia in the absence of bone lesions.84

Additional features typically arise over time if treatment is
unsuccessful or if the diagnosis is delayed.72 The most
common causes of death are cardiorespiratory failure, progres-
sive inanition, infection, capillary-leak-like syndrome, and
renal failure. Even those patients with multiple bone lesions
or more than 10% plasma cells do not progress to classic
multiple myeloma.

There are no randomized controlled trials in patients with
POEMS. Information about benefits of therapy is most typic-
ally derived retrospectively (Table 11.7). Given these limita-
tions, however, there are therapies which benefit patients with
POEMS syndrome, including radiation therapy, alkylator-
based therapies, and corticosteroids.75 Intensive supportive
care measures must also be instituted. Single or multiple osteo-
sclerotic lesions in a limited area should be treated with radi-
ation. If a patient has widespread osteosclerotic lesions or
diffuse bone marrow plasmacytosis, systemic therapy is war-
ranted. In contrast to CIDP, plasmapheresis and intravenous
immunoglobulin do not produce clinical benefit. High-dose
chemotherapy with peripheral blood transplant is yielding very
promising results.107 When the selected therapy is effective,
response of systemic symptoms and skin changes typically
precede those of the neuropathy, with the former beginning
to respond within a month, and the latter within 3–6 months
with maximum benefit frequently not seen before 2–3 years.
Clinical response to therapy correlates better with VEGF level
than M-protein level,108,109 and complete hematologic
response is not required to derive substantial clinical benefit.

Melphalan is among the most effective agents against plas-
maproliferative disorders. Based on retrospective data approxi-
mately 40% of patients with POEMS syndrome will response

to melphalan and prednisone.73 The optimal duration of
therapy has not been established, but borrowing from the
experience of multiple myeloma, 6–12 months of treatment
is reasonable. Limiting the melphalan exposure is important
because secondary myelodysplastic syndrome or acute leuke-
mia can occur. Cyclophosphamide is another alkylator that
can control the disease in a limited number of patients. If the
patient is considered to be a candidate for peripheral blood
SCT, melphalan-containing regimens should be avoided until
after stem cell harvest.

High-dose chemotherapy with peripheral blood SCT is an
emerging therapy for patients with POEMS.107 All patients had
improvement of their neuropathy over time; as in the case with
radiation therapy and other chemotherapy, improvement of
the PN takes months to years. Other clinical features improve
after SCT, including levels of VEGF in several of the patients
studied.110,111 Patients with POEMS appear to be at higher risk
for peri-engraftment syndrome, and intensive care unit stays
can be avoided with prompt institution of corticosteroids in
the context of high fever, rash, edema, and pulmonary infil-
trates days 8–15 post-stem cell infusion.107

Other treatments which have been reported are shown in
Table 11.7, and include plasmapheresis, intravenous
immunoglobulin, interferon alpha (IFN-α), tamoxifen, all-
trans retinoic acid, thalidomide, ticlopidine, argatroban,
strontium-89, bevacizumab, and lenalidomide. Plasmapher-
esis is not an effective treatment in this disorder.75 Those
reports purporting efficacy of plasma exchange combine the
treatment with corticosteroids and/or other therapies, con-
founding interpretation. Intravenous immunoglobulin also
cannot be recommended based on our experience or on a
review of the literature. Once again the few reports claiming
effectiveness simultaneously use other immunosuppressants
or treatments. Although there is a theoretical rationale (anti-
VEGF and antitumor necrosis factor effects) for using thal-
idomide in POEMS patients, enthusiasm for its use should
be tempered by the high rate of PN induced by the drug.112

In contrast, the next-generation immune modulatory drug,
lenalidomide, has a much lower risk of PN. We have observed
dramatic improvements in one patient treated with this
drug.106 Bevacizumab has been tried with mixed results.
Two patients who had also received alkylator during and/or
predating the bevacizumab had benefit. One who received it
after radiation died.104,105

The physical limitations of the patient should not be over-
looked while evaluating and/or treating the underlying plasma
cell disorder. As always a multidisciplinary, thoughtful treat-
ment program will improve a complex patient’s treatment
outcome. A physical therapy and occupational therapy pro-
gram is essential to maintain flexibility and assist in lifestyle
management despite the neuropathy. In those patients with
respiratory muscle weakness and/or pulmonary hypertension,
overnight oxygen or continuous positive airway pressure
(CPAP) may be useful.
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Cryoglobulinemia
The term “cryoglobulin” was coined by Lerner and Watson in
1947 referring to precipitation of immunoglobulins in the
cold.113 Meltzer and others delineated a distinct syndrome of
purpura, arthralgias, asthenia, renal disease, and neuropathy –
often occurring with immune complex deposition or vasculitis,
or both.114 Brouet et al. popularized a system of classifying
cryoglobulinemia on the basis of the components of the cryo-
precipitate: type I, isolated monoclonal immunoglobulins; type
II, a monoclonal component, usually IgM, possessing activity
toward polyclonal immunoglobulins, usually IgG; and type III,
polyclonal immunoglobulins of more than one isotype.115 This

classification provided a framework by which clinical correl-
ations could be made. Associated conditions, such as lympho-
proliferative disorders, connective tissue disorders, infection,
and liver disease were observed in some patients. In several
large series, 34–71% of cryoglobulinemia cases were not asso-
ciated with other specific disease states and were termed
“essential” or primary cryoglobulinemia.115–117 In 1990, hepa-
titis C virus (HCV) was recognized as an etiologic factor for
the majority of these cases.118,119

Cryoglobulinemia is driven primarily by four classes
of disease: liver disease (predominantly HCV), infection
(again, predominantly HCV), connective tissue disease, and

Table 11.7. POEMS syndrome response to therapy

Response to standard therapies75

Treatment Improvement rates

Radiation � 50%

Standard-dose alkylator-based therapy � 40%

Corticosteroids � 15%

High-dose chemotherapy with PBSCT � 90%

Response to experimental therapies

Ref Treatment n Outcomes
95 Tamoxifen 1 Disappearance of edema, effusions, and regression of PN
96 Ticlopidine 1 Improved edema, ascites, effusions, and VEGF for “several months”; no improvement in PN,

other labs, or thyroid function
97 Argatroban 2 1 improvement; 1 no response
98 Interferon þ argatroban 2 Improvement in paraprotein, neuropathy, and coagulation parameters – doing well at 2

years
99 Interferon α 1 POEMSþ CD: Begun after radiation. Remarkable improvement of PN and organomegaly and

lymphadenopathy after 3 months
100 Trans-retinoic acid 1 Improved cytokines and platelet count, but worsening PN
101 Strontium-89 1 Improvement of LA, hepatomegaly, peripheral neuropathy, platelets
102 Thalidomide þ dexamethasone 1 POEMSþ CD: Improved PN, ascites, pleural effusion, dyspnea, creatinine, CBC, IL-6 w/in 2

months
103 Thalidomide 1a Improved ascites, anemia, leukopenia, thrombocytopenia, ESR, and sense of well-being
104 Bevacizumab 1 Patient also receiving melphalanþ dexamethasone; improved edema, pain, weakness, VEGF
105 Bevacizumab 1 Worsening PN, anasarca, MOF; died of pneumonia 5 weeks after treatment
105 Bevacizumab 1 Initial worsening; dose repeated with cyclophosphamide resulted in improvement of

pulmonary HTN, anasarca, skin changes
106 Lenalidomide plus low-dose

dexamethasone
1 Improvement in ascites, performance status, peripheral neuropathy, VEGF levels,
testosterone levels, pulmonary function tests

Notes: aPOEMS (normal IL-6 and no bone lesions), but CD-like since anemia, leukopenia, thrombocytopenia, incr. erythrocyte sedimentation rate (ESR).
CD: Castleman’s disease; HTN: hypertension; IL-6: interleukin-6; LA: lymphadenopathy; PN: peripheral neuropathy; MOF: multiorgan failure; VEGF, vascular endothelial
growth factor; PBSCT: peripheral blood stem cell transplant; CBC: complete blood count.
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lymphoproliferative disease. These diseases induce a seemingly
non-specific stimulation of B cells, frequently resulting in poly-
clonal hypergammaglobulinemia. Although only a minority of
patients with serum cryoglobulins have symptoms referable
to them, cryoglobulins may be found in patients with cirrhosis
(up to 45%), alcoholic hepatitis (32%), autoimmune hepatitis
(40%), subacute bacterial endocarditis (90%), rheumatoid
arthritis (47%), IgG myeloma (10%), and Waldenstrom’s
macroglobulinemia (19%).113

The median age at diagnosis is the early to mid 50s. In
some studies, the female predominance for cryoglobulinemia
is greater than 2:1. No racial preference has been noted, but the
incidence is higher in regions where HCV occurs at higher
frequencies (e.g., southern Europe). Involvement of the skin,
peripheral nerves, kidneys, and liver is common. Lymphaden-
opathy is present in approximately 17% of patients.114,116 On
autopsy, widespread vasculitis involving small and medium
vessels in the heart, gastrointestinal tract, central nervous
system, muscles, lungs, and adrenal glands may also be
seen.116,120 The interval between the onset of symptoms and
the time of diagnosis varies considerably (range, 0–10
years).116 Type I cryoglobulinemia is usually asymptomatic.
When symptomatic, it most commonly causes occlusive symp-
toms rather than the vasculitis of types II and III.114,116 Symp-
toms of hyperviscosity may occur. Type II cryoglobulinemia is
more frequently symptomatic (61% of patients) than type III
(21% of patients).121

Purpura is the most frequent symptom of mixed (type II
and type III) cryoglobulinemia. The incidence varies from 15%
to 33% in type I, from 60% to 93% in type II, and from 70% to
83% in type III.122 Petechiae and palpable purpura are the
most common lesions, although ecchymoses, erythematous
spots, and dermal nodules occur in as many as 20% of patients.
Bullous or vesicular lesions are distinctly uncommon.115 Occa-
sionally the arms are involved, but the face and trunk are
generally spared.115 Head and mucosal involvement, livedoid
vasculitis, and cold-induced acrocyanosis of the helices of the
ears are more frequently observed in type I; infarction, hemor-
rhagic crusts, or ulcers occur in 10–25% of all patients with
mixed cryoglobulinemia.123 Showers of purpura last for 1–2
weeks and occur once or twice a month. Cold precipitates
these types of lesions in only 10–30% of the patients.115,123

Skin necrosis, urticaria, and livedo, which are all rare, are more
commonly associated with exposure to cold.

Approximately 21–39% of patients with mixed
cryoglobulinemia have renal involvement.115,124,125 The inci-
dence of renal injury is highest in patients with type II cryoglo-
bulins.117,126 Although cryopathic membranoproliferative
glomerulonephritis portends a poor prognosis116,126–129

progression to end-stage renal failure due to sclerosing nephritis
is uncommon.1 Among patients with mixed cryoglobulinemia-
associated membranoproliferative glomerulonephritis followed
up for a median of 11 years, 15% had disease progression to end-
stage renal failure, and 43% died of cardiovascular, hepatic, or
infectious causes.128

PN is the more common presentation, although central
nervous system involvement may occur. In the largest clinical
series, peripheral nerve involvement is described in 12–56%
of patients.115–117,125,130 Signs and symptoms of sensory neur-
opathy usually precede those of motor neuropathy.115,131 The
presentation may be an acute or subacute distal symmetric
polyneuropathy or a mononeuritis multiplex131–133 with a
chronic or chronic-relapsing evolution.134 The neuropathy in
essential mixed cryoglobulinemia is most often characterized
by axonal degeneration. Even when other manifestations of
mixed cryoglobulinemia are stable over time, there is typically
worsening of the PN.135

The type or quantity of the cryoglobulin does not reliably
predict the presence or nature of symptoms. On serum protein
electrophoresis, polyclonal hypergammaglobulinemia is the
most common finding, although normal patterns or hypogam-
maglobulinemia may also be seen.114,116,136 Even among
patients with type II cryoglobulinemia, only 15% have a visible
monoclonal spike on serum protein electrophoresis. Hypervisc-
osity occurs only occasionally. Marked depression of comple-
ment CH50, C1q, and C4 in the presence of relatively
normal C3 levels is usual.116,125,137 Neither C4 concentrations
nor cryoglobulin levels correlate with overall clinical severity,
although for individual patients the cryoglobulin level can some-
times serve as amarker for disease activity.116,137–139 Rheumatoid
factor activity – that is, anti-Fc activity – is detectable in the sera
in 87–100% of patients with mixed cryoglobulinemia,114,115,140

and levels may decrease with response to therapy.141 An elevated
erythrocyte sedimentation rate and a mild normochromic, nor-
mocytic anemia are fairly common.116,139

Treatment and prognosis
It is well recognized that cryoglobulinemia has a fluctuating
course with spontaneous exacerbation and remission. In a
large series by Ferri et al. of 231 patients seen from 1972 to
2001, the mixed cryoglobulinemia syndrome followed a rela-
tively benign clinical course in over 50% of cases, whereas a
moderate-severe clinical course was observed in one-third of
patients whose prognosis was severely affected by renal and/or
liver failure. For 15% of individuals the disease was compli-
cated by malignancy: B cell more common than hepatocellular
and thyroid malignancies. Ten-year overall survival was 56%.
Lower survival rates were seen in males and in individuals with
renal involvement.142 The most common causes of death
include renal failure, infection, lymphoproliferative disorders,
liver failure, cardiovascular complications, and hemor-
rhage.115–117,130,143

With the exception of the IFN-α trials of the 1990s144–148

and the small low-antigen diet trial performed in the 1980s,149

the remainder of the information about the treatment of
symptomatic cryoglobulinemia is anecdotal. The standard
treatment of mild symptomatic cryoglobulinemia (purpura,
asthenia, arthralgia, and mild sensory neuropathy) has
included bed rest, analgesics, low-dose corticosteroid therapy,
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low-antigen-content diet, and protective measures against
cold; the treatment of severe disease (glomerulonephritis,
motor neuropathy, and systemic vasculitis) has included plas-
mapheresis, high-dose corticosteroid therapy, and cytotoxic
therapy.150–152 Plasma exchange or plasmapheresis alone can
reverse serious complications, but most authors have reported
use of these procedures in combination with cytotoxic agents
or corticosteroids for more durable responses.138,153–155

According to case reports, responses may be seen in
60–100% of patients.138,153–155

Since the association was made between HCV and mixed
cryoglobulinemia, immunosuppressive therapy has been
viewed less favorably, and IFN is generally considered to be
first-line therapy for HCV-positive patients who are in non-
emergent situations.144–148,156 There is mounting evidence that
the ribavirin and IFN-α combination is effective in the setting
of renal disease.151,157 One should be cognisant of reports
of peripheral neuropathy (personal observation and Casato
et al.158), nephritis,159 vasculitis,160 and ischemic manifest-
ations being exacerbated by IFN-α.161

For patients with symptomatic type I cryoglobulinemia,
anti-CD20 therapy and/or cytotoxic therapy appropriate for
the lymphoproliferative disorder remains the therapy of
choice. Anti-CD20 therapy with rituximab has been shown
to produce responses in patients with all types of cryoglobuli-
nemia;162–164 however, those patients with HCV are at risk
for increased HCV replication.162,163 Zaja et al. reported on
15 patients with type II mixed cryoglobulinemia (HCV-related
in 12 of 15) who were treated with rituximab. Skin vasculitis
manifestations (ulcers, purpura, or urticaria), subjective symp-
toms of PN, low-grade B-cell lymphoma, arthralgias, and fever
improved and nephritis of recent onset went into remission in
one case. Laboratory features, that is, significantly decreased
serum rheumatoid factor and cryoglobulins and increased C4,
were consistent with the clinical efficacy.162 In another report,
Sansonno et al. treated 20 patients with mixed cryoglobuline-
mia and HCV-positive chronic active liver disease, resistant
to IFN-α therapy, with rituximab. Sixteen patients (80%)
showed a complete response, characterized by rapid improve-
ment of clinical signs (disappearance of purpura and weakness
arthralgia and improvement of PN), and decline of cryocrit.
Complete response was associated with a significant reduction
of rheumatoid factor activity and anti-HCV antibody titers.
However, HCV RNA increased to approximately twice the
baseline levels in the responders, whereas it remained
much the same in the non-responders.163 Others have seen
similar clinical results.164,165 Basse et al. studied seven patients
with type III cryoglobulin-related renal graft dysfunction,
five of whom were HCV positive. Rituximab resulted in a
dramatic improvement in all renal parameters, but two
patients experienced serious infectious complications as
well.166 The initial increase in the cryoglobulin level after
rituximab therapy for type II cryoglobulinemia secondary to
Waldenstrom’s macroglobulinemia does not indicate failure
of response.167

Although not formally studied, high-dose therapy with
ASCT may be considered for patients with symptomatic,
refractory cryoglobulinemia that results from a plasmaproli-
ferative disorder. There is an increased risk of lethal veno-
occlusive disease in patients with chronic hepatitis C who are
undergoing SCT;168 for these patients, there are no data to
support implementation of this therapy.

Dramatic reductions in the cryocrit and the cryoglobuline-
mic symptoms, including membranoproliferative glomerulo-
nephritis, have been reported in several patients who
underwent splenectomy for hypersplenism.169,170 In contrast,
in the series reported by Meltzer and Franklin the one patient
who underwent splenectomy died of acute renal failure.171

Because this intervention has not been studied thoroughly,
and because of the high risk involved, it should not be
considered as a standard therapy but rather as a potential
option for patients without cirrhosis who have disease that is
difficult to manage because of cytopenias resulting from
hypersplenism.

MGUS-associated peripheral neuropathy
MGUS is found in approximately 2–3% of patients greater
than 50 years of age and in 3–5% of persons older than
70 years.172 It is defined by the presence of a serum
M protein less than 3 g/dL and fewer than 10% plasma cells
in the bone marrow in the absence of multiple myeloma,
Waldenstrom’s macroglobulinemia, primary amyloidosis,
cryoglobulinemia, or POEMS syndrome.

The most convincing data for the connection of MGUS and
PN was published in the 1980s.173,174 Kahn and colleagues
detected 58 cases of monoclonal gammopathy without evi-
dence of myeloma or Waldenstrom’s macroglobulinemia in
14 000 serum samples (0.4%) obtained from patients admitted
to a neurologic tertiary care center;173 16 of those 58 patients
(28%) had PN. The second published study of import estab-
lishing a relationship between MGUS and PN was by Kelly
et al. This study was conducted over a one-year period in 692
patients with a clinically apparent PN who were identified in
the electromyography laboratory at the Mayo Clinic.174 Three
hundred and fifty-eight patients had an identifiable systemic
disease known to cause PN such as diabetes mellitus, or alco-
holism (secondary neuropathy group); 334 were apparently
idiopathic. Approximately 80% of patients in each group had
serum protein electrophoretic studies. In the secondary group
2.5% of the patients had an M protein, while in the idiopathic
group, 10% had an M protein: MGUS (16 patients); primary
systemic amyloidosis (7 patients); Waldenstrom’s macroglo-
bulinemia (1 patient); and gamma heavy chain disease
(1 patient). The age-matched rate of monoclonal gammopathy
was statistically significantly higher in patients with PN as
compared to normal populations in Minnesota and Sweden.
Not all studies support the association.175

The pathogenesis of MGUS neuropathy (especially IgM) is
sometimes related to the reactivity of the monoclonal
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immunoglobulins to specific antigens expressed on peripheral
nerves such as myelin-associated glycoprotein (MAG), gang-
liosides, chondroitin sulfate, and sulfatide.176 The most con-
vincing pathogenic relationship is between IgM MGUS
neuropathy and MAG antibodies, although there is still some
controversy. Quarles and Weiss provide a comprehensive
review of autoantibodies associated with PN.177

Typically MGUS-associated neuropathy has the following
features: (1) there is an M protein in the serum, most commonly
IgM, followed in frequency by IgG and then IgA; (2) there is a
symmetric sensorimotor polyradiculopathy or neuropathy
whichbegins insidiously and isusually slowlyprogressive; (3) cra-
nial nerves are not involved; (4) it occurs more often in the sixth
to the seventh decade of life; (5) it affects males more frequently
than females; (6) POEMS syndrome is not present. Paresthesias,
ataxia, and painmay be predominant features, but predisposition
for these symptoms depends on the type of monoclonal protein
present and whether there are anti-MAG antibodies present.
Symptoms usually begin with paresthesias and numbness distally
in the feet or hands, and earlymotor symptoms are rare orminor.
The neuropathy then progresses proximally in stocking/glove
distribution and may involve motor as well as sensory functions.
Ataxia and tremor may be present and sometimes predominate.
There is no correlation between the size of the monoclonal
protein and the severity of the neuropathy.

Treatment and prognosis
Initiation of treatment is largely based on comparing the
potential risk of therapy to its potential benefit. In one study
of 25 patients, after a mean follow-up of 8.5 years (range 2–13
years) and a mean duration of neuropathy symptoms of 11.8
years (range 3–18, > 10 years in 16), 17 patients (68%) were
alive.178 The eight (32%) who died did so 3–15 years (mean
10.6) after neuropathy onset; in none of them was death caused
by the neuropathy, although in three it was possibly related to
the therapy for the neuropathy. The authors also found that
at last follow-up or prior to death, 11 patients (44%) were
disabled by severe hand tremor, gait ataxia, or both, with
disability rates at 5, 10, and 15 years from neuropathy onset
of 16%, 24%, and 50%, respectively.

To date, treatment strategies have been directed toward
reducing the IgM paraprotein level either by removing the
antibody or targeting the presumed monoclonal B-cell clone,
or toward interfering with the presumed effector mechanisms
such as complement activation or macrophage recruitment.
There are limited published data regarding efficacy of the
various immunosuppressive regimens in IgM paraproteinemic
neuropathies and only six randomized controlled trials
(Table 11.8).179,180,182–184 Most case series are small, include
diverse groups of patients and measurements of efficacy differ
between trials.

The first of these randomized trials in patients with
MGUS-associated PN was a comparison of plasma exchange
to sham exchange in 39 patients, 21 of whom had an IgM

paraprotein.179 Patients received either plasma exchange twice
weekly or sham-plasma exchange in a double-blind trial.
Sham-plasma exchange patients subsequently underwent
plasma exchange in an open trial. The average neuropathy
disability score improved significantly in the plasma exchange
group. In both the double-blind and open trials IgG or IgA
gammopathy had a better response to plasma exchange than
those with IgM gammopathy.179 In multiple small studies of
plasma exchange used as monotherapy, improvement has been
reported in more than 50% of cases of MGUS-associated
neuropathy.178,185,186 Improvement with plasma exchange in
combination with other drugs has been described. However, in
a prospective study of 44 patients with an IgM MGUS and PN,
patients were randomized to receive either chlorambucil orally
or chlorambucil plus 15 courses of plasma exchange during the
first four months of therapy. There was no difference in the
two treatment groups.180

Alkylators may be used, with the knowledge that secondary
myelodysplastic syndrome or acute leukemia are possible com-
plications. Small studies indicate response rates of ~33%. Cor-
ticosteroids are not usually effective in patients with
neuropathy and IgM MGUS.185

Table 11.8. Randomized trials to treat MGUS-associated peripheral
neuropathy

Ref n Treatment

179 39 Double-blind plasma
exchange vs. sham

Improvement in NDS with
PE; especially in IgA and
IgG patients

180 24 Chlorambucil vs.
chlorambucil and
plasma exchange

Sensory component of
NDS improved slightly in
both arms. No difference
between treatments

181 20 Open randomized
IFN-α vs. IV Ig

8/10 vs. 1/10 improved
NDS at 6 months;
persistent at 12 months.
Sensory improvement
only. Decreased IgM in 2
IFN-α patients. MAG Ab
persist

182 22 IV Ig vs. placebo Improved hand grip, 10
meter walking time, and
sensory symptom score in
IV Ig group as compared
to baseline. Only
difference at 4 weeks was
hand grip

183 24 Double-blind
randomized IFN-α vs.
placebo

3/12 patients in each arm
improved clinically. No
benefit to IFN-α

Note: NDS: neuropathy disability score.

Source: Modified from Dispenzieri and Kyle.175
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Based on the results of a small open-label randomized
study in which patients were randomized to either IFN-α or
intravenous (IV) Ig, it was thought that IFN-α was an effective
therapy in patients with IgM MAG-associated PN. A successor
study, which was a blinded comparison of IFN-α and placebo,
however, was negative.183

Intravenous gammaglobulin produces benefit in some
patients with CIDP and may be used for patients with sensor-
imotor PN and MGUS. IV immunoglobulin is beneficial
in 25–50% of patients.182,184 Dalakas et al. randomized 11
patients with IgM MAG-associated PN to either IV gammaglo-
bulin or placebo; at 3 months patients crossed over to the other
therapy. There was improvement in 27% (improved strength in
two patients and improved sensory symptoms in another), with-
out any change in MAG or sulfoglucuronyl paragloboside
(SGPG) titers.184 Comi et al. treated 22 patients with IgM
MAG-associated PN with either IV gammaglobulin or placebo,
and found short-term intrapatient improvement.182

Novel therapies such as purine nucleoside analogs187,188 and
rituximab189–191 may be useful. Fludarabine, a purine analog,
produced benefit in three of four patients with an IgM
MGUS.188 Thirty-five patients have been treated with anti-
CD20 antibodies in three open studies with response rates of
66–100%.189–191 Lowering of both IgM levels and anti-MAG
antibody titers is observed.190 Pestronk et al. treated 21 patients
with IgM MAG-(7 patients) or IgM ganglioside-(14 patients)
associated neuropathy with rituximab, with an option to retreat,
followed by a maintenance course of a dose every 10 weeks for
2 years. Eighty-one percent had improvement in the functional
scores over baseline at the conclusion of the study.191

Scleromyxedema
Scleromyxedema is a cutaneous mucinosis characterized by a
generalized papular and sclerodermoid eruption, mucin
deposition, increased fibroblast proliferation, fibrosis, and
monoclonal gammopathy in the absence of thyroid disease.
Extracutaneous manifestations may involve the cardiovascular,
gastrointestinal, pulmonary, rheumatologic, and central ner-
vous systems. (See recent review by Cokonis Georgakis
et al.192) The disorder was previously described by Dubruilh
in 1906 under the alternate name of lichen myxedematosus
and distinguished from sclerederma and generalized myx-
edema by Montgomery and Underwood in 1953. More
recently, scleromyxedema has been used as the generalized
form of lichen myxedematosus while papular mucinosis is
thought to be the localized form of the disease.192

The pathogenesis of the disorder is not understood. In
vitro serum from patients with scleromyxedema stimulates
dermal fibroblast proliferation with resultant hyaluronic acid
and protaglandin E production.193 Isolated serum IgG does
not stimulate this effect despite the fact that 83% of patients
with the disorder have an IgG monoclonal protein.192

Diagnosis of scleromyxedema should fulfill the following
criteria: (1) generalized papular and sclerodermoid eruption;

(2) mucin deposition, fibroblast proliferation, and fibrosis;
(3) monoclonal gammopathy; and (4) the absence of thyroid
disease.194 The connective tissue diseases that are in the differ-
ential diagnosis are systemic sclerosis, dermatomyositis,
and rheumatoid arthritis. Nephrogenic fibrosing dermopathy
shares dermatologic features with scleromyxedema.193

This rare disorder appears to affect men at a slightly higher
rate than women, with a mean age of the sixth decade.195 The
hallmark of the disorder is the rash, which consists of small
(2–3mm), waxy, firm papules that are closely spaced and often
arranged linearly. They may be dome shaped or flat topped,
and they most commonly affect the face, neck, distal forearms,
and hands. The skin may exhibit diffuse erythema, edema, and
a brownish discoloration and there is often loss of skin
appendages. In those patients with diffuse mucin deposition
within the glabella, there is a leonine facies appearance. Prur-
itis may or may not be present. The mucin infiltration in the
skin results in stiffening of the skin and decreased range of
motion in the hands, lips, and extremities. The infiltration is
not limited to skin, however, and mucin deposition in adven-
titia around vessels in many organ systems can cause life-
threatening extracutaneous complications.

The majority of patients have extracutaneous manifest-
ations, the most common of which is gastrointestinal, espe-
cially dysphagia.195 Patients not infrequently have esophageal
dysmotility, aspiration, and vocal hoarseness. Approximately
25% of patients develop proximal weakness and myopathy.
Histologically, the most common muscle feature is vascular
myopathy. Mucin deposits in the muscle are rare, and occa-
sionally there are interstitial inflammatory infiltrates. Very
rarely, patients may have an inflammatory arthritis. Carpal
tunnel has been reported in association with the disease as
well. Neurologic and psychiatric disorders have been described
with scleromyxedema.196 Central nervous system findings
including seizures, stroke, encephalopathy, and psychosis
have been reported. Reported peripheral nervous system asso-
ciations include PN and mononeuritis multiplex. Myopathy,
myositis, and rhabdomyolysis have also been reported.
Dyspnea is not unusual, and upon testing obstructive and/or
restrictive pulmonary disease can be seen in about one-fourth
of patients.195 In one study 10% of patients had cardiac
manifestations.197

Treatment and prognosis
The most commonly used upfront therapies have included
systemic corticosteroids, melphalan, and plasmapheresis. More
recently, novel treatments like high-dose chemotherapy with
peripheral blood SCT and thalidomide have shown to be
effective, at least in the short term.198,199 Other agents with
variable utility include isotretinonin, etretinate, intralesional
corticosteroids, intravenous gammaglobulin, purine nucleoside
analogs, IFN-α, PUVA (psoralen and ultraviolet radiation), radi-
ation, surgery, and methotexate.192 Although it may improve
the skin manifestations, low-dose alkylator therapy should be
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used with caution since secondary acute leukemia has been
reported.195 In one series, more than half of the patients treated
with oral melphalan died of treatment-related causes.

Necrobiotic xanthogranuloma
Necrobiotic xanthogranuloma (NXG) is a rare chronic granu-
lomatous disease of the skin and extracutaneous tissues. It was
originally described in 1980 by Kossard and Winkelmann as a
distinctive disorder consisting of cutaneous and subcutaneous
xanthomatous plaques, which frequently were associated with
monoclonal protein and/or lymphoproliferative diseases. (See
recent review.200)

The pathogenesis of the disorder is poorly understood.
Approximately 80–90% of cases have a monoclonal gammo-
pathy, IgG kappa in approximately 60% and IgG lambda in
nearly 30%.201 One theory is that the monoclonal protein has
functional features of a lipoprotein, binding to lipoprotein
receptors of monocytes, thereby inducing xanthoma forma-
tion.202 The activation of monocytes may contribute to an
intracellular accumulation of lipoprotein-derived lipids in the
skin.200 Matsuura et al. observed one patient who had
increased serum levels of macrophage colony-stimulating
factor.203 On light microscopy, changes are seen in the deep
dermis and subcutaneous tissue. The superficial dermis and
epidermis are typically spared. There are large areas of hyaline
necrobiosis with degenerated collagen bundles, nuclear debris,
and granulomatous inflammation. The granulomas are com-
prised of sheets of xanthomatized histiocytes, multinucleate
giant cells, and a few lymphocytes. Cholesterol clefts may also
be seen. Vasculitis is not usually present.

Besides MGUS, other hematologic disorders seen with
NXG include multiple myeloma, amyloidosis, Waldenstrom’s
macroglobulinemia, cryoglobulinemia, chronic lymphocytic
leukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, and
myelodysplastic syndrome.200

It is a progressive multiple organ disease with an indolent
course for most patients. NXG is a progressive, histiocytic
disease characterized by destructive cutaneous lesions, a
monoclonal protein, and extracutaneous manifestations. It
tends to occur in the sixth decade and is without sex predilec-
tion.200 The skin manifestations consist of multiple indurated
yellow–red plaques or nodules, most commonly collecting
around the periorbital region. The symmetric involvement
around the eyes may produce a variety of symptoms including
pain and blurred vision. There can be conjunctival involvement,
keratitis, scleritis, episcleritis, corneal perforation, and uveitis.200

The lesions start as papules, but become confluent, as
indurated plaques. The plaques often have a yellowish hue
and may have telangiectasia; they can become atrophied and
ulcerate. Nearly half of the cases ulcerate. Extracutaneous sites
of involvement include the spleen, heart, lung, kidney, intes-
tine, larynx, pharynx, skeletal muscle, and central nervous
system.201 Most of the visceral lesions are asymptomatic and
only discovered post-mortem.

Treatment and prognosis
There are no standardized treatments for NXG. Alkylator-
based therapies like low-dose melphalan, cyclophosphamide,
or chlorambucil with or without prednisone have been used201

as has IFN-α with some response.204 Other agents like
azathioprine and methotrexate have not been useful.201 We
recently reported a case of a patient treated with high-dose
chemotherapy with peripheral blood SCT who had an excellent
response.205 He had a transient response to splenectomy pre-
dating his transplant. Intralesional corticosteroid injections,
radiation therapy, plasmapheresis, and surgical removal have
all been tried with limited efficacy.200 The course tends to be
indolent, but progressive. The prognosis is dependent on
extracutaneous involvement and whether the disease is associ-
ated with a hematologic malignancy or not.

Schnitzler’s syndrome
Schnitzler’s syndrome is a poorly defined syndrome character-
ized by chronic urticaria, IgM monoclonal gammopathy, bone
pain, elevated erythrocyte sedimentation rate (ESR), lymph-
adenopathy, and recurrent fever.206 (See two excellent reviews
by Lipsker et al.207 and by de Koning et al.208) A variant with a
similar phenotype but an IgG monoclonal protein has also
been described, and is now recognized as a variant of the
syndrome.208

The pathophysiology of this disorder is not well under-
stood. It has been postulated that the monoclonal protein
serves as an autoantibody that deposits triggering a local
inflammatory response that could induce the skin lesions.
The typical histologic appearance of a skin lesion is that of
neutrophilic urticaria.209 Cytokine aberrations have been
implicated including elevations in interleukin-6 and antibodies
against interleukin-1.208,210,211

Because it is a rare disorder, it is under-recognized and
the time from symptoms to diagnosis is usually more than
5 years.207 De Koning et al. have recently published a review of
94 cases of Schnitzler’s syndrome. The mean age of onset
was 51 years.208 The rash is pale rose, slightly elevated papules
and plaques. Individual lesions measure 0.5–3 cm in diameter.
New lesions appear daily and disappear in 12–24 hours. It can
be chronic and unrelenting, but patients can go 1–2 weeks
without eruptions. Head and neck are usually spared, and the
trunk and extremities are most commonly affected. Approxi-
mately 45% of patients experience pruritus, but this tends to be
a later finding. Angioedema is rare. Extra-dermatologic mani-
festations include: fever (88%), arthralgia/arthritis (82%), bone
pain (72%), weight loss (64%), lymphadenopathy (44%), hep-
atomegaly (29%), and splenomegaly (12%).208

Typical laboratory findings include a moderately increased
ESR, leukocytosis, mild anemia, and an elevated C-reactive
protein. On immunofixation, an IgM monoclonal protein will
be found. Since the monoclonal protein is typically small, it
can be missed by merely measuring quantitative immuno-
globulins by nephelometry or by screening with a serum
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protein electrophoresis. Occasionally, there will be an IgG
monoclonal protein instead. Complement levels are normal.
The bone marrow biopsy may be “negative” and lymph
nodes tend to show only reactive hyperplasia. Bone radio-
graphs are most commonly normal, but increased bone dens-
ity, lytic lesions, and periosteal apposition have been
described.207,208

Table 11.9 contains the criteria for Schnitzler’s syndrome
as published by de Koning et al.,208 which were based on
cumulative data and criteria presented by Lipsker et al.207,212

The differential diagnosis includes idiopathic chronic urticaria,
cryoglobulinemia, mastocytosis, hypocomplementemic urti-
carial vasculitis, acquired C1 inhibitor deficiency, hyper IgD
syndrome, adult-onset Still disease, systemic lupus erythema-
tosus, Behcet’s disease, and hereditary auto-inflammatory syn-
dromes (e.g., cryopyrin-associated syndrome, familial cold
urticaria, Muckle–Wells syndrome, and chronic infantile neu-
rologic cutaneous and articular syndrome).207,208

Treatment and prognosis
Treatments that have provided varying degrees of relief
include anakinra (an interleukin-receptor antagonist), oral
corticosteroids, thalidomide, PUVA, antihistamines, non-
steroidal anti-inflammatory drugs, interferon, rituximab,
intravenous gammaglobulin, colchicine, dapsone, ciclosporin,
alkylating agents, purine nucleoside analogs, methotrexate,
and plasma exchange.207,208 The demonstrated clinical efficacy
of the interleukin-1β inhibitor anakinra against this disorder
would suggest that interleukin-1β plays an important role in
the pathophysiology.209–212

Patients are at risk for both progression to Waldenstrom’s
macroglobulinemia and amyloid A amyloidosis. AL amyloido-
sis has not been reported. In a recent study of 94 patients, the
15-year survival rate was 91%.213 In this same series, 11 patients
developed Waldenstrom’s macroglobulinemia.
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Chapter

12 Waldenstrom’s macroglobulinemia/
lymphoplasmacytic lymphoma
Steven P. Treon and Giampaolo Merlini

Introduction
Waldenstrom’s macroglobulinemia (WM) is a distinct
clinicopathologic entity resulting from the accumulation, pre-
dominantly in the bone marrow, of clonally related lympho-
cytes, lymphoplasmacytic cells, and plasma cells which secrete
a monoclonal IgM protein (Figure 12.1).1 This condition is
considered to correspond to the lymphoplasmacytic lymph-
oma (LPL) as defined by the Revised European–American
Lymphoma (REAL) and World Health Organization (WHO)
classification systems.2,3 Most cases of LPL are WM, with less
than 5% of cases made up of IgA, IgG, and non-secreting LPL.

Epidemiology and etiology
WM is an uncommon disease, with a reported age-adjusted
incidence rate of 3.4 per million among males and 1.7 per
million among females in the USA, and a geometrical increase
with age.4,5 The incidence rate for WM is higher among
Caucasians, with African descendants representing only 5%
of all patients. Genetic factors appear to be an important factor
to the pathogenesis of WM. Approximately 20% of WM
patients have an Ashkenazi (Eastern European) Jewish ethnic
background, and there have been numerous reports of familiar
disease, including multigenerational clustering of WM and
other B-cell lymphoproliferative diseases.6–10 In a recent study,
approximately 20% of 257 serial WM patients presenting to a
tertiary referral had a first-degree relative with either WM or
another B-cell disorder.7 Frequent familiar association with
other immunologic disorders in healthy relatives, including
hypogammaglobulinemia and hypergammaglobulinemia (par-
ticularly polyclonal IgM), autoantibody (particularly to thy-
roid) production, and manifestation of hyperactive B cells have
also been reported.9,10 Increased expression of the BCL2 gene
with enhanced B-cell survival may underlie the increased
immunoglobulin synthesis in familial WM.9

The role of environmental factors in WM remains to be
clarified, but chronic antigenic stimulation from infections
and certain drug and agent orange exposures remain suspect.

An etiologic role for hepatitis C virus (HCV) infection
has been suggested, though in a recent study examining
100 consecutive patients with WM, no association could be
established using both serologic and molecular diagnostic
studies for HCV infection.11–13

Biology
Cytogenetic findings
Several studies, usually performed on limited series of
patients, have been published on cytogenetic findings in WM
demonstrating a great variety of numerical and structural
chromosome abnormalities. Numerical losses involving
chromosomes 17, 18, 19, 20, 21, 22, X, and Y have been
commonly observed, though gains in chromosomes 3, 4, and
12 have also been reported.7,14–19 Chromosome 6q deletions
encompassing 6q21-q22 have been observed in up to half of
WM patients, and at a comparable frequency amongst patients
with and without a familial history.7,19 The presence of 6q
deletions has been suggested in one study to discern patients
with WM from those with IgM monoclonal gammopathy of
unknown significance (MGUS), and to have potential prog-
nostic significance, though others have reported no prognostic
significance to the presence of 6q deletions in WM.20,21 While
6q deletions have been reported in other B-cell malignancies,
several candidate tumor suppressor genes in this region are
under investigation in WM patients including BLIMP-1,22 a
master regulatory gene implicated in lymphoplasmacytic dif-
ferentiation. Notable, however, is the absence of IGH switch
region rearrangements in WM, a finding which may be used to
discern cases of IgM myeloma where IGH switch region
rearrangements are a predominant feature.23

Nature of the clonal cell
The WM bone marrow B-cell clone shows intraclonal
differentiation from small lymphocytes with large focal
deposits of surface immunoglobulins, to lymphoplasmacytic
cells, to mature plasma cells that contain intracytoplasmic
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immunoglobulins.24 Clonal B cells are detectable among blood
B lymphocytes, and their number increases in patients who fail
to respond to therapy or who progress.25 These clonal blood
cells present the peculiar capacity to differentiate spontan-
eously, in in vitro culture, to plasma cells. This is through an
interleukin-6 (IL-6)-dependent process in IgM MGUS and
mostly an IL-6-independent process in WM patients.26 All
these cells express the monoclonal IgM present in the blood
and a variable percentage of them also express surface IgD.
The characteristic immunophenotypic profile of the lympho-
plasmacytic cells in WM includes the expression of the pan-B-
cell markers CD19, CD20, CD22, CD79, and FMC7.2.27–29

Expression of CD5, CD10, and CD23 may be found in 10–
20% of cases, and does not exclude the diagnosis of WM.30

The phenotype of lymphoplasmacytic cells in WM suggests
that the clone is a post-germinal center B cell. This indication
is further strengthened by the results of the analysis of
the nature (silent or amino-acid replacing) and distribution
(in framework or CDR regions) of somatic mutations in
immunoglobulin (Ig) heavy- and light-chain variable regions
performed in patients with WM.31,32 This analysis showed a
high rate of replacement mutations, compared with the closest
germline genes, clustering in the CDR regions and without
intraclonal variation. Subsequent studies showed a strong
preferential usage of VH3/JH4 gene families, no intraclonal
variation, and no evidence for any isotype-switched tran-
scripts.33,34 These data indicate that WM may originate from
an IgMþ and/or IgMþ IgDþ memory B cell. Normal IgMþ
memory B cells localize in bone marrow, where they mature to
IgM-secreting cells.35

Bone marrow microenvironment
Increased numbers of mast cells are found in the bone
marrow of WM patients, wherein they are usually admixed

with tumor aggregates.29,36 Recent studies have helped clarify
the role of mast cells in WM. Co-culture of primary auto-
logous or mast cell lines with WM lymphoplasmacytic cells
(LPC) resulted in dose-dependent WM cell proliferation and/
or tumor colony formation, primarily through CD40 ligand
(CD40L) signaling. Furthermore, WM cells through elabor-
ation of soluble CD27 (sCD27) induced the upregulation
of CD40L on mast cells derived from WM patients and
mast cell lines.37

Clinical features
The clinical and laboratory findings at time of diagnosis
of WM in one large institutional study7 are presented in
Table 12.1. Unlike most indolent lymphomas, splenomegaly
and lymphadenopathy are prominent in only a minority
of patients (~15%). Purpura is frequently associated with
cryoglobulinemia and more rarely with amyloid light chain
(AL) amyloidosis, while hemorrhagic manifestations and
neuropathies are multifactorial (see later). The morbidity
associated with WM is caused by the concurrence of
two main components: tissue infiltration by neoplastic cells
and, more importantly, the physicochemical and immuno-
logic properties of the monoclonal IgM. As shown in
Table 12.2, the monoclonal IgM can produce clinical mani-
festations through several different mechanisms related to its
physicochemical properties, non-specific interactions with
other proteins, antibody activity, and tendency to deposit
in tissues.38–40

Morbidity mediated by the effects of IgM
Hyperviscosity syndrome
Blood hyperviscosity is effected by increased serum IgM
levels leading to hyperviscosity-related complications.41 The
mechanisms behind the marked increase in the resistance to
blood flow and the resulting impaired transit through
the microcirculatory system are rather complex.41–43 The main
determinants are: (1) a high concentration of monoclonal
IgMs, which may form aggregates and may bind water
through their carbohydrate component; and (2) their inter-
action with blood cells. Monoclonal IgMs increase red
cell aggregation (rouleaux formation) and red cell internal
viscosity while also reducing deformability. The possible pres-
ence of cryoglobulins can contribute to increasing blood vis-
cosity as well as to the tendency to induce erythrocyte
aggregation. Serum viscosity is proportional to IgM concen-
tration up to 30 g/L, then increases sharply at higher levels.
Plasma viscosity and hematocrit are directly regulated by the
body. Increased plasma viscosity may also contribute to
inappropriately low erythropoietin production, which is the
major reason for anemia in these patients.44 Clinical manifest-
ations are related to circulatory disturbances that can be best
appreciated by ophthalmoscopy, which shows distended
and tortuous retinal veins, hemorrhages, and papilledema45

Figure 12.1 Aspirate from a patient with Waldenstrom’s macroglobulinemia
demonstrating excess mature lymphocytes, lymphoplasmacytic cells, and
plasma cells (original magnification � 200). Courtesy of Marvin Stone MD.
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(Figure 12.2). Symptoms usually occur when the monoclonal
IgM concentration exceeds 50 g/L or when serum viscosity is
> 4.0 centipoises (cp), but there is a great individual variabil-
ity, with some patients showing no evidence of hyperviscosity

even at 10 cp.41 The most common symptoms are oronasal
bleeding, visual disturbances due to retinal bleeding, and diz-
ziness that may rarely lead to coma. Heart failure can be
aggravated, particularly in the elderly, owing to increased

Table 12.1. Clinical and laboratory findings for 149 consecutive newly diagnosed patients with the consensus panel diagnosis of WM presenting
to the Dana Farber Cancer Institute

Median Range Institutional normal reference range

Age (yr) 59 34–84 NA

Gender (male/female) 85/64 NA

Bone marrow involvement 30% 5–95% NA

Adenopathy 16% NA

Splenomegaly 10% NA

IgM (mg/dL) 2870 267–12 400 40–230

IgG (mg/dL) 587 47–2770 700–1600

IgA (mg/dL) 47 8–509 70–400

Serum viscosity (cp) 2.0 1.4–6.6 1.4–1.9

Hct (%) 35.0 17.2–45.4 34.8–43.6

Plt (� 109/L) 253 24–649 155–410

WBC (� 109/L) 6.0 0.3–13 3.8–9.2

β2M (mg/dL) 3.0 1.3–13.7 0–2.7

LDH 395 122–1131 313–618

Notes: Hct: hematocrit; Plt: platelets; WBC: white blood cells; β2M: β2-microglobulin; LDH: lactate dehydrogenase; NA: not applicable.

Table 12.2. Physicochemical and immunologic properties of the monoclonal IgM protein in Waldenstrom’s macroglobulinemia

Properties of IgM monoclonal protein Diagnostic condition Clinical manifestations

Pentameric structure Hyperviscosity Headaches, blurred vision, epistaxis, retinal hemorrhages, leg
cramps, impaired mentation, intracranial hemorrhage

Precipitation on cooling Cryoglobulinemia (type I) Raynaud’s phenomenon, acrocyanosis, ulcers, purpura, cold
urticaria

Auto antibody activity to myelin-
associated glycoprotein (MAG),
ganglioside M1 (GM1),
sulfatide moieties on peripheral nerve
sheaths

Peripheral neuropathies Sensorimotor neuropathies, painful neuropathies, ataxic gait,
bilateral foot drop

Auto antibody activity to IgG Cryoglobulinemia (type II) Purpura, arthralgias, renal failure, sensorimotor neuropathies

Auto antibody activity to red blood
cell antigens

Cold agglutinins Hemolytic anemia, Raynaud’s phenomenon, acrocyanosis, livedo
reticularis

Tissue deposition as amorphous
aggregates

Organ dysfunction Skin: bullous skin disease, papules, Schnitzler’s syndrome
Gastrointestinal: diarrhea, malabsorption, bleeding
Kidney: proteinuria, renal failure (light chain component)

Tissue deposition as amyloid fibrils (light
chain component most commonly)

Organ dysfunction Fatigue, weight loss, edema, hepatomegaly, macroglossia, organ
dysfunction of involved organs: heart, kidney, liver, peripheral
sensory and autonomic nerves
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blood viscosity, expanded plasma volume, and anemia.
Inappropriate transfusion can exacerbate hyperviscosity and
may precipitate cardiac failure.

Cryoglobulinemia
In up to 20% of WM patients, the monoclonal IgM can behave
as a cryoglobulin (type I), but it is symptomatic in 5% or less of
the cases.46 Cryoprecipitation is mainly dependent on the
concentration of monoclonal IgM; for this reason plasmapher-
esis or plasma exchange are commonly effective in this condi-
tion. Symptoms result from impaired blood flow in small
vessels and include Raynaud’s phenomenon, acrocyanosis,
and necrosis of the regions most exposed to cold such as the
tip of the nose, ears, fingers, and toes (Figure 12.3), malleolar
ulcers, purpura, and cold urticaria. Renal manifestations may
occur but are infrequent.

IgM-related neuropathy
Monoclonal IgM may exert its pathogenic effects through
specific recognition of autologous antigens, the most notable
being components of myelin sheaths leading to peripheral
neuropathy.

In a series of 215 patients with WM, Merlini et al. reported
the clinical presence of peripheral neuropathy in 24% of WM
patients,46 although prevalence rates ranging from 5% to 38%
have been reported in other series.47,48 An estimated 6.5–10%

of idiopathic neuropathies are associated with a monoclonal
gammopathy, with a preponderance of IgM (60%) followed
by IgG (30%) and IgA (10%) (reviewed in Nemni et al.49 and
Ropper and Gorson50). In WM patients, the nerve damage
is mediated by diverse pathogenetic mechanisms: IgM
antibody activity toward nerve constituents causing demyeli-
nating polyneuropathies; endoneurial granulofibrillar
deposits of IgM without antibody activity, associated with
axonal polyneuropathy; occasionally by tubular deposits
in the endoneurium associated with IgM cryoglobulin;
and, rarely, by amyloid deposits or by neoplastic cell
infiltration of nerve structures.51 Half of the patients with
IgM neuropathy have a distinctive clinical syndrome that is
associated with antibodies against a minor 100-kDa glyco-
protein component of nerve, myelin-associated glycoprotein
(MAG). Anti-MAG antibodies are generally monoclonal
IgMk, and usually also exhibit reactivity with other glyco-
proteins or glycolipids that share antigenic determinants
with MAG.52–54

The anti-MAG-related neuropathy is typically distal and
symmetrical, affecting both motor and sensory functions; it
is slowly progressive with a long period of stability.48,55 Most
patients present with sensory complaints (paresthesias,
aching discomfort, dysesthesias, or lancinating pains), imbal-
ance and gait ataxia, owing to lack of proprioception, and leg
muscles atrophy in advanced stage. Patients with predomin-
antly demyelinating sensory neuropathy in association with
monoclonal IgM to gangliosides with disialosyl moieties,
such as GD1b, GD3, GD2, GT1b, and GQ1b, have also been
reported.56,57 Anti-GD1b and anti-GQ1b antibodies were
significantly associated with predominantly sensory ataxic
neuropathy.58 These antiganglioside monoclonal IgMs pre-
sent core clinical features of chronic ataxic neuropathy with
variably present ophthalmoplegia and/or red blood cell cold
agglutinating activity. The disialosyl epitope is also present
on red blood cell glycophorins, thereby accounting for the
red cell cold agglutinin activity of anti-Pr2 specificity.59,60

Monoclonal IgM proteins that bind to gangliosides with
a terminal trisaccharide moiety, including GM2 and
GalNac-GD1A, are associated with chronic demyelinating
neuropathy and severe sensory ataxia, unresponsive to
corticosteroids.61

Antiganglioside IgM proteins may also cross-react with
lipopolysaccharides of Campylobacter jejuni, whose infection
is known to precipitate the Miller Fisher syndrome, a variant
of the Guillain–Barré syndrome.58 This finding indicates that
molecular mimicry may play a role in this condition. Anti-
sulfatide monoclonal IgM proteins, associated with sensory/
sensorimotor neuropathy, have been detected in 5% of patients
with IgM monoclonal gammopathy and neuropathy.62 Motor
neuron disease has been reported in patients with WM,
and monoclonal IgM with anti-GM1 and sulfoglucuronyl
paragloboside activity.63 POEMS (polyradiculoneuropathy,
organomegaly, endocrinopathy, M protein, and skin changes)
syndrome is rarely associated with WM.64

Figure 12.2 Funduscopic examination of a patient with Waldenstrom’s
macroglobulinemia demonstrating hyperviscosity-related changes including
dilated retinal vessels, peripheral hemorrhages, and “venous sausaging” (original
magnification � 16). Courtesy of Marvin Stone MD.
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Cold agglutinin hemolytic anemia
Monoclonal IgM may present with cold agglutinin activity, i.e.,
it can recognize specific red cell antigens at temperatures
below physiologic, producing chronic hemolytic anemia. This
disorder occurs in < 10% of WM patients65 and is associated
with cold agglutinin titers > 1:1000 in most cases. The mono-
clonal component is usually an IgMk and reacts most com-
monly with I/i antigens, with complement fixation and
activation.66,67 Mild chronic hemolytic anemia can be exacer-
bated after cold exposure but rarely does hemoglobin drop
below 70 g/L. The hemolysis is usually extravascular (removal
of C3b opsonized cells by the reticuloendothelial system, pri-
marily in the liver) and rarely intravascular from complement
destruction of red blood cell membrane. The agglutination of
red blood cells in the cooler peripheral circulation also causes
Raynaud’s syndrome, acrocyanosis, and livedo reticularis.
Macroglobulins with the properties of both cryoglobulins
and cold agglutinins with anti-Pr specificity have been
reported. These properties may have as a common basis the
immune binding of the sialic acid-containing carbohydrate
present on red blood cell glycophorins and on Ig molecules.
Several other macroglobulins with various antibody activity
toward autologous antigens (i.e., phospholipids, tissue and
plasma proteins, etc.) and foreign ligands have also been
reported.

IgM tissue deposition
The monoclonal protein can deposit in several tissues as
amorphous aggregates. Linear deposition of monoclonal
IgM along the skin basement membrane is associated with
bullous skin disease.68 Amorphous IgM deposits in the
dermis determine the so-called IgM storage papules on the
extensor surface of the extremities – macroglobulinemia
cutis.69 Deposition of monoclonal IgM in the lamina propria
and/or submucosa of the intestine may be associated with
diarrhea, malabsorption, and gastrointestinal bleeding.70,71 It
is well known that kidney involvement is less common and
less severe in WM than in multiple myeloma, probably
because the amount of light chain excreted in the urine is
generally lower in WM than in myeloma and because of
the absence of contributing factors, such as hypercalcemia,
although cast nephropathy has also been described in WM.72

On the other hand, the IgM macromolecule is more suscep-
tible to being trapped in the glomerular loops where ultrafil-
tration presumably contributes to its precipitation, forming
subendothelial deposits of aggregated IgM proteins that
occlude the glomerular capillaries.73 Mild and reversible pro-
teinuria may result and most patients are asymptomatic. The
deposition of monoclonal light chain as fibrillar amyloid
deposits (AL amyloidosis) is uncommon in patients with
WM.74 Clinical expression and prognosis are similar to those
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Figure 12.3 Cryoglobulinemia manifesting with severe acrocyanosis in a patient with Waldenstrom’s macroglobulinemia before (pre-pheresis) and following
warming and plasmapheresis (post-pheresis).
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of other AL patients with involvement of heart (44%),
kidneys (32%), liver (14%), lungs (10%), peripheral/auto-
nomic nerves (38%), and soft tissues (18%). However, the
incidence of cardiac and pulmonary involvement is higher in
patients with monoclonal IgM than with other immuno-
globulin isotypes. The association of WM with reactive amy-
loidosis (AA) has been documented rarely.75,76 Simultaneous
occurrence of fibrillary glomerulopathy, characterized by
glomerular deposits of wide non-congophilic fibrils and
amyloid deposits, has been reported in WM.77

Manifestations related to tissue infiltration by
neoplastic cells
Tissue infiltration by neoplastic cells is rare and can involve
various organs and tissues, from the bone marrow (described
later) to the liver, spleen, lymph nodes, and possibly the
lungs, gastrointestinal tract, kidneys, skin, eyes, and central
nervous system. Pulmonary involvement in the form of
masses, nodules, diffuse infiltrate, or pleural effusions is
relatively rare, since the overall incidence of pulmonary and
pleural findings reported for WM is only 3–5%.78–80 Cough is
the most common presenting symptom, followed by dyspnea
and chest pain. Chest radiographic findings include paren-
chymal infiltrates, confluent masses, and effusions. Malab-
sorption, diarrhea, bleeding, or obstruction may indicate
involvement of the gastrointestinal tract at the level of the
stomach, duodenum, or small intestine.81–84 In contrast to
multiple myeloma, infiltration of the kidney interstitium with
lymphoplasmacytoid cell has been reported in WM,85 while
renal or perirenal masses are not uncommon.86 The skin can
be the site of dense lymphoplasmacytic infiltrates, similar to that
seen in the liver, spleen, and lymph nodes, forming cutaneous
plaques and, rarely, nodules.87 Chronic urticaria and IgM gam-
mopathy are the two cardinal features of Schnitzler’s syndrome,
which is not usually associated initially with clinical features of
WM,88 although evolution to WM is not uncommon. Thus,
close follow-up of these patients is warranted. Invasion of articu-
lar and periarticular structures by WM malignant cells is rarely
reported.89 The neoplastic cells can infiltrate the periorbital
structures, lacrimal gland, and retro-orbital lymphoid tissues,
resulting in ocular nerve palsies.90,91 Direct infiltration of the
central nervous system by monoclonal lymphoplasmacytic
cells as infiltrates or as tumors constitutes the rarely observed
Bing–Neel syndrome, characterized clinically by confusion,
memory loss, disorientation, and motor dysfunction (reviewed
in Civit et al.92).

Laboratory investigations and findings
Hematological abnormalities
Anemia is the most common finding in patients with symp-
tomatic WM and is caused by a combination of factors: mild
decrease in red cell survival, impaired erythropoiesis,

hemolysis, moderate plasma volume expansion, and blood loss
from the gastrointestinal tract. Blood smears are usually nor-
mocytic and normochromic, and rouleaux formation is often
pronounced. Electronically measured mean corpuscular
volume may be elevated spuriously owing to erythrocyte
aggregation. In addition, the hemoglobin estimate can be
inaccurate, i.e., falsely high, because of interaction between
the monoclonal protein and the diluent used in some auto-
mated analyzers.93 Leukocyte and platelet counts are usually
within the reference range at presentation, although patients
may occasionally present with severe thrombocytopenia. As
reported above, monoclonal B lymphocytes expressing surface
IgM and late-differentiation B-cell markers are uncommonly
detected in blood by flow cytometry. A raised erythrocyte
sedimentation rate is almost constantly observed in WM and
may be the first clue to the presence of the macroglobulin. The
clotting abnormality detected most frequently is prolongation
of thrombin time. AL amyloidosis should be suspected in all
patients with nephrotic syndrome, cardiomyopathy, hepato-
megaly, or peripheral neuropathy. Diagnosis requires the dem-
onstration of green birefringence under polarized light of
amyloid deposits stained with Congo red.

Biochemical investigations
High-resolution electrophoresis combined with immunofixa-
tion of serum and urine are recommended for identification
and characterization of the IgM monoclonal protein. The
light chain of the monoclonal IgM is k in 75–80% of patients.
A few WM patients have more than one M-component. The
concentration of the serum monoclonal protein is very vari-
able but in most cases lies within the range of 15–45 g/L.
Densitometry should be adopted to determine IgM levels
for serial evaluations because nephelometry is unreliable
and shows large intralaboratory as well as interlaboratory
variation. The presence of cold agglutinins or cryoglobulins
may affect determination of IgM levels and, therefore, testing
for cold agglutinins and cryoglobulins should be performed
at diagnosis. If present, subsequent serum samples should be
analyzed under warm conditions for determination of serum
monoclonal IgM level. Although Bence Jones proteinuria
is frequently present, it exceeds 1 g/24 hours in only 3%
of cases. While IgM levels are elevated in WM patients,
IgA and IgG levels are most often depressed and do not
demonstrate recovery even after successful treatment suggest-
ing that patients with WM harbor a defect which prevents
normal plasma cell development and/or Ig heavy chain
rearrangements.94,95

Serum viscosity
Because of their large size (almost 1 000 000 daltons), most
IgM molecules are retained within the intravascular compart-
ment and can exert an undue effect on serum viscosity. There-
fore, serum viscosity should be measured if the patient has
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signs or symptoms of hyperviscosity syndrome. Funduscopic
examination remains an excellent indicator of clinically rele-
vant hyperviscosity. Among the first clinical signs of hyper-
viscosity are the appearance of peripheral and mid-peripheral
dot and blot-like hemorrhages in the retina, which are best
appreciated with indirect ophthalmoscopy and scleral depres-
sion.45 In more severe cases of hyperviscosity, dot, blot, and
flame-shaped hemorrhages can appear in the macular area
along with markedly dilated and tortuous veins with focal
constrictions resulting in “venous sausaging,” as well as
papilledema.

Bone marrow findings
The bone marrow is always involved in WM. Central to the
diagnosis of WM is the demonstration, by trephine biopsy, of
bone marrow infiltration by a lymphoplasmacytic cell popu-
lation constituted by small lymphocytes with evidence of
plasmacytoid/plasma cell differentiation (Figure 12.1). The
pattern of bone marrow infiltration may be diffuse, intersti-
tial, or nodular, showing usually an intertrabecular pattern of
infiltration. A solely paratrabecular pattern of infiltration is
unusual and should raise the possibility of follicular lymph-
oma.1 The bone marrow infiltration should routinely be
confirmed by immunophenotypic studies (flow cytometry
and/or immunohistochemistry) showing the following pro-
file: sIgMþCD19þCD20þCD22þCD79þ.27–29 Up to 20% of
cases may express either CD5, CD10, or CD23.30 In these
cases, care should be taken to satisfactorily exclude chronic
lymphocytic leukemia and mantle cell lymphoma.1 “Intra-
nuclear” periodic acid-Schiff (PAS)-positive inclusions
(Dutcher–Fahey bodies)96 consisting of IgM deposits in the
perinuclear space, and sometimes in intranuclear vacuoles,
may be seen occasionally in lymphoid cells in WM. An
increased number of mast cells, usually in association with
the lymphoid aggregates, is commonly found in WM, and
their presence may help in differentiating WM from other
B-cell lymphomas.2,3

Other investigations
Magnetic resonance imaging (MRI) of the spine in conjunc-
tion with computed tomography (CT) of the abdomen and
pelvis are useful in evaluating the disease status in WM.97 Bone
marrow involvement can be documented by MRI studies of
the spine in over 90% of patients, while CT of the abdomen
and pelvis demonstrated enlarged nodes in 43% of WM
patients.97 Lymph node biopsy may show preserved architec-
ture or replacement by infiltration of neoplastic cells with
lymphoplasmacytoid, lymphoplasmacytic, or polymorphous
cytologic patterns. The residual disease after high-dose chemo-
therapy with allogeneic or autologous stem cell rescue can be
monitored by polymerase chain reaction (PCR)-based
methods using primers specific for the monoclonal Ig variable
regions.

Prognosis
Waldenstrom’s macroglobulinemia typically presents as an
indolent disease though considerable variability in prognosis
can be seen. The median survival reported in several large
series has ranged from 5 to 10 years,98–104 though in a recent
follow-up of 436 consecutive patients diagnosed with WM, the
median overall survival from time of diagnosis was in excess
of 10 years.105 The presence of 6q deletions have been sug-
gested to have prognostic significance in one study, though
others have reported no such association in WM.20,21 Age
is consistently an important prognostic factor (> 60–70
years),98,99,101,104 but this factor is often impacted by unrelated
morbidities. Anemia, which reflects both marrow involvement
and the serum level of the IgM monoclonal protein due to the
impact of IgM on intravascular fluid retention, has emerged as
a strong adverse prognostic factor with hemoglobin levels of
< 9–12 g/dL associated with decreased survival in several
series.98–101,104 Cytopenias have also been regularly identified
as a significant predictor of survival.99 However, the precise
level of cytopenias with prognostic significance remains to be
determined.101 Some series have identified a platelet count of
< 100–150� 109/L and a granulocyte count of< 1.5� 109/L as
independent prognostic factors.98,99,101,104 The number of
cytopenias in a given patient has been proposed as a strong
prognostic factor.99 Serum albumin levels have also correlated
with survival in WM patients in certain but not all studies
using multivariate analyses.99,101,102 High beta-2 microglobulin
levels (> 3–3.5 g/dL) were shown in several studies,100–104

along with a high serum IgM M-protein (> 7 g/dL)104 as well
as a low serum IgM M-protein (< 4 g/dL)102 and the presence
of cryoglobulins,98 to be adverse factors. A few scoring systems
have been proposed based on these analyses (Table 12.3).

Treatment of Waldenstrom’s
macroglobulinemia
As part of the Second International Workshop onWaldenstrom’s
Macroglobulinemia, a consensus panel was organized to rec-
ommend criteria for the initiation of therapy in patients with
WM.101 The panel recommended that initiation of therapy
should not be based on the IgM level per se, since this
may not correlate with the clinical manifestations of WM.
The consensus panel, however, agreed that initiation of ther-
apy was appropriate for patients with constitutional symp-
toms, such as recurrent fever, night sweats, fatigue due to
anemia, or weight loss. The presence of progressive symptom-
atic lymphadenopathy or splenomegaly provides additional
reasons to begin therapy. The presence of anemia with
a hemoglobin value of � 10 g/dL or a platelet count
� 100� 109/L owing to marrow infiltration also justifies treat-
ment. Certain complications, such as hyperviscosity syndrome,
symptomatic sensorimotor peripheral neuropathy, systemic
amyloidosis, renal insufficiency, or symptomatic cryoglobuli-
nemia, may also be indications for therapy.101
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Frontline therapy
While a precise therapeutic algorithm for therapy of WM
remains to be defined given the paucity of randomized clinical
trials, consensus panels composed of experts who treat WM

were organized as part of the International Workshops
on Waldenstrom’s macroglobulinemia and have formulated
recommendations for both frontline and salvage therapy of
WM based on the best available clinical trials evidence. Among

Table 12.3. Prognostic scoring systems in Waldenstrom’s macroglobulinemia

Study Adverse prognostic
factors

Number of groups Survival

Gobbi et al. 98 Hb < 9 g/dL 0–1 prognostic factors Median:
48mo

Age > 70 yr 2–4 prognostic factors Median:
80mo

Weight loss

Cryoglobulinemia

Morel et al. 99 Age � 65 yr 0–1 prognostic factors 5 yr: 87%

Albumin < 4 g/dL 2 prognostic factors 5 yr: 62%

Number of
cytopenias:

3–4 prognostic factors 5 yr: 25%

Hb < 12 g/dL

Platelets < 150� 109/
L

WBC < 4� 109/L

Dhodapkar et al. 100 β2M � 3 g/dL β2M < 3mg/dLþHb � 12 g/dL 5 yr: 87%

Hb < 12 g/dL

IgM < 4 g/dL β2M < 3mg/dLþHb < 12 g/dL 5 yr: 63%

β2M � 3mg/dLþ IgM � 4 g/dL 5 yr: 53%

β2M � 3mg/dLþ IgM < 4 g/dL 5 yr: 21%

Application of International Staging System Criteria
for Myeloma to WM

Albumin � 3.5 g/dL Albumin � 3.5 g/dL
þ β2M < 3.5mg/dL

Median: NR

β2M � 3.5mg/L

Albumin � 3.5 g/dLþ β2M < 3.5 or
β2M 3.5–5.5mg/dL

Median:
116mo

β2M > 5.5mg/dL Median:
54mo

Dimopoulos et al. 102

International Prognostic Scoring System for WM Age > 65 yr 0–1 prognostic factorsa 5 yr: 87%

Morel et al. 104 Hb < 11.5 g/dL 2 prognostic factorsb 5 yr: 68%

Platelets< 100� 109/L 3–5 prognostic factors 5 yr: 36%

β2M > 3mg/L

IgM > 7 g/dL

Notes: aexcluding age.
bor age > 65.
Hb: hemoglobin.
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frontline options, the panels considered alkylator agents (e.g.,
chlorambucil), nucleoside analogs (cladribine or fludarabine),
the monoclonal antibody rituximab as well as combinations
thereof as reasonable choices for the upfront therapy of
WM.106–108 Importantly, the panel felt that individual patient
considerations, including the presence of cytopenias, need for
more rapid disease control, age, and candidacy for autologous
transplant therapy, should be taken into account in making the
choice of a first-line agent. For patients who are candidates for
autologous transplant therapy, which typically is reserved for
those patients < 70 years of age, the panel recommended that
exposure to alkylator or nucleoside analog therapy should be
limited. The use of nucleoside analogs should be approached
cautiously in patients with WM since there appears to be an
increased risk for the development of disease transformation as
well as myelodysplasia and acute myelogenous leukemia.

Alkylator-based therapy
Oral alkylating drugs, alone and in combination therapy with
corticosteroids, have been extensively evaluated in the upfront
treatment of WM. The greatest experience with oral alkylator
therapy has been with chlorambucil, which has been adminis-
tered on both a continuous (i.e., daily dose schedule) as well as
an intermittent schedule. Patients receiving chlorambucil on a
continuous schedule typically receive 0.1mg/kg per day, whilst
on the intermittent schedule patients will typically receive
0.3mg/kg for 7 days, every 6 weeks. In a prospective random-
ized study, Kyle et al. reported no significant difference in the
overall response rate between these schedules, although inter-
estingly the median response duration was greater for patients
receiving intermittent versus continuously dosed chlorambucil
(46 vs. 26 months).109 Despite the favorable median response
duration in this study for use of the intermittent schedule, no
difference in the median overall survival was observed. More-
over, an increased incidence for development of myelodyspla-
sia and acute myelogenous leukemia with the intermittent (3 of
22 patients) versus the continuous (0 of 24 patients) chloram-
bucil schedule prompted the authors of this study to express
preference for use of continuous chlorambucil dosing. The use
of corticosteroids in combination with alkylator therapy has
also been explored. Dimopoulos and Alexanian evaluated
chlorambucil (8mg/m2) along with prednisone (40mg/m2)
given orally for 10 days, every 6 weeks, and reported a major
response (i.e., reduction of IgM by greater than 50%) in 72%
of patients.110 Non-chlorambucil-based alkylator regimens
employing melphalan and cyclophosphamide in combination
with corticosteroids have also been examined by Petrucci
et al.111 and Case et al.112 producing slightly higher overall
response rates and response durations, although the benefit of
these more complex regimens over chlorambucil remains to be
demonstrated. Facon et al. have evaluated parameters predict-
ing for response to alkylator therapy.113 Their studies in
patients receiving single-agent chlorambucil demonstrated
that age 60, male sex, symptomatic status, and cytopenias
(but, interestingly, not high tumor burden and serum IgM

levels) were associated with poor response to alkylator therapy.
Additional factors to be taken into account in considering alky-
lator therapy for patients with WM include necessity for more
rapid disease control given the slow nature of response to alky-
lator therapy, as well as consideration for preserving stem cells in
patients who are candidates for autologous transplant therapy.

Nucleoside analog therapy
Both cladribine and fludarabine have been extensively evalu-
ated in untreated as well as previously treated WM patients.
Cladribine administered as a single agent by continuous intra-
venous (IV) infusion, by 2-hour daily infusion, or by subcuta-
neous bolus injections for 5–7 days has resulted in major
responses in 40–90% of patients who received primary therapy,
whilst in the salvage setting responses have ranged from 38%
to 54%.113–120 Median time to achievement of response in
responding patients following cladribine ranged from 1.2 to
5 months. The overall response rate with daily infusional
fludarabine therapy administered mainly on 5-day schedules
in previously untreated and treated WM patients has ranged
from 38% to 100% and 30% to 40%, respectively,121–126 which
are on par with the response data for cladribine. Median time
to achievement of response for fludarabine was also on par
with cladribine at 3–6 months. In general, response rates and
durations of responses have been greater for patients receiving
nucleoside analogs as first-line agents, although in several of
the above studies wherein both untreated and previously
treated patients were enrolled, no substantial difference in the
overall response rate was reported.

Myelosuppression commonly occurred following pro-
longed exposure to either of the nucleoside analogs, as did
lymphopenia with sustained depletion of both CD4þ and
CD8þ T lymphocytes observed in WM patients 1 year
following initiation of therapy.113,115 Treatment-related mor-
tality due to myelosuppression and/or opportunistic infections
attributable to immunosuppression occurred in up to 5% of all
treated patients in some series with either nucleoside analog.
Factors predicting for response to nucleoside analogs in WM
included age at start of treatment (< 70 years), pretreatment
hemoglobin > 95 g/L, platelets > 75 000/ml3, disease relapsing
off therapy, patients with resistant disease within the first year
of diagnosis, and a long interval between first-line therapy and
initiation of a nucleoside analog in relapsing patients.113,119,125

There are limited data on the use of an alternate nucleoside
analog to salvage patients whose disease relapsed or demon-
strated resistance to cladribine or fludarabine therapy.127,128

Three of four (75%) patients responded to cladribine to salvage
patients who progressed following an unmaintained remission
to fludarabine, whereas only one of ten (10%) with disease
resistant to fludarabine responded to cladribine.127 However,
Lewandowski et al.128 reported a response in two of six patients
(33%) and disease stabilization in the remaining patients to
fludarabine, in spite of an inadequate response or progressive
disease following cladribine therapy.
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The safety of nucleoside analogs has been the subject of
investigation in several recent studies. Thomas et al. recently
reported their experiences in harvesting stem cells in
21 patients with symptomatic WM in whom autologous per-
ipheral blood stem cell collection was attempted. Autologous
stem cell collection (ASCC) succeeded on first attempt in
14/15 patients who received non-nucleoside analog based ther-
apy versus 2/6 patients who received a nucleoside analog.129

The long-term safety of nucleoside analogs in WM was
recently examined by Leleu et al. in a large series of WM
patients.105 A sevenfold increase in transformation to an
aggressive lymphoma and a threefold increase in the develop-
ment of acute myelogenous leukemia/myelodysplasia were
observed amongst patients who received a nucleoside analog
versus other therapies for their WM. A recent meta-analysis by
Leleu et al.130 of several trials utilizing nucleoside analogs in
WM patients, which included patients who had previously
received an alkylator agent, showed a crude incidence of 6.6–
10% for development of disease transformation, and 1.4–8.9%
for development of myelodysplasia or acute myeloid leukemia
(AML). None of the studied risk factors, i.e., gender, age,
family history of WM or B-cell malignancies, typical markers
of tumor burden and prognosis, type of nucleoside analog
therapy (cladribine vs. fludarabine), time from diagnosis
to nucleoside analog use, nucleoside analog treatment as
primary or salvage therapy, as well as treatment with an oral
alkylator (i.e., chlorambucil), predicted for the occurrence
of transformation or development of myelodysplasia/
acute myelogenous leukemia for WM patients treated with
a nucleoside analog.130

CD20-directed antibody therapy
Rituximab is a chimeric monoclonal antibody which targets
CD20, a widely expressed antigen on lymphoplasmacytic cells
in WM.131 Several retrospective and prospective studies have
indicated that rituximab, when used at standard dosimetry
(i.e., four weekly infusions at 375mg/m2), induced major
responses in approximately 27–35% of previously treated and
untreated patients.132–138 Furthermore, it was shown in some
of these studies that patients who achieved minor responses or
even stable disease benefited from rituximab as evidenced by
improved hemoglobin and platelet counts, and reduction
of lymphadenopathy and/or splenomegaly. The median time
to treatment failure in these studies was found to range from
8 to 27þ months. Studies evaluating an extended rituximab
schedule consisting of four weekly courses at 375mg/m2 per
week, repeated 3 months later by another 4-week course, have
demonstrated major response rates of 44–48%, with time to
progression estimates of 16þ to 29þ months.138,139

In many WM patients, a transient increase of serum IgM
may be noted immediately following initiation of treat-
ment.138,140–142 Such an increase does not herald treatment
failure, and while most patients will return to their baseline
serum IgM level by 12 weeks, some continue to show pro-
longed spiking despite demonstrating a reduction in their bone

marrow tumor load. However, patients with baseline serum
IgM levels of > 50 g/dL or serum viscosity of > 3.5 cp may be
particularly at risk for a hyperviscosity-related event and in
such patients plasmapheresis should be considered in advance
of rituximab therapy.141 Because of the decreased likelihood of
response in patients with higher IgM levels, as well as the
possibility that serum IgM and viscosity levels may abruptly
rise, rituximab monotherapy should not be used as sole ther-
apy for the treatment of patients at risk for hyperviscosity
symptoms.

Time to response after rituximab is slow and exceeds
3 months on average. The time to best response in one study
was 18 months.139 Patients with baseline serum IgM levels of
< 60 g/dL are more likely to respond, irrespective of the under-
lying bone marrow involvement by tumor cells.138,139 A recent
analysis of 52 patients who were treated with single-agent
rituximab has indicated that the objective response rate was
significantly lower in patients who had either low serum albu-
min (< 35 g/L) or elevated serummonoclonal protein (> 40 g/L
M-spike). Furthermore, the presence of both adverse prog-
nostic factors was related with a short time to progression
(3.6 months). Moreover, patients who had normal serum
albumin and relatively low serum monoclonal protein levels
derived a substantial benefit from rituximab with a time to
progression exceeding 40 months.143

The genetic background of patients may also be important
for determining response to rituximab. In particular, a correl-
ation between polymorphisms at position 158 in the FcgRIIIa
receptor (CD16), an activating Fc receptor on important
effector cells that mediate antibody-dependent cell-mediated
cytotoxicity (ADCC), and rituximab response was observed in
WM patients. Individuals may encode either the amino acid
valine or phenylalanine at position 158 in the FcgRIIIa recep-
tor. WM patients who carried the valine amino acid (either in
a homozygous or heterozygous pattern) had a fourfold higher
major response rate (i.e., 50% decline in serum IgM levels) to
rituximab versus those patients who expressed phenylalanine
in a homozygous pattern.144

Combination therapies
Because rituximab is an active and a non-myelosuppressive
agent, its combination with chemotherapy has been explored
in WM patients. Weber et al. administered rituximab
along with cladribine and cyclophosphamide to 17 previously
untreated patients with WM.145 At least a partial response was
documented in 94% of WM patients including a complete
response in 18%. With a median follow-up of 21 months no
patient has relapsed. In a study by the Waldenstrom’s Macro-
globulinemia Clinical Trials Group (WMCTG), the combin-
ation of rituximab and fludarabine was evaluated in 43 WM
patients, 32 (74%) of whom were previously untreated.146 The
overall response rate was 95.3%, with 83% of patients achieving
a major response (i.e., 50% reduction in disease burden). The
median time to progression was 51.2 months in this series, and
was longer for those patients who were previously untreated
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and for those achieving a very good partial response (VGPR)
(i.e., 90% reduction in disease) or better. Hematological tox-
icity was common with grade 3 neutropenia and thrombocyto-
penia observed in 27 and 4 patients, respectively. Two deaths
occurred in this study due to non-Pneumocystis carinii pneu-
monia. Secondary malignancies including transformation to
aggressive lymphoma and development of myelodysplasia or
AML were observed in six patients in this series. The addition
of rituximab to fludarabine and cyclophosphamide has also
been explored in the salvage setting by Tam et al., wherein four
of five patients demonstrated a response.147 In another com-
bination study with rituximab, Hensel et al. administered
rituximab along with pentostatin and cyclophosphamide to
13 patients with untreated and previously treated WM or
lymphoplasmacytic lymphoma.148 A major response was
observed in 77% of patients. In a study by Dimopoulos et al.
the combination of rituximab, dexamethasone, and cyclophos-
phamide was used as primary therapy to treat 72 patients with
WM.149 At least a major response was observed in 74% of
patients in this study, and the 2-year progression-free survival
was 67%. Therapy was well tolerated, though one patient died
of interstitial pneumonia.

In addition to nucleoside analog-based trials with ritux-
imab, two studies have examined CHOP (cyclophosphamide,
doxorubicin, vincristine, prednisone) in combination with
rituximab (CHOP-R). In a randomized frontline study by the
German Low Grade Lymphoma Study Group (GLSG) involv-
ing 69 patients, most of whom had WM, the addition of
rituximab to CHOP resulted in a higher overall response rate
(94% vs. 67%) and median time to progression (63 vs.
22 months) in comparison to patients treated with CHOP
alone.150 Treon et al. have also evaluated CHOP-R in 13 WM
patients, 8 and 5 of whom were relapsed or refractory to
nucleoside analogs and single-agent rituximab, respectively.151

Among 13 evaluable patients, 10 patients achieved a major
response (77%) including 3 complete responses (CRs) and 7
partial responses (PRs), and 2 patients achieved a minor
response. In a retrospective study, Ioakimidis et al. examined
the outcomes of symptomatic WM patients who received
CHOP-R, CVP-R (cyclophosphamide, vincristine, prednisone,
and rituximab), or CP-R.152 Baseline characteristics for all
three cohorts were similar for age, prior therapies, bone
marrow involvement, hematocrit, platelet count, and serum
β2-microglobulin, though serum IgM levels were higher in
patients treated with CHOP-R. The overall response rates to
therapy were comparable among all three treatment groups:
CHOP-R (96%), CVP-R (88%), and CP-R (95%), though there
was a trend for more CRs among patients treated with CVP-R
and CHOP-R. Adverse events attributed to therapy showed a
higher incidence for neutropenic fever and treatment-related
neuropathy for CHOP-R and CVP-R versus CP-R. The results
of this study suggest that in WM, the use of CP-R may
provide analogous treatment responses to more intense
cyclophosphamide-based regimens, while minimizing treat-
ment-related complications.

The addition of alkylating agents to nucleoside analogs has
also been explored in WM. Weber et al. administered two
cycles of oral cyclophosphamide along with subcutaneous cla-
dribine to 37 patients with previously untreated WM.145 At
least a PR was observed in 84% of patients and the median
duration of response was 36 months. Dimopoulos et al. exam-
ined fludarabine in combination with intravenous cyclophos-
phamide and observed partial responses in 6 of 11 (55%) WM
patients either with primary refractory disease or who had
relapsed on treatment.153 The combination of fludarabine plus
cyclophosphamide was also evaluated in a recent study by
Tamburini et al. involving 49 patients, 35 of whom were
previously treated.154 Seventy-eight percent of the patients in
this study achieved a response and median time to treatment
failure was 27 months. Hematological toxicity was commonly
observed and three patients died of treatment-related toxici-
ties. Interesting findings in this study were the development
of acute leukemia in two patients, histologic transformation to
diffuse large cell lymphoma in one patient, and two cases of
solid malignancies (prostate and melanoma), as well as failure
to mobilize stem cells in four of six patients.

In view of the above data, the consensus panel on thera-
peutics amended its original recommendations for the therapy
of WM to include the use of combination therapy with either
nucleoside analogs and alkylator agents, or rituximab in com-
bination with nucleoside analog, nucleoside analogs plus
alkylator agents, or cyclophosphamide-based therapy as rea-
sonable therapeutics options for the treatment of WM.107,108

Salvage therapy including novel agents
For patients in relapse or who have refractory disease, the
consensus panels recommended the use of an alternative
first-line agent as defined above, with the caveat that for those
patients for whom autologous transplantation was being ser-
iously considered, further exposure to stem cell-damaging
agents (i.e., many alkylator agents and nucleoside analog
drugs) should be avoided, and a non-stem-cell toxic agent
should be considered if stem cells had not previously been
harvested.107,108 Recent studies have also demonstrated activity
for several novel agents including bortezomib, thalidomide
alone or in combination, and alemtuzumab which can be
considered in the treatment of relapsed/refractory WM. Lastly,
autologous stem cell transplant remains an option for the
salvage therapy of WM particularly among younger patients
who have had multiple relapses, or have primary refractory
disease.

Proteasome inhibitor
Bortezomib, a stem cell-sparing agent,155–157 is a proteasome
inhibitor which induces apoptosis of primary WM lympho-
plasmacytic cells, as well as the WM-WSU WM cell line at
pharmacologically achievable levels.158 Moreover, bortezomib
may also impact on bone marrow microenvironmental sup-
port for lymphoplasmacytic cells. In a multicenter study of the
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WMCTG,159 27 patients received up to eight cycles of borte-
zomib at 1.3mg/m2 on days 1, 4, 8, and 11. All but one patient
had relapsed or refractory disease. Following therapy, median
serum IgM levels declined from 4660mg/dL to 2092mg/dL
(p< 0.0001). The overall response rate was 85%, with 10 and
13 patients achieving a minor (< 25% decrease in IgM) and
major (< 50% decrease in IgM) response. Responses were
prompt, and occurred at a median of 1.4 months. The median
time to progression for all responding patients in this study
was 7.9 (range 3–21.4þ) months, and the most common grade
3/4 toxicities occurring in � 5% of patients were sensory
neuropathies (22.2%); leukopenia (18.5%); neutropenia
(14.8%); dizziness (11.1%); and thrombocytopenia (7.4%).
Importantly, sensory neuropathies resolved or improved in
nearly all patients following cessation of therapy. As part of a
National Cancer Institute of Canada study, Chen et al. treated
27 patients with both untreated (44%) and previously treated
(56%) disease.160 Patients in this study received bortezomib
utilizing the standard schedule until they either demonstrated
progressive disease, or two cycles beyond a CR or stable dis-
ease. The overall response rate in this study was 78%, with
major responses observed in 44% of patients. Sensory neuro-
pathy occurred in 20 patients, 5 with grade > 3, and occurred
following two to four cycles of therapy. Among the 20 patients
developing a neuropathy, 14 patients resolved and 1 patient
demonstrated a one-grade improvement at 2–13 months.
In addition to the above experiences with bortezomib mono-
therapy in WM, Dimopoulos et al.161 observed major
responses in six of ten (60%) previously treated WM patients,
while Goy et al.162 observed a major response in one of two
WM patients who were included in a series of relapsed or
refractory patients with non-Hodgkin lymphoma (NHL). In
view of the single-agent activity of bortezomib in WM, Treon
et al. have examined the combination of bortezomib, dexa-
methasone, and rituximab (BDR) as primary therapy in
patients with WM.163 An overall response rate of 96% and
a major response rate of 83% were observed with the BDR
combination. The incidence of grade 3 neuropathy was about
30% in this study, but was reversible in most patients
following discontinuation of therapy. An increased incidence
of herpes zoster was also observed prompting the prophylac-
tic use of antiviral therapy with BDR. Alternative schedules
for administration of bortezomib (i.e., once weekly at higher
doses) in combination with rituximab are also being examined
by Ghobrial et al.164 and Agathocleous et al.165 in patients with
WM with overall response rates of 80–90%. The impact of
these schedules on the development of bortezomib-related
peripheral neuropathy remains to be clarified, though in one
study it appeared to be diminished.164

CD52-directed antibody therapy
Alemtuzumab is a humanized monoclonal antibody which
targets CD52, an antigen widely expressed on bone marrow
leukemic progenitor cells (LPC) in WM patients, as well as on
mast cells which are increased in the BM of patients with WM

and provide growth and survival signals to WM LPC through
several tumor necrosis factor family ligands (CD40L, APRIL,
BLYS).166 As part of a WMCTG effort,167 28 subjects with the
REAL/WHO clinicopathologic diagnosis of LPL, including
27 patients with IgM (WM) and 1 with IgA monoclonal
gammopathy, were enrolled in this prospective, multicenter
study. Five patients were untreated and 23 were previously
treated, all of whom had previously received rituximab.
Patients received three daily test doses of alemtuzumab
(3, 10, and 30mg IV) followed by 30mg alemtuzumab IV
three times a week for up to 12 weeks. All patients received
aciclovir and bactrim or equivalent prophylaxis for the dur-
ation of therapy plus 8 weeks following the last infusion of
alemtuzumab. Among 25 patients evaluable for response, the
overall response rate was 76%, which included 8 (32%) major
responders, and 11 (44%) minor responders. Hematological
toxicities were common among previously treated (but
not untreated) patients and included grade 3/4 neutropenia
39%; thrombocytopenia 18%; and anemia 7%. Grade 3/4 non-
hematological toxicity for all patients included dermatitis 11%;
fatigue 7%; and infection 7%. Cytomegalovirus (CMV) reacti-
vation and infection was commonly seen among previously
treated patients and may have been etiologic for one death on
study. With a median follow-up of 8.5þ months, 11/19
responding patients remain free of progression. High rates of
response with the use of alemtuzumab as salvage therapy have
also been reported by Owen et al.168 in a small series of heavily
pretreated WM patients (with a median number prior ther-
apies of four) who received up to 12 weeks of therapy (at 30mg
IV thrice weekly) following initial dose escalation. Among the
seven patients receiving alemtuzumab, five patients achieved a
partial response and one patient a complete response. Infec-
tious complications were common, with CMV reactivation
occurring in three patients requiring ganciclovir therapy, and
hospitalization for three patients for bacterial infections.
Opportunistic infection occurred in two patients, and was
responsible for their deaths.

Thalidomide and lenalidomide
Thalidomide as a single agent, and in combination with dexa-
methasone and clarithromycin, has also been examined in
patients with WM, in view of the success of these regimens
in patients with advanced multiple myeloma. Dimopoulos
et al. demonstrated a major response in 5 of 20 (25%) previ-
ously untreated and treated patients who received single-agent
thalidomide.169 Dose escalation from the thalidomide start
dose of 200mg daily was hindered by development of side
effects, including the development of peripheral neuropathy
in five patients obligating discontinuation or dose reduction.
Low doses of thalidomide (50mg orally daily) in combination
with dexamethasone (40mg orally once a week) and clarithro-
mycin (250mg orally twice a day) have also been examined,
with 10 of 12 (83%) previously treated patients demonstrating
at least a major response.170 However, in a follow-up study by
Dimopoulos et al. using a higher thalidomide dose (200mg
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orally daily) along with dexamethasone (40 g orally once a
week) and clarithromycin (500mg orally twice a day), only
two of ten (20%) previously treated patients responded.171 In
a previous study, the immunomodulators thalidomide and its
analog lenalidomide significantly augmented rituximab-
mediated ADCC against lymphoplasmacytic cells.172 More-
over, an expansion of natural killer cells has been observed
with thalidomide, which in previous studies has been shown
to be associated with rituximab response.173,174 In view of
these data, the WMCTG conducted two phase II clinical trials
in symptomatic patients with WM combining thalidomide or
lenalidomide with rituximab.175,176 Intended therapy for
those patients treated on the thalidomide plus rituximab
study consisted of thalidomide administered at 200mg daily
for 2 weeks, followed by 400mg daily thereafter for one year.
Patients received four weekly infusions of rituximab at
375mg/m2 beginning one week after initiation of thalido-
mide, followed by four additional weekly infusions of ritu-
ximab at 375mg/m2 beginning at week 13. The overall and
major response rates (i.e., � 50% decrease in IgM) were 72%
and 64%, respectively. Median serum IgM levels decreased
from 3670 to 1590mg/dL, while the median hematocrit rose
from 33.0% to 37.6% at best response. The median time to
progression for responders was 38 months in these series.
Dose reduction of thalidomide occurred in all patients and
led to discontinuation in 11 patients. Among 11 patients
experiencing grade � 2 neuroparesthesias, 10 demonstrated
resolution to grade 1 or less at a median of 6.7 months. Given
the high incidence of treatment-related neuropathy, the
investigators recommended that lower doses of thalidomide
(i.e., � 200mg/day) should be considered in this patient
population.

In a phase II study of lenalidomide and rituximab in
WM,176 patients were initiated on lenalidomide at 25mg
daily on a syncopated schedule wherein therapy was adminis-
tered for 3 weeks, followed by a 1 week pause for an intended
duration of 48 weeks. Patients received 1 week of therapy
with lenalidomide, after which rituximab (375mg/m2) was
administered weekly on weeks 2–5, then 13–16. The overall
and major response rates in this study were 50% and 25%,
respectively, and a median time to progression for responders
was 18.9 months. In two patients with bulky disease, signifi-
cant reduction in extramedullary disease was observed. How-
ever, an acute decrease in hematocrit was observed during
the first 2 weeks of lenalidomide therapy in 13/16 (81%)
patients with a median absolute decrease in hematocrit of
4.8%, resulting in anemia-related complications and hospital-
izations in four patients. Despite dose reduction, most
patients in this study continued to demonstrate aggravated
anemia with lenalidomide. There was no evidence of hemoly-
sis or more general myelosuppression with lenalidomide in
this study. Therefore, the mechanism for lenalidomide-
related anemia in WM patients remains to be determined,
and the use of this agent among WM patients should be
avoided.

High-dose therapy and stem
cell transplantation
The use of stem cell transplantation (SCT) therapy has also
been explored in patients with WM. Desikan et al. reported
their initial experience of high-dose chemotherapy and auto-
logous SCT (ASCT),177 which has more recently been updated
by Munshi et al.178 Their studies involved eight previously
treated WM patients between the ages of 45 and 69 years,
who received either melphalan at 200mg/m2 (n¼ 7) or mel-
phalan at 140mg/m2 along with total body irradiation. Stem
cells were successfully collected in all eight patients, although a
second collection procedure was required for two patients who
had extensive previous nucleoside analog exposure. There were
no transplant-related mortalities and toxicities were manage-
able. All eight patients responded, with seven of eight patients
achieving a major response, and one patient achieving a com-
plete response with durations of response ranging from 5þ to
77þ months. Dreger et al. investigated the use of the DEXA-
BEAM (dexamethasone, carmustine [BCNU], etoposide, cytar-
abine, melphalan) regimen followed by myeloablative therapy
with cyclophosphamide, and total body irradiation and ASCT
in seven WM patients, which included four untreated
patients.179 Serum IgM levels declined by > 50% following
DEXA-BEAM and myeloablative therapy for six of seven
patients, with progression-free survival ranging from 4þ to
30þ months. All three evaluable patients, who were
previously treated, also attained a major response in a study
by Anagnostopoulos et al. in which WM patients received
various preparative regimens and showed event-free survivals
of 26þ, 31þ, and 108þ months.180 Tournilhac et al. recently
reported the outcome of 18 WM patients in France who
received high-dose chemotherapy followed by ASCT.181 All
patients were previously treated with a median of three (range
1–5) prior regimens. Therapy was well tolerated with an
improvement in response status observed for seven patients
(six PRs to CRs; one stable disease [SD] to PR), while only one
patient demonstrated progressive disease. The median event-
free survival for all non-progressing patients was 12 months.
Tournilhac et al. have also reported the outcome of allogeneic
transplantation in ten previously treated WM patients (ages
35–46) who received a median of three prior therapies, includ-
ing three patients with progressive disease despite therapy.181

Two of three patients with progressive disease responded, and
an improvement in response status was observed in five
patients. The median event-free survival for non-progressing,
evaluable patients was 31 months. Concerning in this series
was the death of three patients owing to transplantation-
related toxicity. Anagnostopoulos et al.182 have also reported
on a retrospective review of WM patients who underwent
either autologous or allogeneic transplantation, and whose
outcomes were reported to the International Blood and
Marrow Transplant Registry. Seventy-eight percent of patients
in this cohort had two or more previous therapies, and 58% of
them were resistant to their previous therapy. The relapse rate
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at 3 years was 29% in the allogeneic group, and 24% in the
autologous group. Non-relapse mortality, however, was 40% in
the allogeneic group, and 11% in the autologous group in this
series.

Kyriakou et al. recently provided an update of data from
the European Bone Marrow Transplant (EBMT) registry on
the outcome of WM patients who received either an autolo-
gous or allogeneic SCT.183 Among 202 WM patients receiving
an ASCT, which included primarily relapsed or refractory
patients, the 5-year progression-free and overall survival rates
were 61% and 33%, respectively. Chemosensitive disease at
time of the ASCT was the most important prognostic factor
for non-relapse mortality, response rate, and progression-free
and overall survival. The EBMT registry experience with

106 allogeneic transplantations, which included 44 patients
who received a conventional myeloablative allogeneic SCT
and 62 patients who received a reduced intensity conditioning
(RIC) allogeneic SCT was also presented by Kyriakou et al.,183

which included predominately more advanced WM patients
and was notable for a 3-year non-relapse mortality rate of 33%.
The 5-year progression-free and overall survival rates in this
series were 48% and 63%, respectively. Among the 106 patients
who underwent an allogeneic SCT, 48 developed acute and 16
and 11 patients developed limited and extensive chronic graft-
versus-host disease, respectively. The potential role for RIC
allogeneic SCT to induce responses, including CRs, among
patients with very advanced WM was reported by Maloney
who observed 6 CRs, 1 near CR, and 4 PRs among 12 evaluable
patients.184 In consensus statements adopted at the fifth Inter-
national Workshop, the use of autologous as well as RIC
allogeneic SCT were deemed appropriate modalities for the
treatment of relapsed/refractory WM patients, though the risks
and benefits of these modalities should be carefully weighed
against other available treatment options.

Response criteria in Waldenstrom’s
macroglobulinemia
Assessment of response to treatment in WM has been widely
heterogeneous. As a consequence studies using the same regi-
men have reported significantly different response rates.
As part of the Second and Third International Workshops
on Waldenstrom’s Macroglobulinemia, consensus panels
developed guidelines for uniform response criteria in
WM.185,186 The category of minor response was adopted at
the Third International Workshop on Waldenstrom’s Macro-
globulinemia, given that clinically meaningful responses were
observed with newer biologic agents, and is based on � 25% to
< 50% decrease in serum IgM level, which is used as a surro-
gate marker of disease in WM. In distinction, the term major
response is used to denote a response of � 50% decrease in
serum IgM levels, and includes PRs and CRs.186 Response
categories and criteria for progressive disease in WM based
on consensus recommendations are summarized in Table 12.4.
An important concern with the use of IgM as a surrogate
marker of disease is that it can fluctuate, independent of tumor
cell killing, particularly with newer biologically targeted agents
such as rituximab and bortezomib.134–136,152,178 Rituximab
induces a spike or flare in serum IgM levels which can occur
when used as monotherapy and in combination with other
agents including cyclophosphamide, nucleoside analog,
thalidomide, and lenalidomide, and last for several weeks to
months,138,141,142,152,159,175,176,187 whereas bortezomib can sup-
press IgM levels independent of tumor cell killing in certain
patients.159,188 Moreover, Owen189 showed that in patients
treated with selective B-cell-depleting agents, such as rituximab
and alemtuzumab, residual IgM-producing plasma cells are
spared and continue to persist, thus potentially skewing the
relative response and assessment to treatment. Therefore, in

Table 12.4. Summary of updated response criteria from the Third
International Workshop on Waldenstrom’s Macroglobulinemia

Complete
response

CR Disappearance of monoclonal protein by
immunofixation; no histologic evidence of
bone marrow involvement, and resolution
of any adenopathy/organomegaly
(confirmed by CT scan), along with no
signs or symptoms attributable to WM.
Reconfirmation of the CR status is required
at least 6 weeks apart with a second
immunofixation

Partial
response

PR A � 50% reduction of serum monoclonal
IgM concentration on protein
electrophoresis and � 50% decrease in
adenopathy/organomegaly on physical
examination or on CT scan. No new
symptoms or signs of active disease

Minor
response

MR A � 25% but < 50% reduction of serum
monoclonal IgM by protein
electrophoresis. No new symptoms or
signs of active disease

Stable
disease

SD A < 25% reduction and < 25% increase of
serum monoclonal IgM by electrophoresis
without progression of adenopathy/
organomegaly, cytopenias or clinically
significant symptoms due to disease and/
or signs of WM

Progressive
disease

PD A � 25% increase in serum monoclonal
IgM by protein electrophoresis confirmed
by a second measurement or progression
of clinically significant findings due to
disease (i.e., anemia, thrombocytopenia,
leukopenia, bulky adenopathy/
organomegaly) or symptoms
(unexplained recurrent fever � 38.4 �C,
drenching night sweats, � 10% body
weight loss, or hyperviscosity, neuropathy,
symptomatic cryoglobulinemia or
amyloidosis) attributable to WM

Source: Kimby et al.186
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circumstances where the serum IgM levels appear out of con-
text with the clinical progress of the patient, a bone marrow
biopsy should be considered in order to clarify the patient’s
underlying disease burden. A recent study by Ho et al.37

suggests that soluble CD27 may serve as an alternative surro-
gate marker in WM, and may remain a faithful marker of
disease in patients experiencing a rituximab-related IgM flare,
as well as plasmapheresis.190
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Chapter

13 WHO classification of lymphomas

William W. L. Choi and Wing C. Chan

Introduction
The latest fourth edition of the World Health Organization
(WHO) classification of tumors of hematopoietic and lymph-
oid tissues (WHO classification) was published in 2008.1 The
current and the previous (2001) editions of the WHO classifi-
cation adopt the guiding principles of the widely accepted
Revised European–American Classification of Lymphoid Neo-
plasms (REAL) classification published in 1994.2 Both the
REAL and the WHO classifications aim at defining distinct
disease entities that are both recognizable by pathologists and
are meaningful to the clinicians. All available information
from morphologic, immunophenotypic, genetic, and clinical
assessments was utilized to define non-overlapping disease
entities. Additionally, the complexity of the field necessitated
the recruitment of a larger number of expert pathologists from
around the world, and the inclusion of input from the clin-
icians in the development of the WHO classification. Broad
agreement among the pathologists was required, even at the
expense of compromise, which was considered vital for wide
acceptance of the WHO classification.1

Essential elements of the WHO classification
The WHO classification takes into account a combination of
clinical, morphologic, immunophenotypic, and genetic infor-
mation in recognizing distinct lymphoma entities, although
the weight of each of these four parameters varies. Indeed,
there is no ‘gold standard’ among these four features when
defining individual entities.1

Morphology
Morphologic features remain the foundation in the WHO
classification and in day-to-day lymphoma diagnosis. Some
disease entities, like the various subtypes of Hodgkin lymph-
omas (HLs), are still defined and diagnosed on morphologic
grounds, with support from immunophenotypic results. For
the non-Hodgkin lymphomas (NHLs), histologic and cytologic
features are often needed to guide the more sophisticated and

expensive tests (e.g., panels of immunostains). The interpret-
ation of other ancillary tests should also be considered in the
context of morphology. For instance, flow cytometric immu-
nophenotyping of a thymoma could yield a lot of CD4þCD8þ
T cells with nuclear expression of terminal deoxynucleotidyl
transferase (TdT), which may lead to an erroneous diagnosis
of T lymphoblastic lymphoma (T-LBL) if morphologic fea-
tures were overlooked.3 Therefore, the importance of main-
taining the highest standard in obtaining and processing a
specimen for the interpretation of morphologic features
cannot be overemphasized.

Immunophenotype
The advent of immunohistochemistry and flow cytometry
during the 1980s greatly facilitated the understanding of marker
expression on immune cells and enhanced the classification and
diagnosis of lymphomas. However, only a handful of lymphoid
malignancies have characteristic immunophenotypic patterns
that are virtually diagnostic of those entities. A prominent
example is the coexpression of surface CD11c, CD25, and
CD103 on hairy cell leukemia (HCL) cells.4 Nevertheless, most
immunophenotypic markers or marker patterns are neither
sensitive nor specific enough for a definitive diagnosis.

Genetic aberrations
One of the important characteristics of the WHO classification
is the incorporation of unique genetic abnormalities in the
definition of certain disease entities. The vast majority of
genetic changes thus far included in the WHO classification
are chromosomal translocations. However, it is possible that
novel discoveries may allow subtle genetic changes (e.g.,
microdeletions, point mutations, etc.), or changes involving
other mechanisms of gene activation or silencing, to become a
component of future lymphoma classifications. New genetic
and molecular techniques, such as array comparative genomic
hybridization (aCGH), gene expression profiling (GEP), and
mutation analysis may play an increasingly important role in
future lymphoma classifications.
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Clinical features
Clinical features are an integral part of some entities in the
WHO classification. Post-transplant lymphoproliferative dis-
orders (PTLDs), as the name implies, defines lymphoprolifera-
tive disorders (LPDs) developing after allogeneic stem cell or
solid organ transplantation. Certain primary cutaneous lymph-
omas require clinical input to differentiate from their systemic
counterparts, which share identical morphologic, cytologic, and
immunophenotypic features, but very different prognosis.

Clinical implications
The requirement to have comprehensive clinical, morphologic,
immunophenotypic, and genetic information in lymphoma
diagnosis has several implications to the clinicians. First, pro-
viding the diagnostic pathologists with accurate and relevant
clinical information is a prerequisite for making an accurate
pathologic diagnosis. Second, excisional biopsies are usually
significantly superior to small incisional biopsies or needle
core biopsies for making the correct and complete diagnosis.
Small biopsies tend to have limited areas for assessing mor-
phologic features and architecture of the lymphoid tissue, and
may not be representative of the whole lesion. The morph-
ology of these small biopsies is often distorted secondary to
traction forces during the biopsy process. Even more import-
antly, the limited amount of tissue may preclude immunophe-
notypic and genetic tests, which could provide essential
information for diagnosis. Therefore, an excisional biopsy of
a lymph node is recommended if a superficial and easily
accessible site is involved. Needle core biopsies of a lymph
node should be reserved for less accessible sites (e.g., retro-
peritoneal lymph nodes). Third, the entire specimen or a
portion of the specimen should be sent fresh and sterile, or
put in special transport media in anticipation of possible
ancillary tests, which include flow cytometry, cytogenetic kar-
yotyping, and molecular analyses. If there is enough tissue, a
portion may also be snap frozen and stored at –80 ºC for
possible special immunohistochemical or molecular tests.
To facilitate these arrangements, a standard protocol should
be developed for handling specimens suspicious for lymphoma
involvement. Fourth, the need for additional laboratory tests
in lymphoma diagnosis may translate into a longer turn-
around-time for issuing a final report.

Lymphoma entities in the WHO classification
TheWHOclassification segregates lymphoid neoplasms into five
major categories: precursor lymphoid neoplasms, mature B-cell
neoplasms, mature T- and natural killer (NK)-cell neoplasms,
HL, and immunodeficiency-associated LPDs. Table 13.1 sum-
marizes the various entities recognized by the WHO
classification.

It is noteworthy that both lymphomas and lymphoid leu-
kemias are included in the classification. These two phases may

Table 13.1. Summary of the 2008 World Health Organization classification
of lymphoid neoplasms

PRECURSOR LYMPHOID NEOPLASMS

B lymphoblastic leukemia/lymphoma, NOS

B lymphoblastic leukemia/lymphoma with recurrent genetic
abnormalities

� B lymphoblastic leukemia/lymphoma with t(9;22)(q34;
q11.2); BCR-ABL1

� B lymphoblastic leukemia/lymphoma with t(v;11q23); MLL
rearranged

� B lymphoblastic leukemia/lymphoma with t(12;21)(p13;q22);
TEL-AML1 (ETV6-RUNX1)

� B lymphoblastic leukemia/lymphoma with hyperdiploidy

� B lymphoblastic leukemia/lymphoma with hypodiploidy
(hypodiploid ALL)

� B lymphoblastic leukemia/lymphoma with t(5;14)(q31;q32);
IL3-IGH

� B lymphoblastic leukemia/lymphoma with t(1;19)(q23;
q13.3); E2A-PBX1(TCF3-PBX1)

T lymphoblastic leukemia/lymphoma

MATURE B-CELL NEOPLASMS

Chronic lymphocytic leukemia/small lymphocytic lymphoma

B-cell prolymphocytic leukemia

Splenic B-cell marginal zone lymphoma

Hairy cell leukemia

Splenic B-cell lymphoma/leukemia, unclassifiable

� Splenic diffuse red pulp small B-cell lymphoma

� Hairy cell leukemia-variant

Lymphoplasmacytic lymphoma

Heavy chain diseases

� Gamma heavy chain disease

� Mu heavy chain disease

� Alpha heavy chain disease

Plasma cell neoplasms

� Monoclonal gammopathy of undetermined significance
(MGUS)

� Plasma cell myeloma

� Solitary plasmacytoma of bone

� Extraosseous plasmacytoma

� Monoclonal immunoglobulin deposition diseases

Extranodal marginal zone lymphoma of mucosa-associated
lymphoid tissue (MALT lymphoma)

Nodal marginal zone lymphoma

Follicular lymphoma
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represent two facets of the same lymphoid neoplasm if they
share similar clinical, morphologic, immunophenotypic, and
genetic characteristics. Moreover, both phases may co-exist in
the same patient. An example is chronic lymphocytic leuke-
mia/small lymphocytic lymphoma (CLL/SLL), where both the
solid and leukemic phases are common and may be found
concomitantly or sequentially in a given patient.

A detailed account of every single entity is beyond the scope
of this chapter. In the following sections, a brief account of the
entities recognized by the WHO classification is given, with an
emphasis on recent genetic and molecular findings. The entities

Primary cutaneous follicle center lymphoma

Mantle cell lymphoma

Diffuse large B-cell lymphoma (DLBCL), NOS

DLBCL subtypes

� T-cell/histiocyte-rich large B-cell lymphoma

� Primary DLBCL of the CNS

� Primary cutaneous DLBCL, leg type

� Epstein–Barr virus (EBV)-positive DLBCL of the elderly

Other lymphomas of large B cells

� DLBCL associated with chronic inflammation

� Lymphomatoid granulomatosis

� Primary mediastinal (thymic) large B-cell lymphoma

� Intravascular large B-cell lymphoma

� ALK-positive large B-cell lymphoma

� Plasmablastic lymphoma

� Large B-cell lymphoma arising in HHV-8-associated
multicentric Castleman0s disease

� Primary effusion lymphoma

Borderline cases

� B-cell lymphoma, unclassifiable, with features intermediate
between DLBCL and Burkitt lymphoma

� B-cell lymphoma, unclassifiable, with features intermediate
between DLBCL and classical Hodgkin lymphoma

MATURE T-CELL AND NK-CELL NEOPLASMS

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Chronic lymphoproliferative disorder of NK cells

Aggressive NK-cell leukemia

EBV-positive T-cell lymphoproliferative diseases of childhood

� Systemic EBVþ T-cell lymphoproliferative disease of
childhood

� Hydroa vacciniforme-like lymphomaa

Adult T-cell leukemia/lymphoma

Extranodal NK/T-cell lymphoma, nasal type

Enteropathy-associated T-cell lymphoma

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell lymphoma

Mycosis fungoides

Sézary syndrome

Primary cutaneous CD30-positive T-cell lymphoproliferative
disorders

Primary cutaneous peripheral T-cell lymphomas, rare subtypes

� Primary cutaneous gamma-delta T-cell lymphoma

� Primary cutaneous CD8-positive aggressive epidermotropic
cytotoxic T-cell lymphoma

� Primary cutaneous CD4-positive small/medium T-cell
lymphoma

Peripheral T-cell lymphoma, NOS

Angioimmunoblastic T-cell lymphoma

Anaplastic large cell lymphoma, ALK positive

Anaplastic large cell lymphoma, ALK negative

HODGKIN LYMPHOMA

Nodular lymphocyte predominant Hodgkin lymphoma

Classical Hodgkin lymphoma

Nodular sclerosis classical Hodgkin lymphoma

Mixed cellularity classical Hodgkin lymphoma

Lymphocyte-rich classical Hodgkin lymphoma

Lymphocyte-depleted classical Hodgkin lymphoma

IMMUNODEFICIENCY-ASSOCIATED LYMPHOPROLIFERATIVE
DISORDERS

Lymphoproliferative diseases associated with primary immune
disorders

Lymphomas associated with HIV infection

Post-transplant lymphoproliferative disorders (PTLD)

� Plasmacytic hyperplasia and infectious-mononucleosis-like
PTLD

� Polymorphic PTLD

� Monomorphic PTLD

� Classical Hodgkin lymphoma-type PTLD

Other iatrogenic immunodeficiency-associated
lymphoproliferative disorders

Note: aDerived from cytotoxic T-cells or NK-cells.
NOS: not otherwise specified; ALK: anaplastic large cell lymphoma kinase;
CNS: central nervous system; HHV-8: human herpesvirus 8.

Source: Swerdlow et al.1

Table 13.1. (cont.)
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discussed are grouped according to the lineage of the cell of
origin and the major patterns of clinical presentation.

Precursor lymphoid neoplasms
B and T lymphoblastic leukemia/lymphoma (B- and T-ALL/LBL)
B- and T-ALL/LBL arise from lymphoblasts that are commit-
ted to either the B- or T-cell lineage, respectively. The use of
the terms leukemia or lymphoma is arbitrary and depends on
whether the disease process is restricted to a mass lesion with
no or little evidence of blood and bone marrow involvement
(lymphoma), or there is predominantly bone marrow and
blood involvement (leukemia). If the presentation is a mass
lesion and there are 25% or fewer lymphoblasts in the bone
marrow, the designation of lymphoma is preferred.1

T-LBL is much more common than B-LBL, with the
former representing 85–90% of all LBLs.5 T-LBL has a predi-
lection for the mediastinum, with approximately 50% of the
cases presenting as a mediastinal mass.1 In contrast, only about
15% of pediatric ALL and 25% of adult ALL are T-ALL.5

Lymphoblastic neoplasms of both B and T lineages are
more common in children and adolescents. Adult B-ALL tends
to have worse prognosis than pediatric B-ALL, with a 5-year
complete remission rate of 60–85% for the former and 95% for
the latter.1

The expert panel of theWHO classification has borrowed the
concept in classifying acute myeloid leukemia to classify B-ALL/
LBL by recognizing certain B-ALL/LBL cases with recurrent
genetic abnormalities as distinct entities (Table 13.1). These
entities are associated with characteristic clinical, phenotypic,
prognostic, and biologic features and are mutually exclusive to
each other. For instance, patients with the t(12;21)/TEL-AML1
fusion, the t(1;19)/E2A-PBX1 fusion, and hyperdiploidy (> 50
chromosomes) have the best prognosis, with long-term event-
free survival of these patients reaching 85–90%. In contrast,
patients with the Philadelphia chromosome or the t(4;11)/MLL-
AF4 fusion are associated with a long-term event-free survival of
only 25–30%.6

It has been noted that about 56% of pediatric and adolescent
T-ALL harbor at least one activating NOTCH1 mutation.7 This
finding may have therapeutic implications because γ-secretase
is required for the signaling of these activated NOTCH1 recep-
tors and γ-secretase inhibitors have been developed for
Alzheimer’s disease and are currently being tested in clinical
trials.5,6,8 In addition tomutations, common cytogenetic abnor-
malities seen in T-ALL include del(6q) (15–18%), abnormalities
of 9p21 (loss of p16INK4a gene) (about 15%), t(10;14)(q24;
q11)/HOX11-TCR-a (5–10%), other translocations involving
the TCR-a locus, and amplification of the ABL gene.5 Rare cases
of T-ALL/LBL harbor cytogenetic abnormalities involving the
MLL gene at 11q23. One such example, the t(11;19)(q23;q13.3),
which can be seen in both T-ALL/LBL and B-ALL, fuses the
MLL with the ENL. In T-ALL/LBL, this translocation is associ-
ated with the γδ T-cell phenotype and a dismal prognosis.

Several other translocations have also been linked to specific
stages of developmental arrest of T lymphoblasts.5

Mature B-cell neoplasms
Diffuse large B-cell lymphoma (DLBCL) and its subtypes, other large
B-cell lymphomas, and Burkitt lymphoma (BL)
DLBCL is the most common lymphoma category among all the
NHLs.9 The latest WHO classification identifies the following
DLBCL subtypes: DLBCL, not otherwise specified (NOS),
T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL),
primary DLBCL of the central nervous system (CNS), primary
cutaneous DLBCL (PCDLBCL), leg type, and Epstein–Barr
virus (EBV)-positive DLBCL of the elderly.1 Additional
large B-cell lymphomas recognized by the WHO classification
as distinct entities also include: primary mediastinal (thymic)
large B-cell lymphoma (PMLBCL), intravascular large B-cell
lymphoma (IVLBCL), DLBCL associated with chronic inflam-
mation, lymphomatoid granulomatosis (LYG), anaplastic
lymphoma kinase (ALK)-positive LBCL, plasmablastic lymph-
oma, large B-cell lymphoma arising in human herpesvirus 8
(HHV-8)-associated multicentric Castleman disease (MCD),
and primary effusion lymphoma (PEL) (Table 13.1).1

DLBCL, NOS is by far the most common entity among all
the DLBCL subtypes and large B-cell lymphomas. It may be
de novo or may represent a transformation from a low-
grade B-cell NHL. Nodular lymphocyte predominant HL
(NLPHL) can also transform into DLBCL, NOS, or THRLBCL
(Figure 13.1a).10,11 DLBCL, NOS may present as nodal or
extranodal disease, and up to 40% of cases confine initially
to an extranodal site.1 Rare cases may show prominent sinus-
oidal involvement only, prompting the differential diagnosis
of metastatic carcinoma (Figure 13.1d). Previous studies
have shown that 11–48% of DLBCL, NOS patients had bone
marrow involvement by a B-cell NHL upon presentation,12–15

and a concordant histology signified worse prognosis com-
pared to a discordant histology.12–16 A proportion of large
cells (Figure 13.2a) of at least 50%, or at least 70% bone
marrow involvement also predicted for a worse overall
survival.17

In addition to morphology, GEP also defines distinct sub-
groups of DLBCL, NOS: the germinal center-B-cell-like
(GCB), the activated B-cell-like (ABC), and a small subgroup
that cannot be classified as such, the GEP-unclassified sub-
group. The GCB subgroup has a better prognosis than
the other two even when rituximab is added to the chemother-
apy regimen.18,19 These GEP-defined subgroups are also asso-
ciated with different patterns of cytogenetic abnormalities,
with the t(14;18) and gains of 12q12 more commonly seen
in the GCB subtype,20,21 whereas 3q27 (BCL6) translocations
are more commonly seen in PMBL and the ABC subtype of
DLBCL.22 Trisomy 3, gains of 3q and 18q21-q22, and losses
of 6q21-q22 are abnormalities often associated with the ABC
subtype. GEP is not currently used in routine clinical practice
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but there have been attempts in simulating the GEP classifica-
tion using immunohistochemical assays.23,24 GEP has also
been performed on CD5þ DLBCL and a series of genes were
identified to distinguish CD5þ DLBCL from CD5� DLBCL

and mantle cell lymphomas (MCL).25 Because of the large
number of DLBCL entities, we attempt to group them under
certain headings to facilitate further discussion and the con-
ceptualization of this classification.

(a) (b)

(c) (d)

(e) (f)

Figure 13.1 Morphologic patterns of lymphoma are diverse. The lymphoma cells can at times constitute the minor population of the cellular infiltrate,
as illustrated in this case of T-cell/histiocyte-rich large B-cell lymphoma, where the large neoplastic B cells with prominent nucleoli (arrows) are scant and far
outnumbered by the infiltrating histiocytes and small lymphocytes in the involved tissue (a, original magnification � 400). Intravascular large B-cell lymphoma
is a distinct entity with the lymphoma cells restricted in vessel lumens (b, original magnification � 100). Numerous back-to-back follicles are seen in follicular
lymphoma (c, original magnification � 20). Prominent sinusoidal involvement (arrow) in a rare case of diffuse large B-cell lymphoma (d, original magnification � 100)
or cohesive clusters of lymphoma cells (arrows) in anaplastic large T-cell lymphoma (e, original magnification � 200) may simulate metastatic carcinoma.
Lymphomatous T cells rim adipocytes in subcutaneous panniculitis-like T-cell lymphoma (f, original magnification � 200) (hematoxylin and eosin [H&E] stain for
all panels).
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Large B-cell lymphomas associated with EBV in the setting of
immunodeficiency

These include the rare entities of plasmablastic lymphoma,
DLBCL arising in HHV-8-associated MCD, and PEL. All of
them are most commonly found in human immunodeficiency
virus (HIV)-infected individuals. The latter two entities are
additionally associated with HHV-8.

Plasmablastic lymphoma is mostly seen in HIV-positive
individuals but it can also be seen in other immunodeficiency
states, and in the elderly. It most frequently occurs as a mass
lesion in the oral cavity, but other extranodal mucosal sites
may also be involved. The lymphoma cells typically show
plasmacytic differentiation with expression of CD38, CD79a
(majority), CD138, VS38, interferon regulatory factor 4/mul-
tiple myeloma oncogene 1 (IRF4/MUM-1), and cytoplasmic
immunoglobulin G (IgG) with light chain restriction, but not
leukocyte common antigen (CD45) and the B-cell markers
CD20 and paired box gene 5 (PAX5). The lymphoma cells also
express epithelial membrane antigen (EMA) and CD30, and
the majority of the cases are positive for EBV. HHV-8 is,
however, not associated with this lymphoma.26–28

DLBCL arising in HHV-8-associated MCD is a lymphoma
that arises in a setting of MCD most commonly seen in HIV-
infected individuals. In contrast to plasmablastic lymphoma
described above, this entity usually affects lymph nodes and
the spleen. HHV-8 latency-associated nuclear antigen-1
(LANA-1) is found in the neoplastic cells of this entity. How-
ever, large B-cell lymphoma arising in HHV-8-associated MCD
is negative for EBV-encoded RNAs (EBER) and CD79a, but is
positive for CD20. This expression pattern is reciprocal to that
of plasmablastic lymphoma for these antigens. Finally, the
lymphoma cells in this disease consistently express cytoplasmic
IgM that has not undergone somatic hypermutation. In con-
trast, plasmablastic lymphoma cells are usually class-switched
with hypermutated Ig genes.1,29

PEL usually arises in the setting of HIV infection. Immu-
nostaining for LANA-1 and in situ hybridization for EBER
demonstrate universal presence of HHV-8 and frequent
presence of EBV in the lymphoma cells. Rare cases associated
with MCD have also been reported. Patients typically present
with lymphomatous effusions of one body cavity (pleural,
pericardial, and peritoneal) with no mass lesion. The prognosis
is guarded. The lymphoma cells exhibit a highly abnormal
immunophenotype with frequent loss of expression of
pan-B-cell antigens including CD19, CD20, CD22, and
CD79a.30 There is expression of CD45, IRF4/MUM-1,
and CD138.31 PEL demonstrated a plasmablastic gene expres-
sion profile.32

DLBCL associated with EBV in patients without overt immunodeficiency

These include EBV-positive DLBCL of the elderly, LYG, and
DLBCL associated with chronic inflammation.

EBV-positive DLBCL of the elderly is defined as an EBV-
positive DLBCL demonstrable by in situ hybridization targeting
EBER, in patients older than 50 years of age and without any
known immunodeficiency or prior lymphoma, that cannot
be classified as other specific EBV-positive lymphomas, such
as plasmablastic lymphoma.1 These cases represent 8–10% of
DLBCL in Asian patients without known immunodeficiency,
and appear to be an aggressive disease with a median survival of
about 2 years.33,34

LYG is an EBV-driven, extranodal LPD. The most common
sites of involvement are the lungs, kidneys, liver, skin, and
brain. The disease is divided into three grades with progres-
sively increased number of large pleomorphic B cells. Grade 1
and 2 lesions have a large number of reactive T cells admixed
with EBV-transformed B cells. Grade 3 LYG is equivalent to an
EBV-positive DLBCL. The natural history of LYG is variable,
with a small proportion of patients undergoing spontaneous
regression. Approximately 30–40% of patients succumb to the

(a) (b)

Figure 13.2 The nuclear size, chromatin pattern, and nucleolus of high-grade and low-grade B-cell non-Hodgkin lymphomas are in general distinctly different.
High-grade B-cell non-Hodgkin lymphoma cells usually have large nuclei with dispersed nuclear chromatin and prominent nucleoli, as illustrated in a case of diffuse
large B-cell lymphoma (a, H&E stain and original magnification � 400). In contrast, low-grade B-cell non-Hodgkin lymphoma cells, as demonstrated in a grade 1
follicular lymphoma in panel b, are usually small with condensed chromatin and no visible or small nucleolus (b H&E stain and original magnification � 1000).
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disease.35,36 Interestingly, low-grade disease may respond
well to interferon alpha therapy.

Pyothorax-associated lymphoma is the prototype of
DLBCL associated with chronic inflammation. Other cases are
found in association with chronic suppuration or chronic
inflammation, such as chronic osteomyelitis, chronic skin ulcer,
and in areas around metallic implants. While most cases are
EBV-associated and are found in body cavities or narrow spaces
(e.g., joint), they should be distinguished fromPEL because they
usually express B-lineage markers CD20 and CD79a, and are
not associated with HHV-8. GEP of pyothorax-associated
lymphoma showed a distinctive pattern from nodal DLBCL.37

DLBCL and large B-cell lymphoma specific to an anatomic site

DLBCL associated with certain anatomic sites may have
unique biologic, clinical, and prognostic characteristics and
they are therefore separated in the classification. These include
the DLBCL subtypes: primary DLBCL of the CNS; PCDLBCL,
leg type; and the large B-cell lymphomas: PMBL and IVBCL.
These entities are not generally associated with EBV.

Primary DLBCL of the CNS are the intracerebral or intrao-
cular DLBCL that are not associated with systemic disease or an
immunodeficiency state.1 Translocations involving the BCL6
gene are at 30–40%, while the t(14;18)(q32;q21) and the
t(8;14)(q24;q32) are rare.38

PCDLBCL, leg type, will be discussed in the section on
WHO-European Organization for Research and Treatment
of Cancer (EORTC) classification of cutaneous lymphomas.

PMBL is a lymphoma associated with a favorable prognosis.
It is postulated to arise from thymic B cells and typically pre-
sents in the mediastinum of young females.1,39 It can share
some of the clinical, histologic, and immunophenotypic fea-
tures with nodular sclerosis classical Hodgkin lymphoma
(CHL).39 A unique gene expression signature has been identi-
fied for PMBL,40,41 and there are suggestions that PMBL and
nodular sclerosis CHL share some characteristics in survival
pathways.41 PMBL frequently contains gains of 9p21-pter and
2p14-p16,21 and these abnormalities are also common in
CHL.42 Indeed, some cases are difficult to put into either
category because of intermediate morphologic and immuno-
phenotypic features. The latest WHO classification establishes
a new category termed “B-cell lymphoma, unclassifiable,
with features intermediate between diffuse large B-cell lymph-
oma and classical Hodgkin lymphoma” to accommodate these
cases.1

IVLBCL is rare and is confined to vascular lumens
(Figure 13.1b). Clinical presentation is protean and is second-
ary to the occlusion of small blood vessels of various organs by
the lymphoma cells. Recently, it has been observed that
IVLBCL comes in two subtypes: a classical subtype with
frequent skin and CNS involvement, and a second subtype
associated with hemophagocytic syndrome, high incidence of
hepatosplenic and bone marrow infiltration, cytopenias, and
absence of skin involvement. The second subtype is reported
mostly from Asia.43 While skin lesions are common for the

classical form, a recent study showed that even random skin
biopsies have a high yield of observing lymphoma cells.44

Other DLBCL subtypes and large B-cell lymphomas

These include THRLBCL and ALK-positive large B-cell
lymphoma.

THRLBCL is characterized by the scarcity of large, atypical
neoplastic B cells among a background of numerous T cells
and frequent histiocytes. It is considered an aggressive lymph-
oma, usually presented at a high stage and often refractory to
chemotherapeutic agents commonly in use.1 It seems that
those cases with abundant histiocytes represent a more homo-
geneous group demonstrating more aggressive behavior.45,46

ALK-positive large B-cell lymphoma is a rare B-cell lymph-
oma with large cells that strongly express the ALK protein.
This tumor shows a peculiar immunophenotype with expres-
sion of EMA, plasma cell markers CD138 and VS38, cytoplas-
mic IgA with light chain restriction, and weak to negative
expression of CD45, but no expression of CD3, CD20,
CD79a, and CD30.47 This entity harbors a translocation
involving the ALK gene, with the most frequent one being
the t(2;17)(p23;q23) leading to a clathrin-ALK fusion
protein.48

BL is a highly aggressive lymphoma often presenting in
extranodal sites or less commonly as Burkitt leukemia
(Figure 13.3a). It encompasses three clinical variants:
endemic, sporadic, and immunodeficiency-associated BL,
which are different in terms of geographic distribution, EBV
association, pattern of c-Myc translocation, typical age distri-
bution, and the anatomic sites of involvement.49 Cases of BL
typically express CD20, CD10, and BCL6, but not BCL2.
Immunostaining for Ki-67 is classically close to 100%.

Although DLBCL and BL are both aggressive NHLs, the
prognosis of BL has traditionally been better, with about 90%
of pediatric patients and 50–70% of adult patients achieving
long-term survival after high-intensity chemotherapy.49,50

These figures are in contrast to the 40% long-term survival of
DLBCL patients treated with anthracycline-based chemother-
apy regimens. However, this prognostic gap has been narrowed
significantly in recent years with the introduction of rituximab
to DLBCL regimens. A recent study showed that the 5-year
overall survival rate for DLBCL patients treated with rituximab
plus a traditional anthracycline-based chemotherapeutic proto-
col may reach around 75–80%.51

While differentiating DLBCL from BL has therapeutic and
possibly prognostic significance, this can be difficult at times
due to morphologic and immunophenotypic overlap of these
two groups of diseases. Recently, studies using GEP and cyto-
genetic techniques have shown that DLBCL and BL have
distinct gene expression patterns52,53 and cytogenetic abnor-
malities,53 which may impact future classification systems and
clinical trials.

The latest WHO classification adds a new category, “B-cell
lymphoma, unclassifiable with features intermediate between
DLBCL and BL,” to recognize those aggressive B-cell
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lymphomas that fall into the gray zone between DLBCL and
BL. The creation of this new category also helps to keep the
distinct DLBCL subtypes and BL non-overlapping. The cases
in this category more commonly resemble BL morphologic-
ally, but cannot be diagnosed as BL or DLBCL because of one
or more morphologic or immunophenotypic features. Some of
these cases were previously labeled as Burkitt-like lymphoma.
There is a lack of predilection to the ileocecal region or jaws
like the BL, and cases in this category more commonly show a
complex karyotype as compared to the usually low genetic
complexity seen in typical BL.54 Most of the ‘double-hit’
aggressive B-cell lymphomas containing a c-MYC/8q24 break
and a BCL2/18q21 break with or without a BCL6/3q27 break

would be put into this category. Cases of otherwise typical
DLBCL with high proliferative index, or with a c-MYC
rearrangement, or cases of otherwise typical BL without a
demonstrable c-MYC rearrangement should not be placed in
this category.1,55

Follicular lymphoma (FL)
FL is the second most common NHL and is more common in
the United States than in other parts of the world. It exempli-
fies the concept that a distinct entity in the WHO classification
can span a spectrum of histologic grades. It is primarily a
nodal disease at presentation. Spleen and bone marrow
involvement is also common, especially for the low-grade

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 13.3 Some mature lymphoid
malignancies consist of a prominent leukemic
component. Burkitt leukemia cells have moderately
high nuclear-to-cytoplasmic ratio, prominent
multiple nucleoli, dark-blue cytoplasm, and
cytoplasmic vacuoles (a). Chronic lymphocytic
leukemia cells are small with round nuclei,
clumped chromatin, and minimal cytoplasm (b).
Circulating hairy cell leukemia cells show ‘hairy’
cytoplasmic projections, abundant cytoplasm, and
indented nuclei without prominent nucleoli (c). In
contrast, cells in hairy cell leukemia variant contain
round nuclei with a prominent, central nucleolus,
in addition to the hairy cytoplasmic projections (d).
T-cell large granular cell leukemia cells contain
abundant pale cytoplasm with cytoplasmic
azurophilic granules (e). T-cell prolymphocytic
leukemia is characterized by rapidly progressive
lymphocytosis. The leukemic cells show nuclei with
a prominent central nucleolus and fair amount of
cytoplasm (f). Bizarre circulating lymphoma cells
exhibiting highly convoluted nuclear contours are
seen in a case of adult T-cell leukemia/lymphoma.
These cells are called flower cells because of
this flower-like morphology of the nucleus (g).
Two circulating Sézary cells are seen in the
peripheral blood smear of a patient with Sézary
syndrome. Note the deep nuclear groove
(h, arrow) (Wright–Giemsa stain for all panels,
original magnification � 400 for panel
D and � 1000 for all other panels).
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(grades 1 and 2) lesions. Dissemination to extranodal sites
usually occurs later in the disease course. FL usually affects
older adults, but pediatric FL can rarely occur, and pediatric FL
is recognized as a provisional entity in the latest WHO
classification.

An individual case of FL may consist of an admixture of
both follicular and diffuse areas, and the WHO classification
advocates reporting the proportion of follicular areas. To this
end, the pattern can be reported as follicular (> 75% follicular)
(Figure 13.1c), follicular and diffuse (25–75% follicular),
focally follicular (< 25% follicular), or diffuse (0% follicular).1

For grade 1 and grade 2 FL (Figure 13.2b), it is unclear as to
whether the presence and extent of diffuse areas affect the
prognosis. Since both grade 1 and grade 2 diseases are indo-
lent, the WHO classification does not encourage distinguish-
ing between these two grades.1 For grade 3 FL, it has recently
been shown that the presence of diffuse areas greater than 50%
of the entire lesion confers a worse prognosis.23 The WHO
classification further states that any diffuse areas containing
more than 15 centroblasts per high-power field should be
reported as DLBCL and the approximate percentage of the
areas indicated.1 Grade 3 FL can be subdivided into grade 3A
(centroblasts plus centrocytes) and grade 3B (centroblasts
only) FL. The t(14;18) or CD10 expression are uncommon in
grade 3B FLs, which more often contain 3q27 transloca-
tions.56–59 Grade 3B FLs frequently have extensive diffuse areas
and are better considered to behave more aggressively like a
DLBCL rather than a FL.

Pediatric FLs are more likely to be indolent (despite a grade
3 morphology), localized, and negative for both BCL2 expres-
sion and translocations involving the BCL2 gene.60 Addition-
ally, the neoplastic follicles tend to be large. Extranodal
involvement of the testicles is well described.60

Mantle cell lymphoma (MCL)
MCL is a B-cell NHL that exhibits the unfavorable character-
istics of both the indolent (incurability) and aggressive lymph-
omas (aggressive clinical course). It is a predominantly nodal
disease, with frequent gastrointestinal, bone marrow, and Wal-
deyer’s ring involvement. While earlier studies indicated that
up to 30% of MCL patients have gastrointestinal disease, more
recent studies showed microscopic involvement along the gas-
trointestinal tract in the vast majority of patients.61,62 Most
MCL cases express CD5 and have the characteristic t(11;14),
juxtaposing the CCND1 gene on chromosome 11 to the Ig
heavy chain (IGH) locus on chromosome 14. This transloca-
tion leads to an overexpression of cyclin D1 that can readily be
detected by immunohistochemistry on tissue sections. The
t(11;14) can also be detected by conventional cytogenetic kar-
yotyping but fluorescence in situ hybridization (FISH) for the
t(11;14) can additionally be performed on formalin-fixed,
paraffin-embedded tissue. These cytogenetic tests can serve as
an adjunct or confirmation to immunohistochemical studies.
Due to the widely scattered breakpoints on the CCND1 locus,
polymerase chain reaction (PCR) and Southern blot are not

very useful in the diagnosis of MCL. Quantitating the CCND1
transcript by quantitative reverse transcriptase-PCR (qRT-
PCR) has been shown to be useful as a diagnostic test, but it
has not been widely accepted in practice.63–72 Cyclin D1 can
sometimes be expressed weakly and focally in the proliferation
centers of CLL/SLL,73 in a proportion of HCL (usually weak,
partial)74,75 and plasma cell myeloma (PCM).76 However, the
t(11;14) is only commonly seen in MCL and PCM. Rare cases
of MCL lacking the t(11;14) have been identified by GEP
studies and are difficult to diagnose.77 These cases may over-
express cyclin D2 or cyclin D3, but the mechanism is unclear
except for rare cases with chromosomal translocations involv-
ing the CCND2 and CCND3 genes.78,79 Most recently, SOX11
protein expression was demonstrated by immunohistochemis-
try in cyclin D1-negative MCL, which may facilitate the diag-
nosis of cyclin D1-negative MCL using formalin-fixed
paraffin-embedded materials.80,81

Nodal marginal zone lymphoma (NMZL), extranodal marginal
zone lymphoma of mucosa-associated lymphoid tissue (MALT
lymphoma) and splenic B-cell marginal zone lymphoma (SMZL)
NMZL and MALT lymphoma consist of small B cells that
resemble the marginal zone B cells or monocytoid B cells. In
MALT lymphomas, the neoplastic cells invade into epithelial
structures forming lymphoepithelial lesions (Figure 13.4).
MALT lymphoma most commonly affects the stomach. Other
epithelial tissues, including other parts of the aerodigestive
tract, thyroid gland, salivary gland, lacrimal gland, and skin,
can also be the primary sites of the disease. Rare cases may also
arise in the thymus, dura mater, or skeletal muscle. MALT
lymphomas are usually associated with a history of chronic
inflammation and are linked to various infectious agents and
autoimmune diseases. Most notably,Helicobacter pylori is asso-
ciated with gastric MALT lymphomas and eradication of the
bacteria may lead to regression of the lymphoma in some cases.
Campylobacter jejuni, Borrelia burgdorferi, and Chlamydia
psittaci have also been associated with immunoproliferative

Figure 13.4 Lymphoma cells in extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue (MALT lymphoma) invade into epithelial
crypts (arrow), forming lymphoepithelial lesions (original magnification � 400).
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small intestinal disease, primary cutaneous marginal zone
lymphoma, and ocular marginal zone lymphoma,
respectively.82

NMZL is a lymphoma having similar cytologic features to
MALT lymphomas. Therefore, it is often difficult to differen-
tiate primary nodal disease from involvement by the latter.
Clinical information is crucial in this situation.

SMZL is a small B-cell lymphoma involving the spleen,
splenic hilar lymph nodes, bone marrow, and the peripheral
blood. Patients typically present with splenomegaly, with or
without autoimmune thrombocytopenia or anemia. Circulat-
ing lymphoma cells are variable in number, and some may
have villous projections on smears. In the spleen, the neoplas-
tic cells typically surround the white pulps in the marginal
zone. The white pulps are totally obliterated by neoplastic cells
when the disease progresses. The red pulp is also frequently
infiltrated.

The most common abnormalities found in MALT lymph-
omas include trisomy 3, the t(11;18)(q21;q21) involving the
API2 and MALT1 genes on chromosomes 11 and 18, respect-
ively, the t(14;18)(q32;q21) involving the IGH locus, and the
MALT1 gene. Uncommon translocations involving other
genes such as BCL10 on 1p22 and FOXP1 on 3p14.1 have been
reported.83,84 Certain cytogenetic abnormalities are associated
with the anatomic sites of the MALT lymphoma.85 The
t(11;18)-positive gastric MALT lymphomas are more com-
monly negative for H. pylori or resistant to H. pylori eradica-
tion therapy.86 For SMZL, the most common cytogenetic
abnormalities are del(7)(q22-q32) and trisomy 3/3q.87 Studies
on the genetic abnormalities of NMZL are scarce. Trisomy 3 is
the most common abnormality, but the t(11;18) seen in MALT
lymphoma is absent.88 A common theme of MZL lymphoma-
genesis is the over-expression of BCL10, MALT1, and FOXP1
leading to activation of the nuclear factor-kappa B (NF-kB)
pathway.89

Lymphoplasmacytic lymphoma (LPL) and the heavy chain diseases
(HCD)
LPL is a B-cell NHL consisting of an admixture of neoplastic
small lymphocytes, plasmacytoid lymphocytes, and plasma
cells. Lymph nodes can be affected and there is a high fre-
quency of bone marrow involvement upon presentation. It is a
diagnosis of exclusion because many B-cell NHLs, most com-
monly MZL, can also have prominent plasmacytic differenti-
ation. Given the overlapping morphologic features of LPL and
MZL, and the lack of defining immunophenotypic and genetic
abnormalities for both LPL and MZL, it can prove challenging
to make a definite distinction. Some cases are difficult to
classify and may need to be called small B-cell lymphoma with
plasmacytic differentiation with a differential diagnosis listed.1

The majority of patients with LPL have accompanying Wal-
denstrom’s macroglobulinemia (WM), which is now defined
as LPL with bone marrow involvement and an IgM monoclo-
nal gammopathy of any concentration.90 The t(9;14)(p13;q32)

juxtaposing the PAX5 gene to the IGH locus was previously
reported to be common in older studies,91,92 but this finding
has not been substantiated by more recent data, which only
showed chromosome 6q deletions93–96 and trisomy 497 as
common recurrent cytogenetic abnormalities. GEP studies
showed upregulation of the interleukin 6 (IL6) gene in
WM,98,99 and WM clustered with CLL and normal B cells,
but not PCM, by unsupervised hierarchical clustering in GEP
studies.98

The HCD consist of three rare B-cell neoplasms that pro-
duce and secrete monoclonal IgG (gamma HCD), IgA (alpha
HCD), and IgM (mu HCD). The three HCD resemble LPL,
MALT lymphoma, and CLL, respectively, on a morphologic
basis. The corresponding heavy chain gene is usually affected
by partial deletions and incapable of full assembly. The defect-
ive Ig heavy chain thus produced may not be captured by
serum protein electrophoresis and requires immunofixation
to detect. The most common of these three is alpha HCD,
which was also called immunoproliferative small intestinal
disease (IPSID) in earlier editions of the WHO classification.
Alpha HCD or IPSID involves mainly the small intestine and
mesenteric lymph nodes and is believed to associate with
chronic Campylobacter jejuni infection. Both gamma HCD
and alpha HCD may transform into DLBCL, and mu HCD is
usually slowly progressive.1

Plasma cell myeloma (PCM) and related disorders
Plasma cell disorders are included under the section of mature
B-cell neoplasms in the WHO classification because plasma
cells represent the end stage of mature B-cell differentiation.

There are specific diagnostic criteria for PCM, and mono-
clonal gammopathy of undetermined significance.1 PCM is
now classified into symptomatic PCM and asymptomatic
(smoldering) PCM. Symptomatic PCM cases have M proteins
in the serum or urine, clonal plasma cells in the bone marrow
or plasmacytomas, and related organ or tissue impairment.
Asymptomatic PCM has an M protein in serum > 30 g/L,
and/or 10% or more clonal plasma cells in the bone marrow,
and no related organ or tissue impairment. In the majority of
PCM, the M protein is an IgG (50%), an IgA (20%), or a serum
free light chain (Bence-Jones protein) (15%). IgD-secreting
PCM, PCM with biclonal gammopathies, or non-secretory
PCM make up the rest of the cases. IgM- and IgE-secreting
PCM are very rare.

Apart from PCM, the WHO classification also includes
solitary plasmacytoma of bone (SPB) and extraosseous plas-
macytoma (EP) as distinct entities. SPB and EP represent
clonal proliferation of plasma cells in either a bone or an
extraosseous site, respectively, with no signs of widespread
bone marrow involvement. Histologically, SPB and EP have
to be differentiated from MZL with prominent plasmacytic
differentiation. It is important to recognize SPB and EP
because the initial treatment involves radiation or surgery,
rather than systemic chemotherapy.100,101 One study showed
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53% of SPB and 36% of EP converted to PCM, and the median
survival after this conversion was 14.5 months.102

PCM cells almost universally harbor multiple cytogenetic
abnormalities. Aneuploidy with trisomies of chromosomes 3, 5,
7, 9, 11, 15, 19, and 21, and monosomies of chromosomes 13,
14, 16, and 22 are frequently seen.103 Other frequently encoun-
tered chromosomal abnormalities include del(13)(q14),104 and
balanced translocations involving the IGH locus on chromo-
some 14q32 and the CCND1 gene on 11q13, FGFR3 on 4p16,
c-MAF on 16q23, and CCND3 on 6p21.105 Other common
genetic abnormalities include chromosome 1 abnormalities,103

activating RASmutations,105 and deletions ormutations involv-
ing the TP53 gene.106 Constitutive activation of the NF-kB
pathway has also been observed in PCM, but the underlying
mechanism is poorly understood.107 A GEP study classified
PCM into low- and high-risk subgroups that are associated with
the aforementioned chromosomal and genetic alterations.108

Other clonal plasma cell disorders that are more defined by
the consequence of tissue monoclonal Ig deposition include
primary amyloidosis, the monoclonal light chain and heavy
chain deposition diseases, and osteosclerotic myeloma (poly-
radiculoneuropathy, organomegaly, endocrinopathy, mono-
clonal gammopathy, and skin changes [POEMS syndrome]).

Chronic lymphocytic leukemia/small lymphocytic
lymphoma (CLL/SLL)
CLL/SLL is a small B-cell neoplasm that commonly shows vari-
able extent of peripheral blood, bone marrow (Figure 13.3b),
spleen, and lymph node involvement. The term SLL is restricted
to patients with a mass lesion but no leukemia. Bone marrow
involvement in these cases is regarded as “bone marrow involve-
ment by SLL.”

The latest WHO classification requires at least 5� 109/L
monoclonal lymphocytes with a CLL immunophenotype in the
peripheral blood to diagnose CLL.1 The typical CLL coex-
presses CD5, weak CD11c, CD19, dim CD20, CD22, CD23,
CD43, CD79a, dim surface IgM, or IgD, but is negative for
CD10, CD79b, and FMC-7.1 Flow cytometric analysis is highly
sensitive and can detect clonal populations down to levels less
than 1% of all nucleated cells in the specimen. It is not surpris-
ing, therefore, that B-cell clones with a CLL phenotype could
be detected in the peripheral blood in up to 3.5% of healthy
individuals.109 In 2005, the Familial CLL Consortium defined
monoclonal B-cell lymphocytosis (MBL) as the presence of a
persistent monoclonal B-cell population in the peripheral
blood for at least 3 months. The absolute B-lymphocyte count
has to be less than 5.0 � 109/L, and there should be no con-
comitant lymphadenopathy, organomegaly, or autoimmune/
infectious disease.110 Progression of MBL to CLL or other
B-cell NHL ranges from 0% in 30 months to 18% in
12 years.111–113 Further longitudinal studies are required to give
a more accurate estimate of the prognosis of this condition.

Althoughmost patients with CLL/SLL experience an indolent
clinical course, a subset of cases is more aggressive and is

associated with certain immunophenotypic and genetic markers
(Table 13.2). Some cases may transform into a more aggressive
leukemia or lymphoma during the disease course, such as pro-
lymphocytic leukemia, DLBCL (Richter syndrome), and CHL.

Mature B-cell neoplasms that manifest predominantly as
lymphoid leukemias
These include B-cell prolymphocytic leukemia (B-PLL), SMZL
(also see above discussion of MZLs), and HCL (Figure 13.3c).
Two provisional entities are recognized under the newly created
category “splenic B-cell lymphoma/leukemia, unclassifiable,”
namely, hairy cell leukemia variant (HCL-V) (Figure 13.3d),
and splenic diffuse red pulp small B-cell lymphoma. These two
entities are also commonly included as differential diagnosis
of predominantly leukemic B-cell lymphoid neoplasms. The
features of these five entities are compared in Table 13.3.

Mature T-cell and NK-cell neoplasms
Mature T-cell and NK-cell leukemias
Mature NK-cell and T-cell leukemias are clonal proliferations
of NK cells and post-thymic T cells. The distinct entities
recognized by the WHO classification include T-cell large
granular lymphocytic leukemia (T-LGLL), chronic LPD of
NK cells, T-cell prolymphocytic leukemia (T-PLL), aggressive
NK-cell leukemia, adult T-cell leukemia/lymphoma (ATLL),
and Sézary syndrome (SS).

T-LGLL is an indolent T-cell LPD of CD8þ T cells that is
frequently associated with neutropenia and anemia (50%),
certain autoantibodies (e.g., rheumatoid factor), and serologic
abnormalities (e.g., elevated b2-microglobulin).127 T-LGLL
cells have abundant pale cytoplasm, with variable number of
cytoplasmic azurophilic granules (Figure 13.3e). The periph-
eral blood large granular lymphocytosis is persistent (more
than 6 months) and the level is usually between 2 and

Table 13.2. Adverse immunophenotypic, cytogenetic, and molecular
prognostic markers of chronic lymphocytic leukemia/small lymphocytic
lymphoma

Protein markers detected by immunophenotyping

ZAP-70 expression

CD38 expression

Cytogenetic aberrations

del(11q)

del(17p)

Molecular markers

Unmutated immunoglobulin heavy chain variable region (VH)
gene

Rearrangement of the VH using the V3–21 gene

Note: ZAP: zeta-chain-associated protein kinase.
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20� 106/L. Most patients run an indolent course, and morbid-
ity is usually secondary to the accompanying neutropenia.
A diagnosis of T-LGLL can be made with a large granular
lymphocyte (LGL) count less than 2� 106/L, provided all
typical clinicopathologic features, including clonality, can be
demonstrated. Establishing clonality is important to distin-
guish T-LGLL from reactive increase of T-LGL in conditions
such as neoplastic diseases and infections. Apart from PCR
and Southern blot techniques for clonal T-cell receptor (TCR)
gene rearrangements, flow cytometry can be used to demon-
strate T-cell clonality by showing a restricted expression of the
TCR b-chain variable region family members.128,129 An abnor-
mal killer cell Ig-like receptor (KIR) expression profile by flow
cytometry can also provide additional evidence of clonality of
the T-LGL expansion.130,131 Flow cytometry may also detect
immunophenotypic abnormalities of pan-T-cell antigen
expression in these T-LGL cells.132–134 There is a high inci-
dence of expression of CD16, CD57, and cytotoxic molecules
(e.g., granzyme B) in T-LGLL. CD5 expression is typically

dim.135,136 Rarely, T-LGLL can be CD4þ or express γδ TCR
rather than the typical ab TCR. Cytogenetic abnormalities are
rarely detected in T-LGLL.137,138

Chronic LPD of NK cells are the NK-cell counterpart of
T-LGLL. This entity is defined similarly to T-LGLL as a per-
sistent (more than 6 months) increase in peripheral blood NK
cells greater than 2� 109/L without a clearly identified cause.
The clinical presentation is also similar to T-LGLL, with most
patients being asymptomatic or having symptoms attributable
to cytopenias. Immunophenotypically, these cells express cyto-
toxic molecules (T-cell intracellular antigen 1 [TIA-1], gran-
zyme B, and granzyme M). In contrast to T-LGLL, the NK cells
in this entity express CD16 and CD56 but not surface CD3,
and do not rearrange the TCR genes. Expression of the KIR
family of NK-cell receptors either shows restricted KIR iso-
form expression or a complete lack of detectable KIR using
currently available antibodies.131,132,139–141

T-PLL is the most common subtype of mature T-cell leu-
kemia, accounting for about 2% of small lymphocytic

Table 13.3. Comparison of the clinical, hematologic, cytologic, and immunophenotypic features of mature B-cell neoplasms manifesting predominantly
as lymphoid leukemias

HCL HCL-V SDRPSBCL SMZL B-PLL

M:F1,114,115 5:1 4:1 1.6:1 1:1 1.6:1

Median age1,114,115 55 78 77 68 70

Complete blood count1,115 Monocytopenia,
pancytopenia,
few circulating
hairy cell
leukemia cells

Lymphocytosis with
lymphocytes having
central nucleoli,
normal monocyte
count, and occasional
cytopenia

Lymphocytosis in
the majority (76%)
of cases, usually of
relatively low level;
small or invisible
nucleoli

Circulating
lymphoma cells
present, nucleoli
uncommon and
associated with
progression

Rapidly
progressive,
marked
lymphocytosis
with most of
the cells being
prolymphocytes

Bone marrow aspiration1 Dry tap Bone marrow easily
aspirated

Bone marrow easily
aspirated

Bone marrow
easily aspirated

Bone marrow
easily aspirated

‘Hairy’ cytoplasmic
projections1,115

Circumferential Circumferential Polar Polar None

TRAP1,116–118 þ (> 90%, strong,
diffuse)

þ (10–30%, weak) – – –

CD11c1,114,115,118,119 þ (> 60%, bright) þ (> 60%) þ (97%) þ (31–60%) þ (10–30%)

CD251,114,115,118,119 þ (> 60%) – – þ (10–30%) þ (10–30%)

CD1031,114,115,118,119 þ (> 60%, bright) þ (31–60%, usually
dim)

þ (38%) – –

CD123115,120,121 þ (> 60%) – þ (16%) – –

DBA.44116,117,122–124 þ (> 60%) þ (31–60%) unknown þ (10–30%) uncertain

Surface
imunoglobulin1,114,115,124–126

IgG, or mixed
pre- and post-
isotype switch
immunoglobulin
isotypes

IgG, or mixed pre-
and post-isotype
switch
immunoglobulin
isotypes

IgM and IgD (31%),
IgM and IgG (19%),
IgM only (19%), or
IgG only (19%)

IgM þ/� IgD IgM þ/� IgD

Notes: HCL: hairy cell leukemia; HCL-V: hairy cell leukemia variant; SDRPSBCL: splenic diffuse red pulp small B-cell lymphoma; SMZL: splenic B-cell marginal zone
lymphoma; B-PLL: B-cell prolymphocytic leukemia; TRAP: tartrate-resistant acid phosphatase.
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leukemias in adults.1 The disease is aggressive and resistant to
conventional chemotherapy, but 60% of patients may achieve a
complete response with alemtuzumab treatment.142 Patients
usually present with a high lymphocyte count (usually
over 100� 106/L, but may be greater than 900� 106/L)1,143

that may rise rapidly with a doubling time in the range of
weeks to months.144 The leukemia cells are medium in size,
and contain central nucleoli on peripheral blood smear
(Figure 13.3f). The most common clinical signs include marked
hepatosplenomegaly, generalized lymphadenopathy, and skin
rash. Accompanying anemia and thrombocytopenia are fre-
quently seen.1,143 However, occasional cases of “indolent
T-PLL” have been described,145–147 which can become more
aggressive over several years.148 Unlike the B-cell leukemias
where both B-CLL and B-PLL are recognized, T-CLL is not
currently recognized as a distinct entity. Most T-PLL cases show
a CD4þ/CD8- helper T-cell phenotype, but approximately one-
third of the cases are double positive for CD4 and CD8, while
15% of the cases are CD4-/CD8þ.1 Expression of the TCL1
protein is helpful in the diagnosis of T-PLL because TCL1 is
expressed in approximately 70% of T-PLL but not in other
mature T-cell leukemias.144 The upregulation of TCL1 in
T-PLL is secondary to recurrent chromosomal rearrangements
including inv(14)(q11q32), t(14;14)(q11;q32), and t(7;14)(q35;
q32) that involve the TCL1 locus on 14q32, the TCR-aδ on
14q11, and the TCRb on 7q35.143,147 Other genetic abnormal-
ities include translocations involving the MTCP-1 gene on
Xq28, abnormalities of the ATM gene on 11q23, deletions of
12p13, and abnormalities of chromosome 8.147

Aggressive NK-cell leukemia is a rare, aggressive NK-cell
neoplasm that is more prevalent in Asians. It commonly
involves the peripheral blood and bone marrow and infiltrates
the liver and spleen. In some patients, the disease is associated
with cytopenias, hemophagocytic syndrome, coagulopathy,
and multiorgan failure.1,149 Since it is strongly associated with
EBV and shares a similar immunophenotype with extranodal
NK/T-cell lymphoma, nasal type, some believe that this entity
may represent the leukemic counterpart or the leukemic pre-
sentation of the latter.150 However, a recent array CGH study
cast doubt on this speculation by showing that these entities
display non-overlapping chromosomal changes in many
regions.151

ATLL is a peripheral T-cell leukemia/lymphoma caused
by the human T-cell leukemia virus type 1 (HTLV-1).152,153

Anecdotal reports of ATLLs that are negative for HTLV-1
but positive for HTLV-2 have also been described,143 but
the etiologic link between HTLV-2 and ATLL is not as well-
established. ATLL is endemic in Southwestern Japan, the
Caribbean, and parts of central Africa. There are four clinical
variants: acute, lymphomatous, chronic, and smoldering.154

The acute and lymphomatous variants are associated with poor
overall survival that ranges from 2 weeks to a year for most
patients. In contrast, about 50% and 65% of patients with
chronic and smoldering variants, respectively, survive at
2 years.1 The morphologic features are variable, but there is

no consistent correlation of the clinical variants with specific
morphologic features. The lymphoma or leukemia cells are
medium to large with nuclear pleomorphism in the acute and
lymphomatous variants. The circulating neoplastic cells have
deeply basophilic cytoplasm, condensed chromatin, and a
highly convoluted or polylobated nucleus, which are termed
‘flower cells’ (Figure 13.3g). The neoplastic T cells do not
express CD7 or CD8,143 and CD3 and TCR b-chain expression
may be weak or negative on the cell membrane but positive in
the cytoplasm. CD25 is typically highly expressed155 and the
CD4þCD25þ immunophenotype is reminiscent of regulatory
T cells. Additionally, many patients have opportunistic infec-
tions secondary to a T-cell immunodeficiency. These observa-
tions lead to the speculation that the cells of origin of ATLLmay
be regulatory T cells. Forkhead/winged helix transcription
factor 3 (FOXP3), a key protein for differentiation and function
of regulatory T cells, is expressed in a subset (36–68%) of
ATLL,156–158 and the expression of FOXP3 is clinically associ-
ated with immunosuppression (severe infections and increased
number of EBVþ cells).159 No distinct karyotypic or molecular
abnormalities are associated with ATLL, but most ATLL cases
have a complex karyotype.160 Mutations of the tumor suppres-
sor genes CDKN2A, CDKN2B, and TP53 were also observed.155

TP53 mutations are predictive for resistance to zidovudine
treatment,161 which, when combined with interferon alpha,
has achieved 65–92% complete response rates in two prospect-
ive trials.162,163 Most ATLL cases have clonally integrated
HTLV-1,164 but demonstration of this is not required for diag-
nosis. Rather, serologic confirmation of HTLV-1 (or rarely
HTLV-2) infection is sufficient.143

SS will be discussed in detail with mycosis fungoides (MF)
in a subsequent section “Predominantly extranodal mature
T-cell and NK-cell neoplasms.”

Anaplastic large cell lymphoma (ALCL) and primary cutaneous
CD30-positive T-cell LPDs
ALCL is a lymphoma of possible cytotoxic T-cell origin. It
usually affects both lymph nodes and extranodal sites, such as
skin, bone, soft tissue, lungs, and liver. Bone marrow involve-
ment is also commonly seen, but it can be subtle and requires
immunohistochemical stains to confirm.

The majority of ALCL (60–85%) expresses ALK, but this
figure can vary considerably due to different patient demo-
graphics (proportion of young patients) and variable thresholds
of diagnosing ALK-negative ALCL in different institutions
(see below).165 ALK is a receptor tyrosine kinase not normally
expressed in postnatal human tissues, except in a small subset of
central and peripheral nervous system cells.165,166 The latest
WHO classification segregates ALK-positive ALCL and ALK-
negative ALCL into separate entities.1

In ALK-positive ALCL, the aberrant expression of ALK is
secondary to a translocation of the ALK gene to a ubiquitously
expressed partner gene. These translocations result in a fusion
protein retaining the tyrosine kinase domain of ALK and
constitutive activation of its function. There are nine partners
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of ALK fusion recognized so far (Table 13.4). While ALK is
normally expressed in the cytoplasmic membrane, most
of these fusion products are aberrantly expressed in other
subcellular compartments as directed by the fusion partner
(Table 13.4).

ALCL demonstrates several peculiar histologic features that
are unusual for lymphomas and may be challenging for the
pathologists. Lymph node involvement can be subtle in the
paracortical or perifollicular areas in some cases. ALCL cells
characteristically infiltrate lymph node sinuses prominently
or exclusively, and the lymphoma cells can appear cohesive
(Figure 13.1e), thereby mimicking metastatic carcinoma. There
are several histologic variants of ALCL: classical, lymphohistio-
cytic, small cell, hypocellular, sarcomatoid, monomorphic,
mixed cell, and giant cell.1,3 The lymphohistiocytic, small
cell, hypocellular, and sarcomatoid variants are notoriously

deceptive and require a high index of suspicion for a correct
diagnosis. Common to all these variants are the presence of the
hallmark cell, which is a large cell with an eccentric, C-shaped or
reniform nucleus, a distinct eosinophilic Golgi zone, and volu-
minous cytoplasm. Lymphoma cells with their nuclei forming a
‘closed-loop’ are called donut cells (Figure 13.5). However, these
characteristic cells can be scanty in those deceptive variants
aforementioned, and demonstration of ALK and CD30 expres-
sion would be pivotal in pinpointing the diagnosis. A significant
proportion of ALCL may lack expression of CD45 and many
T-cell markers (e.g., CD3). The term ALCL of null cell type may
be used if no immunophenotypic and/or genetic evidence of
T-cell lineage is demonstrable. ALCL expresses cytotoxic mol-
ecules (e.g., granzyme B), despite a CD4þCD8- phenotype.
Clusterin and EMA are also commonly expressed. Rearrange-
ment of TCR genes is positive in the vast majority of cases.184

ALK-negative ALCL is now considered a provisional entity.
The strictest definition only includes those cases sharing most of
the histologic and immunophenotypic features of the classical
variant of ALK-positive ALCL, except for the lack of ALK expres-
sion. Most ALK-negative ALCL are morphologically similar to
the classical variant, since it is extremely difficult to identify the
non-classical variants as an ALCL without the ALK expres-
sion.165 Despite the rather unique features of ALK-negative
ALCL, it is still controversial whether ALK-negative ALCL
should be classified as ALCL. CGH studies showed that ALK-
positive and ALK-negative ALCL have different chromosomal
gains and losses.185,186 Some investigators proposed that ALK-
negative ALCL should be grouped with the rest of the peripheral
T-cell lymphomas, not otherwise specified (PTCL, NOS),
because there are no distinct cytogenetic and molecular changes
to characterize ALK-negative ALCL. However, ALK-negative
ALCL has significantly better prognosis than PTCL, NOS.187

The segregation of ALCL into ALK-positive and ALK-
negative subgroups is of prognostic significance. ALK-positive
ALCL is predominantly seen in the first three decades and

Table 13.4. Translocations involving the ALK gene in ALK-positive
anaplastic large cell lymphoma

Translocations Partner
genes

Staining
patterns

Frequency

t(2;5)(p23;
q35)167

NPM Diffuse
cytoplasmic,
nuclear, and
nucleolar

70–80%

t(1;2)(q25;p23)a TPM3 Diffuse
cytoplasmic with
peripheral
intensification

10–20%

inv(2)
(p23q35)168

ATIC169–171 Diffuse
cytoplasmic

2–5%

t(2;3)(p23;q21)b TFG172 Diffuse
cytoplasmic172,173

Uncommon

t(2;17)(p23;
q23)c

CLTC Granular
cytoplasmic

Uncommon

t(2;19)(p23;
p13.1)174

TPM4 Diffuse
cytoplasmic

Uncommon

t(2;X)(p23;
q11-q12)175

MSN Membranous Uncommon

t(2;17)(p23;
q25)176

ALO17 Diffuse
cytoplasmic

Uncommon

t(2;22)(p23;
q11.2)177

MYH9 Diffuse
cytoplasmic

Uncommon

Notes: aIn the original reports of the t(1;2)(q25;p23), the breakpoint on
chromosome 1 was reported at 1q25.166,178,179 The TPM3 gene is mapped to
1q22-q23.180
bOne of the two cases originally reported by Hernandez et al.172 had been
karyotyped as t(2;3)(p23;q21).173 The TFG gene is mapped to 3q11-q12.181
cThe initial report of this variant translocation had identified the clathrin heavy
polypeptide-like (CLTCL) gene at 22q11.2 as the translocation partner,182 but it
was later noted that the clathrin heavy polypeptide-like sequence had in fact
been clathrin heavy chain due to an error in GenBank.183 The clathrin heavy
chain gene, CLTC, is mapped to 17q23.

Figure 13.5 A hallmark cell in anaplastic large T-cell lymphoma is a large cell
with abundant cytoplasm and a C-shaped nucleus. A donut cell is a similar cell
with a complete ring of nucleus (arrow). Note the polymorphic background
with numerous admixed small lymphocytes and eosinophils (H&E stain, original
magnification � 400).
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shows a male predominance. It is associated with a better
prognosis, with a 5-year overall survival of 70%, compared
with the corresponding figure of 49% for ALK-negative
ALCL.187–190 ALK-negative ALCL tends to affect older adults
with an equal sex incidence and a better overall survival than
PTCL, NOS (5-year overall survival 32%).187

When the skin is the only affected site, systemic ALCL has
to be differentiated from primary cutaneous ALCL, since the
latter has excellent prognosis and requires different treatment.
Clinical history and staging play an important role in this
setting. Besides, primary cutaneous ALCL rarely expresses
ALK and EMA,191–193 and has a lower incidence of CD3
expression.194 Zeta-chain-associated protein 70 (ZAP-70) is
expressed in about 30–60% of primary cutaneous lesions but
in only 10% of systemic ALCL.194,195

Under the umbrella term primary cutaneous CD30-positive
T-cell LPDs, three subtypes of disorders are recognized: pri-
mary cutaneous anaplastic large cell lymphoma (C-ALCL),
lymphomatoid papulosis (LyP), and borderline lesions. Clinical
features play an important role in differentiating C-ALCL from
LyP. The features suggestive of C-ALCL include solitary
growth, large nodules greater than 2 cm, and progressive
enlargement of the lesions with no regression. In contrast,
classical LyP are small (less than 1 cm) papules growing in crops
or clusters, with a waxing and waning history. The lesions heal
with a scar after regression.196 Histologically, the lymphoma
cells are arranged in sheets and may invade the subcutis in
C-ALCL. For LyP, three histologic variants (Types A-C) are
described. Type A LyP infiltrates the dermis in a wedge-shaped
and perivascular pattern. The infiltrates contain a small number
of Reed–Sternberg (RS)-like large cells (medium to large, some
multinucleated) in a background of small lymphocytes, neutro-
phils, and eosinophils. Type B LyP lesions show a band of
lymphoid infiltrate in the reticular dermis. Epidermotropism
is common and the atypical cells are usually small to medium
in size. Some cases may have admixed neutrophils and eosino-
phils. Type C LyP lesions resemble C-ALCL and contain many
large CD30-positive atypical cells in both the superficial and
deep dermis, but not the subcutis.197,198 Finally, the borderline
lesions are the ones where the clinical and histologic features
are contradictory (e.g., clinical features of C-ALCL but histolo-
gic features of LyP or vice versa).193 TCR genes are clonally
rearranged in most of the C-ALCL193,199 and in about
60–80% of LyP.200,201 The ALK translocations that characterize
systemic ALK-positive ALCL are absent in C-ALCL.202

Predominantly nodal mature T-cell neoplasms
Angioimmunoblastic T-cell lymphoma (AITL) and PTCL, NOS
present primarily as nodal disease. Extranodal involvement is
possible but usually in the context of widespread disease.

AITL is a peripheral T-cell lymphoma with a prominent
arborizing proliferation of post-capillary venules amid the
neoplastic T-cell proliferation. Patients commonly show some
immunologic abnormalities, including hypergammaglobuline-
mia, drug hypersensitivity, circulating immune complexes,

cold agglutinins with hemolytic anemia, positive rheumatoid
factor, and other autoimmune antibodies. The dysregulation of
immunologic function is also present in the lymphoma milieu,
leading to the presence of EBV-positive B cells in the affected
lymph nodes. Some of these B cells may at times proliferate
and develop into a clonal, EBV-driven B-cell LPD. The neo-
plastic T cells are CD4þCD8- helper T cells. Recent studies
showed coexpression of CD10 and BCL6 in the lymphoma
cells, suggesting a T-follicular helper (TFH) origin.

203–206 Add-
itional support of this notion came from studies showing
CXCL13 expression, a cytokine produced by TFH cells, in most
AITL cases. In contrast, only a small proportion of PTCL, NOS
expresses this marker, and other specific T-cell lymphomas
have not been shown to express CXCL13.205,206 Most recently,
GEP studies further confirmed this hypothesis by demonstrat-
ing enriched expression of the molecular signature of TFH cells
by AITL.207,208

PTCL, NOS is used for all the PTCL that cannot be other-
wise assigned to other specific T-cell NHL categories. They
constitute the largest proportion of mature T-cell lymphomas.
It is understandable that this is a heterogeneous group and may
represent multiple as yet undiscovered disease subtypes. Vari-
ous morphologic variants have been described, such as Lennert
(lymphoepithelioid) lymphoma, T-zone lymphoma, and fol-
licular T-cell lymphoma.1,3 Whether some of these morpholo-
gic variants represent distinct disease entities remains to be
determined. In particular, the follicular T-cell lymphoma has
been reported to express CD10 and BCL 6 and associate with
germinal centers leading to the speculation that it might be
related to AITL.209 A group of cytotoxic PTCL may also
be identified and separated from PTCL, NOS.210 Most of the
PTCL, NOS cases are aggressive tumors with poor response
to chemotherapeutic treatment irrespective of the morphology.

Predominantly extranodal mature T-cell and NK-cell neoplasms
These include extranodal NK/T-cell lymphoma, nasal type,
enteropathy-type T-cell lymphoma, hepatosplenic T-cell
lymphoma, subcutaneous panniculitis-like T-cell lymphoma,
MF/SS, and EBV-positive T-cell lymphoproliferative disorders
of childhood.

Extranodal NK/T-cell lymphoma, nasal type, is an aggres-
sive, angiocentric, and angiodestructive lymphoma affecting
primarily extranodal sites. Most of the cases demonstrate evi-
dence of an NK-cell origin, but rare cases show a cytotoxic
T-cell phenotype. The size of the neoplastic cells can be vari-
able, ranging from small, to intermediate, to large. Giemsa
stain on touch preparations of the tumorous tissue highlights
azurophilic granules in the cytoplasm of neoplastic cells. These
granules contain cytotoxic molecules including TIA-1, gran-
zyme B, and perforin, a reflection of the NK or cytotoxic T-cell
nature of the neoplastic cells. Irrespective of the cell lineage,
EBV is present in all the cases. The qualifier ‘nasal type’
signifies that the nasal cavity is the most common site of
involvement, and the prototypic disease in this anatomic site
is called nasal NK/T-cell lymphoma. Extranodal NK/T-cell
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lymphoma, nasal type is sensitive to radiotherapy, which is the
primary modality of treatment for localized disease.

Enteropathy-associated T-cell lymphoma (ETL) is the most
frequent T-cell NHL arising primarily in the intestine. It
occurs most commonly in the proximal jejunum, and less
frequently in other parts of the small intestine, colon, or
stomach.211 The presenting symptoms are abdominal pain
and intestinal obstruction secondary to a single or multiple
intestinal mass(es) or ulcerated lesions. Recently, Deleeuw
et al.212 suggested that ETL can be further subdivided into
two distinct subgroups. Type 1 ETL comprises 80% of all
ETL and is characterized by pleomorphic lymphoma cells, a
prior history of celiac disease (about 30%) and mucosal
changes of celiac disease near the lymphoma (about 85%),
HLA-DQB1 genotype pattern of celiac disease, a CD3þCD5-
CD7þCD4-CD8-CD56- immunophenotype, and gains of
chromosome 1q and 5q.212 In contrast, type 2 ETL shows
monomorphic small- to medium-sized cells, infrequent asso-
ciation with celiac disease, HLA-DQB1 genotype pattern simi-
lar to the normal white population, frequent expression of
CD8 and CD56, c-MYC gene locus gains, and rare gains of
1q and 5q.212 CGH studies showed that complex gains of
chromosome 9q31.3-qter are frequent in both types (overall
70%), with the vast majority of these gains clustering in
9q33.2-q33.3.212,213 Since 9q gain is rarely found in other
subtypes of PTCL,186,214–216 FISH using a probe targeting this
region may be useful in the diagnosis of ETL.211 Type 1 ETL
cells resemble the majority of intraepithelial ab T cells immu-
nophenotypically, while type 2 ETL may derive from activated
intraepithelial ab T cells.212 Rare gastrointestinal mucosal γδ
T-cell lymphoma have been reported and most of them seem
to be aggressive and carry a bad prognosis.217,218

Hepatosplenic T-cell lymphoma involves the liver, spleen,
and bone marrow with a characteristic sinusoidal distribution
of medium-sized pleomorphic lymphoma cells. Most cases
derive from γδ T cells, but a minority of hepatosplenic ab
T-cell lymphomas has also been reported.219 Approximately
70% of cases harbor a characteristic isochromosome 7, and
about 50% of cases additionally show trisomy 8.220,221 There
are suggestions that hepatosplenic γδ T-cell lymphoma is more
common among immunosuppressed patients after solid organ
transplantation. This lymphoma is aggressive and is associated
with a poor prognosis.1

Subcutaneous panniculitis-like T-cell lymphoma (SPTL) is a
NHL of mature cytotoxic T cells. The usual presentation is
multiple subcutaneous nodules affecting both the trunk and
extremities (most commonly in the lower limbs). Hemophago-
cytic syndrome may be seen in some of the cases. The lymph-
oma cells are usually of small to medium size and involve the
subcutaneous adipose tissue, sparing the dermis and epidermis.
The adipose cells are characteristically rimmed by the lymph-
oma cells (Figure 13.1f). There are usually many intermixed
histiocytes, with necrosis and karyorrhexis often present.
Expression of the cytotoxic molecules TIA-1, granzyme B, and
perforin can be demonstrated by immunohistochemistry.

The designation SPTL is now restricted to tumors expressing
the ab T-cell receptors. These cases show the classical histologic
features described above, and the lymphoma cells are
usually CD4-CD8þCD56-. The disease course in a significant
percentage of patients is relatively indolent. In contrast, cases
derived from γδ T cells tend to involve the dermis and epider-
mis in addition to the subcutis. These tumors frequently
demonstrate a CD4-CD8-CD56þ immunophenotype, and
invariably associate with a very poor prognosis.222–225 There-
fore, a provisional category ‘cutaneous γδT-cell lymphoma’was
proposed in the WHO–EORTC classification for these cases
(see below).199

MF is the most common type of primary cutaneous T-cell
lymphoma, accounting for approximately 50% of such
cases.199 It is recommended that this diagnostic label be used
only in cases that show a typical clinical course,199 which is
protracted and limited to the skin for a long period of time
before systemic dissemination. In the early patch stage, the
lymphoma cells are arranged in a band beneath the dermo-
epidermal junction. There is also epidermotropism, with
collections of lymphoma cells in the epidermis (Pautrier
microabscesses) sometimes observed. The lymphoma cells are
small- to medium-sized and have highly convoluted nuclei
(cerebriform cells), typically showing a CD3þCD4þCD8-
CD45ROþ memory T-cell phenotype, and demonstrate vari-
able loss of the pan-T-cell antigens CD2, CD5, and CD7.
Expression of CD30 is not common, and is usually associated
with large cell transformation. Demonstration by flow cyto-
metry of restricted TCR b-chain variable region family
usage,226 and molecular studies demonstrating a clonal TCR
rearrangement, are important adjuncts for differentiating MF
from reactive dermatoses.227

SS is conventionally defined by the triad of erythroderma,
generalized lymphadenopathy, and the presence of Sézary cells
in skin, lymph nodes, and peripheral blood (Figure 13.3h).228

In 2002, the International Society for Cutaneous Lymphomas
(ISCL) proposed one or more of the following features for the
diagnosis of SS: an absolute peripheral blood Sézary cell count
of at least 1000 cells/mm3, demonstration of immunopheno-
typic abnormalities (CD4/CD8 ratio greater than 10, loss of
pan-T-cell antigens, or both), or demonstration of T-cell clon-
ality in the peripheral blood by molecular or cytogenetic
methods.229 The WHO–EORTC classification recommended
the presence of at least one of the cytomorphologic or immu-
nophenotypic features proposed by the ISCL, plus the demon-
stration of T-cell clonality (preferably the same clone in blood
and skin) as the minimal diagnostic criteria of SS.199 Demon-
stration of T-cell clonality serves to avoid over-diagnosing
benign conditions as SS.199 Clinically, SS can be divided into
primary SS, which presents as a primary leukemic disorder,
and secondary SS, which develops after a long history of MF.
It is noted that patients with primary SS have a much worse
clinical outcome.229 The circulating Sézary cells exhibit cere-
briform nuclear outlines, and the immunophenotype is also
similar to the neoplastic cells seen in MF with coexpression of
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CD4 and CD25. Patients with late-stage MF and SS are
immunosuppressed, which is postulated to be due to T-helper
2 (Th-2)-skewing of the helper T cells.230–232

A GEP study using cDNA microarrays identified a signa-
ture of 27 genes implicated in the pathogenesis of MF.233 This
study also derived and validated a six-gene classifier for MF
and gene expression signatures associated with more aggres-
sive disease, aberrant immunophenotype, and tumor stage.233

Another GEP study on SS has identified highly expressed genes
that include Th-2-specific transcription factors Gata-3 and Jun
B, which coincides with the Th-2-skewing aforementioned.
A diagnostic signature and prognostic model have also been
established in SS patients.234

Two types of EBV-associated T-cell LPDs of childhood
are recognized by the WHO classification. They include sys-
temic EBV-positive T-cell LPD of childhood and hydroa
vacciniforme-like lymphoma. Both of them occur more often
in East Asians and in Native Americans from Mexico and
Central and South America. Systemic EBV-positive T-cell
LPD of childhood is a life-threatening disease with a clonal
proliferation of EBV-infected cytotoxic T cells. It may occur
shortly after primary acute EBV infection or in the setting of
chronic active EBV infection.235,236 Patients usually present
with abrupt onset of fever, with hepatosplenomegaly, hepatic
failure, and sometimes lymphadenopathy. Hemophagocytic
syndrome and multiorgan failure are common and most
patients run a fulminant, fatal, acute clinical course.237 Hydroa
vacciniforme-like lymphoma is a cutaneous cytotoxic T-cell or
NK-cell lymphoma affecting sun-exposed skin, and is associ-
ated with insect bite sensitivity. The patients usually have
papulovesicular eruptions, which proceed to ulceration and
scarring over time. The clinical course is variable, ranging
from an indolent disease for over 10 years to aggressive sys-
temic involvement.

Hodgkin lymphoma
HLs are divided into two main categories: NLPHL and
CHL. NLPHL and the vast majority of CHL are derived from
germinal and post-germinal center B cells, respectively.238–240

Very rare cases of CHL of T-cell origin have also been
described.210,211 In developed nations, NLPHL and CHL peak
in late adolescence and early adulthood, and CHL has a second
peak in late adulthood. Both NLPHL and CHL typically display
relatively few neoplastic cells in a polymorphic background.

The prototypic neoplastic cells in CHL are the RS cells,
which are large cells with abundant cytoplasm, bilobed nuclei,
and a macronucleolus in each nucleus or nuclear lobe. The
nucleoli are at least as large as the nuclei of small lymphocytes,
and there are halos around the nucleoli (Figure 13.6a). Variant
forms of RS cells called RS variants or Hodgkin cells that do
not fit the description of classical RS cells can also be seen
(Figure 13.6b). The Hodgkin and RS (HRS) cells secrete an
array of cytokines that attract the background cellular com-
ponents of polymorphonuclear cells, T lymphocytes, and

histiocytes.243 For the B-cell-derived CHL, the HRS cells are
post-germinal center B cells often showing deleterious muta-
tions of the Ig genes.239 Additionally, suppression of several
transcription factors important for Ig transcription, including
PU.1, BOB1, and OCT2, plays an even more important role
in the lack of expression of Ig transcripts in the HRS
cells.240,244–247 Downregulation of genes encoding essential
B-cell signaling pathway proteins has also been observed in
HRS cells.248 Although many of the markers of B-cell differen-
tiation are lost in HRS cells, a B-cell origin can be established
because of the retained PAX5 (a B-lineage-specific transcrip-
tion factor) expression,249 and Ig heavy and light chain gene
rearrangements.239,240,242 CHL is further subdivided into four
histologic variants: nodular sclerosis, mixed cellularity,
lymphocyte rich, and lymphocyte depleted. These morpholo-
gic variants have different demographics, incidence of EBV
positivity, and clinical features.1

Nodular sclerosis CHL is the most common morphologic
subtype of CHL and frequently presents as a mediastinal mass.
It affects both sexes equally, in contrast with the male predom-
inance in the other morphologic subtypes. Most patients pre-
sent at an early stage. The affected lymph nodes show a nodular
architecture with the nodules surrounded by fibrous collagen
bands. The RS cell variant in this subtype is called a lacunar
cell (Figure 13.6c), due to a rim of empty space around the
neoplastic cell nucleus if the tissue is fixed in formalin. There is
a low incidence of EBV (approximately 10%).

Mixed cellularity CHL is the second most common mor-
phologic subtype and has a higher EBV association (overall
75%). Patients usually present at an advanced stage. The his-
tologic pattern is usually diffuse or vaguely nodular. The RS
cells are present in a mixed inflammatory background repre-
sented by classical RS cells and mononuclear variants. This is
the morphologic subtype most commonly seen in patients with
HIV infection and in developing countries. The cases associ-
ated with HIV are 100% EBV positive.250 Although the advent
of highly active antiretroviral therapy has led to the decline of
NHL in AIDS patients, the incidence of HL remains steady251

or even increases.252–254

Lymphocyte-rich CHL is a rare subtype of CHL typically
showing peripheral lymph nodes and mediastinal involvement.
It usually has a nodular pattern but rarely a diffuse pattern can
also be observed. The background cells are usually small B cells
with IgM and IgD expression. Rosetting of the neoplastic large
cells by CD3-positive T-cells can be seen, but these cells are not
CD57-positive, in contrast with NLPHL.255 This feature,
together with the difference in the cytology and immunophe-
notype between the HRS cells in lymphocyte-rich CHL and
the lymphocytic and histiocytic (L&H) cells in NLPHL, serves
to differentiate these two entities with very similar histologic
patterns. Most patients present with early-stage disease.

Lymphocyte-depleted CHL is the rarest of all CHL subtypes.
It has to be distinguished from nodular sclerosis CHL with
lymphocyte depletion, which has abundant lacunar cells. The
syncytial variant of nodular sclerosis CHL should, in addition,
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display a syncytial pattern (sheets of neoplastic cells with no
distinct borders) of the neoplastic cells as its name implies.
Lymphocyte-depleted CHL and the syncytial variant of nodular
sclerosis CHL should also be distinguished from ALCL and the
morphologic variant of anaplastic DLBCL by immunohisto-
chemical, cytogenetic, or molecular diagnostic studies.

CGH studies performed on RS cells obtained by laser
capture microdissection revealed recurrent chromosome gains
of 2p, 12q, and 17p, and loss of 13q.256,257 A GEP study of
classical CHL cell lines showed global silencing of the B-cell-
specific gene expression program, including genes involved in
B-cell receptor signaling.248 Another GEP study using cDNA
arrays targeting the mRNA of approximately 1000 selected
genes on 21 patient samples of nodular sclerosis and mixed
cellularity CHL demonstrated three gene expression signatures
that corresponded to mixed cellularity CHL, nodular sclerosis
CHL with good prognosis, and nodular sclerosis CHL with bad
prognosis.258

NLPHL is characterized by a nodular or mixed nodular and
diffuse proliferation of mostly small lymphocytes with a vari-
able admixture of histiocytes and a variant of RS cells, the L&H
cells (Figure 13.6d), which are large neoplastic centroblasts with
multilobated nuclei and high nuclear-to-cytoplasmic ratio.
Patients usually present with localized peripheral lymphaden-
opathy. Involvement of deep-seated lymph nodes, spleen, and
bone marrow is uncommon. Some cases are associated with
concomitant progressive transformation of germinal centers
(PTGC), which are enlarged follicles with a predominance of
mantle zone B cells and fragmented germinal centers. It is
postulated that PTGC could represent the precursor lesions of
NLPHL. However, PTGC may occur without the development
of HL even in patients with previously diagnosed NLPHL.
Despite the possibility of multiple relapses, most patients have
long survival. On the other hand, NLPHL can transform into
DLBCL that may occasionally resemble a THRLBCL, which is
associated with a worse survival.

(a) (b)

(c) (d)

Figure 13.6 The neoplastic cells in Hodgkin lymphomas demonstrate various morphologic features. Panel a demonstrates a classical Reed–Sternberg cell with
large, bilobar nuclei with macronucleoli (the owl’s eyes appearance), and perinucleolar halo. The mononuclear variant is typically seen in mixed cellularity Hodgkin
lymphoma (b). The lacunar cell is a variant Reed–Sternberg cell seen in nodular sclerosis classical Hodgkin lymphoma. The lacuna where the cell resides is a result of
cytoplasmic retraction secondary to formalin fixation (c). The lymphocytic and histiocytic cell of nodular lymphocyte predominant Hodgkin lymphoma is a large
cell with multilobated nuclei, which leads to its descriptive name popcorn cell (arrow). The background small lymphocytes are predominantly B cells
(d) (H&E stain for all panels, original magnification � 400 for panel c and � 1000 for all other panels).

Chapter 13: WHO classification of lymphomas

245



Immunodeficiency-associated LPDs
Four immunodeficiency states associated with an increased risk
of LPD are recognized by theWHO classification. They include
primary immune disorders, HIV infection, iatrogenic immuno-
suppression in allogeneic transplant recipients, and other iatro-
genic immunodeficiency states caused by immunosuppressive
drugs. A proportion of these LPDs resemble polymorphic
lymphoid proliferations that are seen in infectious mononucle-
osis (IM). An example is polymorphic post-transplant lympho-
proliferative disorder (PTLD), which is classified as a B-cell
proliferation of uncertain malignant potential because reducing
immunosuppression may lead to disease regression in some
cases. These IM-like, polymorphic LPDs are usually positive
for EBV. Other immunodeficiency-associated LPDs may mani-
fest as a predominantly plasmacytic proliferation, or they may
resemble one of the recognized sporadic HL or NHL subtypes
discussed above. The incidence of EBV positivity is variable
depending on the predisposing conditions and the time elapsed
after the start of the immunosuppression. These LPDs should be
classified as the corresponding HL or NHL subtypes if the
diagnostic criteria are met.

WHO–EORTC classification of cutaneous
lymphomas
The skin is the second most common site for primary extra-
nodal lymphomas, and it is also commonly involved by sys-
temic lymphomas. Certain primary cutaneous lymphomas are
unique to the skin, such as MF. Other cutaneous lymphomas
share similar histologic features with some nodal lymphoma
subtypes, but may differ in terms of immunophenotype,
molecular abnormalities, clinical behavior, and prognosis.
Therefore, distinguishing a primary cutaneous lymphoma and
cutaneous involvement by a systemic lymphoma is crucial
for patient management. For example, primary cutaneous fol-
licle center lymphoma (PCFCL) is frequently negative for BCL2
expression, is negative for the t(14;18), and has a much better
prognosis than systemic FL.

The WHO and the EORTC had previously proposed separ-
ate classification systems for cutaneous lymphomas.1,193 To
minimize the confusion to pathologists and clinicians, the rep-
resentatives of theWHO and the EORTC cutaneous lymphoma
classification systems jointly developed a unified consensus
WHO–EORTC classification of cutaneous lymphomas that
was published in 2005.168 The lymphoma entities are classified
into categories of T-cell and NK-cell lymphomas, B-cell lymph-
omas, and precursor hematologic neoplasms (Table 13.5).

The 2005 WHO–EORTC classification recognizes PCFCL
and PCDLBCL as distinct entities from their systemic counter-
parts. Patients with the PCFCL have an excellent prognosis
(5-year survival rate of over 95%) and grading appears to have
minimal effect on prognosis. The PCDLBCL are further sub-
classified into PCDLBCL, leg type; PCDLBCL, other; and intra-
vascular large B-cell lymphoma. The PCDLBCL, leg type

appears to have an ABC gene expression profile and has a 5-year
disease-specific survival of about 50%. It appears that this dis-
ease should be treated with systemic, anthracycline-based
chemotherapy like its systemic counterpart. The other category,
PCDLBCL, other, essentially includes all the other PCDLBCL
that do not fit into the leg type or the entity IVLBCL.199

For the primary cutaneous T-cell lymphomas, the WHO-
EORTC classification recognizes three MF variants (folliculotro-
pic MF, pagetoid reticulosis, and granulomatous slack skin) in
addition to MF, SS, and primary cutaneous CD30-positive T-cell
LPD. Several provisional entities within the primary cutaneous
peripheral T-cell lymphoma, unspecified, are also included
(Table 13.5), which await additional studies for further
characterization.

Table 13.5. Summary of the 2005 World Health Organization–European
Organization for Research and Treatment of Cancer classification of
lymphomas with primary cutaneous involvement and presentation

Cutaneous T-cell and NK-cell lymphomas

Mycosis fungoides

Mycosis fungoides variants and subtypes

Folliculotropic mycosis fungoides

Pagetoid reticulosis

Granulomatous slack skin

Sézary syndrome

Adult T-cell leukemia/lymphoma

Primary cutaneous CD30þ lymphoproliferative disorders

Primary cutaneous anaplastic large cell lymphoma

Lymphomatoid papulosis

Subcutaneous panniculitis-like T-cell lymphoma

Extranodal NK/T-cell lymphoma, nasal type

Primary cutaneous T-cell lymphoma, unspecified

Primary cutaneous aggressive epidermotropic CD8þ T-cell
lymphoma (provisional)

Cutaneous γ/δ T-cell lymphoma (provisional)

Primary cutaneous CD4þ small/medium-sized pleomorphic
T-cell lymphoma (provisional)

Cutaneous B-cell lymphomas

Primary cutaneous marginal zone B-cell lymphoma

Primary cutaneous follicle center lymphoma

Primary cutaneous diffuse large B-cell lymphoma, leg type

Primary cutaneous diffuse large B-cell lymphoma, other

Intravascular large B-cell lymphoma

Precursor hematologic neoplasm

CD4þ/CD56þ hematodermic neoplasm (blastic NK-cell
lymphoma)

Source: Produced from Willemze et al.199
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Blastic plasmacytoid dendritic cell neoplasm (also called
CD4þ/CD56þ hematodermic neoplasm) was previously called
blastic NK-cell lymphoma. It was classified as a putative NK-cell
tumor in the 2001 WHO classification of tumors of the hema-
topoietic and lymphoid tissues, because the neoplastic cells
resemble blasts and frequently express CD56. Evidence accu-
mulated from recent studies indicated a probable plasmacytoid
dendritic cell origin of these tumors.259–263 Petrella et al. first
proposed the term “agranular CD4þCD56þ hematodermic
neoplasms.”260,264 The 2005 WHO-EORTC classification of
cutaneous lymphomas thus adopted and slightly modified this
proposed nomenclature to CD4þ/CD56þ hematodermic neo-
plasm (blastic NK-cell lymphoma) under the category of pre-
cursor hematologic neoplasm (Table 13.5).199 In the latest
WHO classification of tumors of hematopoietic and lymphoid
tissues, this entity is further renamed as blastic plasmacytoid
dendritic cell neoplasm to highlight the current concept of its
cell of origin.1 The frequent CD4 expression and the blastic
appearance of the tumor cells necessitate the inclusion of cuta-
neous acute myelomonocytic and acute monoblast/monocytic
leukemia as the major differential diagnosis. However, the
tumor cells do not resemble monocytic cells and most myeloid
markers are usually absent.262,264 Expression of CD123 and

T-cell leukemia 1 (TCL1) antigens supports the diagnosis of
this entity.265 A recent study further showed that blastic plas-
macytoid dendritic cell neoplasm and cutaneous myelomono-
cytic leukemias are different by GEP and in terms of
chromosomal aberrations.266 Most cases of blastic plasmacy-
toid dendritic cell neoplasm harbor complex cytogenetic abnor-
malities, and the most common ones include deletions or
translocations involving 5q (72%), deletions of 12p (64%), and
deletions of 13q (64%).267

Conclusions
The latest WHO classification of tumors of hematopoietic
and lymphoid tissues has been developed by a large panel of
pathologists and clinicians around the world. The extensive
international collaboration ensures the integration of as much
expert opinion as possible, and allows the adoption of this
classification system as the common language among clinicians,
pathologists, and scientists working in this field. As new infor-
mation, including contributions from many genome-wide
investigations, is accumulating rapidly, novel entities and/or
critical changes to the current WHO classification system may
be anticipated in the foreseeable future.
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Chapter

14 Molecular pathology of lymphoma

David J. Good and Randy D. Gascoyne

Introduction
The non-Hodgkin lymphomas (NHLs) encompass a wide spec-
trum of disorders with varying clinical and biologic features.
The appropriate diagnosis and classification forms the basis of
clinical patient management and the choice of treatment proto-
col. The diagnosis of lymphoma begins by a thorough evalu-
ation of the histologic and cytologic features. However, this is
often inadequate for accurate classification as there is often
significant overlap between these entities. Immunophenotyping
studies, either by flow cytometry or immunohistochemical
staining, are often initially done to determine lineage and pos-
sibly clonality. Molecular techniques are of increasing practical
importance as they provide an additional level of testing. This is
particularly useful in cases where the histologic features or the
immunophenotypic findings are not conclusive, or the biopsy is
small, hampering an accurate assessment. As well, molecular
testing can detect specific lymphomas that have distinctive
molecular abnormalities. Figure 14.1 describes an algorithm,
outlining how ancillary testing can be utilized in the diagnosis
of lymphoma.

This chapter attempts to summarize the basic molecular
biology, principles of the molecular techniques, common
molecular aberrations, and the application of molecular diag-
nostics as a key ancillary tool in the diagnosis and classification
of lymphoma.

IG and TCR gene rearrangements
Human lymphocytes have the ability to specifically recognize
millions of different antigens and antigenic epitopes. This is
based on the enormous diversity of their antigen-specific
receptors, known as immunoglobulin (IG) and T-cell receptor
(TCR) molecules.1,2 Each single B or T lymphocyte has a
distinct IG or TCR and expresses approximately 105 molecules
with identical antigen specificity.

Many genetic mechanisms occur in order to generate the
varied set of IG/TCR molecules to cope with a multitude of
antigens. Combinatorial diversity, which is the result of differ-
ent V(D)J combinations, is one of the first mechanisms. For

the immunoglobulin heavy chain gene (IGH) complex, at least
40 functional variable (V) gene segments, 27 diversity (D) gene
segments, and 6 joining (J) gene segments can be combined,
resulting in approximately 6000 possible VH-DH-JH combin-
ations.3 Combining the heavy chain with the numerous V-J
combinations of the IGK and IGL genes, an enormous number
of combinations can be achieved. Similar combinatorial diver-
sity can be achieved for the TCR molecules.

Junctional diversity is due to imprecise joining of V, D, and
J gene segments. The exact positions at which the genes for the
V and J or the V, D, and J segments are joined are not constant
and imprecise DNA recombination can lead to changes in the
nucleotides and subsequent amino acids at these junction sites.
These changes can affect the antigen binding site as they occur
in parts of the hypervariable region, where complementarity to
the antigen is determined.

Insertional diversity results when small numbers of nucle-
otides are randomly inserted at the V-D and D-J junctions by
the enzyme terminal deoxynucleotidyl transferase (TdT) with-
out the need for a template.4

A further method for increasing the repertoire of Ig mol-
ecules is through the process of antigen-induced somatic
hypermutations in the V(D)J exons of rearranged IG genes.5,6

These are point mutations that occur in the B lymphocytes of
secondary follicles and act to fine tune the immune response
and increase the affinity of the antibody for its specific antigen.

IG/TCR rearrangements as clonal markers
of lymphoid malignancies
Lymphoid malignancies are considered to be the malignant
counterparts of normal lymphoid cells.7 This provides a very
beneficial tool for the detection of malignant populations. As
with benign lymphoid cells, the majority of lymphoid malig-
nancies also contain rearranged IG and/or TCR genes. What
differs is that they are derived from a single malignantly
transformed lymphoid cell and therefore all cells of the malig-
nant population have identically rearranged IG/TCR genes.
The presence of these clonal IG/TCR gene rearrangements
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can be used to establish evidence of clonality by methods such
as polymerase chain reaction (PCR).8 (See Figures 14.2 and
14.3.) They also provide an identification target for molecular
monitoring of patients during and after therapy.

Previously, detection of lymphoid clonality was largely
based on Southern blot analysis of predominantly IGH genes.
Partial D-J and complete V(D)J rearrangements can be
detected and somatic hypermutation does not prevent detec-
tion of clonal rearrangements. Chromosomal translocations
involving IG/TCR can also be detected. Technical restrictions
have led to Southern analysis being replaced by PCR- and/or
fluorescent in situ hybridization (FISH)-based strategies.

Methods for detection of clonality
and chromosomal translocations
Conventional cytogenetics
Cytogenetic analysis has been a valuable tool for the under-
standing of acquired genetic changes that lead to lymphoma

and continues to be a very effective means of surveying the
entire genome. Being able to identify chromosomal transloca-
tions that are associated with specific subtypes of lymphoma
has been the key to understanding how gene dysregulation is
involved in the pathogenesis of lymphoma and other malig-
nancies. Conventional cytogenetics was one of the earliest
methods of detecting chromosomal changes. Its utility is often
forgotten in the molecular era but can provide some very
valuable information.

Cytogenetic studies of lymphoma are usually based on
analyses of lymph node specimens but lymphoma cells can
be cultured from any site, including bone marrow if it is
involved.9 Peripheral blood is generally the most appropriate
sample for cytogenetic analysis of the chronic lymphoid leuke-
mias. To achieve optimal results, a portion of lymph node
should be transported in sterile tissue culture medium to the
cytogenetics laboratory as soon as possible after excision.9,10

Various methods are used to disaggregate the cells from the
node to produce a single cell suspension, which is then added
to culture medium. Some of the chronic B- and T-lymphoid

Lymph node or tissue biopsy

Formalin fixation Flow cytometry
Fresh tissue for cytogenetics

(if needed)

Thorough histologic assessment

Immunohistochemistry

Inconclusive or
small biopsy

IG/TCR  PCR analysis

FISH analysis
(if needed)

Fresh tissue from flow or 
FFPET suitable

Fresh or FFPET
suitable

Correlate with
histology

Correlate all results to arrive at
diagnosis

Figure 14.1 Diagnostic algorithm for lymphoma. This algorithm demonstrates the diagnostic pathway for lymphoma from tissue biopsies. There are some caveats
to consider. Histologic assessment is still the gold standard so if size of the tissue is limited, the priority is formalin fixation. If sufficient tissue is available, a
portion can be sent for flow cytometry and a portion to the cytogenetics laboratory. As well, remaining tissue from flow cytometry can be forwarded to cytogenetics.
To save on labor and cost, the cytogenetics laboratory can culture and harvest the metaphases without proceeding to further cytogenetic analysis. The harvested
sample can be maintained at 4 �C for months or can be stored indefinitely at �30 �C for analysis at a later date. IGH/TCR polymerase chain reaction (PCR) analysis
can be performed either on fresh tissue or on formalin-fixed paraffin-embedded tissue (FFPET). If using fresh tissue, one needs to ensure that the tissue is
representative as it may differ from what is seen in the paraffin sections, thus yielding a false-negative result. If using FFPET for fluorescence in situ hybridization (FISH)
analysis, sections can be used and may be suitable for break-apart probes. However, nuclei can overlap and be sectioned through, making scoring difficult. Therefore,
it is preferable, especially with colocalization probes, to core the area of interest on the paraffin block. This core can then be disaggregated to make a single cell
suspension for FISH analysis. An important point to remember is that none of the ancillary tests should be interpreted in isolation. Correlation of all findings, especially
with the histologic appearance, is needed to arrive at the correct diagnosis.
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malignancies can be problematic for conventional cytogenetic
analysis as these disorders tend to have low mitotic activity and
usually do not respond well to most common mitogens,
making it difficult to achieve high-quality metaphases. The
development of FISH has allowed detection of numerical and
structural abnormalities in the majority of cases, overcoming
the inherent difficulties of conventional cytogenetic analysis in

this group of disorders. Moreover, FISH techniques can be
effectively applied to formalin-fixed paraffin-embedded tissues
(FFPET), eliminating the need for fresh tissue.

Most lymphomas will have a dominant clone in which all
metaphases will have the same or very similar chromosomal
changes. Some metaphases will show additional changes that
appear related to the original clone and are referred to as clonal

Figure 14.2 These images represent PCR analysis of the IGH gene locus. The amplification products are labeled with fluorescent dyes, allowing them to be detected
using Genescan analysis. The top image represents a polyclonal population of B cells with IGH gene rearrangements of different sizes (vary between 70 and 140 bp),
showing a typical bell-shaped distribution. Each spike represents one codon difference in the open reading frame. The bottom image shows a monoclonal peak,
arising from a polyclonal background. Internal control DNA with the appropriate fragment size to the gene being analyzed is run with each sample (not shown)
to ensure DNA amplification has occurred in order to correctly interpret results.

50bp

Blank

Negative

Positive 

Patient #1

Patient #2

Patient #3a

Patient #3b

Patient #4

Patient #5

Figure 14.3 This image represents PCR analysis of
the TCR- gene. The amplification products are
subjected to electrophoresis to separate the
different sized fragments. On the bottom is the
50 bp size ladder followed by a blank control (no
DNA added). Positive and negative controls are
seen on the top. Patient samples 3a and 3b
represent positive results with distinct bands
identified. The remaining patients are negative for
monoclonal rearrangements with a smear present
in the region of interest.
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evolution. In some cases, particularly in some forms of lymph-
oma and especially in clinically progressed disease, cell-to-cell
variation may be extreme, making it very difficult to define a
distinct clone. However, in most cases, a clonal karyotype can
be defined when 20 or more metaphases are examined.

The primary cytogenetic alterations in lymphomas are
typically balanced translocations that are closely associated
with specific types of lymphoma (i.e., t(14;18) in follicular
lymphoma)(see Table 14.1). Often, secondary alterations occur
and may be whole chromosomal gains or losses, balanced
translocations and inversions or unbalanced derivatives of
these changes, and simple or complex deletions and
duplications.

Southern blot
The knowledge that the majority of lymphomas contain
monoclonal lymphoid populations was established using
Southern blot (SB) analysis to detect IGH and TCR gene
rearrangements.11–13 However, SB has many disadvantages,
limiting its utility in a routine clinical laboratory. It requires
fresh tissue yielding large amounts of high-quality DNA,
which essentially precludes the use of fixed material. SB has a
turn-around time of several days and is a relatively expensive
and labor-intensive procedure. It also involves the use of
radioactive materials, although non-radioactive detection
systems are available but are not as widely used. It also has a
low analytical sensitivity, limiting its utility in lymphomas that
have low numbers of monoclonal cells such as T-cell-rich
B-cell lymphoma, and in minimal residual disease (MRD)
detection and monitoring.14 For these reasons, SB has now
largely been replaced by polymerase chain reaction (PCR)-
based techniques as the primary molecular diagnostic modal-
ity, but it still remains the gold standard in clonality testing
especially in diagnostically difficult cases.15,16

Fluorescent in situ hybridization (FISH)
FISH is a valuable technique for the detection of both struc-
tural and numerical chromosomal abnormalities, down to the
single cell and single gene level.17 Labeled DNA probes are
used that hybridize to chromosome-specific target sequences
of interest. The probes employed are highly variable and
include whole chromosome paints, centromeric probes, and
locus-specific probes. The most common FISH methods used
are metaphase and interphase FISH. These are very useful in
detecting numerical chromosomal anomalies, by the use of
centromeric probes, and for detecting translocations, by using
single-, dual-, or triple-color probes.17–19 They are particularly
useful in detecting translocations having widely dispersed
breakpoints (such as t(11;14) in mantle cell lymphoma and
t(8;14) or variants in Burkitt lymphoma),20–22 as FISH probes
are typically large and can span in excess of 100 Kb of the
genome. A disadvantage of metaphase FISH, similar to that of
conventional cytogenetic analysis, is that viable cell suspen-
sions are needed and it may be limited in low-grade

lymphomas having a low proliferation rate, resulting in a lack
of quality metaphases. As well, DNA in metaphase is highly
condensed, leading to a relatively low resolution. For these
reasons, interphase FISH is more commonly used as it can
be used with air-dried smears, paraffin sections, and nuclei
isolated from fresh or frozen tissue, or from paraffin
sections.18,21,23 It also has a higher resolution than metaphase
FISH.14 It is the method of choice to detect translocations
where no reverse transcriptase-PCR (RT-PCR) assays are

Table 14.1. Molecular aberrations in B-cell and T-cell lymphomas

Lymphoma
type

Molecular findings Detection
methods

FL t(14;18) - FISH
- PCR less sensitive

MCL t(11;14) - FISH
- Cyclin D1
expression by IHC

CLL/SLL Trisomy 12
Deletions of 13q14,
11q22-q23, 6q21,
17p13 Rare t(14;19)

- FISH for common
translocations

- Cytogenetics

SMZL del 7q31–32 - Cytogenetics and/
or array CGH

MALT t(11;18), t(14;18),
t(1;14), t(3;14), þ3,
other rare variants

- FISH
- Cytogenetics

LPL Del 6q and 13q - Cytogenetics and/
or array CGH

Extranodal
NK/T-cell
lymphoma,
nasal type

Gains of 2q, 15q,
17q, and 22q.
Losses of 6q, 8p,
11q, 12q, and 13q

- Cytogenetics
- Array CGH

PTCL, NOS Gains of 7q22–31,
1q, 3p, 5p, and
8q2ter, losses of
6q22-q24 and
10p13pter, t(5;9)
(q33;q22)

- Cytogenetics
- Array CGH
- FISH for t(5;9)

AILT Trisomy 5, 21 and
gains of 5q, 3q

- Cytogenetics
- Array CGH

Systemic ALCL t(2;5)(p23;q35) and
variants

- ALK expression
by IHC

- FISH

EATL Gain of 9q33-q34 - Cytogenetics and/
or array CGH

Notes: FL: follicular lymphoma; MCL: mantle cell lymphoma; CLL/SLL: chronic
lymphocytic leukemia/small lymphocytic lymphoma; SMZL: splenic marginal
zone lymphoma; MALT: mucosa-associated lymphoid tissue lymphoma; LPL:
lymphoplasmacytic lymphoma; PTCL, NOS: peripheral T-cell lymphoma, not
otherwise specified; AILT: angioimmunoblastic T-cell lymphoma; ALCL:
anaplastic large cell lymphoma; EATL, enteropathy-associated T-cell lymphoma;
IHC: immunohistochemistry; CGH: comparative genomic hybridization; ALK:
anaplastic lymphoma kinase.
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available, and where breakpoints are widely dispersed.
One disadvantage of interphase FISH, especially in paraffin
sections, is the overlapping, and also sectioning, of nuclei
which makes it very difficult to accurately score. To circum-
vent this problem, the areas of interest in the paraffin section
can be cored and the cells disaggregated to produce a single cell
suspension that can then be spread on a slide. Cytospin and
touch preparations can also be used if available. Two basic
FISH strategies are used including colocalization and break-
apart assays. Co-localization assays are less optimal because of
reduced specificity that results from false-positive findings due
to overlapping signals. Thus, breakapart assays are preferable.
Two probes are used that span the region of interest (e.g.,
BCL6), each being labeled with a different fluorochrome. Any
disruption of the genetic locus by a translocation will result in
a separation of the fused signals and produces an easily identi-
fied split signal. This strategy can also be applied to tissue
microarray slides and thus is highly advantageous for studying
large numbers of cases.

Polymerase chain reaction (PCR)
As was previously discussed, PCR-based assays are now the
preferred approach for the molecular diagnosis of lymph-
omas.24–28 PCR is not routinely employed in every case but
its utility is seen in cases in which a malignant diagnosis
cannot be rendered after morphologic and immunohistochem-
ical assessment. In many cases, PCR analysis enables a

diagnosis to be made.29 PCR assays may not detect all
rearrangements demonstrable by SB or FISH,30 but PCR has
many advantages including rapid turn-around time, minimal
tissue requirement, and less stringent DNA requirements
allowing the use of FFPET. Its relative ease of use allows for
automation and it may also be multiplexed, allowing for analy-
sis of more than one chromosomal aberration. It is also much
safer as radioactive materials are not required.

DNA-based PCR strategies are employed for the assess-
ment of IGH/TCR gene rearrangements and for detecting some
chromosomal translocations such as t(14;18), t(11;14), etc. (See
Figure 14.4.) RT-PCR is used for detecting chromosome trans-
locations resulting in novel gene fusions and is therefore used
mainly in leukemia diagnosis and monitoring. Many different
assays are available which vary in design, complexity, cost, and
sensitivity. The choice of what type of assay to use depends on
the DNA target being tested, and whether it is being used for
primary diagnosis or for MRD detection. Each laboratory will
need to optimize their assays for their particular needs but also
need to be aware of the sensitivity and limitations of each assay
being used.31

One of the significant advantages of PCR-based assays is the
less stringent requirements for large amounts of high-quality
DNA. Therefore many different specimens can be suitable for
PCR studies. These include small tissue biopsies, fine needle
aspiration biopsies, bone marrow aspirates, cells scraped
from histologic or cytologic slides, and cells microdissected
from tissue specimens.25,32–37 As well, paraffin-embedded

Figure 14.4 The above images represent PCR analysis of the BCL2 gene. The top image shows a positive result (amplification product approximately 420 bp size)
with the middle image showing a blank control. The bottom image shows internal control DNA of housekeeping genes, with the left peak (approximately
220 bp) serving as a control for the IGH gene PCR and the right peak (approximately 530 bp) a control for the BCL2 gene amplification.
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tissue can be used for many PCR assays, often with the
sensitivity of clonal detection approaching that of fresh speci-
mens.38–40 There are many factors that can affect the sensitiv-
ity of clonal detection using fixed material. An important
factor is the type of fixative with buffered formalin giving the
best results.41,42 Mercury-based fixatives such as B5 are not
suitable. The average length of preserved and intact DNA will
vary from case to case and institution to institution for FFPET,
but on average is typically up to 300 basepairs in length. Thus,
PCR strategies where the amplimer is smaller than this are
often successfully amplified from paraffin material. Appropri-
ate internal controls (housekeeping genes) are always run with
each assay so that false-negative tests secondary to failed amp-
lification of control genes are avoided.

In order to detect rearranged IG/TCR genes and chromo-
some aberrations by PCR, precise knowledge of the rearranged
gene segments is needed in order to design appropriate
primers. For IG/TCR genes, the ability to detect all different
V, D, and J gene segments would require a significant number
of different primers, which is not practical in routine molecu-
lar laboratories. Therefore, consensus primers have been
designed, in an attempt to recognize all V and J gene segments
of the locus under study. These are generally optimal for
portions of the relevant gene segments but other portions
show a lower homology. This can lead to false-negative results,
particularly in IG/TCR genes withmany different gene segments.

In the V-region of IGH gene segments, three framework
regions (FRs) and two complementarity-determining regions
(CDRs) are present. The FRs are very homologous among the
various VH segments, whereas the CDRs are heterogeneous.
As well, the CDRs are a site for somatic hypermutation in the
germinal center reaction, further increasing the variability
within these regions. FRs are usually less affected by somatic
mutations but nucleotide substitutions may occur in these
regions. Some PCR protocols use single VH consensus
primers, which are able to bind to one of the three FR regions,
mainly FR3. However, these consensus primers are not able to
amplify all VH segments with the same efficiency. This is
partly due to the above mentioned somatic mutations that
can occur in FRs, preventing primer annealing and a resultant
absence of amplification. Therefore, a significant number of
clonal rearrangements cannot be detected by this method,
resulting in a false-negative result. This is especially true for
follicular lymphoma (FL) and some diffuse large B-cell lymph-
oma (DLBCL) cases, as these usually contain higher numbers
of FR somatic mutations. An attempt to overcome this inher-
ent problem is the addition of further primers to include
the FR2 region as well. The European BIOMED-2 project
has developed and standardized a multiplex PCR strategy,
using multiple primers to detect clonally rearranged IG and
TCR genes and the chromosome aberrations t(11;14) and
t(14;18).28 This has resulted in an extremely high detection
rate, even in B-cell malignancies with an increased load of
somatic mutations.

Other emerging methodologies
Newer techniques including multicolor FISH (M-FISH)43 and
spectral karyotyping (SKY)44,45 allow for simultaneous evalu-
ation of multiple targets. These methods rely on color-coded
identification of all individual chromosomes within a meta-
phase spread. (See Figure 14.5.) They vary somewhat in meth-
odology and in the way the signals are analyzed but essentially
reveal the same information. M-FISH, and SKY in particular,
have some advantages over conventional G-banding.46 These
techniques make it possible to detect otherwise inapparent or
complex chromosomal rearrangements and translocations
(typically hidden in marker chromosomes). They also have
an advantage over conventional FISH in that it is not necessary
to know which specific probes to use. M-FISH and SKY,
however, do have some shortcomings as they are not sensitive
enough to detect small intrachromosomal inversions, duplica-
tions, and deletions. As well the need for quality metaphases
and the high cost are further drawbacks, making them imprac-
tical for routine clinical use at this time.

Comparative genomic hybridization (CGH) is a molecular
cytogenetic technique that uses fluorescence-based hybridiza-
tion to look for genome-wide DNA sequence copy number
changes including losses, deletions, gains, and/or amplifica-
tions. This information can be gathered in a single hybridiza-
tion experiment.47 It cannot be used to detect balanced
structural rearrangements such as inversions or translocations
common to many lymphomas. However, it is a powerful
research tool as it can detect unbalanced genomic alterations
which might identify candidate genes involved in lymphoma
pathogenesis. Classical CGH uses metaphase chromosomes
for analysis but the resolution is limited due to condensation
of metaphase DNA. This can now be overcome by hybridiza-
tion to microarrays of cloned genomic DNA targets or oligo-
nucleotides rather than chromosome metaphases, a technique
known as array CGH.48,49 This results in superior resolution
and enables automated analysis.50–52 The requirement for
expensive equipment limits its utility in routine clinical
laboratories.

Gene expression profiling or DNA microarray technology
is a molecular technique that uses an ordered array of thou-
sands of genes on a solid support. This allows for the simul-
taneous measurement of mRNA expression levels of each gene
on the array, resulting in a profile of gene expression in the
particular cell or tumor being analyzed.53,54 It is beginning to
help refine lymphoma subclassification at a molecular level
and is able to identify genes of significance involved in patho-
genesis and those predictive of clinical behavior. It can also
yield valuable information in regards to devising novel
targeted therapies.55 At this point, gene expression profiling
is largely a research tool. However, routine pathology labora-
tories can play an important part in harvesting and storing of
fresh lymphoma tissue and normal blood/tissue control
samples as these techniques currently require non-degraded
mRNA.
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Molecular genetics of B-cell non-Hodgkin
lymphomas
BCL2
The t(14;18)(q32;q21) cytogenetic abnormality was identified
in the early 1980s with the translocation partners being cloned

and identified by several groups.56–58 It is a translocation that
is present in 80–90% of FLs59,60 and 10–20% of DLBCLs.61–65

The translocation brings the BCL2 gene on chromosome 18
under the control of the IGH gene enhancer element on
chromosome 14. This results in expression of the BCL2 pro-
tein, which should normally be turned off in the majority of
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Figure 14.5 Multicolor FISH analysis.
(a) A normal female karyotype. (b) A complex
karyotype, demonstrating the utility of M-FISH in
this situation to sort out the multitude of
chromosomal aberrations present.
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germinal center B lymphocytes. BCL-2 is a potent antiapop-
totic factor, giving the malignant cells a survival but not
a proliferative advantage. Rare variant translocations can
occur involving the immunoglobulin light chain genes and
can be considered as biologic equivalents. These include
t(2;18) bringing BCL2 under the control of IGK and t(18;22)
involving IGL. In approximately 10% of FL cases, BCL2 protein
cannot be demonstrated by immunohistochemistry, raising the
possibility of alternative antiapoptotic mechanisms.66 Other
B-cell lymphomas also demonstrate overexpression of BCL2.67

However, this is a result of various other mechanisms for
upregulation, rather than the classic t(14;18).

The breakpoints on chromosome 14 occur within the
J-region of the IGH locus. Most breakpoints on chromosome
18 are clustered within a 150-bp segment at the 30 untranslated
end of exon 3 of BCL2, which is known as the major breakpoint
region (MBR).58 Additional breakpoints have also been identified
approximately 20Kb 30 of theMBR in a region termed theminor
cluster region (MCR).68 Recently, several new breakpoints have
been identified in an intermediate cluster region (ICR) in a large
segment of DNA between the MBR and the MCR.69 The ICR is
now recognized to be more common than MCR breakpoints.70

PCR approaches can be used to detect t(14;18) using a
primer 50 to the MBR and a consensus J-region IGH primer.
This approach is able to detect approximately 60–70% of
rearrangements.71–73 Primer sets that target the additional
breakpoints can increase the detection rate.70 FISH has proven
to be more sensitive than PCR as it is capable of detecting
breakpoints that lie outside the regions covered by the PCR
strategy and because absolute sequence complementarity is not
required.74,75 (See Figure 14.6.) Conventional cytogenetics still
provides the most complete documentation of karyotypic

abnormalities found in FL. However, due to disadvantages
including the requirement for fresh tissue and the low meta-
phase yield due to the indolent nature of low-grade NHLs, this
technique is not always employed.

BCL6
The BCL6 gene acts as a regulator and is involved in
important cellular functions including cell cycle control,
lymphocyte differentiation, and immune response through B-
cell activation and inflammation. Its initial identification came
about because of its involvement in chromosomal translocations
affecting 3q27, present in a group of FL and DLBCL.76,77 (See
Figure 14.7.) BCL6 expression is not exclusive to lymphocytes as
its mRNA can be detected in different cell types,78,79 but its
protein product seems to be expressed at higher levels in
lymphocytes. As a result, BCL6 and its oncogenic properties
have been studied primarily in the lymphoid system.

BCL6 is expressed by both B and T cells in the germinal
center and is required for germinal center formation and T-cell-
dependent antigen responses.80 It is also found in scattered
lymphocytes in the interfollicular area, and is also found in
cortical thymocytes.81–83 Due to the fact that BCL6 is expressed
by germinal center B cells, it is useful as a marker for lymph-
omas that are derived from the germinal center. BCL6 is
expressed in lymphomas that are thought to arise from follicle
center cells, such as FL (almost 100%), Burkitt lymphoma (BL)
(100%), a majority of DLBCLs (80%), and nodular lymphocyte
predominant Hodgkin lymphoma (NLPHL) (80%).81–83

BCL6 is usually expressed in cells with a high proliferation
index. Therefore, for the most part, it is not expressed by low-
growth fraction lymphomas. The exception is FL where BCL6 is
present in the proliferating cells of the germinal center and
is downregulated in the interfollicular compartment, where the

IGH SpG

BCL2 SpO

POSITIVE t(14;18)

Figure 14.6 FISH analysis for t(14;18) using a colocalization assay. The red
probe localizes to the BCL2 gene on chromosome 18 with the green probe
localizing to the IGH gene on chromosome 14. The presence of the
translocation brings these probes together, resulting in a fusion (yellow) signal.
A normal cell would have two red and two green signals.

Figure 14.7 FISH analysis of the BCL6 gene at chromosome 3q27, using a
breakapart assay. Two probes, red and green, span the region of interest creating a
yellow signal. A disruption of the genetic locus by a translocation is demonstrated
by a separation of the probes resulting in distinct green and red signals.
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proliferation rate is also lower. In the case of NLPHL, the
lymphocyt predominant (LP) or “popcorn” cells have a high
proliferation rate and also demonstrate BCL6 expression.

BCL6 rearrangements (chromosomal translocations involv-
ing the BCL6 50-noncoding region in 3q27) occur at a frequency
of 20–40% inDLBCL and 6–14% in FL.84 In contrast, rearrange-
ments of BCL6 (as well as those affecting BCL2 or MYC) are
very rare in primary mediastinal B-cell lymphoma, which sug-
gests that this tumor is a separate type of DLBCL arising
by different pathogenetic mechanisms.85 These transloca-
tions contribute to BCL6 deregulation. However, the level of
BCL6 expression seems to depend on the partner involved
in the translocation, as tumors in which BCL6 is translocated to
an IG locus express higher levels of BCL6 mRNA than those with
non-IG/BCL6 translocation, and also overexpression of BCL6 is
often independent of chromosomal translocations.86

The BCL6 gene is also altered by somatic hypermutation,
analogous to IGH genes.87,88 As these BCL6mutations occur in
normal germinal center B cells, the same mutations are then
present in tumors that are derived from germinal center or
post-germinal center B cells.89,90 Most of the mutations are
present in the 50 region in intron 1 although a second region in
exon 1 is described.89,91,92 Some of these mutations can lead to
deregulated BCL6 expression. These BCL6 mutations are
detected in 50–60% of all DLBCL cases.88,90,93 The germinal
center B-cell-like (GCB) subgroup and the primary medias-
tinal (PMBCL) subgroup of DLBCL have a higher frequency of
mutated cases than the activated B-cell-like (ABC) subgroup.93

CCND1/cyclin D1
The t(11;14)(q13;q32) translocation that characterizes mantle
cell lymphoma (MCL) juxtaposes the proto-oncogene CCND1,
which encodes cyclin D1, at chromosome 11q13, to the IG
heavy chain J-region at chromosome 14q32. This translocation
results in over-expression of cyclin D1, which is not normally
expressed in B lymphocytes. Cyclin D1 plays a key role in cell
cycle regulation during the G1/S transition. Overexpression of
cyclin D1 drives cellular proliferation.94,95 This genetic alter-
ation is thought to be the primary event in the pathogenesis of
MCL. However, deregulation of cyclin D1 may also have onco-
genic potential independently of its cell cycle regulatory func-
tion as it is known to participate in the regulation of several
transcription factors and transcriptional coregulators.96,97

It was previously thought that t(11;14) was found occasion-
ally in chronic lymphocytic leukemia (CLL), B-cell prolym-
phocytic leukemia (B-PLL), and in splenic B-cell marginal
zone lymphoma (SMZL). However, with further studies, most
of these cases represent morphologic variants of MCL, many
being the blastoid variant.98–100

Two common methods for detecting t(11;14) are routinely
employed in the laboratory. The simplest method is the use of
an immunohistochemical stain for cyclin D1 in paraffin
tissue sections. As was mentioned previously, normal B and
T lymphocytes lack expression of cyclin D1. Therefore, positive

nuclear staining of B cells with the correct histologic appearance
confirms overexpression of the protein. The second method is
FISH analysis for the translocation. (See Figure 14.8.) This is
routinely performed on peripheral blood specimens but can also
be performed on fresh or fixed tissue specimens. PCR has a
limited role due to the very high false-positive rate.

t(11;18)/API2-MALT1
Inmost cases of extranodalmarginal zone lymphomaofmucosa-
associated lymphoid tissue (MALT lymphoma) with a detectable
translocation, t(11;18) is the sole aberration.101–103 As well, t
(11;18) appears to be specifically associated with MALT lymph-
oma and has not been detected in nodal or splenic marginal zone
B-cell lymphoma nor in other NHLs.104–106 It has been reported
very rarely inDLBCL, although they all appear to be a high-grade
transformation fromMALT lymphoma.107,108 The translocation
occurs at variable frequencies depending on the site where the
MALT lymphoma arises. The highest frequencies appear in the
lung (25–40%) and stomach (20–30%) with lower frequency in
the conjunctiva and orbit.109,110 It is also rarely found in trans-
formed MALT lymphomas, as the presence of the translocation
seems to denote cytogenetically stable disease not at risk
to transform.102,111 t(11;18) is not found in uncomplicated Heli-
cobactes pylori-associated gastritis and is significantly associated
with more advanced-stage gastric MALT lymphoma.106 Of clin-
ical importance, gastric MALT lymphomas with an associated
t(11;18) do not respond to H. pylori eradication.112–114

This translocation causes a fusion of the API2 gene on
chromosome 11 with the MALT1 gene on chromosome 18.
API2 is believed to be an inhibitor of apoptosis whereas
MALT1 is involved in the activation of the nuclear factor-
kappa B(NF-κB) pathway. By themselves, neither wild-type
API2 nor MALT1 are able to activate NF-κB but the fusion
product can dimerize and activate this transcription factor.115

t(11;18) can be detected by RT-PCR but the breakpoints
are extremely heterogeneous in both genes requiring a com-
prehensive primer strategy, limiting the clinical utility of this
detection method. FISH analysis is currently the best clinical
method for detection of this translocation.

t(8;14)/C-MYC-IGH
The defining feature of BL is a chromosomal translocation that
involves a recombination between the IG heavy-chain locus
and the MYC oncogene.116–118 This translocation has been
found in both Epstein–Barr virus (EBV)-positive and EBV-
negative BL and in all variants of the disease. The classic
t(8;14), combining the MYC gene on chromosome 8 with the
IGH gene on chromosome 14, has been observed in nearly 85%
of BL. Two variant chromosome translocations, t(2;8) and
t(8;22) combining the MYC locus with the kappa light chain
gene on chromosome 2 or the lambda light chain gene on
chromosome 22, have been observed in approximately 10% of
cases.119,120 MYC translocations are not exclusive to BL as
DLBCLs may also harbor this abnormality.121–123
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The chromosomal breakpoints inMYC differ and can assist
in distinguishing endemic from sporadic variants.124,125

Endemic variants have MYC breakpoints far upstream from
the gene with the corresponding IGH break occurring in the
J-region. This variant is also highly associated with EBV. In
sporadic variants, the MYC break occurs immediately 50 of the
gene with the IGH break occurring in the heavy chain switch
region, in keeping with a later stage in B-cell differentiation. No
matter what breakpoints occur, the result is an overexpression
of MYC, a transcription factor that regulates cell growth, cell
proliferation, cell cycle, and apoptosis.126 Normal expression of
MYC is tightly regulated but translocations render the
rearranged gene unable to respond normally to regulatory
factors. The overexpression of Myc protein drives cells into
S phase of the cell cycle leading to increased growth and prolif-
eration of cells, hence the high proliferation rate in BL.

Standard DNA PCR methods are not practical for the
detection of MYC translocations due to the large intervening
DNA regions and lack of significant breakpoint clustering.
Therefore, FISH analysis is the method of choice. FISH probes
for t(8;14) span large segments of the MYC gene and the IGH
region. Therefore, detection of the many different breakpoints
in MYC is possible. As well, breakapart probes spanning the
MYC gene are able to identify rearrangements arising from
variant translocations. Often, probes for both t(8;14) andMYC
breakapart are done so that a MYC rearrangement is not
missed. There is some evidence in the literature that transloca-
tions of MYC that involve non-IG partners may result in
slightly less aggressive disease.

Dual translocation lymphoma
A subgroup of NHL cases contain concurrent t(14;18) and C-
MYC rearrangements and are termed dual translocation or

“double hit” lymphomas.127,128 One of the original descrip-
tions of this dual translocation occurred in a patient with
precursor B-cell acute lymphoblastic lymphoma.129 In aggre-
gate, these double-hit lymphomas/leukemias arise by one of
two pathways; (1) following a diagnosis of antecedent FL or
(2) de novo where all metaphases show both translocations.130–132

The histologic features of these lymphomas are heterogeneous,
with described cases mimicking DLBCL, atypical BL, so-called
Burkitt-like lymphomas with features intermediate between BL
and DLBCL (gray-zone), TdTþ lymphoblastic lymphoma,
surface immunoglobulin-positive acute lymphoblastic leuke-
mia, and rarely blastic or blastoid FL. The presence of a
t(14;18) precludes a diagnosis of classic BL. Moreover, virtually
all of the double-hit lymphomas strongly express BCL2 pro-
tein. This form of lymphoma should be considered whenever
there is discordance between the morphology and the immu-
nophenotype, particularly in patients with preexisting FL, or
in de novo presentations of aggressive lymphomas when clas-
sification is difficult. Gene expression profiling data show that
dual translocation lymphomas have a molecular signature
different to that of BL and constitute a heterogeneous sub-
group of high-grade lymphomas.122,123 Many studies have
concluded that patients with dual translocation lymphomas
have an aggressive clinical presentation and a very poor prog-
nosis.127,128,130 This would be expected based on the molecular
consequences of these two translocations.

Gene expression subgroups within DLBCL
DLBCL is a heterogeneous category of lymphomawith respect to
morphology, phenotype, and molecular and clinical outcome.
Gene expression profiling studies have been able to identify
distinct molecular subgroups of DLBCL.133–136 These three sub-
groups have been termed GCB, ABC, and PMBCL. These DLBCL

(a) (b)

Figure 14.8 FISH analysis for t(11;14) using a colocalization assay. (a) A normal signal constellation with two red probes localizing to the two alleles of the CCND1 gene
on chromosome 11 and two green probes localizing to the IGH gene on chromosome 14. (b) A case with a t(11;14) translocation, resulting in a fused signal (yellow).
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subgroups can be considered distinct entities as they originate
from B cells at different stages of differentiation, have different
oncogenic mechanisms, and differ in their survival rates and
patterns of relapse following chemotherapy (see Table 14.2).

GCB DLBCLs demonstrate a gene expression profile that
clusters with normal germinal center B cells, whereas ABC
DLBCLs have downregulated these genes.133,137 These genes
not only encode for germinal center B-cell surface markers such
as CD10 but also include various transcription factors and
signaling molecules. ABC DLBCLs appear to be derived from
a B cell that is in the process of differentiating from a germinal
center B cell to a plasma cell as a number of genes that
are characteristically expressed in plasma cells show higher
expression in ABC DLBCL than GCB DLBCL.137 However,
these cells appear to be blocked from undergoing terminal
plasma cell differentiation, as reflected by the oncogenic alter-
ations that characterize a subset of ABC-type DLBCL. Previ-
ously, PMBCL was defined mainly by clinical criteria but gene
expression profiling has shown a distinct molecular signature,
allowing it to be differentiated from ABC and GCB
DLBCL.136,138 Of interest, over one-third of genes more highly

expressed in PMBCL than other DLBCL subgroups are also
found to be expressed in Hodgkin lymphoma cell lines.

These three subgroups have shown distinct differences in
the frequency of certain recurrent translocations, chromo-
somal aberrations, and oncogenic signaling pathways, support-
ing the idea that these are distinct entities with differing
pathogenic mechanisms. The t(14;18) translocation involving
BCL2 and amplification of the c-rel locus at 2p16 are present in
a percentage of GCB DLBCL, but are not seen in ABC
DLBCL.134 Amplification of c-rel is also a feature of PMBCL.
However, many ABC DLBCLs have high BCL2 expression
in the absence of t(14;18). A key difference between
the subgroups is the activation of the NF-κB pathway,
a pro-survival pathway. It is found to be constitutively
activated in ABC DLBCL and PMBCL but not typically in
GCB DLBCL.136,138,139 The BCL2 gene is an important
target of NF-κB and thus the dominant mechanism leading
to overexpression of BCL2 protein in ABC DLBCLs.
An increase of BCL2 copy number also underlies some
of the increase in BCL2 expression and is mutually exclusive
of the t(14;18).

Table 14.2. Features of DLBCL subgroups

GCB DLBCL ABC DLBCL PMBCL

Cell of origin Germinal center B cell Post-germinal center B cell Asteroid B cell (thymic)

Clinical
features

Typically older patients Typically older patients > 60 Typically affects younger women

Increased likelihood of bone marrow
and extranodal involvement

Increased likelihood of bone marrow
and extranodal involvement

Commonly bulky mass
(> 10 cm) with local spread

Favorable outcome 60% 5-yr OS in
CHOP era, significantly improved with
R-CHOP

Poorer performance status
ECOG > 2

Distant spread and bone
marrow involvement infrequent
Favorable outcome, late relapses
not seen

Poor outcome – 35% 5-yr OS
in CHOP era, improved with
R-CHOP

Chromosomal
alterations

t(14;18) t(3;14) and variants Gains of 2p and 9p

Gains of 12q13 Trisomy 3 Losses of 1p13.2 and 17p12

MYC translocations Gains of 3q

Gains of 18q21-q22

Deletion of 6q21-q22

Oncogenic
mechanisms

BCL2 translocation Constitutive NF-κB activation Constitutive NF-κB activation

Amplification of c-rel locus on chromosome
2p

BLIMP1 inactivation

CARD11 activating mutations
SPIB amplification

Note: GCB DLBCL: germinal center B-cell-like diffuse large B-cell lymphoma; ABC DLBCL: activated B-cell-like diffuse large B-cell lymphoma; PMBCL: primary
mediastinal B-cell lymphoma; OS: overall survival; CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone; R-CHOP: CHOP plus rituximab.
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Somatic hypermutation in B-cell lymphoma
As was mentioned previously, somatic hypermutation of the
IGHV region occurs in the germinal center to increase the
affinity of the antibody to its cognate antigen. The presence of
these mutations suggests that the cell has been through the
germinal center. This information has shed light on the cellular
origin of many B-cell malignancies.140 As well, the mutational
status has been found to have prognostic implications in certain
B-cell lymphomas. In CLL, those patients with CLL cells con-
taining mutated IGHV genes have better prognosis than those
with unmutated IGHV genes.141,142 More recent studies have
shown that MCL consists of two subsets, the majority of which
have unmutated IGHV genes with a smaller subset (20–30% of
cases) having mutated IGHV genes.143–145 The presence of
mutations suggests either exposure to a germinal center envir-
onment or alternatively, that somatic hypermutations have
been acquired in a non-germinal context, possibly in the mar-
ginal zone. However, the data so far have been inconclusive as to
the effect of mutational status on prognosis.

Molecular genetics of T-cell non-Hodgkin
lymphomas
t(2;5)/NPM/ALK
The t(2;5)(p23;q35) genetic abnormality is a characteristic feature
present in a subset of T-cell anaplastic large cell lymphoma (T-
ALCL).146,147 This translocation couples the nucleophosmin
gene (NPM) on chromosome 5 with a tyrosine kinase gene
designated anaplastic lymphoma kinase (ALK) on chromosome
2.148,149 ALK is a signal transduction protein that is not expressed
in normal lymphocytes. The gene fusion results in a chimeric
protein leading to the constitutive expression of the ALK protein.
ALK expression is detected in approximately 40–60% of ALCL
tumors of T-cell or null-cell immunophenotype, or significantly
more frequently if strict diagnostic criteria are applied.150 In 80%
of these cases, ALK expression results from t(2;5)(p23;q35) and
results in a characteristic nuclear and cytoplasmic staining pat-
tern. A large number of variant translocations occur where ALK
is fused to other partners, typically resulting in unique staining
patterns that differ from the t(2;5). Recent CGH analysis shows
that ALK-positive ALCL cases have frequent secondary chromo-
somal imbalances, including losses of chromosome 4, 11q, and
13q, and gains of 7, 17p, and 17q.151 ALK-negative ALCL cases
have different secondary genetic alterations, suggesting that they
are a different biologic entity.

Again, many methods are available for detecting ALK
abnormalities. Likely the most information is provided by
conventional cytogenetic analysis as it allows detection of the
t(2;5) or any other translocation or inversion involving
ALK.152 As well, additional abnormalities can be detected if
present. FISH analysis, using a dual-color/breakapart probe
spanning the ALK breakpoint region at 2p23, can detect
t(2;5) as well as other ALK translocation variants. However,
the partner gene cannot be identified. Reverse-transcriptase or

long-range PCR can be used but neither method will detect the
variant translocations.153 The most convenient method for
detection of ALK overexpression is by immunohistochemical
staining on paraffin sections.154 A positive result by staining
has similar meaning to a positive FISH result and is less
laborious with faster turnaround time.

Other rarer T-cell chromosomal aberrations
The majority of T-cell lymphomas lack a recurrent defining
translocation. However, some novel chromosomal transloca-
tions have been demonstrated in certain subtypes of T-cell
lymphoma. t(5;9)(q33;q22) has been described in a small
number of cases of peripheral T-cell lymphoma, not otherwise
specified (PTCL, NOS). This results in the fusion of the
ITK gene on chromosome 5 with the SYK gene on chromosome
9. SYK is a non-receptor protein kinase that serves as a key
regulator of multiple biochemical signal transduction events.155

This translocation leads to constitutive activation of the SYK
gene. Cases of PTCL, NOS with t(5;9) have shown a character-
istic follicular or perifollicular growth pattern.156–158

In enteropathy-associated T-cell lymphoma (EATL),
numerous recurrent chromosomal gains and losses have been
identified. However, the most common chromosomal alter-
ation has been gain of 9q33-q34. The terminal part of 9q
harbors many genes potentially involved in lymphomagenesis,
which may be key in the pathogenesis of EATL. In one series,
this alteration has been detected in 64% of 72 EATL cases
studied.159 Chromosomal gains on 9q33-q34 appear to char-
acterize EATL and are only rarely detectable in other types of
peripheral T-cell lymphomas.160

Molecular genetics common to B-cell
and T-cell non-Hodgkin lymphoma
TP53
p53 is a transcription factor that regulates the cell cycle and
functions as a tumor suppressor. TP53 is located on chromo-
some 17 (17p13.1). p53 has many important functions includ-
ing activation of DNA repair proteins, inhibition of the cell
cycle at the G1/S regulation point until DNA damage can be
repaired, and initiation of apoptosis if the DNA damage is
irreparable. It also plays a role in the inhibition of angiogen-
esis. Mutations or deletions of the TP53 gene lead to loss of the
tumor suppressor function and loss of its regulatory effects. It
is mutated in at least half of all human tumors and is fre-
quently mutated in B-and T-cell lymphomas.

Mutations of the TP53 gene and loss of heterozygosity in
17p are found in approximately 10–15% of CLL/SLL
cases.161,162 A higher frequency of p53 alterations is observed
after transformation of CLL/SLL to Richter’s syndrome,161 sug-
gesting that p53 may be involved in the genetic mechanisms
underlying CLL/SLL progression. A subset of MCL has been
shown to accumulate alterations in TP53, leading to the gener-
ation of blastoid variants characterized by higher proliferative
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activity and more aggressive clinical behavior.163–165 Mutations
of TP53 are detected in 17–25% of cases of DLBCL166–169 and
30–40% of BL cases.161,170 This frequency is relatively low com-
pared with other types of cancer but is still significantly higher
than indolent lymphomas, supporting the hypothesis that p53
inactivation is one of the events leading to high-grade progression.

p53 overexpression is commonly present in some forms of
T- or NK-cell lymphomas including anaplastic large cell
lymphomas and, to a lesser extent, nodal peripheral T-cell
lymphomas and nasal NK/T lymphomas.171–173 However,
mutations in TP53 are rare and often a late event associated
with tumor progression.

p16INK4a
p16INK4a is a tumor suppressor gene located on 9p21 and is the
most frequently altered locus in human cancer after TP53. The
p16INK4a protein associates with and inhibits cyclin/cyclin-
dependent kinase (CDK) complexes, which promote the pro-
gression of the cell cycle.174 p16INK4a protein is present in
reactive lymphoid tissue, with a slight increase in the germinal
centers and interfollicular areas and a decrease in the mantle
zone, which mainly consists of resting lymphocytes.175 Indo-
lent B-cell lymphomas display normal p16INK4a expression
whereas in more aggressive B-cell lymphomas, more than
50% show partial or total loss of expression of p16INK4a pro-
tein.166,176,177 This finding is often associated with alterations
in the p16INK4a gene, predominantly by 9p21 deletion/loss of
heterozygosity or promoter hypermethylation. Point muta-
tions of p16INK4a are infrequent.

p16INK4a inactivation appears to play a role in the trans-
formation of lymphoma. The progression of FL to an aggres-
sive large cell lymphoma is frequently accompanied by 9p21
deletions, often resulting in reduction or loss of p16INK4a

expression.178 In MCL, p16INK4a deletions are associated with
aggressive variants.179 In composite tumors comprised of an
indolent and higher-grade component, the indolent compon-
ent tends to express p16INK4a, but the larger transformed cells
usually demonstrate loss of p16INK4a expression.175 Cutanteous
T-cell lymphomas including mycosis fungoides (MF) and Séz-
ary syndrome have relatively high frequencies of loss of
p16INK4a expression, again showing more frequent loss with
progression from plaque to tumor stage in MF.180–182

Inactivation of p16INK4a may also play a role in the devel-
opment of Hodgkin lymphoma HL, as many Hodgkin lymph-
oma cases show selective loss of p16INK4a expression by Reed–
Sternberg (RS) cells.183

Practical application of molecular genetics
Differentiating between CLL and MCL
One of the common problems in lymphoma pathology is the
differentiation between CLL and MCL in peripheral blood
smears. The morphologic appearance can point towards a
diagnosis but is not foolproof, partly due to the heterogeneity

of CLL cells but also as a result of the blood smear preparation
and the age of the blood specimen arriving at referral hospital
laboratories. Typical CLL cells will reveal small mature
lymphocytes with round nuclei, clumped chromatin, and scant
amounts of cytoplasm. Occasional cases can show plasmacy-
toid features with more abundant cytoplasm. Most cases reveal
at least some prolymphocytes, and thus are best described as
dimorphic. MCL cells in the peripheral blood will typically
show more heterogeneity than CLL. There may be some small
lymphocytes resembling CLL cells but often there is a spec-
trum including larger cells with more irregular nuclei, slightly
open chromatin, and occasional small nucleoli. Virtually all
cases show some blast cells, a key distinguishing feature from
CLL. Flow cytometric analysis can often aid in distinguishing
between these two entities. Both will show coexpression of
CD5 on the B cells but other antigens and intensity of expres-
sion for several antigens is unique. CLL will typically show dim
expression of CD20 and surface light chains. These cells typic-
ally express CD23 and will be negative for FMC-7. CD11c
expression is variable. MCL cells will typically show brighter
expression of CD20 and surface light chains, and be positive
for FMC-7 but negative for CD23. MCL is typically negative
for CD11c. However, not all cases are straightforward and
considerable overlap may be observed. The most definitive
method for differentiating between these entities is FISH
analysis for t(11;14), present in MCL but absent in CLL. One
caveat is the potential for cyclin D1-negative MCL cases. The
existence of such cases has been controversial in the past.
However, gene expression profiling data has proven that this
entity does exist and shows the typical gene expression signa-
ture of MCL.184,185 Importantly, a confident diagnosis of cyclin
D1-negative MCL would require gene expression profiling.
Expression of either cyclin D2 or D3 would not suffice.

Nodal marginal zone lymphoma versus follicular
lymphoma
There can often be difficulty in distinguishing cases of nodal
marginal zone B-cell lymphomas (NMZL) from FL. Histolo-
gically, some NMZL can show a nodular pattern, similar to FL
with enlarged, densely packed, malignant appearing follicles.
However, the nodular pattern is a result of malignant marginal
zone B cells moving into and colonizing the follicle as opposed
to growth of malignant germinal center B cells in FL. The large
cells that appear as centroblasts are in fact residual benign
germinal center B cells, infiltrated by the marginal zone cells.
These marginal zone B cells will lack CD10 and BCL6 expres-
sion by immunohistochemistry, helping to distinguish
between these two entities in the majority of cases, but CD10/
BCL6-negative FL cases do exist. As well, many NMZL will
demonstrate overexpression of the BCL2 protein, again mim-
icking FL by immunohistochemistry as the follicles will be
positive. FISH analysis for the presence of t(14;18) is therefore
invaluable in these cases as 80% to 90% of FL cases will be
positive for this translocation.
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MALT lymphoma with t(14;18) versus FL
In rare cases of MALT lymphoma, mainly involving liver,
lung, or ocular adnexa, a t(14;18) translocation is found.186,187

The translocation occurs at band 18q21 as in FL, but it is the
MALT1 gene rather than BCL2 that is subsequently juxtaposed
to the IGH gene on 14q32. By conventional cytogenetic analy-
sis, the t(14;18) in FL and in MALT cannot be distinguished.
As the translocation in FL is much more frequent, an incorrect
diagnosis could be made on a case of MALT with t(14;18). This
problem can be overcome by FISH analysis. As the MALT1
gene is 500 kb centromeric of BCL2, specific probes for the
BCL2 locus and the MALT1 locus can be used to distinguish
which gene is involved in the translocation.

Limitations of molecular diagnostics
in lymphoma
As with any diagnostic test, the clinician and pathologist must
realize the limitations of the test and its interpretation. PCR is
a very sensitive test able to detect DNA abnormalities present
at very low levels. However, these results must never be inter-
preted in isolation. Due to the enhanced sensitivity of PCR,
there is a high risk of false positives, as a tiny amount of
carryover from a positive sample can render a negative sample
positive. However, good laboratory practice should have pro-
cedures in place to minimize the risk of contamination. Other
types of false positives are difficult to control for. Otherwise

normal individuals may have a small number of cells that carry
translocations such as t(14;18).188 Most individuals carrying
these BCL2 gene rearrangements do not have FL and even fewer
go on to develop it. These assays can be set up so as to be used
preferentially for diagnosis by avoiding the pitfalls of nested
PCR strategies that utilize many rounds of amplification. It is
these latter approaches that run the risk of false-positive results.

When looking at IGH or TCR rearrangements by PCR, a
monoclonal population is not always synonymous with malig-
nancy. Clones of lymphoid cells have been detected by PCR
analysis in individuals without evidence ofmalignancy, including
congenital immune deficiency disorders, autoimmune diseases,
in the setting of iatrogenic immunosuppression following organ
transplantation, and in acquired immunodeficiency syndrome
(AIDS).189 The distinction between a reactive versus a malignant
condition is often difficult in these cases as many of these condi-
tions predispose to development of lymphoma. Another frequent
problem encountered, especially with small biopsies and biopsies
with limited amounts of lymphoid tissue, is false-positive results
due to limiting DNA template. The high sensitivity of PCR can
cause the amplification of the few IG or TCR gene rearrange-
ments derived from the limited number of B or T cells in the
tissue sample analyzed, leading to an apparentmonoclonal popu-
lation. Therefore the results of molecular analysis must always be
correlated in the laboratory with the histologic appearance of the
tissue or the morphology of the blood smear and clinically with
the patient’s symptoms and clinical findings.

References
1. Davis MM, Bjorkman PJ. T-cell antigen

receptor genes and T-cell recognition.
Nature 1988;334(6181):395–402.

2. Borst J, Brouns GS, de Vries E, et al.
Antigen receptors on T and
B lymphocytes: parallels in organization
and function. Immunol Rev
1993;132:49–84.

3. Lefranc MP. IMGT databases, web
resources and tools for
immunoglobulin and T cell receptor
sequence analysis, http://imgt.cines.fr.
Leukemia 2003;17(1):260–6.

4. Desiderio SV, Yancopoulos GD,
Paskind M, et al. Insertion of N regions
into heavy-chain genes is correlated
with expression of terminal
deoxytransferase in B cells. Nature
1984;311(5988):752–5.

5. Berek C, Milstein C. Mutation drift and
repertoire shift in the maturation of the
immune response. Immunol Rev
1987;96:23–41.

6. Rajewsky K, Forster I, Cumano
A. Evolutionary and somatic

selection of the antibody repertoire in
the mouse. Science 1987;238
(4830):1088–94.

7. Greaves MF. Differentiation-linked
leukemogenesis in lymphocytes. Science
1986;234(4777):697–704.

8. van Dongen JJ, Wolvers-Tettero IL.
Analysis of immunoglobulin and T cell
receptor genes. Part II: Possibilities and
limitations in the diagnosis and
management of lymphoproliferative
diseases and related disorders. Clin
Chim Acta 1991;198(1–2):93–174.

9. Campbell LJ. Cytogenetics of
lymphomas. Pathology 2005;37
(6):493–507.

10. Juneja S, Lukeis R, Tan L, et al.
Cytogenetic analysis of 147 cases of
non-Hodgkin’s lymphoma: non-
random chromosomal abnormalities
and histological correlations. Br
J Haematol 1990;76(2):231–7.

11. Cleary ML, Chao J, Warnke R, et al.
Immunoglobulin gene rearrangement
as a diagnostic criterion of B-cell
lymphoma. Proc Natl Acad Sci U S A
1984;81(2):593–7.

12. Korsmeyer SJ, Waldmann TA.
Immunoglobulin genes: rearrangement
and translocation in human lymphoid
malignancy. J Clin Immunol 1984;4
(1):1–11.

13. Toyonaga B, Mak TW. Genes of the T-
cell antigen receptor in normal and
malignant T cells. Annu Rev Immunol
1987;5:585–620.

14. Spagnolo DV, Ellis DW, Juneja S, et al.
The role of molecular studies in
lymphoma diagnosis: a review.
Pathology 2004;36(1):19–44.

15. Rockman SP. Determination of
clonality in patients who present
with diagnostic dilemmas: a
laboratory experience and review
of the literature. Leukemia 1997;11
(6):852–62.

16. Kamat D, Laszewski MJ, Kemp JD, et al.
The diagnostic utility
of immunophenotyping and
immunogenotyping in the pathologic
evaluation of lymphoid proliferations.
Mod Pathol 1990;3(2):105–12.

17. Kearney L. The impact of the new FISH
technologies on the cytogenetics of

Chapter 14: Molecular pathology of lymphoma

270



haematological malignancies. Br
J Haematol 1999;104(4):648–58.

18. Vaandrager JW, Schuuring E, Raap T,
et al. Interphase FISH detection of
BCL2 rearrangement in follicular
lymphoma using breakpoint-flanking
probes. Genes Chromosomes Cancer
2000;27(1):85–94.

19. Frater JL, Tsiftsakis EK, Hsi ED, et al.
Use of novel t(11;14) and t(14;18) dual-
fusion fluorescence in situ
hybridization probes in the differential
diagnosis of lymphomas of small
lymphocytes. Diagn Mol Pathol 2001;10
(4):214–22.

20. Haralambieva E, Kleiverda K, Mason
DY, et al. Detection of three common
translocation breakpoints in non-
Hodgkin’s lymphomas by fluorescence
in situ hybridization on routine
paraffin-embedded tissue sections.
J Pathol 2002;198(2):163–70.

21. Paternoster SF, Brockman SR, McClure
RF, et al. A new method to extract
nuclei from paraffin-embedded tissue
to study lymphomas using interphase
fluorescence in situ hybridization. Am
J Pathol 2002;160(6):1967–72.

22. Martin-Subero JI, Harder L, Gesk S,
et al. Interphase FISH assays for the
detection of translocations with
breakpoints in immunoglobulin light
chain loci. Int J Cancer 2002;
98(3):470–4.

23. Sanchez-Izquierdo D, Siebert R, Harder
L, et al. Detection of
translocations affecting the BCL6
locus in B cell non-Hodgkin’s
lymphoma by interphase fluorescence
in situ hybridization. Leukemia 2001;15
(9):1475–84.

24. Arber DA. Molecular diagnostic
approach to non-Hodgkin’s lymphoma.
J Mol Diagn 2000;2(4):178–90.

25. Pan LX, Diss TC, Isaacson PG. The
polymerase chain reaction in
histopathology. Histopathology 1995;26
(3):201–17.

26. Segal GH, Hussey CE, Wittwer CT. PCR
for T-cell rearrangements. Diagn Mol
Pathol 1996;5(4):297–8.

27. Cairns SM, Taylor JM, Gould PR, et al.
Comparative evaluation of PCR-based
methods for the assessment of T cell
clonality in the diagnosis of T cell
lymphoma. Pathology 2002;
34(4):320–5.

28. van Dongen JJ, Langerak AW,
Bruggemann M, et al. Design and

standardization of PCR primers and
protocols for detection of clonal
immunoglobulin and T-cell receptor
gene recombinations in suspect
lymphoproliferations: report of the
BIOMED-2 Concerted Action BMH4-
CT98–3936. Leukemia 2003;
17(12):2257–317.

29. Theriault C, Galoin S, Valmary S, et al.
PCR analysis of immunoglobulin heavy
chain (IgH) and TcR-gamma chain
gene rearrangements in the diagnosis of
lymphoproliferative disorders: results
of a study of 525 cases. Mod Pathol
2000;13(12):1269–79.

30. Krafft AE, Taubenberger JK, Sheng ZM,
et al. Enhanced sensitivity with a novel
TCRgamma PCR assay for clonality
studies in 569 formalin-fixed, paraffin-
embedded (FFPE) cases. Mol Diagn
1999;4(2):119–33.

31. Hoeve MA, Krol AD, Philippo K, et al.
Limitations of clonality analysis of
B cell proliferations using CDR3
polymerase chain reaction. Mol Pathol
2000;53(4):194–200.

32. Inagaki H, Nonaka M, Nagaya S, et al.
Monoclonality in gastric lymphoma
detected in formalin-fixed, paraffin-
embedded endoscopic biopsy
specimens using
immunohistochemistry, in situ
hybridization, and polymerase chain
reaction. Diagn Mol Pathol 1995;4
(1):32–8.

33. Wan JH, Sykes PJ, Orell SR, et al. Rapid
method for detecting monoclonality in
B cell lymphoma in lymph node
aspirates using the polymerase chain
reaction. J Clin Pathol 1992;
45(5):420–3.

34. Chen YT, Mercer GO, Chen Y.
Polymerase chain reaction-based
detection of B-cell monoclonality in
cytologic specimens. Arch Pathol Lab
Med 1993;117(11):1099–103.

35. Sukpanichnant S, Vnencak-Jones CL,
McCurley TL. Detection of clonal
immunoglobulin heavy chain gene
rearrangements by polymerase chain
reaction in scrapings from archival
hematoxylin and eosin-stained
histologic sections: implications for
molecular genetic studies of focal
pathologic lesions. Diagn Mol Pathol
1993;2(3):168–76.

36. Alkan S, Lehman C, Sarago C, et al.
Polymerase chain reaction detection of
immunoglobulin gene rearrangement
and bcl-2 translocation in archival glass

slides of cytologic material. Diagn Mol
Pathol 1995;4(1):25–31.

37. Pan LX, Diss TC, Peng HZ, et al.
Clonality analysis of defined B-cell
populations in archival tissue sections
using microdissection and the
polymerase chain reaction.
Histopathology 1994;24(4):323–7.

38. Wan JH, Trainor KJ, Brisco MJ, et al.
Monoclonality in B cell lymphoma
detected in paraffin wax embedded
sections using the polymerase chain
reaction. J Clin Pathol 1990;
43(11):888–90.

39. Reed TJ, Reid A, Wallberg K, et al.
Determination of B-cell clonality in
paraffin-embedded lymph nodes using
the polymerase chain reaction. Diagn
Mol Pathol 1993;2(1):42–9.

40. Chen YT, Whitney KD, Chen Y.
Clonality analysis of B-cell lymphoma
in fresh-frozen and paraffin-embedded
tissues: the effects of variable
polymerase chain reaction parameters.
Mod Pathol 1994;7(4):429–34.

41. Greer CE, Lund JK, Manos MM. PCR
amplification from paraffin-embedded
tissues: recommendations on fixatives for
long-termstorage andprospective studies.
PCRMethods Appl 1991;1(1):46–50.

42. Greer CE, Peterson SL, Kiviat NB, et al.
PCR amplification from paraffin-
embedded tissues. Effects of fixative and
fixation time. Am J Clin Pathol 1991;95
(2):117–24.

43. Speicher MR, Gwyn Ballard S, Ward
DC. Karyotyping human chromosomes
by combinatorial multi-fluor FISH. Nat
Genet 1996;12(4):368–75.

44. Schrock E, du Manoir S, Veldman T,
et al. Multicolor spectral karyotyping of
human chromosomes. Science 1996;273
(5274):494–7.

45. Bayani JM, Squire JA. Applications of
SKY in cancer cytogenetics. Cancer
Invest 2002;20(3):373–86.

46. Nordgren A, Sorensen AG, Tinggaard-
Pedersen N, et al. New chromosomal
breakpoints in non-Hodgkin’s
lymphomas revealed by spectral
karyotyping and G-banding. Int J Mol
Med 2000;5(5):485–92.

47. Houldsworth J, Chaganti RS.
Comparative genomic hybridization: an
overview. Am J Pathol 1994;145
(6):1253–60.

48. Pinkel D, Segraves R, Sudar D, et al.
High resolution analysis of DNA copy

Chapter 14: Molecular pathology of lymphoma

271



number variation using comparative
genomic hybridization to microarrays.
Nat Genet 1998;20(2):207–11.

49. Wessendorf S, Schwaenen C,
Kohlhammer H, et al. Hidden gene
amplifications in aggressive B-cell non-
Hodgkin lymphomas detected by
microarray-based comparative genomic
hybridization. Oncogene 2003;22
(9):1425–9.

50. Wessendorf S, Fritz B, Wrobel G, et al.
Automated screening for genomic
imbalances using matrix-based
comparative genomic hybridization.
Lab Invest 2002;82(1):47–60.

51. de Leeuw RJ, Davies JJ, Rosenwald A,
et al. Comprehensive whole genome
array CGH profiling of mantle cell
lymphoma model genomes. Hum Mol
Genet 2004;13(17):1827–37.

52. Deleeuw RJ, Zettl A, Klinker E, et al.
Whole-genome analysis and HLA
genotyping of enteropathy-type T-cell
lymphoma reveals 2 distinct lymphoma
subtypes. Gastroenterology 2007;132
(5):1902–11.

53. Golub TR, Slonim DK, Tamayo P, et al.
Molecular classification of cancer: class
discovery and class prediction by gene
expression monitoring. Science
1999;286(5439):531–7.

54. Staudt LM. Molecular diagnosis of the
hematologic cancers. N Engl J Med
2003;348(18):1777–85.

55. Wiestner A, Staudt LM. Towards
molecular diagnosis and targeted
therapy of lymphoid malignancies.
Semin Hematol 2003;40(4):296–307.

56. Tsujimoto Y, Finger LR, Yunis J, et al.
Cloning of the chromosome breakpoint
of neoplastic B cells with the
t(14;18) chromosome translocation.
Science 1984;226(4678):1097–9.

57. Bakhshi A, Jensen JP, Goldman P, et al.
Cloning the chromosomal breakpoint
of t(14;18) human lymphomas:
clustering around JH on chromosome
14 and near a transcriptional unit on 18.
Cell 1985;41(3):899–906.

58. Cleary ML, Sklar J. Nucleotide sequence
of a t(14;18) chromosomal breakpoint
in follicular lymphoma and
demonstration of a breakpoint-cluster
region near a transcriptionally active
locus on chromosome 18. Proc Natl
Acad Sci U S A 1985;82(21):7439–43.

59. Tsujimoto Y, Cossman J, Jaffe E, et al.
Involvement of the bcl-2 gene in human

follicular lymphoma. Science 1985;228
(4706):1440–3.

60. Bende RJ, Smit LA, van Noesel CJ.
Molecular pathways in follicular
lymphoma. Leukemia 2007;21(1):18–29.

61. Weiss LM, Warnke RA, Sklar J, et al.
Molecular analysis of the t(14;18)
chromosomal translocation in
malignant lymphomas. N Engl J Med
1987;317(19):1185–9.

62. Aisenberg AC, Wilkes BM, Jacobson
JO. The bcl-2 gene is rearranged in
many diffuse B-cell lymphomas. Blood
1988;71(4):969–72.

63. Offit K, Koduru PR, Hollis R, et al.
18q21 rearrangement in diffuse large
cell lymphoma: incidence and clinical
significance. Br J Haematol 1989;72
(2):178–83.

64. Gascoyne RD, Adomat SA, Krajewski S,
et al. Prognostic significance of BCL2
protein expression and BCL2 gene
rearrangement in diffuse aggressive
non-Hodgkin’s lymphoma. Blood
1997;90(1):244–51.

65. Iqbal J, Neppalli VT, Wright G, et al.
BCL2 expression is a prognostic marker
for the activated B-cell-like type of
diffuse large B-cell lymphoma. J Clin
Oncol 2006;24(6):961–8.

66. de Jong D. Molecular pathogenesis of
follicular lymphoma: a cross talk of
genetic and immunologic factors. J Clin
Oncol 2005;23(26):6358–63.

67. Zutter M, Hockenbery D, Silverman G,
et al. Immunolocalization of the BCL2
protein within hematopoietic
neoplasms. Blood 1991;78(4):1062–8.

68. Cleary ML, Galili N, Sklar J. Detection
of a second t(14;18) breakpoint cluster
region in human follicular lymphomas.
J Exp Med 1986;164(1):315–20.

69. Albinger-Hegyi A, Hochreutener B,
Abdou MT, et al. High frequency of
t(14;18)-translocation breakpoints
outside of major breakpoint and minor
cluster regions in follicular lymphomas:
improved polymerase chain reaction
protocols for their detection. Am
J Pathol 2002;160(3):823–32.

70. Weinberg OK, Ai WZ, Mariappan MR,
et al. ‘Minor’ BCL2 breakpoints in
follicular lymphoma: frequency and
correlation with grade and disease
presentation in 236 cases. J Mol Diagn
2007;9(4):530–7.

71. Liu J, Johnson RM, Traweek ST.
Rearrangement of the BCL-2 gene in

follicular lymphoma. Detection by PCR
in both fresh and fixed tissue samples.
Diagn Mol Pathol 1993;2(4):241–7.

72. Horsman DE, Gascoyne RD, Coupland
RW, et al. Comparison of cytogenetic
analysis, southern analysis, and
polymerase chain reaction for the
detection of t(14;18) in follicular
lymphoma. Am J Clin Pathol 1995;103
(4):472–8.

73. Barrans SL, Evans PA, O’Connor SJ,
et al. The detection of t(14;18) in
archival lymph nodes: development of a
fluorescence in situ hybridization
(FISH)-based method and evaluation by
comparison with polymerase chain
reaction. J Mol Diagn 2003;5(3):168–75.

74. Jiang F, Lin F, Price R, et al. Rapid
detection of IgH/BCL2 rearrangement
in follicular lymphoma by interphase
fluorescence in situ hybridization with
bacterial artificial chromosome probes.
J Mol Diagn 2002;4(3):144–9.

75. Matsumoto Y, Nomura K, Matsumoto
S, et al. Detection of t(14;18) in
follicular lymphoma by dual-color
fluorescence in situ hybridization on
paraffin-embedded tissue sections.
Cancer Genet Cytogenet 2004;150
(1):22–6.

76. Baron BW, Nucifora G, McCabe N,
et al. Identification of the gene
associated with the recurring
chromosomal translocations t(3;14)
(q27;q32) and t(3;22)(q27;q11) in B-cell
lymphomas. Proc Natl Acad Sci U S A
1993;90(11):5262–6.

77. Kerckaert JP, Deweindt C, Tilly H, et al.
LAZ3, a novel zinc-finger encoding
gene, is disrupted by recurring
chromosome 3q27 translocations in
human lymphomas. Nat Genet 1993;
5(1):66–70.

78. Bajalica-Lagercrantz S, Piehl F,
Lagercrantz J, et al. Expression of
LAZ3/BCL6 in follicular center (FC)
B cells of reactive lymph nodes and FC-
derived non-Hodgkin lymphomas.
Leukemia 1997;11(4):594–8.

79. Fukuda T, Miki T, Yoshida T, et al. The
murine BCL6 gene is induced in
activated lymphocytes as an
immediate early gene. Oncogene
1995;11(8):1657–63.

80. Ye BH, Cattoretti G, Shen Q, et al. The
BCL-6 proto-oncogene controls
germinal-center formation and Th2-
type inflammation. Nat Genet 1997;16
(2):161–70.

Chapter 14: Molecular pathology of lymphoma

272



81. Onizuka T, Moriyama M, Yamochi T,
et al. BCL-6 gene product, a 92- to 98-
kD nuclear phosphoprotein, is highly
expressed in germinal center B cells and
their neoplastic counterparts. Blood
1995;86(1):28–37.

82. Flenghi L, Bigerna B, Fizzotti M, et al.
Monoclonal antibodies PG-B6a and
PG-B6p recognize, respectively, a highly
conserved and a formol-resistant
epitope on the human BCL-6 protein
amino-terminal region. Am J Pathol
1996;148(5):1543–55.

83. Dogan A, Bagdi E, Munson P, et al.
CD10 and BCL-6 expression in paraffin
sections of normal lymphoid tissue and
B-cell lymphomas. Am J Surg Pathol
2000;24(6):846–52.

84. Diaz-Alderete A, Doval A, Camacho F,
et al. Frequency of BCL2 and BCL6
translocations in follicular lymphoma:
relation with histological and clinical
features. Leuk Lymphoma 2008;
49(1):95–101.

85. Tsang P, Cesarman E, Chadburn A,
et al. Molecular characterization of
primary mediastinal B cell lymphoma.
Am J Pathol 1996;148(6):2017–25.

86. Ueda C, Uchiyama T, Ohno H.
Immunoglobulin (Ig)/BCL6 versus
non-Ig/BCL6 gene fusion in diffuse
large B-cell lymphoma corresponds to a
high- versus low-level expression of
BCL6 mRNA. Blood 2002;99(7):2624–5.

87. Migliazza A, Martinotti S, Chen W,
et al. Frequent somatic hypermutation
of the 5’ noncoding region of the BCL6
gene in B-cell lymphoma. Proc Natl
Acad Sci U S A 1995;92(26):12 520–4.

88. Vitolo U, Botto B, Capello D, et al.
Point mutations of the BCL-6 gene:
clinical and prognostic correlation in B-
diffuse large cell lymphoma. Leukemia
2002;16(2):268–75.

89. Pasqualucci L, Migliazza A, Fracchiolla
N, et al. BCL-6 mutations in normal
germinal center B cells: evidence of
somatic hypermutation acting outside
Ig loci. Proc Natl Acad Sci U S A
1998;95(20):11 816–21.

90. Capello D, Vitolo U, Pasqualucci L,
et al. Distribution and pattern of BCL-
6 mutations throughout the spectrum
of B-cell neoplasia. Blood 2000;95
(2):651–9.

91. Artiga MJ, Saez AI, Romero C, et al.
A short mutational hot spot in the first
intron of BCL-6 is associated with
increased BCL-6 expression and with

longer overall survival in large B-cell
lymphomas. Am J Pathol 2002;160
(4):1371–80.

92. Pasqualucci L, Migliazza A, Basso K,
et al. Mutations of the BCL6 proto-
oncogene disrupt its negative
autoregulation in diffuse large B-cell
lymphoma. Blood 2003;101(8):2914–23.

93. Iqbal J, Greiner TC, Patel K, et al.
Distinctive patterns of BCL6 molecular
alterations and their functional
consequences in different subgroups of
diffuse large B-cell lymphoma.
Leukemia 2007;21(11):2332–43.

94. Hunter T, Pines J. Cyclins and cancer.
II: Cyclin D and CDK inhibitors come
of age. Cell 1994;79(4):573–82.

95. Jares P, Colomer D, Campo E. Genetic
and molecular pathogenesis of mantle
cell lymphoma: perspectives for
new targeted therapeutics. Nat Rev
Cancer 2007;7(10):750–62.

96. Fu M, Wang C, Li Z, et al. Minireview:
Cyclin D1: normal and abnormal
functions. Endocrinology 2004;145
(12):5439–47.

97. Coqueret O. Linking cyclins to
transcriptional control. Gene 2002;299
(1–2):35–55.

98. Wong KF, So CC, Chan JK. Nucleolated
variant of mantle cell lymphoma with
leukemic manifestations mimicking
prolymphocytic leukemia. Am J Clin
Pathol 2002;117(2):246–51.

99. Schlette E, Bueso-Ramos C, Giles F,
et al. Mature B-cell leukemias with
more than 55% prolymphocytes.
A heterogeneous group that includes an
unusual variant of mantle cell
lymphoma. Am J Clin Pathol 2001;115
(4):571–81.

100. Ruchlemer R, Parry-Jones N, Brito-
Babapulle V, et al. B-prolymphocytic
leukaemia with t(11;14) revisited: a
splenomegalic form of mantle cell
lymphoma evolving with leukaemia. Br
J Haematol 2004;125(3):330–6.

101. Horsman D, Gascoyne R, Klasa R, et al.
t(11;18)(q21;q21.1): a recurring
translocation in lymphomas of mucosa-
associated lymphoid tissue (MALT)?
Genes Chromosomes Cancer 1992;
4(2):183–7.

102. Ott G, Katzenberger T, Greiner A, et al.
The t(11;18)(q21;q21) chromosome
translocation is a frequent and specific
aberration in low-grade but not high-
grade malignant non-Hodgkin’s

lymphomas of the mucosa-associated
lymphoid tissue (MALT-) type. Cancer
Res 1997;57(18):3944–8.

103. Auer IA, Gascoyne RD, Connors JM,
et al. t(11;18)(q21;q21) is the most
common translocation in MALT
lymphomas. Ann Oncol 1997;8
(10):979–85.

104. Rosenwald A, Ott G, Stilgenbauer S,
et al. Exclusive detection of the t(11;18)
(q21;q21) in extranodal marginal zone
B cell lymphomas (MZBL) of MALT
type in contrast to other MZBL and
extranodal large B cell lymphomas. Am
J Pathol 1999;155(6):1817–21.

105. Remstein ED, James CD, Kurtin PJ.
Incidence and subtype specificity of
API2-MALT1 fusion translocations in
extranodal, nodal, and splenic marginal
zone lymphomas. Am J Pathol 2000;156
(4):1183–8.

106. Liu H, Ye H, Dogan A, et al. T(11;18)
(q21;q21) is associated with advanced
mucosa-associated lymphoid tissue
lymphoma that expresses nuclear
BCL10. Blood 2001;98(4):1182–7.

107. Chuang SS, Lee C, Hamoudi RA, et al.
High frequency of t(11;18) in gastric
mucosa-associated lymphoid tissue
lymphomas in Taiwan, including one
patient with high-grade transformation.
Br J Haematol 2003;120(1):97–100.

108. Tan SY, Ye H, Liu H, et al. t(11;18)(q21;
q21)-positive transformed MALT
lymphoma. Histopathology 2008;
52(6):777–80.

109. Ye H, Liu H, Attygalle A, et al.
Variable frequencies of t(11;18)(q21;
q21) in MALT lymphomas of
different sites: significant association
with CagA strains of H. pylori in gastric
MALT lymphoma. Blood 2003;102
(3):1012–18.

110. Streubel B, Simonitsch-Klupp I,
Mullauer L, et al. Variable frequencies
of MALT lymphoma-associated genetic
aberrations in MALT lymphomas of
different sites. Leukemia 2004;18
(10):1722–6.

111. Baens M, Maes B, Steyls A, et al. The
product of the t(11;18), an API2-MLT
fusion, marks nearly half of gastric
MALT type lymphomas without large
cell proliferation. Am J Pathol 2000;156
(4):1433–9.

112. Liu H, Ruskon-Fourmestraux A,
Lavergne-Slove A, et al. Resistance of
t(11;18) positive gastric mucosa-
associated lymphoid tissue lymphoma

Chapter 14: Molecular pathology of lymphoma

273



to Helicobacter pylori eradication
therapy. Lancet 2001;357(9249):39–40.

113. Sugiyama T, Asaka M, Nakamura T,
et al. API2-MALT1 chimeric transcript
is a predictive marker for the
responsiveness of H. pylori eradication
treatment in low-grade gastric MALT
lymphoma. Gastroenterology 2001;120
(7):1884–5.

114. Liu H, Ye H, Ruskone-Fourmestraux A,
et al. T(11;18) is a marker for all stage
gastric MALT lymphomas that will not
respond to H. pylori eradication.
Gastroenterology 2002;
122(5):1286–94.

115. Lucas PC, Yonezumi M, Inohara N,
et al. Bcl10 and MALT1, independent
targets of chromosomal translocation in
malt lymphoma, cooperate in a novel
NF-κB signaling pathway. J Biol Chem
2001;276(22):19 012–19.

116. Taub R, Kirsch I, Morton C, et al.
Translocation of the c-myc gene
into the immunoglobulin heavy
chain locus in human Burkitt
lymphoma and murine plasmacytoma
cells. Proc Natl Acad Sci U S A 1982;79
(24):7837–41.

117. Hamlyn PH, Rabbitts TH.
Translocation joins c-myc and
immunoglobulin gamma 1 genes in a
Burkitt lymphoma revealing a third
exon in the c-myc oncogene. Nature
1983;304(5922):135–9.

118. Battey J, Moulding C, Taub R, et al. The
human c-myc oncogene: structural
consequences of translocation into the
IgH locus in Burkitt lymphoma. Cell
1983;34(3):779–87.

119. Emanuel BS, Selden JR, Chaganti RS,
et al. The 2p breakpoint of a 2;8
translocation in Burkitt lymphoma
interrupts the V kappa locus. Proc Natl
Acad Sci U S A 1984;81(8):2444–6.

120. Hollis GF, Mitchell KF, Battey J, et al.
A variant translocation places the
lambda immunoglobulin genes 3’ to the
c-myc oncogene in Burkitt’s lymphoma.
Nature 1984;307(5953):752–5.

121. Ladanyi M, Offit K, Jhanwar SC, et al.
C-MYC rearrangement and
translocations involving band 8q24 in
diffuse large cell lymphomas. Blood
1991;77(5):1057–63.

122. Hummel M, Bentink S, Berger H, et al.
A biologic definition of Burkitt’s
lymphoma from transcriptional and
genomic profiling. N Engl J Med
2006;354(23):2419–30.

123. Dave SS, Fu K, Wright GW, et al.
Molecular diagnosis of Burkitt’s
lymphoma. N Engl J Med 2006;354
(23):2431–42.

124. Pelicci PG, Knowles DM 2nd, Magrath
I, et al. Chromosomal breakpoints and
structural alterations of the c-myc locus
differ in endemic and sporadic forms of
Burkitt lymphoma. Proc Natl Acad Sci
U S A 1986;83(9):2984–8.

125. Shiramizu B, Barriga F, Neequaye J,
et al. Patterns of chromosomal
breakpoint locations in Burkitt’s
lymphoma: relevance to geography and
Epstein-Barr virus association. Blood
1991;77(7):1516–26.

126. Adhikary S, Eilers M. Transcriptional
regulation and transformation by Myc
proteins. Nat Rev Mol Cell Biol 2005;6
(8):635–45.

127. Macpherson N, Lesack D, Klasa R, et al.
Small noncleaved, non-Burkitt’s
(Burkitt-like) lymphoma: cytogenetics
predict outcome and reflect clinical
presentation. J Clin Oncol 1999;17(5):
1558–67.

128. Le Gouill S, Talmant P, Touzeau C,
et al. The clinical presentation and
prognosis of diffuse large B-cell
lymphoma with t(14;18) and 8q24/c-C-
MYC rearrangement. Haematologica
2007;92(10):1335–42.

129. Mufti GJ, Hamblin TJ, Oscier DG, et al.
Common ALL with pre-B-cell features
showing (8;14) and (14;18)
chromosome translocations. Blood
1983;62(5):1142–6.

130. Kanungo A, Medeiros LJ, Abruzzo LV,
et al. Lymphoid neoplasms associated
with concurrent t(14;18) and 8q24/c-C-
MYC translocation generally have a poor
prognosis.Mod Pathol 2006;19(1):25–33.

131. McDonnell TJ, Korsmeyer SJ.
Progression from lymphoid hyperplasia
to high-grade malignant lymphoma in
mice transgenic for the t(14;18). Nature
1991;349(6306):254–6.

132. Yano T, Jaffe ES, Longo DL, et al. C-
MYC rearrangements in histologically
progressed follicular lymphomas. Blood
1992;80(3):758–67.

133. Alizadeh AA, Eisen MB, Davis RE, et al.
Distinct types of diffuse large B-cell
lymphoma identified by gene
expression profiling. Nature 2000;403
(6769):503–11.

134. Rosenwald A, Wright G, Chan WC,
et al. The use of molecular profiling to
predict survival after chemotherapy for

diffuse large-B-cell lymphoma. N Engl
J Med 2002;346(25):1937–47.

135. Shipp MA, Ross KN, Tamayo P, et al.
Diffuse large B-cell lymphoma outcome
prediction by gene-expression profiling
and supervised machine learning. Nat
Med 2002;8(1):68–74.

136. Savage KJ, Monti S, Kutok JL, et al. The
molecular signature of mediastinal large
B-cell lymphoma differs from that of
other diffuse large B-cell lymphomas
and shares features with classical
Hodgkin lymphoma. Blood 2003;102
(12):3871–9.

137. Wright G, Tan B, Rosenwald A, et al.
A gene expression-based method to
diagnose clinically distinct
subgroups of diffuse large B cell
lymphoma. Proc Natl Acad Sci U S A
2003;100(17):9991–6.

138. Rosenwald A, Wright G, Leroy K, et al.
Molecular diagnosis of primary
mediastinal B cell lymphoma identifies
a clinically favorable subgroup of
diffuse large B cell lymphoma related to
Hodgkin lymphoma. J Exp Med
2003;198(6):851–62.

139. Davis RE, Brown KD, Siebenlist U, et al.
Constitutive nuclear factor kappaB
activity is required for survival of
activated B cell-like diffuse large B cell
lymphoma cells. J Exp Med 2001;194
(12):1861–74.

140. Kuppers R, Klein U, Hansmann ML,
et al. Cellular origin of human B-cell
lymphomas. N Engl J Med 1999;341
(20):1520–9.

141. Damle RN, Wasil T, Fais F, et al. Ig
V gene mutation status and CD38
expression as novel prognostic
indicators in chronic lymphocytic
leukemia. Blood 1999;94(6):1840–7.

142. Hamblin TJ, Davis Z, Gardiner A, et al.
Unmutated Ig V(H) genes are
associated with a more aggressive form
of chronic lymphocytic leukemia. Blood
1999;94(6):1848–54.

143. Camacho FI, Algara P, Rodriguez A,
et al. Molecular heterogeneity in MCL
defined by the use of specific VH genes
and the frequency of somatic
mutations. Blood 2003;101(10):4042–6.

144. Kienle D, Krober A, Katzenberger T,
et al. VH mutation status and VDJ
rearrangement structure in mantle
cell lymphoma: correlation with
genomic aberrations, clinical
characteristics, and outcome. Blood
2003;102(8):3003–9.

Chapter 14: Molecular pathology of lymphoma

274



145. Lai R, Lefresne SV, Franko B, et al.
Immunoglobulin VH somatic
hypermutation in mantle cell
lymphoma: mutated genotype
correlates with better clinical outcome.
Mod Pathol 2006;19(11):1498–505.

146. Rimokh R, Magaud JP, Berger F, et al.
A translocation involving a
specific breakpoint (q35) on
chromosome 5 is characteristic
of anaplastic large cell lymphoma (‘Ki-1
lymphoma’). Br J Haematol 1989;71
(1):31–6.

147. Le Beau MM, Bitter MA, Larson RA,
et al. The t(2;5)(p23;q35): a recurring
chromosomal abnormality in Ki-1-
positive anaplastic large cell lymphoma.
Leukemia 1989;3(12):866–70.

148. Morris SW, Kirstein MN, Valentine
MB, et al. Fusion of a kinase gene, ALK,
to a nucleolar protein gene, NPM, in
non-Hodgkin’s lymphoma. Science
1994;263(5151):1281–4.

149. Shiota M, Fujimoto J, Semba T, et al.
Hyperphosphorylation of a novel 80
kDa protein-tyrosine kinase similar
to Ltk in a human Ki-1 lymphoma
cell line, AMS3. Oncogene 1994;9
(6):1567–74.

150. Falini B, Bigerna B, Fizzotti M, et al.
ALK expression defines a distinct group
of T/null lymphomas (“ALK
lymphomas”) with a wide
morphological spectrum. Am J Pathol
1998;153(3):875–86.

151. Salaverria I, Bea S, Lopez-Guillermo A,
et al. Genomic profiling reveals
different genetic aberrations in systemic
ALK-positive and ALK-negative
anaplastic large cell lymphomas.
Br J Haematol 2008;140(5):516–26.

152. Medeiros LJ, Elenitoba-Johnson KS.
Anaplastic large cell lymphoma. Am
J Clin Pathol 2007;127(5):707–22.

153. Sarris AH, Luthra R, Cabanillas F, et al.
Genomic DNA amplification and the
detection of t(2;5)(p23;q35) in
lymphoid neoplasms. Leuk Lymphoma
1998;29(5–6):507–14.

154. Shiota M, Fujimoto J, Takenaga M,
et al. Diagnosis of
t(2;5)(p23;q35)-associated Ki-1
lymphoma with
immunohistochemistry. Blood 1994;84
(11):3648–52.

155. Bolen JB, Brugge JS. Leukocyte protein
tyrosine kinases: potential targets for
drug discovery. Annu Rev Immunol
1997;15:371–404.

156. Streubel B, Vinatzer U, Willheim M,
et al. Novel t(5;9)(q33;q22) fuses ITK
to SYK in unspecified peripheral T-
cell lymphoma. Leukemia 2006;20
(2):313–18.

157. Rudiger T, Ichinohasama R, Ott MM,
et al. Peripheral T-cell lymphoma
with distinct perifollicular growth
pattern: a distinct subtype of T-cell
lymphoma? Am J Surg Pathol 2000;24
(1):117–22.

158. de Leval L, Savilo E, Longtine J, et al.
Peripheral T-cell lymphoma with
follicular involvement and a CD4þ/bcl-
6þ phenotype. Am J Surg Pathol
2001;25(3):395–400.

159. Zettl A, Ott G, Makulik A, et al.
Chromosomal gains at 9q characterize
enteropathy-type T-cell lymphoma. Am
J Pathol 2002;161(5):1635–45.

160. Zettl A, Rudiger T, Konrad MA, et al.
Genomic profiling of peripheral T-cell
lymphoma, unspecified, and anaplastic
large T-cell lymphoma delineates novel
recurrent chromosomal alterations. Am
J Pathol 2004;164(5):1837–48.

161. Gaidano G, Ballerini P, Gong JZ, et al.
p53 mutations in human lymphoid
malignancies: association with Burkitt
lymphoma and chronic lymphocytic
leukemia. Proc Natl Acad Sci U S A
1991;88(12):5413–17.

162. Gaidano G, Newcomb EW, Gong JZ,
et al. Analysis of alterations of
oncogenes and tumor suppressor genes
in chronic lymphocytic leukemia. Am
J Pathol 1994;144(6):1312–19.

163. Louie DC, Offit K, Jaslow R, et al. P53
overexpression as a marker of poor
prognosis in mantle cell lymphomas
with t(11;14)(q13;q32). Blood 1995;86
(8):2892–9.

164. Hernandez L, Fest T, Cazorla M, et al.
P53 gene mutations and protein
overexpression are associated with
aggressive variants of mantle cell
lymphomas. Blood 1996;87(8):3351–9.

165. Wlodarska I, Pittaluga S, Hagemeijer A,
et al. Secondary chromosome changes
in mantle cell lymphoma.
Haematologica 1999;84(7):594–9.

166. Sanchez-Beato M, Saez AI, Navas IC,
et al. Overall survival in aggressive B-
cell lymphomas is dependent on the
accumulation of alterations in p53,
p16, and p27. Am J Pathol 2001;159
(1):205–13.

167. Moller MB, Ino Y, Gerdes AM, et al.
Aberrations of the p53 pathway

components p53, MDM2 and CDKN2A
appear independent in diffuse large
B cell lymphoma. Leukemia 1999;
13(3):453–9.

168. Ichikawa A, Kinoshita T, Watanabe T,
et al. Mutations of the p53 gene as a
prognostic factor in aggressive B-cell
lymphoma. N Engl J Med 1997;337
(8):529–34.

169. Koduru PR, Raju K, Vadmal V, et al.
Correlation between mutation in P53,
p53 expression, cytogenetics, histologic
type, and survival in patients with B-cell
non-Hodgkin’s lymphoma. Blood
1997;90(10):4078–91.

170. Bhatia KG, Gutierrez MI, Huppi K,
et al. The pattern of p53 mutations in
Burkitt’s lymphoma differs from that of
solid tumors. Cancer Res 1992;52
(15):4273–6.

171. Matsushima AY, Cesarman E,
Chadburn A, et al. Post-thymic T cell
lymphomas frequently overexpress p53
protein but infrequently exhibit p53
gene mutations. Am J Pathol 1994;
144(3):573–84.

172. Pescarmona E, Pignoloni P, Santangelo
C, et al. Expression of p53 and
retinoblastoma gene in high-grade
nodal peripheral T-cell lymphomas:
immunohistochemical and molecular
findings suggesting different
pathogenetic pathways and possible
clinical implications. J Pathol 1999;188
(4):400–6.

173. Petit B, Leroy K, Kanavaros P, et al.
Expression of p53 protein in T- and
natural killer-cell lymphomas is
associated with some clinicopathologic
entities but rarely related to p53
mutations. Hum Pathol 2001;32
(2):196–204.

174. Serrano M, Hannon GJ, Beach D.
A new regulatory motif in cell-cycle
control causing specific inhibition of
cyclin D/CDK4. Nature 1993;366
(6456):704–7.

175. Villuendas R, Sanchez-Beato M,
Martinez JC, et al. Loss of p16/INK4A
protein expression in non-
Hodgkin’s lymphomas is a frequent
finding associated with tumor
progression. Am J Pathol 1998;153
(3):887–97.

176. Koduru PR, Zariwala M, Soni M, et al.
Deletion of cyclin-dependent kinase 4
inhibitor genes P15 and P16 in non-
Hodgkin’s lymphoma. Blood 1995;86
(8):2900–5.

Chapter 14: Molecular pathology of lymphoma

275



177. Klangby U, Okan I, Magnusson KP, et al.
p16/INK4a and p15/INK4b gene
methylation and absence of p16/
INK4a mRNA and protein expression in
Burkitt’s lymphoma. Blood 1998;91
(5):1680–7.

178. Elenitoba-Johnson KS, Gascoyne RD,
Lim MS, et al. Homozygous
deletions at chromosome 9p21
involving p16 and p15 are associated
with histologic progression in follicle
center lymphoma. Blood 1998;91
(12):4677–85.

179. Pinyol M, Hernandez L, Cazorla M,
et al. Deletions and loss of expression of
p16INK4a and p21Waf1 genes are
associated with aggressive variants of
mantle cell lymphomas. Blood 1997;89
(1):272–80.

180. Navas IC, Ortiz-Romero PL,
Villuendas R, et al. p16(INK4a) gene
alterations are frequent in lesions of
mycosis fungoides.Am J Pathol 2000;156
(5):1565–72.

181. Scarisbrick JJ, Woolford AJ, Calonje E,
et al. Frequent abnormalities of the p15
and p16 genes in mycosis fungoides and
sezary syndrome. J Invest Dermatol
2002;118(3):493–9.

182. Zhang C, Toulev A, Kamarashev J, et al.
Consequences of p16 tumor suppressor
gene inactivation in mycosis fungoides
and Sezary syndrome and role of the
bmi-1 and ras oncogenes in disease
progression. Hum Pathol 2007;38
(7):995–1002.

183. Garcia JF, Villuendas R, Algara P, et al.
Loss of p16 protein expression
associated with methylation of the
p16INK4A gene is a frequent finding in
Hodgkin’s disease. Lab Invest 1999;
79(12):1453–9.

184. Rosenwald A, Wright G, Wiestner A,
et al. The proliferation gene expression
signature is a quantitative integrator of
oncogenic events that predicts survival
in mantle cell lymphoma. Cancer Cell
2003;3(2):185–97.

185. Fu K, Weisenburger DD, Greiner
TC, et al. Cyclin D1-negative
mantle cell lymphoma: a
clinicopathologic study based on
gene expression profiling. Blood
2005;106(13):4315–21.

186. Streubel B, Lamprecht A, Dierlamm J,
et al. T(14;18)(q32;q21) involving IGH
and MALT1 is a frequent chromosomal
aberration in MALT lymphoma. Blood
2003;101(6):2335–9.

187. Sanchez-Izquierdo D, Buchonnet G,
Siebert R, et al. MALT1 is deregulated
by both chromosomal translocation
and amplification in B-cell non-Hodgkin
lymphoma. Blood 2003;101(11):4539–46.

188. Limpens J, de Jong D, van Krieken JH,
et al. BCL2/JH rearrangements in benign
lymphoid tissues with follicular
hyperplasia.Oncogene1991;6(12):2271–6.

189. Knowles DM. Immunodeficiency-
associated lymphoproliferative
disorders.ModPathol 1999;12(2):200–17.

Chapter 14: Molecular pathology of lymphoma

276



Chapter

15 International staging and response criteria
for lymphomas
Bruce D. Cheson

Introduction
The goal of lymphoma therapy is to improve the outcome of
patients by reducing the size of or completely eradicating the
disease, and/or by causing a decrease in disease-related symp-
toms. Although major progress has been made in the treat-
ment of patients with lymphoma, many still fail to achieve a
response or subsequently relapse. Thus, new therapies are
needed to improve patient outcome. In order to identify
promising regimens and reliably compare the results with
existing therapies, it is critical to have uniform definitions of
the extent of disease prior to therapy and measurements of
efficacy following treatment. In the absence of active agents,
response criteria are irrelevant. However, because of the
increasing number of effective treatment options for lymph-
oma, standardized response criteria are necessary to assess and
compare the activity of various therapies within and among
studies, and facilitate the evaluation of new treatments by
regulatory agencies.

In 1999, an international working group (IWG) of clin-
icians, radiologists, and pathologists with expertise in the
evaluation and management of patients with lymphoma
developed guidelines that standardized a number of important
components of patient assessment.1 Since response is most
often measured by the change in size of lymph nodes, the first
goal was to define the size of a “normal” node, which previ-
ously had varied widely among studies. Even minor variations
in what is considered “normal” lymph node size can result in
major differences in the complete response rate following
therapy. Grillo-López et al. analyzed a database of 166 patients
treated with rituximab for relapsed or refractory follicular and
low-grade non-Hodgkin lymphoma (NHL) defining “normal”
as either 1 by 1 cm, 1.5 by 1.5 cm, or 2 by 2 cm.2 Whereas the
overall response rate remained the same at 48%, the complete
remission rate increased from 6% to 18% to 28%, respectively.
Using computed tomography (CT) scanning or autopsy, the
size of a normal node ranges from an upper limit of normal of
about 8–12mm in the short axis, with greater variation in the
long axis. Nevertheless, normal mediastinal nodes may be as

large as 12mm, 11mm in the abdomen, and up to 15mm in
the pelvis.3–7 The IWG recommendation was to consider a
pretreatment node greater than 1 cm in its longest diameter
as likely to be involved with lymphoma.1,8

Additional recommendations included when and how
responses should be assessed following therapy, and defin-
itions of complete remission (CR), complete remission uncon-
firmed (CRu), partial remission (PR), stable disease (SD),
relapsed disease (RD), and progressive disease (PD).1 These
recommendations were rapidly and widely accepted by clin-
icians and used by regulatory agencies for approval of new
agents.

As the IWG criteria were used in clinical trials over the
next few years, it became apparent that revisions were neces-
sary. For example, the IWG criteria relied on relatively insensi-
tive methods of assessment including physical examination,
CT scans, and single photon emission computed tomography
(SPECT) gallium scans, the latter no longer widely used.

While CT scans provide relatively high sensitivity and
specificity in pretreatment staging,9,10 specificity in response
assessment following therapy is relatively low.11–14 One prob-
lem reflects the inability of the CT to distinguish scar tissue or
fibrosis from viable tumor. As lymphomatous nodes shrink in
size following treatment, fibrosis, necrosis, or inflammation
may result in a persistent enlargement of a node that does not
necessarily indicate the presence of residual disease.11–13,15

Another problem with the original IWG criteria was that
certain terms were misinterpreted. For example, CRu was
intended to designate two specific types of responses to treat-
ment: first were those patients with potentially curable lymph-
omas, primarily Hodgkin lymphoma (HL) and diffuse large
B-cell lymphoma, with a large mass prior to treatment, and for
whom treatment resulted in disappearance of all detectable
tumor except that the mass persisted but had decreased by at
least 75% on CT scan. Prior studies had demonstrated that in
as many as 90% of cases, these patients remained free of
disease for prolonged periods, and biopsies demonstrated that
the masses represented scar tissue or fibrosis.13,16 Instead, the

Management of Hematologic Malignancies, ed. SusanM. O’Brien, Julie M. Vose, and HagopM. Kantarjian. Published by Cambridge University Press.
# Cambridge University Press 2011.

277



designation CRu was often inappropriately applied to a
decrease in the sum of the product of the diameters (SPD) of
multiple nodes by at least 75%, even in patients with incurable
histologies, which should be considered a PR. The result was
that PRs were included as CRu and the CR rate was artificially
inflated. The second type of CRu included patients with bone
marrow involvement prior to treatment who fulfilled all of the
conditions for a CR following therapy except that rebiopsy of
the bone marrow was considered by the pathologist to be
morphologically indeterminate. Instead, the term was also
assigned to patients who did not undergo a confirmatory
posttreatment bone marrow biopsy.

One of the most compelling arguments for revising the
IWG criteria was the increased availability of newer and more
sensitive technologies which enhanced the distinction between
lymphoma and normal tissue, including 18-fluoro deoxyglu-
cose positron emission tomography (FDG-PET) scanning,
and bone marrow immunohistochemistry and flow cytometry.
CT scans provide information on size, shape, and location
of lesions, while FDG-PET scans add the dimension of a
study that identifies metabolically active tissues by their
FDG-avidity. A role for FDG-PET has been suggested in
staging, restaging posttreatment, midtreatment, and for post-
treatment surveillance. However, the amount of available
information is far greater than its demonstrated usefulness.

FDG-PET for staging of lymphoma
Pretreatment staging determines the extent of disease, helps
direct therapy, and provides a baseline against which results
following therapy can be compared. The four-stage Ann Arbor
classification most commonly used was initially designed to
distinguish patients with Hodgkin lymphoma who might be
candidates for radiation therapy from those who were more
suitable for systemic treatment.17 It was originally based on
physical examination and bone marrow assessment, but CT
scans were subsequently incorporated. The value of this system
to direct therapy has diminished with the increased use of
systemic treatments and a reduction in the number of patients
who receive radiation.

FDG-PET is clearly more sensitive and specific than CT
scan; nevertheless, whether PET should be incorporated into
the Ann Arbor staging system is controversial. In favor of this
change in practice is that FDG-PET is more sensitive than CT
scan in detecting nodal and extranodal involvement by most
histologic subtypes of lymphoma.9,10,18–32

FDG-PET and CT are concordant 80–90% of the time in
staging of patients with diffuse large B-cell lymphoma, follicu-
lar lymphoma, and mantle cell lymphoma.21,23 In patients
with discordant results, FDG-PET typically results in
upstaging due to the identification of additional sites of dis-
ease. In contrast, concordance of FDG-PET and CT in deter-
mining clinical stage occurs in only about 60–80% of patients
with HL. Discordant findings occur with a comparable fre-
quency in both directions.22,25–30 However, while FDG-PET

identifies more lesions than CT, FDG-PET alone cannot
replace CT for pretreatment staging.22,25,27,29

In a meta-analysis of FDG-PET in staging of patients with
lymphoma,32 the pooled sensitivity for 14 studies with patient-
based data was 90.9% (95% confidence intervals [CI]¼ 88.0–
93.4) with a false-positive rate of 10.3% (95% CI¼ 7.4–13.8).
The maximum joint sensitivity and specificity was 87.8% (95%
CI¼ 85.0–90.7) with an apparently higher sensitivity and false-
positive rate in patients with HL compared with NHL. The
pooled sensitivity for seven studies with lesion-based data was
95.6% (95% CI¼ 93.9–97.0) with a false-positive rate of only
1.0% (95% CI¼ 0.6–1.3). The maximum sensitivity and speci-
ficity was 95.6% (95% CI¼ 93.1–98.1).

FDG-PET can detect bone or bone marrow involvement
even when the iliac crest trephine bone marrow biopsy is
negative.33–35 However, whereas FDG-PET is typically positive
in patients with extensive bone/bone marrow involvement by
lymphoma, FDG-PET is unreliable in detecting limited bone
marrow involvement.35 Moreover, diffusely increased bone
marrow uptake on PET may also be due to reactive hyperpla-
sia, such as with the use of myeloid growth factors.34 FDG-
PET-positive bone marrow findings must be confirmed by
biopsy if a change in treatment will be based on these findings.
Thus, FDG-PET cannot substitute for bone marrow biopsy in
lymphoma staging.

Although FDG-PET is more sensitive for staging than CT
scans, the additional sites identified modify clinical stage in
only a small percentage of patients (~15–30%), and this modi-
fication influences treatment in only ~10–15% of patients, with
no data that patient outcome is improved.18,21,36–38

FDG-PET/CT provides more sensitive and specific
imaging than either modality alone.31,39–43 PET/CT combines
a full-ring detector PET scanner with a multidetector helical
CT such that the PET scan is acquired immediately after the
CT scan. The images are fused to provide precise localization
of abnormal lesions. PET/CT is considerably faster than the
combination of emission and transmission PET scans
required to obtain attenuation-corrected PET images. FDG-
PET/CT performed even without intravenous contrast (unen-
hanced FDG-PET/CT) with the CT portion typically acquired
as low-dose CT is more sensitive and specific than contrast-
enhanced full-dose CT for evaluation of nodal and extranodal
lymphomatous involvement.31,39 Tatsumi et al. evaluated 1537
anatomic sites in 20 patients with HL and 33 patients with
NHL on an unenhanced low-dose FDG-PET/CT scanner.39

There were 1489 sites concordant between FDG-PET and CT,
and among the 48 discordant sites, FDG-PET correctly identi-
fied 40 sites as true positives or true negatives by biopsy or
clinical follow-up.

Kwee et al. conducted a systematic review of 19 studies of
CT and FDG-PET in staging of lymphomas.44 Nine of 17
studies that incorporated FDG-PET included patients with
HL, but in only one of these was it part of initial staging, with
sensitivity and specificity of 87.5% and 100%, respectively. In
the single study including patients with NHL, the sensitivity
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was 83.3% with 100% lesion-based specificity. Four studies
evaluated PET/CT fusion scans, but only one for initial
staging.45 The authors concluded that CT remains the standard
for staging, with FDG-PET being superior for restaging. While
PET/CT was found to be superior to either modality alone,
they felt that further study was needed to determine the most
accurate and cost-effective method for lymphoma staging.

FDG-PET for restaging
Restaging of lymphoma is defined as an assessment that is
performed following completion of treatment in order to
detect residual tumor or suspected recurrence, or to determine
the extent of known recurrence.46 This term differs from
monitoring of therapy, which occurs during the course of
treatment. However, as risk-adapted treatment strategies
evolve, and response evaluation occurs earlier in the course
of treatment, the distinction between monitoring and restaging
will begin to blur.

FDG-PET is most useful in the restaging of the curable
lymphomas.47–53 PET is more accurate than CT in this setting
because it distinguishes between viable tumor and necrosis or
fibrosis in residual mass(es). Thus, the outcome of patients
who are FDG-PET-negative after therapy is superior to those
who are still positive regardless of the presence of a residual
mass.47–52

In general, FDG-PET has a consistently high negative pre-
dictive value (NPV) averaging about 85% across studies
including patients with HL and/or diffuse large B-cell NHL
(DLBCL).47–53 The approximately 15% false-negative rate
with PET is mostly related to its inability to detect microscopic
disease resulting in future relapse. The positive predictive value
(PPV) of PET is generally lower and considerably more vari-
able averaging about 70–80%, with generally lower average
values in patients with HL (~65%) compared with NHL
(~85%).47–52 The PPV of FDG-PET is substantially higher
than CT, which has a reported PPV in patients with aggressive
NHL of about 40–50% and in HL of only about 20%. The NPV
of FDG-PET is similar to that of CT resulting in a considerably
higher accuracy of FDG-PET for response assessment com-
pared with CT (approximately 80% vs. 50%).

Recent studies may be more accurate because they utilized
currently standard attenuation-corrected FDG-PET to evaluate
the predictive value of PET.

Thus, while a positive test following therapy is generally
considered a strong predictor of failure, such results should
be interpreted in conjunction with the history, physical exam-
ination, and CT scans. False-positive results have been
reported in more than 20% of patients serially studied
following therapy as a consequence of infection, inflamma-
tion, tumor necrosis, or other causes.54,55 Thus, in general,
major treatment decisions should not be based on a single
imaging study. Either a biopsy should be performed of the
FDG-avid lesion, or the study should be repeated in 2–3
months to confirm residual disease.

FDG-PET during treatment
Numerous studies have demonstrated that PET scans per-
formed after one or more cycles of chemotherapy predict
progression-free and overall survival.50,56–60 Unfortunately,
no available data demonstrate that altering treatment on the
basis of PET results improves patient outcome. Moskowitz
et al. reported on 87 patients with DLBCL who underwent
four cycles of a dose-intense R-CHOP (cyclophosphamide,
doxorubicin, vincrinstine, and prednisone, plus rituximab)
every 14 days followed by a PET scan.61 Those with a negative
scan received three cycles of ifosfamide, carboplatin, and eto-
poside (ICE) and observation. Patients with a positive interim
PET scan underwent a biopsy. Those with a negative biopsy
received three cycles of ICE. Patients with a positive biopsy
were to receive ICE for two cycles, rituximab plus ICE for one
cycle, and autologous stem cell transplantation. The NPV of
the PET scan was 89%. However, the PPV was only 26%. There
were 4 positive biopsies, but 27 were negative, giving an 87%
false-positive rate. There was no difference in event-free sur-
vival between patients with a positive or negative PET scan.

Recently Terasawa et al. published a systematic review of
the published literature to characterize the prognostic accuracy
of FDG-PET for interim response assessment.62 They identi-
fied 13 studies including 360 patients with advanced-stage HL
and 311 patients with DLBCL. They found that FDG-PET had
an overall sensitivity of 0.81 (95% CI¼ 0.72–0.89) and a speci-
ficity of 0.97 (95% CI¼ 0.94–0.99) in HL and a sensitivity of
0.78 (95% CI¼ 0.64–0.87) and specificity of 0.87 (95%
CI¼ 0.75–0.93) in DLBCL. They were unable to identify
factors that influenced the prognostic accuracy of the proced-
ure. They concluded that interim PET was not currently of
demonstrated usefulness and it should be limited to further
study in clinical trials.

The International Harmonization Project
and revised response criteria
Juweid et al. were the first to evaluate the impact of integrating
FDG-PET into the IWG response criteria of 1999.52 They
reported a retrospective analysis of 54 patients with aggressive
NHL treated with CHOP-based chemotherapy, who were
evaluated by CT and FDG-PET, and followed for at least
18 months posttreatment. FDG-PET increased the number of
CRs by converting not only PRs into CRs, but also by more
accurately characterizing the subset of patients who would
have been considered CRu. The 18-month progression-free
survival was similar whether patients were considered to be
in a CR by CT or FDG-PET and CT. However, the major
difference was in patients considered PR for whom the median
progression-free survival was 70% with IWG recommendation
and 22% when FDG-PET was included.

In 2005, the German Competence Network Malignant
Lymphoma sponsored a workshop at the International
Conference on Malignant Lymphomas (ICML, Lugano,
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Switzerland) to determine compliance with the IWG response
criteria. Numerous discrepancies were identified in compli-
ance with the IWG criteria amongst nine international lymph-
oma study groups.63 As a consequence, the International
Harmonization Project (IHP) was convened to bring together
an international committee of lymphoma investigators, path-
ologists, and nuclear medicine physicians. The IWG criteria
and other available response schemes were reassessed. Assou-
line et al.64 had proposed a modified Response Evaluation
Criteria in Solid Tumors (RECIST) criteria for lymphoma
using unidimensional measurements of lymph nodes and
masses and reported a high concordance with the IWG cri-
teria; however, the concordance was high only in those studies
with low response rates.65

Following extensive deliberations, the International Har-
monization Workshop developed two consensus reports: one
that standardized the performance and interpretation of PET
in lymphoma clinical trials66 and the other that revised the
IWG response criteria by integrating FDG-PET and bone
marrow immunohistochemistry.8

The IHP defined a positive scan using visual assessment
as focal or diffuse FDG uptake above background in a
location incompatible with normal anatomy or physiology.
Exceptions include mild and diffusely increased FDG uptake
at the site of moderate or large-sized masses with an inten-
sity that is lower than or equal to the mediastinal blood
pool, hepatic or splenic nodules 1.5 cm with FDG uptake
lower than the surrounding liver/spleen uptake, and dif-
fusely increased bone marrow uptake within weeks following
treatment.66 Areas of necrosis may be FDG-avid within an
otherwise negative residual mass and a follow-up scan in a
few months is often indicated to confirm this clinical
impression. The proportion of a reduction in maximum
standard uptake value (SUVmax) that best correlates with
response is currently being evaluated.

FDG-PET and response assessment
The new IHP response criteria recommendations took into
account differences in clinical behavior and FDG-avidity
among the various lymphoma histologic subtypes, and the
relevant endpoints of clinical trials (Table 15.1). For example,
PET was strongly encouraged prior to treatment of patients
with routinely FDG-avid, potentially curable lymphomas (e.g.,
DLBCL, HL) to better delineate the extent of disease and
provide a baseline for posttreatment comparisons. For the
incurable but FDG-avid histologies (e.g., follicular and low-
grade lymphoma, and mantle cell lymphoma) PET was not
recommended prior to treatment unless response rate, particu-
larly CR, was a primary endpoint of the trial since time-
dependent endpoints (e.g., progression-free survival) are gen-
erally more relevant for these diseases. FDG-PET was also
recommended for patients with clinical stage I disease for
whom local radiation therapy was being considered to rule
out the possibility of other sites of disease. In addition, FDG-

PET may be useful to identify the preferred node to biopsy in a
patient with an indolent lymphoma suspected of having trans-
formed to a more aggressive histology.

The timing of PET scans following the completion
of treatment is an important consideration. In general, PET
scans should not be performed until 6–8 weeks following
completion of therapy to reduce the likelihood of a false-
positive result.66

Revised response criteria
Given these considerations, the new response criteria were
developed to incorporate PET (Table 15.2.)8

Complete remission (CR) requires:

1. Complete disappearance of all clinical evidence of disease
and disease-related symptoms.

2. a. Typically FDG-avid lymphoma. In patients with
no pretreatment PET scan or when the FDG-PET
scan was positive prior to therapy: a posttreatment
residual mass of any size is permitted as long as it
is PET-negative.

b. Variably FDG-avid lymphomas/FDG-avidity unknown.
In patients without a pretreatment PET scan, or if a
pretreatment PET scan was negative: all lymph nodes
and nodal masses must have regressed on CT to normal
size (� 1.5 cm in their greatest transverse diameter for
nodes > 1.5 cm prior to therapy). Previously involved
nodes that were 1.1–1.5 cm in their long axis and
> 1.0 cm in their short axis prior to treatment must
have decreased to � 1.0 cm in their short axis after
treatment.

3. The spleen and/or liver, if considered enlarged prior to
therapy on the basis of a physical examination or CT scan,

Table 15.1. Recommended indications for FDG-PET

Histology Pre-
treatment

Mid-
treatment

Restaging Surveillance

Hodgkin Yes Noa Yes No

DLBCL Yes Noa Yes No

Follicular Nob No Nob,c No

Mantle cell Nob No Nob,c No

CLL/SLL Nod No No No

Other
indolent

Nob No Nob,c No

T-NHL Nob No Nob,c No

Note: CLL/SLL: chronic lymphocytic leukemia/small lymphocytic lymphoma.
aExcept in studies looking at risk-directed strategies.
bUnless complete response is a study endpoint.
cUnless complete response is a study endpoint and the PET scan was positive
prior to treatment.
dUnless Richter’s transformation is suspected.
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should not be palpable on physical examination and
should be considered normal size by imaging studies, and
nodules related to lymphoma should disappear. However,
determination of splenic involvement is not always
reliable as a spleen considered normal in size may still
contain lymphoma, whereas an enlarged spleen may
reflect variations in anatomy, blood volume, the use of
hematopoietic growth factors, or other causes rather than
lymphoma.

4. If the bone marrow was involved by lymphoma prior to
treatment, the infiltrate must have cleared on repeat bone
marrow biopsy. The biopsy sample on which this
determination is made must be adequate (with a goal of
� 20mm unilateral core). If the sample is indeterminate
by morphology, it should be negative by
immunohistochemistry. A sample that is negative by
immunohistochemistry but demonstrating a small
population of clonal lymphocytes by flow cytometry

will be considered a CR until data become
available demonstrating a clear difference in
patient outcome.

Complete remission/unconfirmed (CRu): Using the above def-
inition for CR and that below for PR eliminates the category
of CRu.

Partial remission (PR) requires all of the following:

1. � 50% decrease in sum of the product of the diameters
(SPD) of up to six of the largest dominant nodes or nodal
masses. These nodes or masses should be selected
according to all of the following: (a) they should be
clearly measurable in at least two perpendicular
dimensions; (b) if possible, they should be from disparate
regions of the body; (c) they should include mediastinal
and retroperitoneal areas of disease whenever these sites
are involved.

2. No increase in the size of other nodes, liver, or spleen.

Table 15.2. Response definitions for clinical trials

Response Definition Nodal masses Spleen/liver Bone
marrow

Complete
remission

Disappearance of all
evidence of disease

a. FDG-avid or PETþ prior to therapy:
FDG-negative mass of any size

Not palpable, no nodules No
involvement

b. Variably FDG-avid, PET-neg, or no
PET: normal CT scan

Partial
remission

Regression of measurable
disease, no new sites

� 50% decrease in SPD of up to 6
largest masses. No increase in other
nodes
a. FDG-avid or PETþ prior to therapy:
� 1 PETþ previously involved sites

No increase in liver/spleen
� 50% decrease in SPD of nodules
or transverse diameter if single
nodule

Irrelevant if
positive
prior to
therapy

b. Variably FDG-avid or PET-neg:
regression on CT

Stable
disease

Failure to attain CR, PR, or
progression

a. FDG-avid or PETþ prior to therapy:
PETþ at prior sites of disease, no
new sites

b. Variably avid or PET-neg: no
change on CT

Relapsed or
progressive
disease

Any new lesion or increase
by � 50% from nadir in
previously involved sites

New lesion > 1.5 cm in any axis � 50% increase from nadir in SPD of
previous lesions or longest diameter
if only a single lesion

New or
recurrent
involvement

� 50% increase in longest diameter
of previous node > 1 cm in short
axis or in SPD of > 1 node

PETþ if FDG-avid or þ prior to
therapy

Note: SPD: sum of the product of the diameters.

Source: Adapted from Cheson et al.8
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3. Splenic and hepatic nodules must regress by � 50% in their
SPD or, for single nodules, in the greatest transverse
diameter.

4. With the exception of splenic and hepatic nodules,
involvement of other organs is usually evaluable and not
measurable disease.

5. Bone marrow assessment is irrelevant for determination of
a PR if the sample was positive prior to treatment.
However, if positive, the cell type should be specified, e.g.,
large cell lymphoma or small neoplastic B cells. Patients
who achieve a CR by the above criteria but who have
persistent morphologic bone marrow involvement will be
considered partial responders.
In cases where the bone marrow was involved prior to
therapy that resulted in a clinical CR, but with no bone
marrow assessment following treatment, patients should be
considered partial responders.

6. No new sites of disease.
7. Typically FDG-avid lymphoma: For patients with no

pretreatment PET scan or if the PET scan was positive
prior to therapy, the posttreatment PET should be positive
in at least one previously involved site.

8. Variably FDG-avid lymphomas/FDG-avidity unknown:
For patients without a pretreatment PET scan, or if a
pretreatment PET scan was negative, CT criteria should
be used.

Stable disease:

1. Failing to attain the criteria needed for a CR or PR, but not
fulfilling those for progressive disease (see below).

2. Typically FGD-avid lymphomas: The FDG-PET should be
positive at prior sites of disease with no new areas of
involvement on the posttreatment CT or PET.

3. Variably FDG-avid lymphomas/FDG-avidity
unknown: For patients without a pretreatment PET scan
or if the pretreatment PET was negative, there must be no
change in the size of the previous lesions on the
posttreatment CT scan.

Relapsed disease (after CR)/progressive disease (after PR, SD):
Lymph nodes should be considered abnormal if the long

axis is > 1.5 cm regardless of the short axis. If a lymph node
has a long axis of 1.1–1.5 cm it should only be considered
abnormal if its short axis is > 1.0 cm. Lymph nodes � 1.0 cm
by � 1.0 cm will not be considered as abnormal for relapse or
progressive disease.

1. Appearance of any new lesion > 1.5 cm in any axis during
or at the end of therapy, even if others are decreasing in
size. Increased FDG uptake in a previously unaffected site
should only be considered relapsed or progressive disease
after confirmation with other modalities. In patients with
no prior history of pulmonary lymphoma, new lung
nodules identified by CT are mostly benign. Thus, a
therapeutic decision should not be made solely on the basis
of the PET without histologic confirmation.

2. � 50% increase from nadir in the SPD of any previously
involved nodes, or in a single involved node, or the size of
other lesions (e.g., splenic or hepatic nodules). To be
considered progressive disease, a lymph node with a diameter
of the short axis of< 1.0 cmmust increase by� 50% and to a
size of 1.5� 1.5 cm or> 1.5 cm in the long axis.

3. � 50% increase in the longest diameter of any single
previously identified node > 1 cm in its short axis.

4. Lesions should be PET-positive if a typical FDG-avid
lymphoma or one that was PET-positive prior to therapy
unless the lesion is too small to be detected with current
PET systems (< 1.5 cm in its long axis by CT).

In clinical trials where PET is not available to the vast majority
of participants, or where PET is deemed neither necessary nor
appropriate, response should be assessed as above, but only
using CT scans. In this setting, residual masses should not be
considered a CRu, but should be designated as PR.

These response criteria have now been adopted inter-
nationally by study groups and regulatory agencies. Brepoels
et al. validated the new response criteria in 69 patients with
aggressive or indolent NHL and confirmed that the new
response criteria were superior to the IWG criteria alone,
although PET was of less value in the indolent NHL.67

Follow-up
After completion of therapy, the manner in which patients
are followed may differ considerably between a clinical trial
and clinical practice, by histologic subtype, and whether
treatment was initiated with curative or palliative intent.
The National Comprehensive Cancer Network published rec-
ommendations for follow-up of patients with NHL:68 for
patients with a history of follicular or other indolent histology
in a complete remission, the recommendation for follow-up
was every 3 months for a year then every 3–6 months. For
DLBCL, the guidelines proposed assessment every 3 months
for 24 months then every 6 months for 36 months with
imaging studies performed when clinically indicated. For
patients with HL in an initial CR, an interim history and
physical examination every 2–4 months for 1–2 years, then
every 3–6 months for the next 3–5 years, with annual moni-
toring for late effects after 5 years. Imaging studies should be
performed when clinically indicated.69

Although widely used in clinical practice, there is no
evidence to support regular surveillance CT or PET scans
and this practice is discouraged. A number of studies in the
pre-PET era demonstrated that the patient or physician iden-
tifies the relapse more than 80% of the time.70–73 There is no
apparent role for surveillance PET scans in the follow-up of
patients with NHL. Jerusalem et al. reported on 36 patients
who underwent PET following therapy and every 4–6 months
thereafter.74 There were five events detected by PET, one in a
patient with known residual disease. Two of the four patients
whose relapse 5–24 months following treatment was identified
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by PET already had developed disease-related symptoms. In
addition, there were six false-positive studies.

Zinzani et al. conducted a prospective evaluation of 160
patients with HL, 183 with aggressive NHL, and 78 with
indolent lymphoma who underwent regular follow-up evalu-
ation as well as FDG-PET at 6, 12, 18, and 24 months post-
therapy, then annually.55 For patients with HL, the likelihood
of relapse was negligible after 12 months and after 18 months
for the aggressive NHLs. Scans were interpreted as positive for
relapse, negative for relapse, or inconclusive when they were
considered equivocal. All patients with an inconclusive study
underwent biopsy; in only 33% was there suspected relapse on
CT scan as well. Among the patients who were PETþ/CT�,
there was a 42% false-positive rate. There was a continuous
risk of relapse for the indolent NHLs. Patients with suspected
relapse underwent biopsy with a 33% false-positive rate of PET
scans. There was no benefit from continued surveillance stud-
ies after 12 months for HL and 18 months for DLBCL. Import-
antly, the likelihood of a true positive was greatest in patients
considered to be at highest risk for recurrence. However, the
cost-effectiveness of such monitoring has not yet been
demonstrated.

Conclusions
FDG-PET is the most sensitive and specific imaging modality
currently available for patients with lymphoma. However, des-
pite the increasing use of FDG-PET, its role in clinical man-
agement remains to be defined. Risk-directed studies are
needed to validate preliminary observations that suggest that
a negative PET may permit a decrease in the amount of
chemotherapy or radiation therapy required, especially in
patients with limited-stage disease that is responding to ther-
apy, or increase efficacy by leading to an alteration of therapy
in patients with less responsive disease.75,76 There are currently
no data to support routine surveillance with CT or PET scans.
Clearly, PET scans provide additional information regarding
the status of activity of lymphoma; however, the impact of this
technology on patient management is still being clarified in
clinical research trials. Integration of PET into the revised
response criteria for clinical trials will hopefully improve the
ability to accurately define efficacy of therapy, facilitate drug
approval by regulatory agencies, and improve the outcome for
patients with lymphoma.
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Chapter

16 Treatment approach to diffuse large
B-cell lymphomas
Sonali M. Smith and Julie M. Vose

Introduction
Non-Hodgkin lymphoma (NHL) is a heterogeneous cancer
encompassing several dozen distinct clinicopathologic dis-
eases. The incidence of NHL appears to be rising independent
of the aging of the population, and NHL currently ranks as the
fifth most common cancer in both men and women with
71 380 new cases in 2007 and nearly 20 000 estimated deaths.1

Diffuse large B-cell lymphoma (DLBCL), accounting for
approximately one-third of all new cases, is both the most
common histologic subtype of NHL and the prototype of
aggressive lymphomas.

There are several histologic variants and clinical subtypes
of DLBCL that are recognized (Figure 16.1). Histologic vari-
ants include immunoblastic, centroblastic, and anaplastic
morphologies, whereas distinct clinical subtypes have included
primary mediastinal large B-cell lymphoma (PMBL), intravas-
cular large B-cell lymphoma, and primary effusion lymphoma,
among others.3 The latter two entities occur primarily in
immunocompromised hosts and are associated with human
herpesvirus 8. The histologic heterogeneity of DLBCL is com-
plicated by the recent identification of molecular heterogeneity
discovered by gene expression profiling, and is discussed in
more detail below with an emphasis on its prognostic
potential.

In general, DLBCL is a chemosensitive disease with a
substantial portion of patients achieving cure with frontline
chemoimmunotherapy. Unfortunately, many patients con-
tinue to relapse and are in need of further treatment. Patients
with chemosensitive disease at relapse can achieve long-term
disease control with autologous stem cell transplant, but others
will succumb to DLBCL. Patients with refractory disease, those
who relapse following transplant, and those who are not can-
didates for transplantation have no true curative options and
most will ultimately die of lymphoma. The development of
new agents and new treatment strategies, including improve-
ment of existing transplant regimens and exploring allogeneic
approaches, is an important area of ongoing research and is
discussed below.

Clinical presentation, diagnosis, and staging
DLBCL occurs in all age groups, including children; however,
the incidence of DLBCL increases with age, and the median
age at presentation is the sixth decade of life. Men are affected
slightly more often than women.4 There are no known racial
differences in incidence. The etiology of DLBCL, as with many
cancers, is unknown for most patients. However, there are
several well-established risk factors, including acquired and
iatrogenic states of immunosuppression. NHL commonly
occurs in patients with human immunodeficiency virus
(HIV), and has been an AIDS-defining illness since 1985.
Although most HIV-infected patients will develop aggressive
subtypes, including DLBCL, there are new trends in both
histology and behavior of these lymphomas due to increased
availability of HAART (highly active antiretroviral therapy),
and the increased incidence of HIV in heterosexual, minority,
and female populations.5 Among non-immunocompromised
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Figure 16.1 Morphologic, molecular, and selected clinical subtypes of DLBCL.
(*See WHO 20082 for complete list.)
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populations, a genetic component has been proposed, with
some intriguing observations, but these remain active areas
of investigation for the present time.6 Viruses, autoimmune
disorders, and other environmental factors may also increase
the risk of DLBCL.6,7

In contrast to indolent lymphomas which are often inci-
dentally diagnosed, most patients with DLBCL come to med-
ical attention due to lymphoma-related symptoms. The
symptoms can be systemic, such as classical B symptoms, but
also include pain or organ dysfunction due to local conse-
quences of rapidly enlarging adenopathy or infiltration.
B symptoms include fevers, night sweats, or unintentional
weight loss of greater than 10%. Although nodal involvement
is most common, nearly every body part can be involved, and
approximately 30–50% of newly diagnosed DLBCL includes at
least one extranodal site.

The diagnosis of DLBCL requires adequate histologic
examination. The increasing use of minimally invasive tech-
niques or interventional radiology procedures unfortunately
provides scant material for both morphologic assessment and
immunohistochemical analysis. A fine needle aspirate (FNA)
does not allow the ability to determine prognosis or biologic
subtypes within DLBCL (see discussion below). The optimal
biopsy specimen is an excisional or incisional lymph node
biopsy, but large-bore core-needle biopsies are occasionally
sufficient if the architecture is preserved. The usual morpho-
logic appearance is sheets of intermediate- to large-sized cells
obliterating the normal follicular architecture (Figure 16.2).3

The malignant cells express mature B-cell markers including
CD20, CD19, CD79a, and CD22, which can be detected by
both flow cytometry and immunohistochemical analysis.
Rarely, DLBCL will coexpress CD5, ALK protein, or the Myc
oncoprotein, all of which portend an unfavorable prognosis.
Cytogenetic analysis shows translocation of t(14;18), leading to
BCL2 overexpression, or 3q27 abnormalities, leading to BCL6

abnormalities, in approximately one-third of cases. Cytogenet-
ics currently are diagnostic in intent, and do not generally
carry prognostic significance. However, a recently identified
subtype carrying both the t(14;18) translocation and 8q24/c-
MYC rearrangement has an extremely aggressive behavior
with a poor prognosis.8,9

Once the diagnosis of DLBCL is established, a staging
evaluation is performed to determine the extent of disease
and extranodal involvement. The Ann Arbor classification
remains the standard staging system (Table 16.1). The staging

(a) (b)

Figure 16.2 Low-power (a) and high-power (b) view of DLBCL. Lymph node architecture has been completely effaced by large lymphoid cells that are
classically CD20þ, CD19þ, CD22þ, and CD79aþ. Photo courtesy of John Anastasi.

Table 16.1. Ann Arbor staging classification of lymphomas (Cotswold
revision)

Stage I Involvement of a single lymph node region or a
lymph node structure or a single extralymphatic
site

Stage II Involvement of two or more lymph node regions
on the same side of the diaphragm or localized
contiguous involvement of an extralymphatic site
and lymph node organ

Stage III Involvement of lymph node regions on both sides
of the diaphragm

Stage IV Diffuse or disseminated involvement of one or
more extranodal organs or tissues, with or without
associated lymph node involvement

A Absence of B symptoms

B Presence of B symptoms (fevers, drenching night
sweats, weight loss > 10% of body weight)

E Extranodal disease or extension from known
nodal site of disease

X Bulky disease: > 1/3 widening of the mediastinum
at T5–T6, or maximum of nodal mass > 10 cm
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evaluation consists of 18F-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) or FDG-PET/CT scans of the
chest, abdomen, and pelvis, along with a bone marrow aspirate
and core biopsy. In many centers, bilateral bone marrow
biopsies are preferred, but a single biopsy of at least 2 cm
may be acceptable.10 A lumbar puncture is suggested for
patients with a higher risk of central nervous system (CNS)
relapse including those with marrow involvement by large cell
lymphoma, elevated lactate dehydrogenase (LDH), DLBCL of
the sinuses or head and neck, testicular lymphoma, breast
lymphoma, and high-risk disease by the International Prog-
nostic Index (IPI) (see discussion below). An assessment of
cardiac function in anticipation of anthracycline-based chemo-
therapy is also routinely performed. Laboratory testing should
include an LDH, complete blood count (CBC) with differen-
tial, hepatic function tests, renal function tests, and uric acid.
FDG-PET scans have dramatically improved the sensitivity of
radiologic imaging, and are currently recommended at base-
line and following treatment to evaluate response in DLBCL.11

DLBCL is a strongly FDG-PET-avid disease, and many investi-
gators have proposed that a mid-treatment negative FDG-PET
connotes a favorable prognostic significance.12–15 A prospect-
ive multicenter French study found that a negative FDG-PET
scan following two cycles of therapy carried a 2-year event-free
survival (EFS) of 82% versus only 43% for FDG-PET-positive
patients (p< 0.001); similarly, overall survival (OS) was
improved (91% vs. 60%, p¼ 0.006).12 However, the results of
an interim PET do not currently change treatment approaches
and should not be done outside of a clinical trial. Details on
the use of FDG-PET imaging in lymphomas are discussed in
Chapter 15.

Prognosis in DLBCL
Despite being a potentially curable disease, there is vast het-
erogeneity in patient outcomes, much of which can be attrib-
uted to pretreatment variables. The landmark evaluation of
prognostic factors in DLBCL is the IPI, published by an inter-
national task force in 1993.16 Over 2000 patients receiving
anthracycline-based treatment were retrospectively analyzed
for clinical features potentially predictive of outcome including
sex, age, Ann Arbor stage, performance status, presence or
absence of B symptoms, sites of lymphoma involvement,
number of extranodal disease sites, tumor size, LDH, albumin,
and b2-microglobulin. The only five factors retaining inde-
pendent prognostic significance in multivariate analysis
include age � 60 years, tumor stage (I or II versus III or IV),
performance status � 2, serum LDH level, and the presence of
greater than one extranodal site of involvement. The IPI is
essentially a scoring system in which these five clinical features
are tallied to categorize patients into one of four prognostic
groups that correlate with both relapse-free and overall sur-
vival. In addition to providing prognostic guidance at an
individual patient level, the IPI provides a common language
for clinical trials to allow homogeneity when comparing

patient groups. Some groups have proposed to revise the
prognostic potential of the IPI since the standard of care for
frontline treatment has now evolved to include both rituximab
and anthracycline-based chemotherapy.17 The Vancouver
group evaluated 345 unselected patients reported to a regional
registry. The standard IPI could only identify two prognostic
groups instead of four groups; by regrouping the same five risk
factors, however, patients could be once again separated into
four groups with different outcomes. The authors propose this
revised IPI (R-IPI) for use in patients treated with R-CHOP
(rituximab plus cyclophosphamide, doxorubicin, vincristine,
and prednisone) type regimens. It is worthwhile to note the
excellent prognosis of patients with 0 risk factors, with 94%
survival at 4 years. In contrast, patients with 3–5 risk factors,
comprising 45% of the sampled population, had a 4-year OS of
only 55%. For now, the IPI and R-IPI remain the most clinic-
ally useful tools to predict prognosis.

In addition to clinical heterogeneity captured by the IPI
and R-IPI, there is recent awareness of molecular heterogeneity
within DLBCL that influences prognosis.18–20 The National
Cancer Institute (NCI) first published their findings of distinct
mRNA gene expression profiles with disparate clinical out-
comes: germinal center B-cell-like DLBCL (GCB) and acti-
vated B-cell-like DLBCL (ABC).18 Patients with the GCB
phenotype had a 5-year OS of 76% versus only 16% for
patients with the ABC phenotype. Not only did the gene
expression profile (GEP) correlate with the IPI (i.e., low- versus
high-risk patients) but it could also distinguish differential
outcomes within risk groups (Figure 16.3). This powerful
analysis proposes that DLBCL is actually two distinct diseases
with differing prognoses. The Lymphoma/Leukemia Molecu-
lar Profiling Project (LLMPP) and others have reported similar
findings using a variety of microarray techniques such as
hierarchical clustering and supervised learning algorithms
applied to mRNA platforms.19,20 Of the thousands of genes
within each signature, six genes were most predictive of sur-
vival in DLBCL patients treated with CHOP-like chemother-
apy: LMO2, BCL6, FN1, CCND2, SCYA3, and BCL2.21 LMO2,
BCL6, and FN1 were associated with a longer survival whereas
CCND2, SCYA3, and BCL2 were associated with a shorter
survival.

A major limitation of gene expression profiling is that, for
now, it is a costly and still experimental technique that is not
widely available. Furthermore, mRNA gene expression profil-
ing via microarrays requires frozen material and cannot be
performed on paraffin-embedded tumor specimens. As an
alternative, immunohistochemical algorithms have been pro-
posed as a surrogate, which may correctly identify GCB versus
non-GCB at least two-thirds of the time.22,23 Using a tissue
microarray of paraffin-embedded tissue and staining for a
variety of markers, Hans and colleagues found that three
immunohistochemical markers correlated with either GCB or
non-GCB subtypes identified by gene expression profiling
on frozen counterparts in 152 patients: CD10, BCL6,
and MUM-1 (Figure 16.4).23 Patients with GCB using this
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immunohistochemical algorithm had a 5-year OS of 76% versus
34% for the non-GCB group (p< 0.001). Another group found
that many patients express both germinal center markers such as
CD10 and/or BCL6 alongwith activationmarkers such asMUM-
1 orCD138.22 They developed an alternative immunohistochem-
ical algorithm, and categorized patients into either GCB,

activated GCB, and activated non-GCB. In this analysis, the
presence of any activation marker irrespective of germinal center
markers resulted in a less favorable outcome.

A second challenge to the interpretation of microarray data
in DLBCL is the applicability of findings to patients being
treated with chemoimmunotherapy (i.e., anthracycline-based

(a) (b)

Figure 16.3 (a) Relationship between DLBCL subgroups and normal B-cell stages of differentiation using gene expression profiling. At least two molecular subtypes
of DLBCL are identified. With permission from Alizadeh et al., Nature 2000; 403:503–11.18 (b) Clinical outcome for a test group of patients with GCB-like versus
activated B-like gene expression for all patients (panel a), by IPI (panel b), and for low clinical risk groups (panel c).
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chemotherapy plus rituximab as opposed to anthracycline-
based chemotherapy alone). It is possible that changes in
therapy will cause a re-assessment of previously accepted prog-
nostic factors. In order to test this assumption, there are
several international collaborative efforts to test the prognostic
significance of GCB versus non-GCB phenotype in patients
treated with R-CHOP or similar regimens. One recently pub-
lished report suggests that the same six-gene model found in
CHOP-treated patients retains its prognostic significance in
R-CHOP treated patients.24

Outside of GEP, other biologic features also carry prognos-
tic significance. Perhaps one of the most powerful is BCL2,
where overexpression of this antiapoptotic protein leads to
shortened EFS and OS in patients with DLBCL.25,26 The prog-
nostic significance of BCL2 in DLBCL has been called into
question with the introduction of rituximab. A subanalysis
of GELA98–5 shows that rituximab overcomes the negative
prognostic significance of BCL2 protein overexpression.27 In
this study, 193 elderly patients with BCL2 overexpression were
compared to 99 patients without BCL2 overexpression. Of the
BCL2-positive patients, R-CHOP improved the EFS from 32%
to 58% (p< 0.001) and the OS from 48% to 67% (p¼ 0.004).
In contrast, there was no statistically significant improvement
by the addition of rituximab for the BCL2-negative group. It
should be noted that the mechanism of BCL2 activation is
different in GCB and non-GCB subtypes of DLBCL, which
may explain some differences in prognostic significance.26 In
the GCB subtype, BCL2 overexpression is due to t(14;18) and
does not appear to have a major prognostic role. In activated/
non-GCB subtypes, BCL2 overexpression is due to 18q21
amplification or activation from the nuclear factor-kappa
B (NF-kB) pathway, and reduces OS.

BCL6 normally portends a positive effect on EFS and OS,
but its prognostic potential has also been challenged by the use
of rituximab. In ECOG 4494, the use of R-CHOP overcame
the negative prognostic significance of BCL6 negativity. Of 199
elderly DLBCL patients, R-CHOP improved the failure-free
survival (FFS) from 9% to 76% (p< 0.001) and OS from 17%
to 79% (p< 0.001) in BCL6-negative patients.28 Expression of
a third protein, LMO2, appears to influence outcome in a
positive manner in patients treated with both CHOP and
R-CHOP, and may actually be one of the most powerful
predictors of survival of markers studied to date.29,30 In

summary, it is clear that reevaluation of traditional prognostic
markers is needed as the standard of care for frontline DLBCL
evolves. The use of GCB versus non-GCB nomenclature is
being actively incorporated into ongoing trials which will
prospectively test their validity in patients being treated with
rituximab plus anthracycline-based chemotherapy.

Initial therapy of localized DLBCL
Approximately 30% of patients with DLBCL present with
initially localized disease that can be either nodal or primary
extranodal in origin.16 Primary extranodal DLBCL accounts
for approximately half of all patients with stage I and II
disease, with head and neck organs most commonly
involved.31,32 The management of primary extranodal DLBCL
typically follows treatment paradigms of nodal stage I and II
disease, although several exceptions include primary testicular
DLBCL, which requires radiation, and primary mediastinal
lymphoma, which is discussed in detail below. Although many
patients with localized DLBCL have an excellent prognosis,
subgroups with higher-risk disease can be identified using
modifications of the IPI. Miller and colleagues found that a
stage-modified IPI was highly predictive of outcome, with age
greater than 60 years, stage II disease, elevated LDH, and
decreased performance status all correlating with inferior pro-
gression-free survival (PFS) and OS.33 In this study, patients
with 0–1 risk factors had a 5-year PFS of 77% compared to
60% for patients with 2 risk factors, and 34% with 3 risk
factors. A British Columbia population-based analysis con-
firmed the utility of the stage-modified IPI in identifying three
groups with 5-year OS ranging from 90% (0 risk factors), 77%
(1 or 2 risk factors), to 58% (3 or 4 risk factors). Thus, these
studies suggest that there is substantial heterogeneity even
amongst patients with limited disease at presentation.

The mainstay of therapy is anthracycline-based chemother-
apy with or without consolidative radiotherapy. Historically,
radiation alone was used but has an unacceptably high failure
rate approaching 70%, and should not be used alone unless
there is a significant contraindication to systemic treatment.31

The success of combination chemotherapy for advanced-stage
DLBCL in the 1980s and 1990s initially led investigators to use
chemotherapy alone in the management of early-stage DLBCL
with hopes of improving systemic control. However, many ques-
tioned the need for protracted chemotherapy in early-stage
patients, especially given the more favorable prognosis and con-
cern regarding cardiotoxicity. The Southwest Oncology Group
(SWOG) conducted an influential randomized controlled trial
comparing CHOP � 8 (n¼ 201) versus CHOP � 3 (n¼ 200)
followed by 40–55Gy radiation in patients with localized inter-
mediate- and high-grade lymphomas and at least one adverse
risk factor.33 Their initial report favored the combinedmodality
arm, with better PFS (77% vs. 64%, p¼ 0.03) and OS (82% vs.
72%, p¼ 0.02) at 4.4 years median follow-up time. Further-
more, more patients on the chemotherapy-only arm were
unable to complete the full course of treatment due to toxicity.

CD10 
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Figure 16.4 Immunohistochemical algorithm to identify germinal center
B-cell-like DLBCL (GCB) from non-germinal center B-cell-like DLBCL. IRF1:
interferon regulating factor 1. With permission from Hans et al., Blood
2004;103(1):275–82.23 # The American Society of Hematology.
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The authors concluded that the addition of consolidative radi-
ation therapy safely allowed a reduction in chemotherapy
cycles, leading to fewer toxic effects (p¼ 0.06) and avoiding
cardiotoxicity (p¼ 0.02). Other studies at the time confirmed
the promising efficacy of combined modality therapy with
limited chemotherapy followed by RT. A Surveillance, Epi-
demiology, and End Results (SEER) database analysis of over
13 000 patients also found that the use of radiation in early-stage
DLBCL improved the disease-specific survival and OS in all age
groups in both univariate and multivariate analysis; unfortu-
nately, this study is limited by the lack of any information
regarding chemotherapy used and number of cycles.34

However, longer follow-up of SWOG 8736 shows that the
failure-free survival (FFS) and OS curves cross at 7 years, and
that patients on the combined modality arm continue to
relapse between 5 and 10 years following therapy with no
obvious plateau on the survival curve.35 Subgroup analysis
shows that most of the relapses occur in patients with at least
one risk factor on the stage-modified IPI (non-bulky stage II
disease, age greater than 60 years, elevated LDH, PS > 1). The
continuous risk of relapse is surprising, and suggests that these
patients require better systemic therapies. The role of consoli-
dative irradiation has also been questioned by other groups.
The GELA performed two large-scale randomized controlled
trials, one in younger patients and one in patients greater than
60 years of age without adverse risk factors.36,37 For younger
patients, the intensive regimen ACVBP (doxorubicin, cyclo-
phosphamide, vindesine, bleomycin, predrisone � 4 cycles
with 4 intrathecal injections of methotrexate followed by
sequential consolidation with high-dose methotrexate, ifosfa-
mide, etoposide, and cytarabine) (n¼ 318) without radiation
proved superior to CHOP � 3 followed by 40Gy radiation
therapy (RT) (n¼ 329) with respect to EFS (82% vs. 74%,
p< 0.001) and OS (90% vs. 81%, p¼ 0.001) at 7.7 years
median follow-up time. The median time to relapse was only
15 months in the combined modality therapy (CMT) arm
compared to 21 months for the chemotherapy-only arm, with
nearly one-third of relapses occurring in the radiation field.
A multivariate analysis of all patients showed that bulky
disease, assignment to the CMT arm, and stage II disease
predicted an inferior outcome. For older patients without
adverse risk factors, CHOP � 4 (n¼ 271) proved equivalent
to CHOP � 4 followed by RT (n¼ 299), again with 7 years
median follow-up time. The local failure rate was higher in the
non-radiation arm (47% vs. 21%), but this did not impact
either EFS or OS which were approximately 60% and 70%,
respectively, in both groups. ECOG 1484 evaluated the role of
consolidative low-dose RT (30Gy) in patients achieving com-
plete remission to CHOP � 8, as well as the ability of RT
(40Gy) to convert partial responders to complete respond-
ers.38 Although the addition of radiotherapy altered the pattern
of relapse by improving local control, OS was not impacted.

The advent of chemoimmunotherapy with rituximab has
reinvigorated the question of number of chemotherapy cycles
and the role of radiation in patients with early-stage DLBCL.

Although there are no prospectively conducted randomized
trials specifically evaluating the impact of rituximab with
anthracycline-based therapy in localized DLBCL, the
MabThera International Trial (MInT) had nearly 70% of its
population comprised of patients with either stage I or II
disease.39 This trial compared CHOP-like chemotherapy � 6
cycles with or without rituximab, and found an improved
2-year EFS (79% vs. 59%, p< 0.0001) and OS (93% vs. 84%,
p¼ 0.0001). All patients with bulky disease received consoli-
dative radiation per the treating physician’s discretion. Patients
with non-bulky early-stage disease and no risk factors had a
98% OS with rituximab plus chemotherapy for six cycles,
prompting the next set of studies to evaluate a reduction in
the number of chemoimmunotherapy cycles. The question
of consolidative RT was not directly asked, but the addition
of rituximab removed the adverse prognostic significance of
bulky disease even in patients with maximum tumor masses
up to 9 cm;40 future prospective trials will be needed to clarify
the need for RT following rituximab plus chemotherapy. Out-
side of the MInT trial, SWOG 0014 is a phase II study of
rituximab plus CHOP � 3 followed by 40–46Gy involved-field
radiation therapy (IFRT).41 This single-arm study found a
promising 4-year PFS and OS of 88% and 92%, respectively,
in 60 patients with early-stage disease. However, five of eight
patients relapsed outside the radiation field, again hinting that
better systemic control is needed. PET scans may help influ-
ence decisions regarding radiation, as shown by a population-
based analysis in British Columbia, Canada. Practice patterns
in British Columbia were set in 2005 as R-CHOP � 3 for all
patients with stage I or II DLBCL without B symptoms and
without bulky disease (mass < 10 cm); a PET scan following
the third cycle determined if patients would receive one further
cycle of R-CHOP (if PET negative) or IFRT (if PET positive).
Patients with a negative PET had an excellent outcome, with
97% PFS and OS at 2 years, suggesting that a favorable sub-
group can be identified in order to avoid radiation.42 However,
this study has thus far been presented in preliminary form and
only a prospective trial would help confirm the ability of PET
to determine treatment options.

In summary, the prognosis of patients with localized DLBCL
is generally favorable, but careful risk stratification will identify
patients for whom abbreviated chemotherapy is insufficient.
Accordingly, a subgroup of patients with an excellent outcome
can also be identified using a stage-modified IPI. The current
standard treatment ranges from four to six cycles of R-CHOP
with or without IFRT. Patients with at least one risk factor
probably require more than four cycles of chemotherapy.

Initial therapy of advanced DLBCL
DLBCL is a potentially curable disease, with major improve-
ments achieved in the past decade. The backbone of treatment
is the CHOP regimen, initially proposed for aggressive lymph-
omas in the 1970s.43,44 In the era prior to routine radiographic
imaging, CHOP produced a response rate of 40% in all
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patients, and an unprecedented 90% response rate in patients
with nodal disease only.43 For much of the 1980s and 1990s, a
variety of intensified combination chemotherapy regimens were
proposed in phase II trials as being superior to CHOP, including
m-BACOD (methotrexate with leucovorin, bleomycin, doxoru-
bicin, cyclophosphamide, vincristine, and dexamethasone), Pro-
MACE-CytaBOM (cyclophosphamide, doxorubicin, etoposide,
cytarabine, bleomycin, vincristine, methotrexate, and prednis-
one), and MACOP-B (methotrexate followed by leucovorin,
doxorubicin, cyclophosphamide, vincristine, prednisone, and
bleomycin). A pivotal intergroup study eventually found that
clinical outcomes were actually similar in all groups, but that
toxicity of the CHOP regimen was less, thus establishing CHOP
given on a 21-day schedule as the standard of care for frontline
management of advanced DLBCL for the next decade.45 In this
trial, Fisher and colleagues found a 3-year disease-free survival
(DFS) and OS of 41% and 54%, respectively, setting the bench-
marks for future studies.

A major shift in the frontline management of DLBCL has
been the addition of the monoclonal chimeric antibody against
CD20, rituximab, to anthracycline-based chemotherapy. Ritux-
imab has several putative mechanisms of action, including
direct induction of apoptosis and both complement-mediated
lysis and antibody-dependent cellular cytotoxicity.46 As a single
agent in relapsed or refractory DLBCL, rituximab has a
response rate of approximately 30%, with few complete remis-
sions and a short median response duration.47 However, when
combined with chemotherapy, there is marked synergy with
substantial gains in both PFS and OS, and there are now several
large-scale randomized trials demonstrating superiority of
rituximab-containing regimens for both older and younger
patients.39,48–50 The LNH98–5 trial of the GELA randomized
elderly patients between 60 and 80 years old with previously
untreated DLBCL to receive either CHOP � 8 (n¼ 197) or
CHOP plus rituximab � 8 (n¼ 202). There was no planned
consolidative radiation. This was a high-risk population with
more than half of patients on either arm having an IPI score
greater than 2, and a median age of 69 years. With a median
follow-up of 24 months, patients on the rituximab-containing
arm had a superior 2-year EFS (57% vs. 38%, p< 0.001) and OS
(70% vs. 57%, p¼ 0.007). These benefits persist with longer
follow-up as well,48,51 with 7-year data continuing to show a
better EFS (42% vs. 25%, p< 0.0001) and fewer deaths in the
rituximab-containing arm. An intergroup study (ECOG 4494)
from the United States questioned the role of rituximab in both
induction and maintenance of remission in frontline DLBCL in
elderly patients by randomizing patients first to CHOP or
CHOP plus rituximab, followed by a second randomization to
either observation or rituximab maintenance.50 This was again
a study focusing on elderly patients with a median age 69 years
in the R-CHOP group and 70 years in the CHOP group. In
contrast to the GELA 98–5 study, there was no difference in
response rate (77% vs. 76%) by induction. The addition of
maintenance rituximab improved FFS, but only in patients
who had initially received CHOP, and not in patients treated

with R-CHOP. When comparing all four groups, patients
receiving CHOP induction without maintenance rituximab
had the worst outcome (2-year FFS 45%) compared to all other
groups (2-year FFS 74–79%). It should be noted that both of
these large multi-institutional trials focused on elderly patients
with adverse risk factors.

The MInT evaluated CHOP-like chemotherapy � 6 cycles
with or without rituximab in younger patients, ages 18–60
years, and with no more than one risk factor. This large-scale
international trial enrolled over 800 patients, and allowed
treating physicians to select an anthracycline-based regimen
of their choice prior to randomization. With a median
follow-up time of 34 months, the 3-year EFS (79% vs. 59%,
p< 0.0001) and OS (93% vs. 84%, p¼ 0.0001) were superior
in the chemoimmunotherapy arm. The incremental benefit of
rituximab was seen in all subgroups (IPI 0 vs. IPI 1, bulky vs.
non-bulky) but was most pronounced in the highest-risk
patients who had both an IPI 1 and bulky disease with an
improvement in 3-year EFS from 44% to 74% (p< 0.0001).
Patients with an IPI 0 and no bulky disease had a remarkable
outcome with 97% EFS and 100% OS at 3 years.39 Finally, a
population-based analysis in British Colombia evaluated the
role of rituximab within a provincial region where regulatory
bodies did not approve rituximab with chemotherapy
for DLBCL until 2000. In this study, Sehn and colleagues
evaluated the PFS and OS of patients treated in the 18 months
immediately prior to this change, and in the 18 months
following the change.17 Although all age groups were included
in the analysis, the median age was 63 years, reflecting
the expected population. Patients treated prior to the introduc-
tion of rituximab had an inferior 2-year PFS (51% vs. 69%,
p¼ 0.002) and OS (52% vs. 78%, p< 0.0001). The benefit was
most pronounced in patients greater than 60 years. Thus, the
bulk of data supports a substantial gain in both EFS and OS for
patients receiving rituximab plus CHOP or CHOP-like
chemotherapy for previously untreated DLBCL of all ages,
and R-CHOP is currently considered the standard frontline
treatment regimen.

However, it is important to recognize that subgroups
with varying outcomes following R-CHOP can be identified
using both biologic and clinical factors. A secondary analysis
of the GELA98–5 trial found that addition of rituximab
provided most benefit to patients with BCL2 protein over-
expression, a known adverse prognostic factor correlated
with shorter EFS and OS in DLBCL.27 In contrast, patients
without BCL2 overexpression had a much smaller margin of
benefit, a finding confirmed by others.52 A secondary analy-
sis of ECOG 4494 showed that rituximab could overcome
the negative prognostic significance of BCL6 negativity,
whereas BCL6-positive patients fared well irrespective of
rituximab.28 Future studies will hopefully incorporate biolo-
gic features into treatment paradigms that will help indi-
vidualize therapies, using rituximab when it is most
beneficial and allowing newer agents to be developed for
other groups of patients.
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Can we improve upon R-CHOP?
Despite the improvements seen with R-CHOP, it is clear that
subgroups with a worse prognosis remain, and attempts at
improving upon R-CHOP continue. Several approaches are
being evaluated, including shortening the cycle length from
21 to 14 days to increase dose intensity, using infusional
regimens with dose escalation, adding more cytotoxic agents,
and adding maintenance or “adjuvant” treatments following
R-CHOP.

The standard delivery of R-CHOP is every 21 days, initially
based on the time required for marrow recovery following
cytotoxic therapies. The introduction of hematopoietic growth
factors, as well as general improvements in supportive care,
allow a reduction in cycle length which escalates relative dose
intensity. Many studies evaluating intensification of CHOP
regimens were performed prior to the addition of rituximab,
which complicates their interpretation for modern treatment
paradigms.53–55 The largest phase III investigation of
shortened treatment cycles was done by the German High-
Grade non-Hodgkin Lymphoma Study Group (DSHNHL),
which applied a 2� 2 trial design in both younger (NHL-B1)
and older (NHL-B2) patients with randomization to either
CHOP versus CHOEP (addition of etoposide 100mg/m2 on
days 1–3 of each cycle) given every 14 versus 21 days; all
patients on the 14-day treatment arms received hematopoietic
growth factor support.56,57 The NHL-B1 trial randomized over
700 patients younger than 60 years old and with favorable
prognosis to either CHOP-21, CHOP-14, CHOEP-21, or
CHOEP-14. Both the addition of etoposide and reduction of
cycle length benefited patients. The addition of etoposide
improved the complete remission rate (from 79.4% to 87.6%,
p¼ 0.003) and EFS (from 57.6% to 69.2%, p¼ 0.004) whereas
shortening the interval between treatments improved the OS
(p¼ 0.05). Their NHL-B2 trial randomized 689 patients between
the ages of 61 and 75 years to receive either CHOP-21,
CHOP-14, CHOEP-21, or CHOEP-14. The addition of etopo-
side was highly toxic in this group, especially when delivered on
the accelerated schedule. However, CHOP-14 had an acceptable
toxicity profile, and conferred 34% risk reduction in EFS and
42% risk reduction in OS compared to all three of the other
groups. As treatment paradigms have evolved, however, the
relevance of NHL-B1 and NHL-B2 (which did not include
rituximab) and other attempts at dose intensification have
had to be re-evaluated. The RICOVER-60 trial addresses this
issue, and had two major objectives: to compare the additional
effect of rituximab over CHOP-14, and to compare eight versus
six cycles of treatment, all in elderly patients. Over 1200 patients
were randomized at 203 European centers.58 Compared to
CHOP-14 � 6, all three of the other arms (CHOP-14 � 8,
R-CHOP-14 � 6, R-CHOP-14 � 8) were superior with no fur-
ther improvement by delivering eight cycles of chemotherapy.
With amedian follow-up of 34.5months, the 3-year EFS andOS
were highest for the R-CHOP-14 � 6 arm at 66.5% and 78.1%,
respectively. Comparing across trials to the NHL-B2 study, the

authors observe that the incremental benefit by the addition of
rituximab to CHOP-14 is less than that observed when ritux-
imab is added to CHOP-21. Furthermore, in contrast to the
GELA98–5 study, the margin of benefit by adding rituximab
was similar in both low-risk and high-risk groups. The authors
propose that both intensification of chemotherapy and rapid
escalation of serum rituximab levels contributed to the
improved outcomes. The DSHNHL has extended these obser-
vations to their next generation of trials in which rituximab
is given more frequently on a CHOP-14 backbone based on
pharmacokinetic modeling (“DENSER” trial).59 It should be
noted that these data do not answer the question of whether
R-CHOP-14 is superior to R-CHOP-21; this is being evaluated
by GELA (NHL-03–6B).

A second approach is to increase exposure to cytotoxic
agents by altering from bolus to infusional administration.
The NCI developed the EPOCH (doxorubicin, etoposide, vin-
cristine, cyclophosphamide, and prednisone) regimen in the
1990s based on the premise that prolonged exposure of anti-
neoplastic agents breeds less drug resistance as compared to
brief, but higher, doses of chemotherapy. Initial trials in
patients failing CHOP-like regimens showed an overall
response rate in excess of 70%.60 The finding of variable
drug concentrations formed the basis for dose-adjusted
EPOCH (DA-EPOCH) in which chemotherapy doses are
adjusted to achieve a neutrophil nadir below 0.5� 109/L.
This type of individualized manipulation proved highly effect-
ive in phase II trials of previously untreated DLBCL with
complete responses observed in over 90% of patients, and
PFS and OS rates greater than 70% at a median follow-up time
of 62 months.61 The addition of rituximab to DA-EPOCH is
feasible,62,63 and consistent with a subanalysis of GELA98–5
discussed above, overcomes the negative prognostic signifi-
cance of BCL2 overexpression. An ongoing intergroup study
is comparing R-CHOP to DA-EPOCH-R with an important
tissue collection component in which biologic DLBCL sub-
types (activated B-cell type versus germinal center phenotype)
will be evaluated as predictors of outcome on both arms.

A third approach has been the application of strategies to
reduce minimal residual disease following initial therapy with
CHOP or CHOP-like regimens, with hopes of prolonging
remission and increasing the cure rate. Careful evaluation of
frontline studies shows that, although many patients can
achieve long-term disease control, patients with high-risk dis-
ease have an unacceptably high failure rate. In the GELA98–5
study, over 50% of patients had a high IPI/age-adjusted IPI,
corresponding to a 5-year EFS of only 41% even in the ritux-
imab-containing arm.49,51 Similarly, the British Colombia
Cancer Agency (BCCA) analysis of patients with DLBCL
showed that 45% of their population had an IPI 3–5 and a
4-year EFS and OS of only 50% even when treated with
R-CHOP.17 Even more concerning is the apparent inability
to salvage high-risk elderly patients relapsing after R-CHOP;
these patients respond poorly to salvage measures and have a
median survival of approximately one year. These results are in
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stark contrast to long-term disease control in over 80% of
patients with lower-risk disease, and justify efforts to reduce
persistent disease following standard induction chemotherapy
with R-CHOP or similar regimens.

Several groups have proposed the application of biologic
agents, including rituximab, following induction chemother-
apy. ECOG 4494, as discussed above, was an intergroup study
of elderly patients with previously untreated DLBCL random-
ized to either CHOP or R-CHOP, and a second randomization
to either observation or maintenance rituximab.50 The use of
maintenance rituximab improved FFS, but only in patients
receiving CHOP induction; there was no additional benefit to
maintenance rituximab in patients receiving R-CHOP. Others
have hypothesized that radioimmunotherapy, using anti-
CD20-directed therapies, will be more beneficial. There are
currently two US Food and Drug Administration (FDA)-
approved radioimmunoconjugates in lymphomas, both of
which are directed against CD20: 90Y-labeled ibritumomab
tiuxetan (Zevalin) and 131I-tositumomab (Bexxar). A phase II
pilot study showed the feasibility and promising efficacy of
adding 90Y-labeled ibritumomab tiuxetan to CHOP induction
in elderly patients, with a 95% complete response rate.64

Follow-up is short, but the 2-year PFS is 75%, and we await
mature data. A variety of other biologic agents, including
protein kinase C (PKC)-beta inhibitors and mTOR inhibitors,
are also being actively tested in this setting.

An alternative approach that was extensively studied in the
past decade is to perform an autologous stem cell support as
part of frontline management in order to eradicate residual
disease and extend disease-free and overall survival. This is
discussed in detail below.

High-dose chemotherapy followed
by autologous stem cell support: is there
a role in frontline management of DLBCL?
Autologous stem cell transplant (ASCT) as consolidation treat-
ment in newly diagnosed DLBCL patients has been tested in
several randomized studies, with the results highly dependent
on patient selection and the timing of transplantation. The two
major settings investigated include ASCT following an abbre-
viated course of induction chemotherapy,65–69 or ASCT
following a full course of induction chemotherapy.70–72 Still
others compare treatment arms that are quite dissimilar.73–76

Interpretation and application of the current body of literature
is difficult given the vast heterogeneity in patient selection
(high risk versus low risk, inclusion of histologies other than
DLBCL), induction regimens, and transplant regimens. The
LNH87–2 by the GELA randomized 236 patients in a complete
remission following either ACVB (doxorubicin, cyclophospha-
mide, vinblastine, bleomycin) or NCVB (mitoxantrone, cyclo-
phosphamide, vinblastine, bleomycin) to either intensive
consolidation (methotrexate, ifosfamide, etoposide, L-asparagi-
nase, cytarabine) or methotrexate and CBV (cyclophosphamide,

carmustine [BCNU], etoposide) high-dose chemotherapy and
autologous bone marrow transplant (ABMT).70 The transplant
arm was superior to sequential chemotherapy, primarily for the
high-risk patients where 8-year EFS increased from 39% to 55%
(p¼ 0.02) and 8-year OS improved from 49% to 64% (p¼ 0.04).
Similarly, a multicenter randomized Italian study of VACOP-B
(etoposide, doxorubicin, cyclophosphamide, vincristine, pred-
nisone, and bleomycin) versus VACOP-B plus ABMT found
significant gains only for high-intermediate and high-IPI groups
undergoing ABMT.72 The European Organization for Research
and Treatment of Cancer (EORTC) as well found no advantage
for ABMT consolidation of response to a full course of induction
chemotherapy in low or low-intermediate groups, and only bor-
derline benefit for higher-risk groups.71 In each of these three
studies, patients received a uniform and full (i.e., at least six
cycles) course of induction chemotherapy, and most patients
had chemosensitive disease.

Can transplant benefit patients without a complete
response or supplant standard chemotherapy in patients with
slowly responsive disease? Most studies have found minimal
benefit to this approach.65–69 Verdonck and colleagues treated
286 patients with CHOP � 3 cycles; patients with either a
complete remission (CR) or a partial remission (PR) but with
bone marrow involvement were randomized to five more
cycles of CHOP whereas patients with a PR and no bone
marrow involvement were randomized to one more cycle of
CHOP followed by ABMT using a cyclophosphamide and TBI
(total body irradiation) conditioning regimen.69 With 4-year
follow-up time, the DFS, EFS, and OS were similar in both
groups with no advantage for ABMT. Similarly, a German
multicenter study reported by Kaiser et al. showed no advan-
tage for BEAM (carmustine, etoposide, cytarabine, melphalan)
transplant following CHOEP (CHOP plus etoposide) � 2
cycles over CHOEP � 5 cycles without transplant.66 In con-
trast, GOELAMS 072 compared CHOP times eight cycles
versus CEEP (cyclophosphamide 1200mg/m2, epirubicin
100mg/m2, vindesine 3mg/m2, prednisone 80mg/m2) plus
intravenous methotrexate and cytarabine and ASCT (BEAM
preparative regimen), and did find a benefit in terms of EFS.
In this study, all patients had chemosensitive disease after
either CHOP � 4 or after CEEP � 2, and were stratified by
age-adjusted IPI. With a median follow-up of 4 years, patients
in the transplant arm had a higher 5-year EFS (37% vs. 55%,
p¼ 0.037) but OS was not significantly different (56% vs. 71%,
p¼ 0.076) on an intent-to-treat basis. Subgroup analysis, how-
ever, shows that patients with an age-adjusted IPI 2–3 had
important gains in both EFS (56% vs. 28%, p¼ 0.003) and
OS (74% vs. 44%, p¼ 0.001) without improvements observed
for patients with low or low-intermediate risk.

Unfortunately, these disparate results are difficult to recon-
cile. It seems clear that transplant as part of frontline therapy
does not provide benefit for low-risk patients, but the results in
high-risk patients are more problematic. Additional limita-
tions in the applicability of these trials include that these were
all performed prior to chemoimmunotherapy (i.e., R-CHOP),

Chapter 16: Treatment approach to DLBCL

294



and that the definition of response has been greatly improved
by modern imaging modalities. Thus we do not know how
many “resistant” patients or “partial responders” actually
might have been in a PET-negative remission, and in turn,
how many patients with small residual masses may have had
residual PET-avid lymph nodes. The challenge in interpreting
these randomized trials is underscored in a meta-analysis that
evaluated over 2200 patients to determine whether or not a
benefit for ASCT in first remission exists.77 The authors of
the meta-analysis conclude that there are insufficient data
to support ASCT in first remission at this time, specifically
due to the heterogeneity in trials reported to date. For now,
ASCT is not routinely used in frontline management of
DLBCL and new randomized studies comparing the efficacy
and toxicity of R-CHOP versus R-CHOP plus ASCT will need
to be performed. A recently completed intergroup study
(SWOG 9704) of CHOP versus R-CHOP versus R-CHOP
followed by ASCT may help address the issue once mature
results are available.

Management of primary refractory DLBCL
Patients with refractory disease or an incomplete response
to frontline therapy generally have a poor outcome with only
10–15% long-term survivors. However, if chemosensitivity can
be demonstrated to salvage measures, these patients can sub-
stantially benefit from ASCT. The ability to demonstrate some
chemosensitivity is critical. An Autologous Blood and Marrow
Transplant Registry (ABMTR) analysis showed that patients
with primary refractory disease, defined as achieving less than
a CR to initial therapy, derive benefit from subsequent ASCT if
the high-dose chemotherapy successfully converts their incom-
plete responses to CRs.78 Patients converting to CR following
ASCT had a 3-year OS of 68% compared to only 11% for those
achieving a PR or less to ASCT (p< 0.0001). Partial chemo-
sensitivity remained the most important predictor of outcome
following ASCT. The group at Memorial Sloan Kettering
Cancer Center (MSKCC) treated 85 patients with partial
response to induction chemotherapy or refractory disease with
ICE (ifosfamide, carboplastin, etoposide) salvage chemother-
apy.79 Among 42 responding patients who were eventually
transplanted, EFS and OS were 44% and 53%, respectively, at
3 years, suggesting that initially refractory patients demon-
strating chemosensitivity to salvage chemotherapy may still
benefit from ASCT. A Spanish registry analysis on 114 patients
similarly shows 5-year survival of 43% for patients failing to
achieve a CR to frontline therapies, but subsequently respond-
ing to salvage measures.80 Thus, if immediate salvage chemo-
therapy identifies a chemosensitive subset, such patients may
benefit from ASCT as consolidation therapy, even if they had
failed their initial chemotherapy. Unfortunately, in each of
these studies, patients with chemoresistance to salvage meas-
ures continued to have a poor outcome, with rare long-term
survivors. These patients should be considered for alternative
treatments and participation in clinical trials.

CNS recurrence of DLBCL
Secondary CNS involvement by DLBCL is an uncommon
event, but portends a grave prognosis with a median survival
of the order of months. The overall incidence is estimated to
be approximately 2–5%, but high-risk subgroups may have up
to a 25% incidence.81–85 Several groups have performed either
retrospective analyses or re-analyses of prospectively con-
ducted clinical trials in order to identify risk factors predictive
of CNS relapse. The MD Anderson Cancer Center (MDACC)
found 24 (4.5%) DLBCL patients with CNS recurrence out of
605 patients enrolled on prospective trials that did not include
any CNS prophylaxis.85 Multivariate analysis found an ele-
vated LDH and greater than one extranodal site to be the most
important predictors of CNS relapse; patients with both of
these risk factors had a 17.4% CNS recurrence rate. A GELA
study of 974 patients in which all patients received both
intrathecal and systemic methotrexate showed that the overall
incidence was 1.6%, but that patients with an elevated IPI
(H-HI), increased LDH, or greater than one extranodal site
had a 4.1% risk (compared to only 0.6% for L-LI risk
groups).84 Re-analysis of the DSHNHL studies shows 37 of
1693 (2.2%) of patients developing CNS recurrence.81 Again,
multivariate analysis found increased LDH and greater than
one extranodal site to be the most important risk factors.
Elderly patients with both of these risk factors had up to a
20% incidence of CNS recurrence. Neither CNS prophylaxis
nor shortening the cycle length (i.e., from 21 to 14 days)
reduced the CNS relapse rate, but use of etoposide in the
CHOEP regimen appeared to provide benefit (relative risk
[RR] 0.4, p¼ 0.017). In addition to these clinical risk factors,
unique biologic subtypes of DLBCL, such as primary testicular
lymphoma and primary breast lymphoma, also are associated
with a high risk of CNS relapse.86

The median time to CNS relapse is generally short, at
approximately 4–8 months following frontline therapy. The
only study showing later relapses is an international collabora-
tive effort of the International Primary CNS Lymphoma group
which retrospectively gathered 113 cases of CNS recurrence,
and found a median time to brain relapse of 1.8 years.87

However, most studies show an extremely quick time to CNS
relapse, often during primary therapy, suggesting that these
patients may have had occult involvement at the time of
diagnosis.81–83,85,88 The prognosis of CNS relapse is grim, with
median survival across series of 2–6 months despite aggressive
chemotherapy or radiotherapy.

It’s unclear if the addition of rituximab to frontline regi-
mens has reduced the risk of CNS relapse. Rituximab does not
cross the blood–brain barrier, and it would seem unlikely that it
should have an impact. However, analysis of the RICOVER-60
trial in which elderly patients were randomized to CHOP-14
with or without rituximab for six versus eight cycles found that
rituximab decreased the risk (RR 0.5).58 The overall incidence of
CNS recurrences was 4.8% in this study, with most patients
relapsing at a median 8 months following treatment. In
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multivariate analysis, an elevated LDH, greater than one extra-
nodal site, and the presence of B symptoms retained their
adverse prognostic value. Patients with all three risk factors
had a 24% CNS recurrence rate, irrespective of rituximab. The
median survival following CNS relapse was only 3 months. In
contrast, GELA98–5 performed a similar analysis on 399 elderly
patients randomized to CHOP with or without rituximab, and
found a 5% CNS relapse rate but no influence of rituximab.

If a patient with high-risk disease (i.e., high IPI, elevated
LDH, greater than one extranodal site) is identified, does
prophylaxis help? Both the RICOVER-60 and DSHNHL stud-
ies showed that etoposide reduced the risk (RR 0.4, p¼ 0.017).
Furthermore, the risk of CNS relapse was significantly reduced
in patients receiving planned intrathecal prophylaxis with
15mg methotrexate (twice within first two cycles of treat-
ment), with a RR of 0.3 (p¼ 0.023).82 The GELA, which has
long used the intensive ACVBP regimen, has shown in a
prospective trial that CNS recurrences were more common
in the CHOP arm, and occurred primarily during therapy.88

In this trial, Tilly and colleagues showed that intrathecal and
systemic methotrexate substantially reduced the risk of CNS
recurrence particularly in high-risk patients; they conclude
that patients with low-risk disease do not need intrathecal
prophylaxis. In general, options for CNS prophylaxis range
from intrathecal methotrexate and/or cytarabine given on
day 1 of each cycle of systemic therapy to intravenous metho-
trexate either following induction chemotherapy or as part of
the ACVBP regimen. There are no firm guidelines on either
the route of prophylaxis or the number of doses required, both
of which are badly needed.

Management of relapsed DLBCL
Despite substantial gains in initial management described
above, approximately 50% of patients with DLBCL either
relapse following R-CHOP-type regimens or never respond
to frontline measures. The major decision point in the man-
agement of relapsed DLBCL is to determine whether or not the
patient is a candidate for high-dose chemotherapy and ASCT.
As outlined below, ASCT is able to salvage approximately
30–50% of relapsed patients. Patients who are unable to
undergo ASCT, however, have a poor prognosis with a median
survival typically less than one year.

The rationale for ASCT in DLBCL is a well-established
steep dose–response curve to intensive chemotherapy. The
Parma trial, now published more than a decade ago, remains
one of the few prospective randomized trials comparing
ABMT versus salvage chemotherapy alone. In this trial, 215
patients with relapsed DLBCL received DHAP (dexametha-
sone, cytarabine, cisplatin) salvage for two cycles; 109 patients
with chemosensitive disease (i.e., either a CR or PR) were
subsequently randomized to either two additional cycles of
DHAP or ABMT. Patients in the transplant arm had a superior
EFS (46% vs. 12%, p¼ 0.001) and OS (53% vs. 32%, p¼ 0.038).

The applicability of the Parma trial has been critiqued, how-
ever, for excluding patients with refractory disease or marrow
involvement, and for excluding patients with less than a PR to
DHAP salvage. Furthermore, response in the Parma study was
based on CT criteria of the time, and we do not know howmany
patients on either arm had residual disease based on modern
response criteria that incorporate PET.11 In addition, CHOP has
been supplanted by R-CHOP, and patients relapsing after
R-CHOP may be an entirely different population compared to
those included in the Parma trial (see discussion below).

Despite these caveats and limitations, however, the Parma
trial provides a basic framework with which to approach
patients with relapsed DLBCL (Figure 16.5). The ABMTR
reported on 429 patients with diffuse aggressive lymphomas
in first relapse or second CR transplanted between 1989
and 1996, and showed 3-year PFS and OS of 31% and 44%,
respectively.89 A multi-institutional German study found
2-year freedom from second failure and OS of 35% and
58%, respectively, for chemosensitive patients with relapsed
aggressive lymphomas.90

Based on these reports and others, an international consen-
sus panel currently recommends ASCT for patients with
relapsed aggressive lymphomas demonstrating chemosensitiv-
ity to salvage regimens.91 However, long-term disease control
in only one-third of patients is clearly suboptimal, justifying
efforts to improve upon the status quo by either optimizing
patient selection, identifying more effective salvage regimens,
improving preparative regimens, and/or applying post-
transplant therapies to eliminate minimal residual disease
following ASCT.

ASCT for relapsed DLBCL: patient and disease
characteristics
Although high-dose chemotherapy and autologous stem cell
rescue has evolved into a standard treatment approach in
relapsed DLBCL, it is clear that not all patients derive equal
benefit. A reanalysis of the original Parma study, for example,
showed that autologous transplantation did not provide a
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Figure 16.5 Conceptual treatment approach to patients with DLBCL.
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survival advantage over conventional salvage chemotherapy
for patients with an IPI of 0 (5-year OS, 51% vs. 48%,
p¼ 0.59).92 In contrast, patients with an IPI> 0 had a signifi-
cantly superior survival if treated with autologous transplant-
ation (p< 0.05). This IPI at relapse, also termed the second-
line IPI (sIPI), has shown strong prognostic significance in
other studies as well. A review of 150 relapsed and refractory
DLBCL patients enrolled on three sequential autologous trans-
plant studies at MSKCC and treated with a uniform salvage
regimen (ICE), showed that, for patients with chemosensitive
disease, a sAA-IPI score of 0, 1, or � 2 correlated with a 4-year
PFS of 69%, 46%, and 26% (p< 0.001), respectively, and
4-year OS of 83%, 55%, and 26% (p< 0.001), respectively.93

Patients not responding to ICE had a dismal outcome with a
median survival of only 4 months. A multivariate analysis of
prognostic features performed at the MDACC of 97 relapsed
patients found decreasing 3-year OS with higher AA-IPI
(3-year OS, 16% vs. 44% vs. 71% for AA-IPI of 2, 1, and 0,
respectively; p¼ 0.00003).94 The Mayo Clinic found that the
sIPI predicts outcome in older patients undergoing ASCT as
well. Of 80 patients with a median age of 62 years, the sIPI
was highly predictive of OS.95 Patients with an sIPI � 3 had a
median survival of 23.3 months versus not reached for patients
with a more favorable sIPI (p¼ 0.01). Thus, the IPI at relapse
provides important prognostic information regarding ASCT
outcomes.

Perhaps the most critical determinant of patient outcome
following ASCT is the ability to demonstrate chemosensitivity
to salvage regimens. In addition, many have shown that the
degree of chemosensitivity (i.e., CR versus PR) influences out-
come. For example, a large registry analysis of 429 patients by
the ABMTR showed that a CR versus PR versus resistant
disease after salvage chemotherapy affected 3-year OS and
PFS following ASCT, with OS decreasing from 55% to 40%
to 28%, and PFS decreasing from 38% to 25% to 23%, respect-
ively (p< 0.001 for all comparisons).89 An MSKCC analysis of
163 patients (118 with DLBCL) similarly showed that CR
versus PR versus failure to ICE salvage chemotherapy was
highly correlated with both EFS and OS.96 Specifically, EFS
in patients who achieved CR versus PR versus no response was
54%, 29%, and 0%, respectively; OS was 65%, 30%, and 15%,
respectively. These observations suggest that improved salvage
regimens may induce deeper responses and in more patients,
thus potentially allowing ASCT to benefit a greater number
of patients. Means of improving salvage regimens are discussed
below.

The availability of FDG-PET imaging has greatly improved
our ability to detect residual disease in DLBCL, and thus more
accurately identify chemosensitive disease. A pre-transplant
FDG-PET is highly predictive for both FFS and OS, although
most series are retrospective in nature and include several
lymphoma subtypes.97–100 Spaepen and colleagues reviewed
pre-ASCT FDG-PET images in 60 patients with relapsed
lymphomas.101 Of 30 patients with a negative FDG-PET,
25 remain in an ongoing remission as compared to only 4 of

30 patients with residual FDG-PET-positive disease. This
translated into an improved 2-year PFS (96% vs. 23%,
p< 0.000001) and OS (100% vs. 55%, p< 0.00002) for patients
with a negative versus positive pre-ASCT FDG-PET. Further-
more, the median time to relapse was only 432 days in the
FDG-PET-positive group, as compared to 1466 days in
the FDG-PET-negative group. Similarly, a retrospective analy-
sis of 50 patients at the University of Pennsylvania and Uni-
versity of Michigan reported 1-year PFS of 54% versus 7% in
patients with negative versus positive pre-ASCT FDG-PET,
respectively;99 they also found that patients with a positive
pre-transplant FDG-PET had a median survival of only
19 months, identifying an extremely poor-prognostic group
of patients. A major challenge in interpreting FDG-PET data,
however, is the high number of patients with residual uptake
that is either low-level or indeterminate in nature. To address
this intermediate group, one analysis of 101 patients (60 with
DLBCL) categorized FDG-PET responses as either complete,
partial, or non-response and had two blinded and independent
reviewers reinterpret the scans without knowledge of clinical
outcomes. Patients with NHL showed differential 2-year
PFS of 72%, 38%, and 10% for complete, partial, and non-
responders, respectively.97

Does metabolic imaging supplement or replace informa-
tion already obtained by clinical parameters such as the sAA-
IPI?97 In 117 patients with relapsed lymphomas, Schot and
colleagues report that univariate analysis found LDH
(p¼ 0.003), primary refractory disease (p< 0.001), clinical risk
score (p< 0.001), and FDG-PET response (p< 0.001) as highly
predictive of outcome.97 A multivariate analysis, however,
identified only sAA-IPI and FDG-PET as independent prog-
nostic risk factors for progression. When combined into a new
model, patients with a risk score of 0 to 1 had a 2-year FFS in
excess of 80%, as compared to less than 10% for patients with a
score of 4 or 5.

In summary, a variety of pre-transplant patient and disease
characteristics can predict outcome and be used to guide
patient selection. It is interesting to note that there are no
validated prognostic biologic markers correlating with out-
come following ASCT for relapsed DLBCL. In contrast to the
strong prognostic significance of gene expression profiles in
patients with previously untreated DLBCL,18 a similar evalu-
ation of 150 transplant eligible relapsed and primary refractory
DLBCL patients showed no significant difference in EFS or
OS.102 Most investigators have shown that a shorter time to
relapse after initial remission, increased number of chemother-
apy regimens prior to transplant, heavy tumor burden,
decreased performance status, poor response to salvage
chemotherapy, and elevated LDH all contribute to an inferior
outcome. In the best-risk patients, as identified by a negative
PET and low sIPI, autologous transplant produces long-term
disease control in excess of 70% of patients. Unfortunately, a
significant portion of patients do not fall into one of these
favorable categories, justifying ongoing efforts to improve
upon the status quo.
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ASCT for relapsed DLBCL: salvage regimens
Despite evidence that better and deeper remissions lead to
improved outcomes following transplant, there are almost no
prospective randomized trials showing superiority of any one
salvage regimen, and most salvage measures are selected based
on toxicity profiles and physician/patient preference. There
are a variety of available salvage regimens that are either
platinum-based, ifosfamide-based, or gemcitabine-based, and
all appear to have high overall response rates and comparable
mobilization kinetics.94,96,103 A major advance in eliciting
more responses has been the addition of rituximab to salvage
regimens, which should translate to better disease control post-
ASCT. The prospectively conducted HOVON-44 randomized
relapsed and refractory B-cell lymphomas to DHAP-VIM
(etoposide, ifosfamide, methotrexate)-DHAP salvage with or
without rituximab, with ASCT planned for all patients.104

Only 4% of 225 eligible patients had received prior rituximab.
The addition of rituximab led to a statistically significant
improvement in response to salvage, FFS, and PFS, but not
OS. The authors hypothesize that the total rituximab dose may
have been too low to affect survival, since only three pre-ASCT
doses were delivered; nevertheless, the improvements in FFS
and PFS were substantial. When compared to historical con-
trol groups, the addition of rituximab to salvage regimens also
shows improved outcomes.105,106 The group at MSKCC com-
pared the outcome of 37 rituximab-naïve patients with
relapsed DLBCL receiving rituximab plus ICE (R-ICE) salvage
to 107 historical control patients receiving ICE alone.105 The
overall response rate was similar in the two groups, but the
percentage of patients achieving a CR increased from 27% to
53% (p¼ 0.01) in all patients, and from 19% to 53% (p¼ 0.01)
in high-risk patients. A German study similarly added ritux-
imab to DHAP in 22 largely rituximab-naïve patients and
compared their outcome to 45 historical controls treated with
DHAP alone. They found an improvement in freedom from
second treatment failure and OS at 2 years (74% vs. 33%,
p¼ 0.0424) in a matched-pair analysis. Finally, Fenske and
colleagues from the Center for International Blood and Marrow
Transplant Research (CIBMTR) recently presented a registry
analysis on 1006 patients (818 no rituximab, 188 receiving ritux-
imab) undergoing ASCT between 1996 and 2003 to determine
the impact of pre-ASCT rituximab on outcome.107 The addition
of rituximab did not increase transplant-related mortality or
engraftment. Both 3-year PFS (49% vs. 38%, p¼ 0.01) and OS
(57% vs. 45%, p¼ 0.003) were significantly improved in the
group receiving rituximab prior to ASCT. Thus, there are now
prospective, registry, and retrospective data suggesting that a
more effective salvage regimen incorporating rituximab
improves response rates, PFS, and perhaps, overall survival.

However, whether or not the apparent superior efficacy of
rituximab-containing frontline regimens persists in patients
already failing rituximab-containing frontline treatments
remains unknown. The ongoing prospective Cardiovascular
Outcomes in Renal Atherosclerotic Lesions (CORAL) study

may answer some of these issues.108 The CORAL study is an
international multicenter phase III trial randomizing patients
with relapsed DLBCL after one prior regimen to either R-ICE
or R-DHAP. Patients are stratified by prior exposure to ritux-
imab, relapsed versus refractory disease, and relapse less than
or greater than 12 months from frontline therapy. Responding
patients proceed to ASCT with BEAM preparative regimen.
Following transplant, there is a second randomization com-
paring rituximab maintenance (375 mg/m2 every 8 weeks)
versus observation. An interim analysis on 194 patients shows
that factors negatively influencing EFS include the following:
less than 12 months since first-line treatment (36% vs. 68%,
p< 0.001), sIPI 2–3 versus 0–1 (39% vs. 56%, p¼ 0.03), and
prior rituximab (34% vs. 66%, p¼ 0.001). This final finding is
worrisome, suggesting that patients relapsing after frontline
rituximab-containing regimens may be more difficult to salvage
with rituximab-containing second-line combinations. However,
these are results of an interim analysis, and we await mature
results of the CORAL study on the entire cohort of 400 patients.

ASCT for relapsed DLBCL: conditioning regimens
Analogous to the dilemma with salvage regimens, the optimal
preparative or conditioning regimen for DLBCL is not known,
and there are no prospective comparative studies. The ideal
conditioning or preparative regimen used during ASCT should
be capable of eliminating all residual malignant cells and min-
imize toxicity to non-hematopoietic organs. Most regimens
can be divided into TBI-based (Cy [cyclophosphamide]/TBI),
BCNU-based (BEAC [carmustine, cytarabine, etoposide, cyclo-
phosphamide], CBV, BEAM), platinum-based, or other.
Although TBI-containing regimens are highly effective, there
are concerns about an increased risk of veno-occlusive disease,
cardiopulmonary toxicity, and secondary leukemias.109,110 To
circumvent bystander toxicity to normal organs, radiolabeled
monoclonal antibodies are being actively investigated as part
of transplant preparative regimens. Radiolabeled monoclonal
antibodies have the potential of delivering radiation directly
to the tumor and minimizing non-hematopoietic toxicities. The
major toxicity of radiolabeled antibodies is myelosuppression,
and these are thus ideal agents to test in an autologous transplant
setting where hematopoietic stem cell rescue is planned. There
are currently two available radiolabeled monoclonal antibodies,
90Y-labeled ibritumomab tiuxetan and 131I-labeled tositumomab,
with nearly a dozen preliminary or ongoing trials evaluating
them in combination with standard preparative regimens.
The studies can generally be divided into those that escalate the
dose of radioimmunotherapy and those that deliver standard
(non-myeloablative) doses of radioimmunotherapy, either with
or without a standard conditioning regimen.

Both 131I-tositumomab and 90Y-labeled ibritumomab tiux-
etan have been evaluated. The University of Nebraska group
performed a phase I study with escalating doses of 131I-tositu-
momab (up to 0.75Gy total body dose) combined with BEAM
chemotherapy.111 Half of the patients had refractory disease.
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The 3-year EFS and OS were 39% and 55%, respectively, which
is quite promising for this poor-risk population. Importantly,
there was no significant added toxicity, and a subsequent
phase II study in a relapsed and largely chemosensitive popula-
tion shows remarkable results with 3-year PFS of 70% andOS of
81%.112 These encouraging results are now being tested in an
ongoing prospective randomized Blood and Marrow Trans-
plant (BMT) Clinical Trial Network (CTN) trial comparing
rituximab plus BEAM versus 131I-tositumomab plus BEAM.

90Y-labeled ibritumomab tiuxetan has similarly been stud-
ied in conjunction with high-dose chemotherapy.113–115

A phase I/II trial showed that up to 71.6mCi of 90Y-labeled
ibritumomab tiuxetan (compared to the standard dose of
32mCi without stem cell rescue) could be safely delivered with
high-dose cyclophosphamide and etoposide using dosimetric
techniques.114 At a median follow-up of 22 months, the 2-year
estimated relapse-free survival and OS rates are 78% and 92%,
respectively, with no increase in transplant-related mortality or
delayed engraftment. Another dosimetric approach (using the
liver as the critical organ of exposure) by Winter and col-
leagues also showed successful escalation of 90Y-labeled ibritu-
momab tiuxetan to deliver 1500 cGy without a significant
increase in toxicity.116 In order to facilitate outpatient trans-
plants, the City of Hope group conducted a phase II trial of
90Y-labeled ibritumomab tiuxetan in combination with BEAM
chemotherapy. This exploratory study showed encouraging
2-year outcomes (PFS 69% and OS 89%) without added toxicity.
Similar promising results were shown by an Israeli study
delivering standard-dose 90Y-labeled ibritumomab tiuxetan with
BEAM chemotherapy to a chemorefractory group of patients
with estimated 2-year PFS and OS at 52% and 67%, respectively.
Finally, the MDACC group added 90Y-labeled ibritumomab
tiuxetan to high-dose rituximab delivered peri-transplant
(RZ-BEAM versus R-BEAM) in a preliminary report, with
encouraging activity compared to historical control patients.117

“Adjuvant” strategies to reduce minimal
residual disease after ASCT
Although ASCT is effective for many patients with relapsed
disease, those who are destined to relapse typically do so within
the first 1–2 years following transplant.118–120 The MSKCC
group found that the median time to progression, even in
patients with favorable and chemosensitive disease prior to
transplant, was only 5.1 months. These data suggest the pres-
ence of residual disease following high-dose chemotherapy
that is below the current level of detection. There is no current
standard “adjuvant” strategy to eliminate minimal residual
disease following transplant, and most patients are expectantly
followed with serial CT scans.

In general, two strategies have been investigated: post-
ASCT anti-CD20 directed therapies (i.e., rituximab) and
post-ASCT immune modulatory agents. The use of post-ASCT
immune modulating drugs such as ciclosporin, interferons,
and interleukins (see comprehensive review by Kline et al.121)

has been limited mainly to small reports and case series. Most
recently, the SWOG published long-term data on a phase III
randomized trial of ASCT for relapsed lymphoma patients
with or without adjuvant interleukin-2 (IL-2).122 They did
not find improvements in PFS or OS, and concluded that
the dose and schedule of IL-2 administered did not benefit
patients. The use of immune modulating agents and vaccines
remains exploratory and investigational at this time.

Increasingly, rituximab following ASCT is being evaluated.
MDACC treated 67 consecutive patients with relapsed aggressive
lymphomas with high-dose rituximab (1000mg/m2) both prior
to and immediately following (dayþ1 and dayþ8) autologous
stem cell reinfusion.123 Compared to a group of 30 historical
control patients not receiving any rituximab, they found signifi-
cant improvements in both actuarial DFS (67% vs. 43%,
p¼ 0.004) and OS (80% vs. 53%, p¼ 0.002) favoring the group
receiving high-dose rituximab in the peri-transplant period.
However, there was a statistically significant delay in time to both
neutrophil and platelet recovery, although this did not translate
into clinical complications. The Stanford group delivered
extended “maintenance” rituximab with four weekly doses at
dayþ42 and again at 6 months following ASCT in a pilot study
of 35 patients (25 with DLBCL).124 Although most patients were
rituximab-naïve, the 2-year EFS and OS of 21 patients with
DLBCL was 81% and 85%, respectively, which is superior to
other published reports on this population.

As with any adjuvant strategy, it is important to minimize
toxicities of prolonged administrations of drugs. Unfortunately,
the data thus far show that rituximab following ASCT is associ-
ated with delayed and prolonged neutropenia and hypogam-
maglobulinemia, as well as varicella and cytomegalovirus
(CMV) reactivation.125–127 In addition, we do not know which
doses, schedules, and agents will be most helpful in eliminating
minimal residual disease and preventing relapse without
increasing toxicity. The ongoing CORAL study (see above)
includes a post-transplant randomization between either obser-
vation or rituximab 375mg/m2 given once every 8 weeks for
1 year, and should help clarify the efficacy and toxicity of adjuvant
rituximab, especially in patients with prior rituximab exposure.

Relapsed DLBCL: allogeneic stem cell
transplantation
Although the concept of “graft-versus-lymphoma” is well-
established, the role of allogeneic stem cell transplant remains
least well-defined for aggressive lymphomas, including
DLBCL. This can be attributed to several issues. First, the
success of autologous transplant approaches for relapsed
DLBCL implies that most patients considered for allogeneic
transplant have either already failed an ASCT (and thus are
heavily pretreated) or are poor candidates for an ASCT (and
thus are also poor candidates for an allogeneic approach).
Second, the magnitude of graft-versus-lymphoma appears par-
tially dependent on histology, with aggressive lymphomas
generally faring worse than indolent subtypes.128–130 Third,
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allogeneic transplant approaches generally have higher trans-
plant-related morbidity and mortality even with reduced
intensity approaches in this population.131–134

Reduced intensity transplants (RIT) and non-myeloablative
stem cell transplants (NMSCT) rely on sufficient immunosup-
pression and moderate myelosuppression to allow donor stem
cells to coexist with the patient’s own stem cell population
(i.e., mixed chimerism). By reducing the intensity of the pre-
parative regimen, early transplant-related mortality can be
lowered, but may come at the cost of increased relapse. For
example, a small retrospective comparison of 16 patients with
aggressive NHL undergoing conventional myeloablative trans-
plant to 12 patients undergoing reduced intensity regimens
showed a higher 2-year relapse rate with RIT (44% vs. 12%,
p¼ 0.02).135 The poorer outcome of aggressive histologies has
also been noted. Of 62 patients with aggressive lymphomas
undergoing RIT, the European Group for Blood and Marrow
Transplantation (EBMT) found that patients with aggressive
subtypes had only a 32% 1-year PFS, which was inferior to
patients with indolent histologies.130 A multicenter report
from the United Kingdom showed similar results in a smaller
group of patients; aggressive lymphomas had a higher relapse
risk compared to low-grade lymphomas (67.9% vs 10%,
p¼ 0.014), leading to a dismal 16% 2-year EFS.128 Finally,
Morris and colleagues showed that patients with high-grade
lymphomas fared much worse than indolent subtypes in terms
of PFS (34% vs. 65%, p¼ 0.002), OS (34% vs. 73%, p< 0.001),
and treatment-related mortality (RR, 2.3; p¼ 0.02).129

The increase in toxicity for aggressive subtypes was unex-
plained, but may have been due to intensive prior treatments.

The relative success of ASCT in relapsed DLBCL as dis-
cussed above implies that patients considered for allogeneic
approaches are more likely to have either failed a prior ASCT
or are not optimal candidates for any transplant approach. The
outcome of patients undergoing allogeneic stem cell transplant
after failing a prior autologous transplant has mixed reports.
The CIBMTR found no plateau in terms of PFS for lymphoma
patients relapsing after an autologous transplant and subse-
quently receiving a fully myeloablative transplant.136 Branson
and colleagues used fludarabine, melphalan, and alemtuzumab
conditioning in a heterogeneous group of NHL patients
(10 with high-grade NHL) and demonstrated PFS and OS of
50% and 53%, respectively, with a median follow-up of
14 months.137 The Fred Hutchinson Cancer Research Center
(FHCRC) reported a 3-year PFS and OS of 28% and 31%,
respectively, with no plateau in terms of relapse in a group of
147 patients (including 24 with aggressive NHL) treated with
fludarabine and low-dose TBI. The presence of acute graft-
versus-host disease (GVHD) increased toxicity but did not
confer benefit, whereas chronic GVHD correlated with
improved PFS. In contrast, Escalon and colleagues from the
MDACC presented pilot data on 20 patients with NHL relaps-
ing after a prior ASCT, including 10 with DLBCL.138 Most
patients had minimal disease burden and a good performance
status. Using fludarabine, cyclophosphamide, and rituximab,

the authors showed an encouraging 95% 3-year PFS with a
median follow-up of 25 months. The CIBMTR is currently
conducting a large registry analysis of NMSCT after ASCT,
with results not yet available.

There are many remaining questions about the use of allo-
geneic stem cell transplant in DLBCL. We do not know which
patient subsets are most likely to benefit, whether or not allo-
geneic approaches are superior to autologous transplant, and
whether or not RIT provides sufficient disease control. It appears
that some patients with aggressive lymphoma benefit from RIT
with approximately 30% long-term disease control, expecially if
chemosensitivity is demonstrated. However, allogeneic stem cell
transplant remains investigational at this time for DLBCL.

Relapsed DLBCL: non-transplant eligible patients
It is clear that ASCT can effectively salvage some patients with
relapsed DLBCL, especially if chemosensitivity can be demon-
strated. Unfortunately, patients who are ineligible for transplant
either due to advanced age or chemoresistant disease have a
suboptimal outcome and the vast majority will die of progressive
lymphoma. The median survival following relapse is partly
dependent upon the initial IPI, with high-risk patients surviving
less than one year.139 A variety of salvage regimens have been used,
but none is curative. Compared to the transplant arm, patients
randomized to DHAP in the original Parma trial had a dismal
5-year survival of less than 15%. Whether or not modern salvage
regimens that include rituximab can prolong survival is under
active investigation. A clinical trial is the best option for these
patients, with several new agents on the horizon including proteo-
some inhibitors, immunomodulatory agents, mTOR inhibitors,
BCL2 inhibitors, and many other potentially active drugs.

Primary mediastinal B-cell lymphoma
Primary mediastinal B-cell lymphoma (PMBL) is a unique
clinicopathologic subset of DLBCL, first recognized over
25 years ago, and accounts for approximately 5% of all lymph-
omas.140,141 The median age of presentation is in the third
decade of life, sharply contrasting with most DLBCL which
present in the sixth or even seventh decade of life. Most
patients present with signs and symptoms related to local
invasion of mediastinal and thoracic structures by a prominent
anterior mediastinal mass. This may include shortness of
breath, chest pain, superior vena cava syndrome, or pericar-
dial/pleural effusions with or without classic B symptoms. The
staging evaluation shows a strongly PET-avid large anterior
mediastinal mass, and bone marrow involvement is distinctly
uncommon occurring in less than 5% of patients.142–144 The
pattern of dissemination is unusual for NHL, with frequent
distant organ and CNS involvement reminiscent of hemato-
genous spread. A challenge to optimal staging is that some
physicians consider invasion of mediastinal structures as stage
IVE disease, whereas others consider localized PMBL as either
stage I or II disease; this has particular relevance when inter-
preting clinical trial results or applying the IPI.
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Histologically, PMBL arises from thymic B cells and is
characterized by intermediate-sized lymphocytes interspersed
with dense bands of fibrosis.3 The significant fibrosis can make
a pathologic diagnosis difficult, and a core biopsy or larger
tissue sample may be required; a fine needle aspirate is usually
insufficient. The frequent infiltration of inflammatory cells,
including eosinophils and benign lymphocytes, can be con-
fused with nodular sclerosis Hodgkin lymphoma. Immuno-
phenotyping shows a population of CD20þ, CD19þ, CD45þ,
CD5�, CD10� B cells, and helps to distinguish PMBL from
Hodgkin lymphoma which lacks CD45 and other mature
B-cell surface markers. PMBL is genomically unique compared
to other DLBCL subtypes, and in fact shares a gene expression
profile more closely aligned with Hodgkin lymphoma.145 Des-
pite the biologic similarity to Hodgkin lymphoma, however,
the treatment of PMBL follows that of other DLBCL. Several
recurring genetic and biologic alterations have been observed,
including gains of chromosome 9p occurring in 70% of cases,
BCL6 translocations and mutations, c-rel amplification (with
nuclear accumulation of rel protein), nuclear factor-kappa
B pathway activation, and Jak/Stat abnormalities.146,147

In general, the prognosis for PMBL appears favorable com-
pared to other DLBCL subtypes.148–150 Savage and colleagues
compared the outcome of 153 PMBL patients to that of 1273
DLBCL patients. As expected, the median age of the PMBL
group was much younger at 37 years compared to 64 years for
DLBCL. The 10-year PFS and OS were better in the PMBL
group (69% vs. 43%, p¼ 0.0001; and 66% vs. 43%, p¼ 0.00001)
following a variety of anthracycline-containing regimens. Of
interest, the authors found that the vast majority of relapses
occurred within the first year after treatment with no relapses
beyond 2.5 years. In contrast, there was no clear plateau in terms
of EFS or OS for other DLBCL subtypes. Others have also
observed that relapse in PMBL is generally a quick phenom-
enon, with a median time to relapse of 6–18 months.142,151,152

The treatment of PMBL generally follows guidelines estab-
lished for other DLBCL subtypes as described above. However,
PMBL appears quite sensitive to dose intensification, as
reported by several groups, and may benefit from augmented
regimens. A single-center retrospective review of 141 patients at
MSKCC by Hamlin et al. found that patients receiving either
an intensified chemotherapy regimen (NHL-15) or front line
ASCT had a superior EFS and OS compared to patients treated
with CHOP alone.142 This is echoed in several other reports
showing that intensified regimens (i.e., MACOP-B, VACOP-B)

or autologous transplantation is superior to CHOP.143,144,150

However, each of these reports was prior to rituximab being
available, and the high response rates with R-CHOP in this
disease may imply that intensive frontline approaches are no
longer needed for most patients.

A major therapeutic question is whether or not consolida-
tive radiation is needed in PMBL. As with many bulky lymph-
omas, there is frequently a residual mass at the end of
treatment. Many groups have advocated radiation, showing
that local recurrence can be reduced without substantial addi-
tive toxicity.143–144,151–153 In contrast, others have found simi-
lar rates of in-field and distant relapses irrespective of
radiation. Lazzarino and colleagues retrospectively reported
on 99 evaluable patients and found that the relapse rate did
not significantly differ between patients receiving RT and those
who did not.151 Furthermore, 11 of 12 relapses in the RT group
were intrathoracic. A French group reported that patients
achieving only a PR to frontline chemotherapy did not further
respond to RT.154 The Vancouver group also found no added
benefit to routine use of radiation to 5-year PFS or OS.150

Similar to debates in other DLBCL and in Hodgkin lymphoma,
the increasing use of PET-scanning further complicates the
decision regarding radiation, remembering that consolidative
radiation to bulky masses was based on eliminating residual
disease not detected by CT scans alone. PET provides
increased sensitivity in disease detection not previously avail-
able, and it remains to be seen if radiation can further improve
outcomes in patients with PET-negative residual masses.

Conclusions
DLBCL is a potentially curable disease, with curability highly
dependent on clinical and biologic features. Increased under-
standing of heterogeneity within DLBCL will hopefully lead to
the study and future implementation of risk-based therapies.
For now, the standard frontline regimen is rituximab plus an
anthracycline as in the R-CHOP regimen, which achieves cure
in more than half of newly diagnosed patients. Up to 90% of
patients with low-risk disease can be considered cured. Relapsed
DLBCL can be effectively treated by ASCT in approximately
40–50% of patients, particularly if chemosensitivity to salvage
regimens is observed. Despite substantial gains in overall out-
comes, however, intensive investigation in improving both the
frontline and salvage approaches is ongoing with many prom-
ising agents and approaches on the horizon.
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Chapter

17 Mantle cell lymphoma

Andre Goy

Introduction
Since its addition to the Revised European–American Lymph-
oma classification, in 1994, mantle cell lymphoma (MCL) has
been recognized as carrying both features of indolent lymph-
oma (incurable) and a more aggressive course with short
response to standard chemotherapy and common chemoresis-
tance over time leading to very poor long-term prognosis. The
disease presents typically in the elderly male population, with
advanced-stage and constant extranodal involvement. There is
still no consensus in the treatment of MCL; dose-intensification
approaches with or without stem cell transplantation are
commonly used in younger patients (< 65 years), though
unfortunately patients still relapse over time. In the relapsed
setting, the field is marked by the development of a large
number of novel agents, especially biologicals or targeted
therapies. The integration of these new agents to frontline
conventional therapies will hopefully improve patients’ out-
come. On the other hand, evidence is mounting on the
complexity and heterogeneity of MCL, which might be best
described as a spectrum of diseases (based essentially on the
degree of proliferation). The landmark t(11;14)(q13;q32)
translocation, responsible for cyclin D1 overexpression, is
in virtually all cases accompanied by additional secondary
genomic alterations (genomic instability), which vary among
patients and strongly impact clinical course and prognosis.
Though the overall survival seems to have improved
(doubled) in the last three decades, a better stratification of
patients is needed as well as an effort for participation in
clinical trials. Given its relative rarity and impressive hetero-
geneity, MCL might represent an opportunity to design
smaller “molecularly relevant” clinical trials in the future, a
step towards more rational therapeutics.

Epidemiology
MCL represents 4–6% of all non-Hodgkin lymphoma (NHL)
overall with an incidence of about 2500–3800 new cases a year
in the USA and a similar number in Europe.1,2 The apparent
increasing incidence of MCL over the last two decades3 likely

reflects a higher awareness and improved diagnosis methods
since its recognition in the early 1990s.4,5 A recent Surveil-
lance, Epidemiology, and End Results (SEER) database survey
confirms that MCL is more common in men and in the white
population than in African Americans;3 however, geographic
differences suggested in some reports are difficult to interpret
given the difficulties in MCL diagnosis and often small
series.6,7

An aging population does not seem to be the only factor to
explain the increasing incidence of NHL (about 80%) over the
last 30 years.8,9 Chronic antigenic stimulation has been impli-
cated in several subtypes of NHL,10 though most MCL appear
to derive from an antigen-naïve pregerminal center cell. Rare
cases have been reported associated with hepatitis C including
a case report with response to antiviral therapy11 or more
recently association with borrelia infection12 of yet unclear
significance. Familial clustering has been reported in patients
with several subtypes of lymphoid malignancies, including rare
cases with MCL, but the genetic basis for this familial clustering
remains unknown.13,14 MCL carries typically DNA repair
defects with mutation/deletion of ATM gene (ataxia telangiec-
tasia mutated), which was not found in those rare “familial”
observations. On the other hand, some studies suggest an
increased rate of additional malignancies in patients with
MCL, especially urologic malignancies.15

Pathology/diagnosis
MCL is a distinct clinicopathologic subtype of B-cell lymph-
oma with the following classical immunophenotype of a
mature B-cell expressing CD19, CD20, and CD22 with coex-
pression of CD5, CD43, and FMC7 as well as surface immuno-
globulin (sIg) but negative for CD10, CD23, and BCL6.
A subset of MCL lacking or with discordant (among different
tissues) expression of CD23 or CD5 was recently reported,16,17

though these cases carried the same morphological features
and expression of cyclin-D1. Unique among all non-Hodgkin
lymphomas, MCL expresses more commonly l than k light
chain. A subset of MCL cases coexpress sIgG and IgM
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suggesting they can still undergo isotype switching.18 The
morphology and IHC (immunohistochemistry) typical pattern
of MCL is shown in Figure 17.1 while morphological variants
will be discussed below.

Cyclin D1 is overexpressed in MCL as a result of the
landmark t(11;14)(q13;q32) translocation (Figure 17.2).19 The
t(11;14) translocation breakpoint can occur over a wide DNA
region20 beyond the most common breakpoint called MTC
(major translocation cluster).21,22 Multiple alternative addi-
tional breakpoints have been reported23,24 (with more distinct
breakpoints than initially expected [E. Campo personal com-
munication, Lymphoma Research Foundation (LRF) MCL
consortium Dallas 2008]). Consequently, the breakpoint can
be found more easily in the clinic by cytogenetics (70%)25 or
fluorescence in situ hybridization (FISH) (95%)26,27 rather
than by polymerase chain reaction (PCR) (40%);28–31 as a

result also minimal residual disease (MRD) studies will require
the use of CDR3 clonotypic primers32 when the t(11;14) is not
amplifiable.

MCL, initially described as centrocytic lymphoma,33 is
recognized histologically with two main subtypes, nodular or
diffuse pattern;34 the mantle zone variant is much less
common and considered more indolent. Cytological variants
have also been reported: typical and blastoid (Figure 17.3).
Typical cases show a proliferation of small to intermediately
sized lymphoid cells with irregular nuclei and scarce cyto-
plasm. Blastic variants include a spectrum of intermediate to
large cells with round or irregular nuclei and finely dispersed
chromatin. These cases have a higher proliferative activity, are
often associated with a mutation/deletion of p53, and show a
more aggressive clinical course.35,36 A pleiomorphic variant
also reported (mix of small cells and blastoid-like cells) illus-
trates well the heterogeneity encompassed within the MCL
entity, and the spectrum of diseases37 now recognized through
a better understanding of the molecular features of MCL.38

Pathogenesis
The pathogenesis of MCL can be summarized as a combination
or resultant of three key features illustrated in Figure 17.4:
cell cycle dysregulation (proliferation index), DNA
damage response defect (more than 80–90% of MCL cases
develop additional secondary genomic alterations over time)
and dysregulation of survival pathways (chemoresistance).

Cell of origin
MCL cells are mature B lymphocytes which express markers of
naïve B cells/sIgD and T-cell-associated antigen CD5. They
seem derived from a small population of cells producing
low-affinity polyreactive antibodies, which colonize the normal

Cyclin D1 in a nodular variant Cyclin D1 in a mantle zone variant

Nodular Diffuse Mantle zone variant

CD5 CD20 Cyclin-D1 FISH

Figure 17.1 MCL diagnosis criteria. FISH:
fluorescence in situ hybridization.
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Figure 17.2 Translocation t(11;14)(q13;q32) in MCL.
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mantle zone of follicles (rationale for term mantle cell
lymphoma) and tend to recirculate. The initial oncogenic
event, that is the t(11;14)(q13;q32) translocation, occurs in
early B cells and fully develops into a selective oncogenic
advantage when the cells attain the differentiation stage of a
mature naïve pregerminal center B cell.39

Concordant with their pregerminal center B cells, most
cases of MCL carry no or few somatic mutations in the V-gene
sequences of Ig (VH) genes. About one-quarter of MCLs carry
some degree of mutations but compared to chronic lympho-
cytic leukemia (CLL)40,41 the incidence of somatic mutations
overall is lower (15–40% depending on the series) and when
mutated, the load or percentage of mutations is less than in
CLL and does not correlate with Zap-70 expression. In add-
ition, the presence of mutations does not seem to be predictive
of outcome as in CLL42–44 and in particular does not correlate
with less intraclonal evolution over time contrary to CLL.

There is no correlation between the presence of somatic
mutations and the histological or cytological subtype.45,46 The
ongoing mutations identified in a subset of MCL indicate that
some tumors originate in cells that have undergone the influ-
ence of the mutational machinery of the follicular germinal
center.47,48 Similarly a restricted usage of individual V(H)
genes has been reported in some MCL series with preferential
usage of VH3–21, VH3–23, VH3–34, VH3–07, V(H)4–34,
VH4–59, and V(H)5–51.37,44,46,49,50 This occasional somatic
mutations pattern41 and non-random usage of IgV(H) seg-
ments suggest a possible involvement of antigen stimulation
in the clonal expansion of a proportion of MCLs.49–52 Though
still debated the prognostic value of somatic mutations in MCL
does not seem to be as prognostic as in CLL,44,53 and likely
again reflects more the heterogeneity of the disease itself.

Initial oncogenic event
MCL is genetically characterized by the t(11;14)(q13;q32)
translocation that juxtaposes the proto-oncogene CCND1 ini-
tially called PRAD-1 to the Ig heavy chain gene at chromosome
14q32. The role of the PRAD-1 (parathyroid adenomatosis 1)
gene in human tumorigenesis was demonstrated by its initial
cloning from the breakpoint region on chromosome band
11q13 of the inv(11)(p15q13) in a subset of parathyroid aden-
omas (hence its name) and also by the demonstration of its
likely role as the elusive and long-sought BCL1 oncogene in
t(11;14)-bearing B-cell lymphoma. The gene product of
PRAD-1, identified to be cyclin D1, is then brought to the
proximity of the IGH enhancer region (see Figure 17.2), and
becomes constitutively overexpressed while it is usually not
expressed in normal lymphocytes.21,54 Very rare cases of vari-
ants of alternative rearrangement of CCND1 locus with light
chain Ig locus have been reported which also overexpress
cyclin D155 while cases have also been reported with an amp-
lification of the CCND1/IGH fusion gene in addition to the
translocated allele.56

The t(11;14)(q13;q32) translocation is thought to be the
primary event in the pathogenesis of the tumor, probably
facilitating the deregulation of the cell cycle at the G1–S phase
transition.57,58 Analysis of the breakpoint regions in the two
chromosomes has suggested that this translocation occurs in
the bone marrow in an early B cell at the pre-B stage of
differentiation29,59 when the cell is initiating the Ig gene
rearrangement with the recombination of the V(D)J seg-
ments.60,61 Though the intrinsic mechanisms involved in the
DNA double-strand breaks (DSBs) and repair involved during
the recombination of the V(D)J segments of the Ig are not well
known,62,63 the topologic location of the Ig and CCND1 loci in
the nucleus has revealed a physical proximity of these two
chromosomal regions in immature lymphoid B cells,52,64,65

which may facilitate the occurrence of recurrent translocations
and erroneous rearrangements.

Cyclin D1 overexpression
The t(11;14)(q13;q32) translocation deregulating cyclin D1 is
present in virtually all cases of MCL.66,67 Cyclin D1 is encoded
by two major mRNA transcripts of approximately 4.5 and
1.5 kb, which differ in the length of the 30 untranslated region
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(UTR) but contain the whole coding region that generates a
polypeptide of 36 kDa (isoform a). About 4–10% of MCLs lack
the 4.5-kb transcript and instead express aberrant mRNAs
with shorter 30 UTRs that lack destabilizing AUUUA
sequences. The loss of these regulatory sequences is caused
by additional rearrangements in the 30 region of the gene with
microdeletions68 or point mutations.69 These aberrant tran-
scripts have an increased half-life and the tumors have very
high levels of cyclin D1 expression, high proliferation, and a
more aggressive clinical behavior.70 Of note the deleted 30 UTR
contains important micro-RNA (miR) binding sites especially
miR-16–1 (regulator of cyclin D1).71 A less abundant non-
canonical isoform (isoform b) that lacks the C-terminal region
is generated by an alternative splicing that skips the whole
exon 5. This exon contains important regulatory motifs
including a residue that promotes the nuclear export of the
cyclin when phosphorylated.70 Although the cyclin D1b iso-
form seems to have a higher transforming capacity in cultured
cells, its oncogenic mechanisms are not well understood and it
is not clear how relevant this is in vivo.72

The consequences of cyclin D1 expression are threefold, as
shown in Figure 17.5. Cyclin D1 binds to two cyclin-dependent
kinases (CDK4 and CDK6),73 the complexes lead to phosphor-
ylation of retinoblastoma 1 (RB1), hence inactivation of the
natural Rb1 suppressor effect on cell cycle progression.74 The
hyperphosphorylation of RB1 by cyclin D1-CDK4 and cyclin
D1-CDK6 will lead to the release of E2F transcription factors
and the subsequent progression of the cell into S phase. RB1 is
hyperphosphorylated in MCL, particularly in highly prolifera-
tive variants; however, recently reported intragenic deletions75

of RB1 leading to a total lack of protein expression in some
cases of MCL would suggest that cyclin D1 may also have an
additional role independently of RB1 in these tumors. The
excess of CDK4-cyclin D1 complexes seem to trap/titer p27
away from cyclin E-CDK276 leading also to progression into
G1–S transition. This is reinforced by a frequent overdegrada-
tion of p27 by the proteasome reported in MCL, which correl-
ates with outcome.77 In addition, at least in experimental
models, cyclin D1 can participate in the regulation of several

transcription factors and transcriptional coregulators includ-
ing STAT3 (signal transducer and activator of transcription 3),
CEBPb (CCAAT/enhancer binding protein b), BMYB (MYB-
related gene B), and members of the nuclear receptor super-
family, which can also participate in lymphomagenesis, though
its relevance in vivo remains unclear.78

Cyclin D1-negative MCL
A subset of MCL does not express cyclin D1 and represents
less than 5% of cases overall. These cases have now been
confirmed to have similar morphology, presentation, gene
profiling by microarray studies,38 and outcome, suggesting
they correspond to the same disease.79 Of notice these cases
have high expression of cyclin D2 or cyclin D3.38,80 Although
the mechanism deregulating these cyclins is not well under-
stood, some cases carry a t(2;12)(p11;p13)/IGK-CCND2 trans-
location fusing cyclin D2 to the light Ig chain gene locus81 or a
t(6;14)(p21;q32)/IGH-CCND3.82 These cyclin D1-negative
MCL cases are uncommon but they highlight the relevance
of the oncogenic dysregulation of the G1 phase of the cell cycle
in the pathogenesis of MCL.

Secondary genomic alterations
Notwithstanding the key role of the t(11;14) translocation and
cyclin D1 overexpression in the development of MCL, several
observations suggest that these mechanisms may not be suffi-
cient for transformation or maintenance of the MCL pheno-
type. The t(11;14)(q13;q32) translocation has been reported in
a small (	 1%) number of normal individuals83,84 consistent
with the fact this is not a sufficient event in itself as confirmed
by murine models.85 The forced overexpression of cyclin D1 in
transgenic mice through Eµ enhancer suggests that additional
events are required from cyclin D1/MYC double transgenic
mice86 to secondary genomic alterations involving p53 or
BCL2 as oncogeneic cooperative events or combination
models with BCL2, nuclear factor-kappa B (NF-kB), MCL-1,
MYC, or Blys.87 More recent studies established the role of
additional signaling pathways disrupted in MCL including
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phosphatidyl inositol 3-kinase (PI3K)/AKT,88 transforming
growth factor beta (TGFb),89 and WNT.90 The WNT signaling
pathway is a highly conserved system that has a key role in
embryonic development and in the growth and maintenance
of normal tissues. Recent data show that the WNT canonical
pathway (especially WNT3 and WNT10) is constitutively acti-
vated in a subset of MCL where it appears to promote tumor-
igenesis.90 An interesting murine model using interleukin 14
(IL-14) (often expressed in high grade NHL) and MYC double-
transgenic model showed the development of 100% “blastoid
variant looking”MCL.91 In addition specific lentiviral shRNA-
mediated knockdown of cyclin D1 in MCL cell lines has
minimal effects on proliferation and survival of MCL cells
and reveals a compensatory regulatory circuit with cyclin D2
overexpression.92

The collaboration of these multiple defects in MCL lym-
phomagenesis is well illustrated in the clinic with frequent
accumulation of multiple secondary genetic defects in MCL
in up to 80% of MCL cases93,94 and often complex karyotypes
(tetraploidies).95–97 Among the most common genes/loci
involved are ATM deletion/mutations (ATM encodes a phos-
phoprotein kinase that belongs to the PI3K-related superfamily
and has a central role in the cellular response to DNA damage,
such as DNA double-strand break [DSB] formation).98 ATM
mutations have been detected in 40–75% of MCLs and are
usually associated with the loss of the other allele.99,100 The
high frequency of inactivating ATM mutations in MCL is
intriguing because they are uncommon in other B-cell lymph-
omas. The fact that they occur throughout the spectrum of
MCL cytological variants, including tumors with low and high

proliferation rates, suggests this is an important and early
event. Cases with ATM mutations tend to accumulate even
more secondary genomic defects over time. Other commonly
observed genomic defects seen in MCL are deletion of INK4/
ARF at locus 9q21, mutations/deletions of p53, rare mutations
of CHK-1 or CHK-2 (two kinases that act downstream of
ATM and prevent cell cycle progression in response to ATM
and ATR activation following DNA damage), and loss of p16
or p27.101 As shown in Figure 17.7, these deletions/mutations
will synergize with the underlying cell cycle dysregulation
hallmark of MCL to promote further cell proliferation and
chemoresistance.

The list of gains or losses seen in MCL is growing impres-
sively93,102,103 including a large number of loci affecting in
many cases unknown genes as yet. These genomic imbalances
in some reports correlate with clinical features, for example
leukemic phase vs. nodal presentation104,105 or outcome with a
subset of emerging prognostic probes including 1p21, 9q21-
q22, 9p21.3, and 17p13.1.

Dysregulation of survival pathways
The accumulation and correlation of genomic data including
CHG-BAC profiling24,104,106–108 and expression profiles38,93,109

confirm the significance of genes related to DNA repair,
chromosome stability, cell cycle, energy metabolism, and sur-
vival pathways, which might influence response to chemother-
apy. Ongoing proteomic work confirms again the importance
of cell cycle regulators, HSP, BCL-X, and MDM2110 as well as
MCL-1111 or NF-kB and PI3K-mTOR, MAPK1, CK2, CK1,
PKCz, and PKCe as important players in the disrupted path-
ways of MCL.112 Some of these pathways are summarized in
Table 17.1.

In summary MCL lymphomagenesis is a complex integra-
tion of cell cycle dysruption, secondary genomic imbalances
(more than in other NHL), and dysregulation of survival
pathways. The actual sequence of events remains elusive but
could be summarized as follows.

The early event of t(11;14) leads to overexpression of cyclin
D1 in B cells in the mantle zone followed by mutations/inacti-
vation/deletion of ATM/CHK-2, which leads to actual MCL
cells with evolving more complex karyotypes. Further gains or
losses (more losses in MCL) lead to worsening of the prolifer-
ation signature and towards blastoid variants. This occurs as a
spectrum of disease as confirmed by molecular profiling of
clinical samples.38 This also is consistent with the challenges
encountered in the management of MCL patients who often
develop chemoresistance over time and carry a poor outcome.

MCL clinical presentation
Patients with MCL are typically older adults (median age early
to mid 60s) with a male predominance (ratio 3/1) and usually
advanced stage (more than 75%), though B symptoms are seen
in only one-third to one-half of patients.119,120 Patients present
with lymphadenopathy, splenomegaly, and a variable degree of
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leukemic phase (virtually all patients have detectable circulat-
ing MCL cells by flow cytometry);25,121,122 but almost constant
extranodal involvement, which includes bone marrow (BM),
liver, and characteristically gastrointestinal (GI) involvement.
The GI tract involvement can vary from extensive and symp-
tomatic polyposis coli123,124 to just random biopsies positive in
more than 90% of patients at baseline.125,126 Consequently
baseline endoscopies are not necessary but would be recom-
mended as part of restaging studies to confirm response
although they are not part of the official restaging guidelines.
Rare cases with orbits,127 testis,128 or skin involvement129,130 in
MCL have also been reported. On rare occasions patients will
present with localized disease, but typically after extensive
workup other sites of disease will be identified including per-
ipheral blood (flow cytometry) or GI tract; consistent with the
fact that this is a systemic disease and should be approached
and treated likewise.

Though patients have extensive extranodal disease and
virtually all have some degree of leukemic phase, current clinical
evaluations do not routinely include assessment of the cere-
brospinal fluid (CSF) for lymphomatous infiltration at presen-
tation.131 More recent reports suggest that CSF involvement
might be underestimated132,133 and might become more
common as patients’ survival has clearly improved over the last
two decades. In a retrospective analysis of 82 patients by Ferrer
et al.,133 11 patients were found with central nervous system
(CNS) involvement by MCL (one at baseline asymptomatic as
routine staging maneuver, the other 10 with neurological signs
prompting evaluation). The authors report an actuarial 5-year
risk of CNS involvement of 26% while another series of 108
patients reviewed suggested around 9%.132

Prognostic factors in MCL
Conventional prognostic factors used in NHL do not apply as
easily in MCL, since most patients present with advanced stage
and frequent multiple extranodal involvement.134 The FLIPI
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Table 17.1. Some of the genes involved in dysregulation of survival
pathways in MCL

Pathway Pattern in MCL Comment

Apoptosis Amplification of
BCL2113

Chemoresistance

BIM-1 deletion114 Proapoptotic BH3
family member
Homozygous
deletion in MCL cell
lines
Relevance in vivo
unclear

NF-κB Constitutive activation
both in cell lines and
primary samples with
overexpression of
downstream targets
such as FADD-like
apoptosis regulator115

Chemoresistance

PI3K/AKT Akt was
phosphorylated in
aggressive blastoid
MCL due to loss of
PTEN (not mutation
of PI3K)88

Especially in blastoid
variants 12/12
patients and 4/4
MCL cell lines 5/16
typical MCL

INK4-RB1 and
ARF-MDM2-
p53

Control of cell
senescence105,116,117

Correlates with
highly proliferative
MCL

HSP (HSP90) Stress response110,118 Chemoresistance,
proteasome
resistance

Mitochondrial
signaling

Energy
metabolism109,112

Apoptosis

Note: FADD: Fas-associated protein with death domain; PTEN: phosphatase and
tensin homolog.
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(Follicular Lymphoma International Prognostic Index) might
be more useful than the IPI,135 which separates only the low risk
patients from the rest as shown in Figure 17.9. A modified
prognostic index called MIPI (white blood cell [WBC] count,
age, lactate dehydrogenase [LDH], Eastern Cooperative Oncol-
ogy Group performance status [ECOGPS]) was recently
reported,136 which includes leukemic phase 122,137 besides other
clinical parameters used in the IPI.

Other prognostic factors include the proliferation index
(Ki-67),138 blastoid variant,35,139 cytogenetic abnormalities as
detailed above, and beta-2 microglobulin.140 Molecular studies
with microarrays profiling showed that the proliferation gene
expression signature in MCL is a quantitative integrator of onco-
genic events that predicts survival inMCL (see Figure 17.10). This
signature allowed the separation of patients into four groups with
a median overall survival (OS) of 0.7 years to more than 7.0 years
in 90 patients treated essentially with an anthracycline-based
chemotherapy regimen (before rituximab).38 This proliferation
signature can be reproduced to a certain degree by the prolifer-
ation index defined by Ki-67 (MIB-1) by immunohistochemistry
(Figure 17.11). The prognostic relevance of Ki-67 was confirmed
in the era of R-CHOP (rituximab plus cyclophosphamide,
doxorubicin, vincristine, prednisone)-based chemotherapy.141

Additional markers relevant to cell proliferation or mitotic index
evaluable by IHC have been reported also in the post-rituximab
era and with the use of high-dose therapy including PIM-1142 and
survivin.143 The limitations for quantification and reproducibility
inherent to IHC apply to Ki-67. Besides the difficulty for quantifi-
cation, Ki-67 is a continuous variable with different cutoff
depending on the series. In a series of 134 cases Katzenberger
et al. divided patients into proliferation groups with Ki-67 indices
of 20% or less (n¼ 62), 21–40% (n¼ 32), 41–60% (n¼ 25), and
more than 60% (n¼ 15), showing that 70% of patients had less
than 40% and the rest were spread with a small number of cases
with high proliferation index.138 In addition Ki-67 can also vary
depending on the area of the slide quite significantly (slide scan-
ning),144 which obviously can be of concern when using tissue
microarrays.

MCL shows a clear distinct profile from the other subtypes
of NHL: small lymphocytic lymphoma (SLL), GC (germinal
center)- and ABC-DLBCL (activated B-cell-like diffuse large
B-cell lymphoma). Also, within the MCL group contrary to
DLBCL there are no distinct profiles but a spectrum of diseases
based on the proliferation signature, which predicts outcome
with four groups from 0.7 year median OS to more than 7 years
median OS.38

Commonly visible
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GI tract Figure 17.8 MCL: GI tract involvement.
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In the MIPI index described above, the addition of Ki-67
remained independently significant from the MIPI clinical
score (regression coefficient 0.02142, p< 0.001) and inclusion
of Ki-67 did not substantially change the regression coefficient
of the MIPI score (0.9554, p<0.001).

An elegant model using real-time PCR was recently
reported looking at the expression of 33 genes with potential
prognostic and pathogenetic impact in MCL. This gene set was
analyzed using quantitative reverse-transcription PCR (qRT-
PCR) in a low-density array format in frozen tumor samples
from 73 patients with MCL.145 Based on the results, a prog-
nostic model was defined as an optimized survival predictor
composed of five genes: RAN, MYC, TNFRSF10B, POLE2, and
SLC29A2. Furthermore, this model was validated for applica-
tion in formalin-fixed paraffin-embedded tissue samples and
appeared superior to the immunohistochemical marker Ki-67
itself by IHC.

Other prognostic factors include single-nucleotide poly-
morphisms (SNPs) (which affect chemotherapy drugs metab-
olism as well as detoxification and will be discussed later) and

miR. As mentioned briefly above, miR are a new class of
abundant small RNAs that play important regulatory roles at
the posttranscriptional level by binding to the 30 UTR of
mRNAs blocking either their translation or initiating their
degradation; for example recent data showed that miR-16-1
regulates CCND1 expression.71 Contrary to CLL, the presence
of somatic mutations in MCL, as mentioned above, is not as
common and does not correlate with ZAP-70 expression
either, which is found only in a minority of MCL (10–
15%).146,147 The prognostic value of somatic mutations, well
established (mutated vs. unmutated) in CLL, is still debated
in MCL. It appears that the mutation status involves only a
subset of MCL, illustrating again the heterogeneity of the
disease, and has no correlation with clinical presentation or
outcome.53 Regarding the VH usage bias also there are no firm
conclusions though there was no VH3–23 rearragement in
long-term survivors with MCL in the largest series.49 The role
of MRD in MCL has also been associated with outcome in
some reports whereas other studies suggested that molecular
complete remission (CR) in MCL after high-dose therapy
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(HDT) and autologous stem cell transplantation (ASCT) did
not hold as well as in follicular lymphoma.148 In a recent
report149 MRD and MIPI appeared as the most significant
predictive factors in large ongoing European randomized trials
with HDT-ASCT in patients < 65 years (using two different
induction regimens to look at the impact of high-dose cytar-
abine) and R-CHOP vs. FCR (fludarabine, cyclophosphamide,
rituximab) in > 65-year-old patients. Table 17.2 summarizes
classical clinical and new prognostic markers in MCL.

MCL treatment
There is no consensus therapy in MCL and, despite response
rates to many regimens in the 50–70% range, patients still
progress after chemotherapy with a median survival time of
approximately 3–5 years. However, the treatment paradigm of
MCL is evolving, from dose intensification of conventional
chemotherapy to a growing number of novel biologic agents,
which by targeting specific pathways may represent a step
towards more rational therapeutics. Since there is no clear
standard approach for treating MCL patients, it is critical that
they be enrolled in clinical trials to help build guidelines that
will likely include novel therapies early on in the treatment of
the disease.
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Conventional chemotherapy
Standard CHOP
CHOP-based chemotherapy remains by default often the
standard of care in MCL. Given that rituximab itself had
shown some activity in relapsed MCL,150 it was added to

CHOP where it showed a higher CR rate but the median
progression-free survival (PFS) remained in the same range
of 16–18 months.151 In addition, in a series of 40 newly
diagnosed MCL treated with R-CHOP� 6, patients who
achieved a molecular remission (MRD measured in peripheral
blood and/or BM) had similar PFS to patients without molecu-
lar CR (16.5 vs. 18.8 months, p¼ 0.51).151 A German random-
ized study with 122 previously untreated patients with
advanced-stage MCL compared six cycles of CHOP (n¼ 60)
vs. R-CHOP (n¼ 62). Patients up to 65 years of age achieving
a partial remission (PR) or CR underwent a second random-
ization to either myeloablative radiochemotherapy (cyclopho-
sphamide/total body radiation [Cy/TBI]) followed by ASCT or
interferon alpha (IFN-a) maintenance (6� 106U subcutane-
ously three times weekly continued until progression or until
the occurrence of intolerable side effects). As expected, there was
no difference between the two arms in terms of toxicity during
induction therapy and R-CHOP was significantly superior to
CHOP in terms of overall response rate (ORR) (94% vs. 75%;
p¼ 0.0054), CR rate (34% vs. 7%; p¼ 0.00024), and time to
treatment failure (TTF; median, 21 vs. 14 months; p¼ 0.0131)
but there was no difference in PFS152 as shown below.

EPOCH regimen
The National Cancer Institute (NCI) group has piloted the
principle of dose-adjusted chemotherapy using the EPOCH
regimen (doxorubicin 15mg/m2 as a continuous IV infusion
on days 2–4, etoposide 65mg/m2 as a continuous IV infusion
on days 2–4, vincristine 0.5mg as a continuous IV infusion on
days 2–4, cyclophosphamide 750mg/m2 IV on day 5, and
prednisone 60mg/m2 orally on days 1–14). Pharmacokinetic
analyses (etoposide and doxorubicin) showed significant inter-
patient variations in steady-state plasma concentrations and
suggested the need for individual-patient dose adjustment.153

This was translated into dose-adjustments based on nadir post
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Figure 17.12 Impact of Ki-67 (MIB-1) on overall survival: (a) pre-rituximab and (b) post-rituximab era. Kaplan–Meier plot for OS of patients treated with CHOP (a) and
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Table 17.2. Prognostic factors in MCL (classical and “new” evolving
parameters)

Parameter Comment

Leukemic phase Detectable by flow in most patients,
value as prognostic cutoff unclear

New mantle IPI (MIPI)a

(variant of IPI/FLIPI)
WBC High, Age, LDH, ECOG PS

ß2-microglobulin Might be superior to LDH in MCL

p53 status More common in blastoid variants

MIB-1/Ki-67
overexpression

Proliferation signature (10%, 10% to
30%, and > 30%) remains valid after
R-CHOP þþ

Cyclin D1 transcripts 30 UTR deletions/mutations have >
half-life and higher level of cyclin D1

MRD Issue with breakpoint/FISH

Additional cytogenetic
abnormalities

Comparative genomic hybridization
showed value of gains: 3q, 2q; loss: 9q,
13q, 17p

New model qRT-PCR
(5 genes)

Might be > Ki-67

Other Somatic mutations SNPs

PET scan Still under evaluation

Note: aCalculation of MIPI is as per formula: MIPI score¼ [0.03535� age
(years)]� age (years)]þ 0.6978 (if ECOG PS> 1)þ [1.367� log10
(LDH/ULN)]þ [0.9393� log10 (WBC count)]
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chemotherapy (reach an absolute neutrophil count [ANC]
� 0.5) as surrogate marker or drug exposure in vivo. This
regimen combined with rituximab was tested as induction
therapy in MCL followed by an anti-idiotype vaccine in a series
of 26 MCL patients with unfortunately a reported median PFS
still less than 2 years. Though both B- and T-cell tumor-
specific immune responses could be detected (delayed for
humoral response until B-cell recovery post rituximab),
a detectable immune response had no impact on the out-
come.154 In addition, in that study the proliferation signature
was not found prognostic, contrary to the experience previ-
ously seen using the same infusional therapy in DLBCL.153

HyperCVAD
Initially developed at the MD Anderson Cancer Center
(MDACC) for acute lymphocytic leukemia,155 this regimen
was used in MCL as an induction therapy (four cycles) prior
to consolidation with HDT followed by ASCT.156 A subset of
patients who refused or could not proceed to HDT and ASCT
were continued from four to eight cycles and did reasonably
well, providing a rationale for using the regimen in MCL by
itself. HyperCVAD (hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone alternating with
high-dose methotrexate [MTX] and cytarabine [cytosine ara-
binoside; Ara-C]) was later on combined with rituximab as
induction therapy in a series of 99 patients, median age 60
(range: 41–80), all stage IV disease, 89% diffuse histology, 11%
nodular and 14% blastoid variants; a quarter of patients had
high LDH, and 55% high b2-microglobulin.140 Patients
received the classical rituximab-HyperCVAD (R-HyperC-
VAD) with rituximab on day 1 of each cycle (rituximab was
delayed in patients with high WBC count at diagnosis); cycles
were repeated every 21 days up to six or eight cycles. For
patients > 60 years of age, the cytarabine dose was reduced

from 3 g/m2 to 1 g/m2 due to concerns of CNS toxicity. Patients
were restaged every two cycles (i.e., after cycle 1A and 1B) as
previously described, with restaging including both upper and
lower endoscopies in all patients.125 If patients had a CR after
two cycles, they completed six cycles, if not eight cycles.
Patients did not receive HDT-ASCT unless they had not
achieved a CR after six cycles. Toxicity with R-HyperCVAD
was as expected mainly hematologic and is summarized in
Table 17.3.

The toxicity was significantly higher after R-methotrexate-
cytarabine(p¼ 0.00001)comparedtothepartAofR-HyperCVAD
but there was no difference in numbers of infections or fever
neutropenia for patients � 65 years and patients > 65 years.
Five patients in that series died: sepsis (three), hemorrhage
(one), unknown (one), and five patients developed secondary
myelodysplastic syndrome (MDS) (in CR).

The ORR was 97% including 87% CR/complete remission
unconfirmed (CRu) and the 3-year failure-free survival (FFS)
was 64% and OS 82% with a median follow-up time of 40
months. These results were superior in patients � 65 years old,
where the 3-year FFS was 73%. Patients more than 65 years
seemed to benefit from R-HyperCVAD only if they had a
normal b2-microglobulin at baseline, otherwise their median
PFS was just around 2 years. A recent update confirmed that
with a 9.8-year follow-up after R-HyperCVAD regimen, the
FFS was still 52% for patients < 65 years.157

Several prognostic factors emerged for FFS after R-
HyperCVAD including age (> 65), LDH (> normal), beta-2
(� 3mg/L), and IPI (but not MIPI),158 while all of these factors
were prognostic for OS. Patients > 65 years with low beta-2
still did significantly better than high beta-2 (> 3mg) for both
FFS and OS (p¼ 0.001). Cytological (blastoid, nodular, dif-
fuse) subtypes had no impact, and in the blastoid variant group
(small number of patients though) there was no relapse after 2
years.159 A subset of patients with available material for Ki-67
staining showed no impact of proliferation index measured by
IHC of MIB-1.157
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Figure 17.13 PFS with CHOP vs. R-CHOP induction in MCL.

Table 17.3. Hematologic toxicity of R-HyperCVAD

Grade 3–4 toxicity Number (%)

Neutropenic fever* 80 (13%)

R-HyperCVAD 20 (7%)

R-MTX/Ara-C 60 (20%)

Infection* 35 (6%)

Table 17.4. Age-related responses to HyperCVAD

Age group No. CR (%) PR (%)

All ages 97 87 11

� 65 years 66 88 9

> 65 years 31 84 16
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An attempt to expand on the concept of R-HyperCVAD
was reported by the Southwest Oncology Group (SWOG)160

in a series of 49 patients, median age 57, with an unusual
proportion of mantle zone variant subtypes (more than half
the patients). The study showed a 2-year PFS of 63% and 42%
of patients stopped because of toxicity. The overall toxicity of
R-HyperCVAD certainly is a challenge depending on the set-
ting, especially in the elderly. In the > 65 years group in the
MDACC experience, the median PFS was only 26 months,
illustrating the need for new strategies in that patient popula-
tion. This was the rationale for a modified R-HyperCVAD (no
methotrexate or Ara-C, no vincristine on day 11), with cycles
given every 28 days for four to six cycles total. The regimen
included scheduled rituximab maintenance161 in responding
patients (PR and CR) with four weekly doses every 6 months
for 2 years. Of 22 patients, the ORR was 77% and the CR rate

64%. With a median follow-up time of 37 months in surviving
patients, the median PFS was 37 months. The achievement of a
molecular remission did not correlate with improved outcome
as seen with R-CHOP above. The major toxicity was as
expected myelosuppression. When compared to historical con-
trols, both the original and modified R-HyperCVAD regimens
provided a much higher CR rate than R-CHOP (87%, 64%,
34–48%, respectively) and considerably longer median PFS
(> 60 months, 37 months, 16–20 months).162

Nucleoside analogs
Fludarabine single-agent activity in MCL showed an ORR of
30–40%163 compared with 63% when in combination with
cyclophosphamide.164,165 Multiple other combination studies
including a regimen with fludarabine, cyclophosphamide, and
mitoxantrone with or without rituximab showed a clear
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Figure 17.14 Outcome with R-HyperCVAD in MCL frontline (MDACC) in 97 patients with newly diagnosed aggressive mantle cell lymphoma treated with
rituximab plus fractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone (HyperCVAD) alternating with rituximab plus methotrexate-cytarabine.
(a) FFS and OS with a median follow-up of 40 months; the 3-year FFS and OS were 64% and 82%, respectively. E: events; N: total patients. (b) FFS by age
subgroup with a median follow-up of 40 months; the 3-year FFS rate for patients more than 65 years old is 50% compared with 73% for patients 65 years or younger
(p¼ 0.02). E: events; N: total patients. (c) FFS by age subgroup according to pretreatment serum ß2-microglobulin levels. The levels were of prognostic importance
only for patients more than 65 years old (p¼ 0.02). E: events; N: total patients; B2M: ß2-microglobulin.
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benefit for the rituximab-arm combination.166 A randomized
study comparing R-CHOP and FCR is ongoing in Europe in
patients > 65 years. Other purine analogs include cladribine
(2-chlorodeoxyadenosine [2-CDA]) which also showed activity
as a single agent167 or combined with mitoxantrone168 or with
rituximab (RC),169 whereas clofarabine showed some activity
in preliminary studies and is currently being evaluated in
larger trials170 in combination trials, as well as an oral form
of clofarabine in relapsed MCL.

Novel cytotoxics
Multiple new or “revisited” cytotoxics are being developed in
NHL including in MCL with bendamustin, previously known
as SDX-105 (developed in the German Democratic Republic as
Cytostasan since the 1970s). This “old-new” drug has gener-
ated great interest as it contains both a nitrogen mustard group
and a benzimidazole ring, which may act as a purine analog.
Bendamustin has been shown to have single-agent activity in
MCL and is now being integrated in other regimens including
in combination with rituximab (B-R) (16 patients: ORR
¼ 75%, CR¼ 50%)171 or with mitoxantrone172 or fludarabine,
all ongoing. A study comparing as frontline therapy B-R vs. R-
CHOP in indolent NHL and MCL showed similar response
rates and no difference in outcome, including in a subset of
MCL cases with an ORR of 88%/96% and CR 42%/41%.173

Pixantrone (BBR2778) is a novel anthracenedione analog
(derivative of mitoxantrone) with preclinical evidence of
reduced cardiotoxicity and activity as single agent in NHL in
phase II studies including in MCL. It is currently being tested
as part of FPR or R-CPOP vs. R-CHOP (RAPID trial) as well
as single agent against investigators’ choice among predefined
options in relapse/refractory NHL. Among other agents being
tested are the new microtubule inhibitors with the epothilone
derivatives from ixabepilone with preliminary evidence of
activity in MCL174 to CY-2121 (SB-743921) in earlier develop-
ment. On the other hand some of the revisited approaches
looked at low-dose oral agents administered (PEPC [prednis-
one, etoposide, procarbazine, and cyclophosphamide] regi-
men) in combination for continuous, prolonged periods with
minimal drug-free intervals (so called metronomic therapy) as
a potential option in the relapsed setting in elderly patients.175

High-dose therapy (HDT) and stem cell
transplantation (SCT)
Given the poor results seen with conventional standard
chemotherapy regimens, HDT has been studied extensively
in MCL initially in the relapse setting but also in frontline as
consolidation.176,177 A large randomized trial from the Euro-
pean mantle cell lymphoma network compared in the front-
line setting CHOP-IFN-a vs. CHOP-HDT-ASCT. Responding
patients to CHOP-like chemotherapy (four to six cycles) were
randomized to IFN-a maintenance vs. HDT-ACST consoli-
dation using Cy/TBI as conditioning regimen. The HDT arm
showed a significantly longer PFS of 39 months compared with

17 months for patients in the IFN-a arm (p¼ 0.0108) (see
Figure 17.15).178 A recent update with more mature data
confirmed a longer PFS and TTTF but no difference in OS
(5.4 years vs. 7.5 years; p¼ 0.075).179 Out of 232 patients
enrolled, 144 were evaluable as per the protocol (75 ASCT
arm; 69 IFN-a arm) illustrating the potential patient selection
bias in such trials as well. Similar results were reported from
the GITMO multicenter prospective trial with a high-dose
sequential therapy (R-HDS) in follicular and mantle cell
lymphoma. HDS ensured superior disease control and molecu-
lar outcome to R-CHOP, but no OS improvement. Other
series have shown similar results with prolonged PFS180 but
still questions around durable long-term remissions.181

Overall the results of studies using consolidation with HDT
and ACST have been mixed and though most studies show a
benefit over standard-dose therapy in terms of CR rate and
PFS, there is no confirmed indication that the procedure is
curative. In addition it is difficult to design and conduct
prospective randomized trials in this “non-consensus disease”
and relatively rare disease. Some of the issues to be addressed
in future studies are listed below.180,182

What is the optimal induction regimen in MCL?
Preliminary results suggest that the role of high-dose Ara-C is
important as part of the induction/consolidation therapy in
MCL183 serving as a basis for an ongoing large randomized
study in Europe, which is more than halfway completed.

The timing for stem cell transplantation:
Several reports suggest that the best results are obtained when
the HDT-ASCT is performed in first CR (CR1),184,185 particu-
larly after an induction using R-HyperCVAD prior to
ASCT,186 which appears very promising when compared to
R-CHOP as shown in Table 17.5.187,188

What is the role of TBI in the conditioning regimen?
MCL is a very radiation-sensitive disease and TBI is more
commonly used in Europe than the USA (which might explain
some differences in results among studies). This would be
consistent with the promising results seen with high-dose
radioimmunotherapy detailed below189 though in small stud-
ies so far but heavily pretreated patients.

How to optimize the use of rituximab peri-transplantation to
improve MRD and risk of recurrence post-ASCT190,191

The experience reported by the NORDIC group was very
impressive using the MCL-2 regimen: an R-CHOP-based ther-
apy alternating with cytarabine (Ara-C 3 g/m2 bid d1–2) for six
cycles followed by carmustine, etoposide, cytarabine, and mel-
phalan/carmustine, etoposide, cytarabine, and cyclophospha-
mide (BEAM/BEAC)-ASCT and maintenance rituximab in
“presumptive relapse.” In this large multicenter trial of
160 patients in the MCL-2 arm, patients were monitored by
RQ-PCR for MRD and given rituximab accordingly. The
results were compared to the previous regimen from the same
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group (MCL-1: a CHOP-like chemotherapy for four cycles
followed by BEAM/BEAC þ peripheral blood stem cell
[PBSC]). As shown in Figure 17.16 the MCL-2 regimen was
dramatically better for EFS, PFS, and OS, though the median
follow-up for the MCL-2 group was only 3.5 years. In addition
patients who relapsed molecularly were not taken as events in
the outcome analysis while they were converted to molecular
CR with additional rituximab, some of them more than one
year post-transplantation.192

Another European approach using a tandem HDT (high-
dose sequential therapy) and in vivo purging as well with
rituximab also reported impressive results though the series
was smaller (28 patients).193 With a long follow-up, the sur-
vival is impressive, the EFS curves did not show a plateau, and
there was no significant difference between high-risk and

good-risk patients. The 10-year OS estimate of the patients
treated with the R-HDS regimen at 120 months was 76.2% for
the low-risk group, and 68% for the intermediate-high-risk
group. The 10-year EFS rate was 57% for the low-risk group,
34% for the intermediate-high-risk group.

Table 17.6 summarizes the results of three large studies
reported using either HDT-ASCT or dose intense therapy (R-
HyperCVAD). The pooled data represent a total of more than
350 MCL patients treated with Ara-C-containing induction
regimens. The 5-year EFS or FFS and OS are remarkably in
the same range when comparing the “younger” patient groups
underlying again the benefit of high-dose or dose intense
therapy as induction in MCL.194

The relative rarity of MCL and lack of consensus for its
management makes it difficult to develop large prospective
randomized trials to confirm these promising results, though
such trials are feasible, based on the very impressive experience
in Europe. The difficulty in the interpretation of the data in
MCL also relates often to small studies or single-institution
experience and potential patient selection issues. On the other
hand, recent reports from a single-institution retrospective
analysis suggest that less aggressive approaches can still lead
to prolonged survival195 adding to the controversy. Though
dose-intensified approaches, type R-HyperCVAD, or induc-
tion chemotherapy with HDT upfront remain the current
standard approach in younger patients up to 65 years,194 this
represents only about half of the patient pool with MCL
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Figure 17.15 Frontline consolidation with high-dose therapy and stem cell transplant in MCL. CHOP-IFN-α vs. CHOP! HDT-ASCT (German Lymphoma Study
Group [GSLG]): improvement of PFS but no difference in OS.

Table 17.5. Outcome by induction therapy

Outcome AutoPSC with
CHOP-like
regimen (n¼ 48)

AutoPSC with
HyperCVAD
(n¼ 32)

PFS 1 yr 76% 97%

PFS 3 yr 55% 78% p¼ 0.05

OS 1 yr 94% 97%

OS 3 yr 68% 97% p¼ 0.01
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at diagnosis. Novel strategies are needed for the more than 65
years group; hopefully the integration of novel therapies dis-
cussed below with conventional therapies into multimodal
approaches will help overcome the still disappointing long-
term prognosis of MCL.196

Immune-based therapy in the management of MCL
Monoclonal antibodies (mAbs)
Rituximab

Though rituximab does not have the same single-agent activity
in MCL compared to follicular lymphoma (FL), its combin-
ation with conventional chemotherapy is now well accepted as
beneficial from large studies with fludarabine, cyclophospha-
mide, and mitoxantrone (FCM) alone or combined with ritux-
imab (R-FCM)166 among others. This large study (with a

double randomization) showed that R-FCM was superior to
FCM and that rituximab maintenance appears effective after
salvage with rituximab chemotherapy as it significantly pro-
longs response duration in patients with relapsed or refractory
FL or MCL.197 This observation was not true when rituximab
was given as maintenance after rituximab induction as single
agent consistent with the modest activity of rituximab by itself
in MCL.198 The question remains of how long rituximab
maintenance should be carried out and will require additional
(some ongoing) trials.

New monoclonal antibodies

A variety of novel second-and third-generation anti-CD20mAbs
are currently being evaluated with the rationale of humanized
anti-CD20 antibodies (to improve infusion reaction and poten-
tially antibody-dependent cell-mediated cytotoxicity), stronger
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Figure 17.16 PFS and OS in the NORDIC MCL-1 and MCL-2 regimens.

Table 17.6. Ara-C-containing inductions in MCL

Study Therapy n Age limit (years) 5-yr EFS 5-yr OS Follow-up (mo)

Nordic ASH 07 MCL-2 (Rþ Ara-C cont) 160 < 66 63% 74% 60

GITL ASH 07 (R) HDS-ASCT 77 < 61 61% 74% 50

MDACC R-HyperCVAD 97 Up to 80 (1/3> 65) 48%/FFS 65% 50

< 65 60%/FFS 76% 50
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binding (modification of Fab portion), altered complement-
dependent cytotoxicity activity, or improved direct induction of
apoptosis. Though these antibodies are still being tested, early
data suggest they might be superior to rituximab especially in
CLL.199 These new anti-CD20mAbswill certainly be evaluated as
well in MCL200 where rituximab had only a modest impact. The
early results of ongoing studies with these new anti-CD20 mAbs
are summarized in Table 17.7.

Other mAbs still under investigation include anti-CD52
(alentuzumab), which is mostly used as part of conditioning
regimen in allotransplant201 and anti-CD22 (epratuzumab),
which has not been as effective as a single agent.202 However,
given its rapid internalization after binding to CD22, epratu-
zumab might be more useful as “drug shuttle,” or as immu-
notoxin, providing a rationale for ongoing studies with
calicheamycin (CMC-544) in B-cell NHL including in
MCL.203 Other mAbs include anti-HLA-DR or anti-CD40,
which can induce ADCC and inhibit proliferation in preclin-
ical models in a variety of B-cell lymphoma cell lines.204

Multiple other mAbs are in development including antibodies
against cell surface death receptors targeting the Fas/TRAIL
pathway as detailed below.205

Idiotype vaccine
In order to prevent recurrence of disease in MCL after chemo-
therapy (at the stage of MRD), active immunization studies
using anti-idiotype vaccines have been attempted in MCL.

The main study was done using an induction with R-EPOCH
chemotherapy followed by a conventional anti-idiotype vac-
cine.154 Results showed the induction of T-cell CD4þ and
CD8þ antitumor type-I cytokines responses in most patients
but tumor-specific humoral responses occurred only in a
subset of these patients and after peripheral blood B-cell recov-
ery (post-rituximab). However, the immune responses that
were observed did not translate into clear clinical benefit or
reduction of risk of MCL recurrence. MCL is still overall a
rather aggressive disease, making it a challenging subtype for
vaccine approaches, which remain also time consuming and
where likely the humoral response will be critical as seen in
other NHL. Additional schedules and other vaccine models
(autologous tumor cells and GM.CD40L intradermally plus
low-dose IL-2) are being evaluated and might benefit subsets
of patients. In this setting the recent data on the BiTE antibody
(a new single-chain bispecific mAb: BiTE Ab [BiTE¼Bispe-
cific T-cell engager molecules]) binds CD19 and CD3 and then
bypasses the regular T-cell activation requirement. The first
one being tested is MT103, which showed very promising
activity including in some MCL patients in the phase
I study.206 Finally trying to break the immune tolerance to
tumors is the rationale for testing CTLA-4-Ig (ipilimumab)
(anti-CD152), which has been done as single agent but also in
the relapse setting after allogeneic transplantation including
in MCL cases.207

Allotransplantation
The presence of a graft-versus-tumor (GVT) effect has now
been well established in a variety of hematologic malignan-
cies including indolent lymphomas and MCL. Given the
median age of MCL is in the mid-60s, the risks of conven-
tional allotransplantation make it a very rarely valid option.
The development of non-myeloablative regimens has
changed the outcome of such patients and though results
certainly vary depending on the studies,208,209 some patients
showed prolonged disease-free survival (DFS) suggesting that
“minitransplant” might be the only potentially curative
option in MCL.210,211 Consequently a donor search should
be initiated in all patients with MCL especially in the
younger population with poor prognostic features at baseline
or certainly in the first or second relapse. Unfortunately, the
incidence of chronic graft-versus-host (cGVH) disease in
more than 50% of patients in this setting remains a serious
concern. Alternative approaches with donor Th-2 lympho-
cyte enrichment prior to transplantation appear promising
reducing GVH incidence and preserving graft-versus-
leukemia (GVL) effect.212

Radioimmunotherapy (RIT)
Promising activity has been shown as single agent and in
combination for both available RIT agents: ibritumomab tiux-
etan (Zevalin®) and tositumomab (Bexxar®). In a small series,
5/15 relapsed MCL responded to ibritumomab (33%)

Table 17.7. Summary of new anti-CD20 mAbs

New anti-
CD20 mAb

Antibody Results/comments

Modification
of Fc portion

AME-133v Ongoing

PRO-131921 Phase I completed

GA-101
(glycoengineeredþ
modified elbow hinge)

Type II Ab/reduced
CDC and > direct
induction of
apoptosis, > 50%
activity in phase I at
all dose levels

Modification
of Fab

Ofatumumab
(HuMAxCD20)

Most advanced in
development/
impressive activity in
refractory/relapsed
CLL/ORR 47–58%;
median DOR 5.6–7
months

Veltuzumab (IMMU-
106/hA20)

Phase I completed

Ocrelizumab
(PRO70769)

36% RR in relapsed
FL previously treated
with rituximab

Note: DOR: duration of response.

Chapter 17: Mantle cell lymphoma

323



including 3 CR and 2 CRu, though the median response
duration of CR/CRu patients was only 5.7 months.213,214 Com-
bination of RIT with standard chemotherapy as frontline ther-
apy has been explored either as sequential tositumomab
followed by CHOP215 or R-CHOP followed by ibritumomab
tiuxetan (ECOG 1499), just recently completed. In the ECOG
study, 50 evaluable patients with newly diagnosed MCL
received four cycles of R-CHOP followed by consolidation
with ibritumomab tiuxetan.216 Results showed that consoli-
dation with ibritumomab tiuxetan after R-CHOP chemother-
apy increased (tripled) the CR rate, though more follow-up is
needed to see how these responses are sustained (in an other-
wise relatively short chemotherapy induction).

The most impressive results of RIT in MCL have been as
part of the conditioning regimen prior to ASCT in MCL189,217

using high-dose 131I-tositumomab, etoposide, cyclophospha-
mide with stem cell support in 16 patients with relapsed MCL.
The ORR was 100% with 91% CR; 93% survival at 3 years and
61% DFS at 3 years. This approach to replace TBI has also been
explored in other settings as part of the conditioning regi-
men218,219 or at reduced dose as part of non-myeloablative
allogenic SCT regimens.220

New biologic agents
Proteasome inhibitors
The proteasome is a large multiunit protease complex, which
processes the vast majority of intracellular proteins including
abnormal proteins (more common in cancer cells) and short-
lived proteins (33% of nascent proteins have a half-life of less
than 10 minutes) which are typically involved in critical func-
tions such as cell cycle, cell growth, differentiation, and/or
apoptosis.221 Proteasome inhibition results in the disruption
of a variety of pathways and checkpoints leading to apoptosis.
Bortezomib, the first in the class of proteasome inhibitors, is a
small molecule with potent selective and reversible inhibition
of the chymotrypsine-like enzyme (one of the three enzymes
located within the core of the proteasome).222

Bortezomib initial activity seen in MCL in the phase I (at
the highest dose tested one PR in refractory MCL) was rapidly
confirmed in four phase II studies: two in the USA,223,224 one
in Canada,225 and one in the UK226 with a remarkable consist-
ency showing an ORR in the 40% range altogether. The multi-
center pivotal trial (PINNACLE study with 155 patients
enrolled) confirmed the activity of bortezomib in patients with
relapsed or refractory MCL in the multicenter setting with a
final ORR of 33% (including 8% CR/CRu) and a median
DOR of 9.2 months.227 In the subset of patients who achieved
a CR/CRu, a recent update showed a median DOR not reached
at 27 months.228 The activity of bortezomib was confirmed in
primary refractory patients and patients who had failed prior
HDT; in addition responses were seen and maintained regard-
less of the number of prior therapies as shown in our previous
experience at MD Anderson.223,229 Moreover, similar response
rate was found in untreated versus treated MCL in the

Canadian experience.230 All phase II studies showed similar
toxicity profiles with fatigue, GI toxicity, neuropathy, and
thrombocytopenia. The similar ORR range (35–45%) to bor-
tezomib across all studies underlines the need to define bio-
markers predictive of response to bortezomib in MCL.
Preliminary results suggest that NF-kB expression (p65) and
p27 level are potential biomarkers for patients receiving bor-
tezomib as single agent in B-cell NHL including MCL, while
Ki-67 did not correlate with response but with time to pro-
gression.231,232 Elegant work looking at differences of response
to bortezomib among B-cell NHL in preclinical models
suggests that bortezomib induces distinct changes in MCL
compared to other types of lymphoma including the over-
expression of MCL-1 (an antiapoptotic protein described as
myeloid cell leukemia 1) and induction of apoptosis through
NOXA (a protein called Noxa for ‘damage’) and ROS (reactive
oxygen species).233,234

Ongoing studies are also exploring the use of bortezomib
in combination with a variety of other chemotherapy regi-
mens including R-CHOP235,236 and classic R-HyperCVAD237

as well as with the modified R-HyperCVAD.238 In the latter
study, 30 newly diagosed MCL received bortezomib on days 1
and 4 of R-HyperCVAD A only � 6 cycles followed by
maintenance rituximab as described previously.161 After the
addition of bortezomib, the ORR was 90% with 77% CR/CRu
(60% in the prior modified HyperCVAD no bortezomib). The
toxicities were as expected hematologic primarily, though the
neuropathy incidence led to dose reduction at 1.3mg/m2 for
bortezomib and 1mg for vincristine. This study was
expanded through ECOG in the multicenter setting (ECOG-
1405), which enrolled 70 patients and was just completed.
Numerous other regimens are combining bortezomib with
induction regimens including R-CBoRP (replacement of vin-
cristine by bortezomib in the R-CVP [rituximab plus cyclo-
phosphamide, vincristine, and prednisone] regimen)
ongoing,239 a large randomized trial in > 60 years old with
R-CHOP vs. R-CHBzP (replacing vincristine by bortezomib
in the R-CHOP), and as part of HDT and ASCT (Cancer and
Leukemia Group B [CALGB]) all ongoing. The NCI study
with R-EPOCH-Bz combination explores a window of oppor-
tunity as single agent (with biomarkers analysis on circulating
leukemic cells) as well as maintenance with bortezomib post-
completion of therapy. Other combinations in the relapsed
setting in MCL include fludarabine-based therapy, high-dose
cytarabine, and lenalidomide as well as other biologicals and
small molecules as detailed below. The mechanisms of resist-
ance to proteasome inhibition appear to involve heat-shock
proteins (HSP; especially HSP90)240 providing a rationale for
combination with HSP inhibitors, some of which have also
shown preliminary evidence of activity in lymphoma on their
own as well (e.g. 17-allylamino-17-demethoxy geldanamycin
[17AAG] or geldanamycin). Interestingly many of these com-
binations using bortezomib and other agents appear to be
schedule dependent,241 which might impact the design of our
clinical trials.
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Second-generation proteasome inhibitors include: NPI-
0052, which can inhibit all three enzymes of the 20S unit of
the proteasome and is just entering the clinic, and PR171 or
carfilzomib, a novel, irreversible proteasome inhibitor under
investigation in phase I–II studies. In spite of being irrevers-
ible, preclinical data showed that the half-life of recovery from
proteasome inhibition by carfilzomib in tissues was approxi-
mately 24 hours. PR-171 was found to be more potent than
bortezomib in preclinical models and is currently being tested
with so far only anecdotal responses in MCL.242 The next-
generation drugs targeting the proteasome include ligase-
specific inhibitors as well as immunoproteasome inhibitors
that might increase the therapeutic index by targeting prefer-
entially lymphoid cells.243

mTOR inhibitors
The mammalian target of rapamycin (mTOR) is a down-
stream effector of the PI3K/AKT (protein kinase B) signaling
pathway, which mediates cell survival and proliferation.
mTOR regulates essential signal-transduction pathways, in
particular the coupling of growth stimuli and nutrient status
with cell cycle progression and initiation of mRNA transla-
tion (sometimes hence called an “integrator of cell environ-
ment conditions”). The mTOR kinase regulates protein
translation by phosphorylation of two critical substrates: the
eukaryotic initiation factor 4E and the p70S6 kinase, which
will control the final step in protein translation including that
of cyclin D1, an important potential target in MCL. The
activity of mTOR can be inhibited by rapamycin analogs,
several of which are currently being evaluated in lymphomas
especially in MCL.

Temsirolimus (CCI-779) has been shown to be active in
relapsed or refractory MCL using 250mg intravenously
weekly as a single agent, with an ORR of 38% with one CR
(3%) and 12 PR (35%) and a median DOR of 6.9 months.244

Hematological toxicities were the most common, with 81%
grade 3–4 especially thrombocytopenia. Though this was
reversible, lower doses (25mg weekly) were subsequently
tested and showed a maintained activity and less myelosup-
pression with thrombocytopenia in a quarter of patients.245

A large international three-arms randomized trial was
recently presented comparing temsirolimus (two dosings)
against treatment of choice (among a defined set of options)
in relapsed/refractory MCL. The end point of the trial was
reached in favor of temsirolimus, though the response rate in
the control arm was surprisingly low (2%).246 Temsirolimus
is now being tested in combination with rituximab or cla-
dribine among others. As in other biologicals, it will become
important to define which subsets of patients might benefit
most from mTOR inhibitors. Recent data confirm that the
PI3K/AKt signaling pathway is a relevant target in MCL
especially in blastoid variant88 though based on small
numbers this has not translated into the clinic, illustrating
the difficulty of extrapolation from the preclinical setting to
patients.

Other mTOR inhibitors include AP23573, a non-prodrug
rapamycin analog tested in early trials (12.5mg IV daily � 5
days, every 2 weeks) and well tolerated with no thrombocyto-
penia. Efficacy was seen in leukemia and it is currently being
evaluated in lymphoma including MCL.247 Everolimus
(RAD001) is an oral derivative of rapamycin, which appeared
to be well tolerated from phase I study248,249 and has shown
activity in about one-third of patients; 250 it is currently being
evaluated in a large international trial in patients who failed
bortezomib.

Inhibitors of angiogenesis
Based on its activity on the microenvironment and activity
in other B-cell malignancies including multiple myeloma
(MM), thalidomide was tested in MCL. The preliminary
activity of thalidomide seen in MCL cases led to testing its
combination with rituximab standard dose at 375mg/m2

weekly for four doses concomitantly with thalidomide
(200mg daily, with a dose increment up to 400mg on day
15), which was continued as maintenance therapy until pro-
gression or toxicity.251 The ORR was 81% with 31% CR and a
median PFS > 20 months making it a potential good option
in elderly patients (though a large number of patients in that
study were rituximab naïve). Additional studies are looking at
thalidomide in the frontline setting with R-CHOP or other
regimens (R-PEPC) as well as the role of maintenance with
thalidomide in MCL after chemotherapy induction. Similarly
CC-5013, a derivative immunomodulatory drug (IMiD)
(lenalidomide), showed activity as single agent252 in NHL
including in MCL with an ORR of 41% in the multicenter
setting and a median DOR > 1 year.253 Lenalidomide is
currently also being tested in combination with rituximab254

and/or other agents in relapsed MCL including planned trials
for maintenance post-R-CHOP chemotherapy induction in
the elderly.

Alternative approaches to target angiogenesis have been
through mAbs including bevacizumab and VGEF-trap cur-
rently being tested also in B-cell NHL including MCL, again
with rituximab or in combination with chemotherapy with
R-CHOP in the frontline setting.255

Small molecules targeting apoptosis
Targeting apoptosis is an obvious appealing goal in anticancer
therapy resulting in a plethora of small molecules currently in
development.

Antisense approach

One of the first approaches used was through antisense oligo-
nucleotides (ASO) against BCL2, which is commonly over-
expressed in a variety of lymphomas including MCL and
classically associated with chemoresistance. Though there was
preclinical evidence of activity of the first one tested, G3139 or
oblimersen sodium (Genasense),256 this compound did not
show convincing activity in the clinic with only so far modest
activity in CLL from a phase I–II study.257 Preclinical data are
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supporting additive or even synergistic effect with a variety of
other agents including rituximab, cytotoxics, and bortezo-
mib258,259 providing a rationale for additional studies,
although future research with this compound remains unclear
given negative recommendation by the advisory US Food and
Drug Administration (FDA) committee. Other antisenses such
as against BCX-L or bispecific antisense against BCL2 and
BCL-XL are in early development.260

Pan family inhibitors

These represent another way to induce apoptosis by interact-
ing with several BCL2 family members. The antiapoptotic
BCL2 family includes BCL2, BCL-XL, A1, BCL-W, and
MCL-1. These are multidomain proteins with sequence simi-
larity across BH-1 through BH-4 domains. The proapoptotic
BCL2 family members differ based on structural and func-
tional differences. They include multidomain Bax-like proteins
(which include Bax, Bak, and Bok), which share BH-1, BH-2,
and BH-3 domains in common with the antiapoptotic
proteins. Other proapoptotic proteins include BH-3 only
members such as Bid and Bim, which can induce apoptosis
directly, and Bad and NOXA, which act more as sensitizers to
apoptosis.261 A hydrophobic groove is present at the surface of
the antiapoptotic proteins BCL2, BCL-XL, and MCL-1; this
groove forms the binding site of the BH-3-region of proapop-
totic proteins. This provides a good target for BH-3-only small
molecules mimicking the proapoptotic activities of BH-3-only
proteins. Among them AT-101, an orally bioavailable deriva-
tive of gossypol, and ABT-737, a small molecule also a pan-
BCL2 inhibitor, both showed preclinical activity in B-cell
malignancies alone or in combination with other agents.
ABT-263 – an oral pan-BCL2 inhibitor – has recently shown
promising activity as single agent in the phase I setting espe-
cially in small lymphocytic leukemia (SLL)/CLL; the main
toxicity being thrombocytopenia.262 Of notice the pan-BCL2
inhibitors differ by the subset of BCL2 family members they
can inhibit.263 GX15–070 is another pan-BCL2 inhibitor,
which has the ability to also inhibit MCL-1 (which is not
affected by ABT-263). Evidence of synergy was found between
these new BCL2 inhibitors and a variety of other agents
including specifically GX15–070 and bortezomib in MCL
cells,264 providing a rationale for combining obatoclax and
Bz in relapsed/refractory MCL in an ongoing study with pre-
liminary promising results including in patients who failed
prior bortezomib.265

Agents targeting the extrinsic pathway

Additional compounds can target apoptosis including its
extrinsic pathway through stimulation of cell surface death
receptors, which include tumor necrosis factor receptors
(TNFR1), FAS (also known as CD95), and death receptors
DR4 and DR5. The corresponding ligands for these receptors
are TNF, FAS ligand (also known as CD95 ligand), or TNF-
related apoptosis-inducing ligands (TRAILS) (also known as

APO2 ligands). TRAIL R1, which targets DR4, and TRAIL R2,
which targets DR5, are both agonist antibodies, which can
induce apoptosis in cancer cells but not in normal cells.266

They are also both currently in early development in the clinic
including AMG 655 tested in combination with Bz and HDAC
inhibitors.

Other ways to target apoptosis

IAPs are important regulators of apoptosis that function by
binding and inhibiting caspases; the family includes XIAP
(which inhibits caspases 3, 7, and 9); survivin (only expressed
in tumor cells and has also a role in cell cycle); and SMACs
peptides, which can inhibit IAPs (hence SMAC peptidomi-
metics can enhance apoptosis). MDM2 is a protein that binds
to p53 and negatively regulates its activity and stability. There-
fore the MDM2-mediated loss of p53 will impair the cell’s
ability to block cell cycle progression and induce apoptosis in
response to DNA damage. This provides a rationale to design
small peptides that are antagonists of MDM2, several of which
are currently in preclinical phase including the nutlins groups
which showed activity in xenografts models.

Histone deacetylase (HDAC) inhibitors
The chromatin structure (open versus closed chromatin)
affects gene transcription. This occurs as a result of the oppos-
ing activities of two types of enzymes: the HDACs (that
remove acetylation residues) and the histone acetyl-trans-
ferases (HATs) (that add more acetylation residues). The regu-
lation or balance of acetylation of histones will then impact
gene transcription and it is estimated that HDACs will alter
the transcription of about 2–10% of expressed genes (increased
or decreased). Inhibitors of HDAC represent a new class of
targeted anticancer agents with now several structural classes
of HDAC inhibitors developed, including the short-chain fatty
acids (the benzamides [MS-275]), the cyclic peptide depsipep-
tide (FK-228), and suberoylanilide hydroxamic acid (SAHA).
HDAC inhibitors have been shown to cause cultured, trans-
formed cells to undergo growth arrest, terminal differenti-
ation, and apoptosis. So far the activity of HDAC inhibitors
has been mostly in cutaneous T-cell leukemia (CTCL) and
there is preliminary evidence of activity in other B-cell NHL
as well.267 However, HDAC inhibitors have also been found to
be additive and in some instances synergistic with a number of
anticancer agents including radiation, anthracyclines, flavopir-
idol, and proteasome inhibitors258,268 providing a rationale for
additional ongoing studies which include MCL268 where pre-
clinical models show a downregulation of cyclin D1. The
aggresome, which can also be inhibited by HDAC (especially
HDAC6), is an important target in this setting. Proteins are
sequestered and stabilized within the aggresome, in response
to stress, including endoplasmic reticulum stress in response to
proteasome inhibition. Aggresome disruption (through
targeting of HDAC6 especially) as shown in recent models
provides also new rationale for future combinations.269
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Other agents
Flavopiridol (alvocidib)

The overexpression of cyclin D1 in MCL makes it an
attractive target for potential therapeutic agents. Flavopir-
idol, a synthetic N-methylpiperidinyl, chlorophenyl flavone
compound, has been found to block several cyclin-depend-
ent kinases (CDKs) including complex CDK4-cyclin D1.
Extensive preclinical work including in MCL cell lines
showed activity of flavopiridol supporting its use in the
clinic. The initial clinical experience was disappointing in
terms of efficacy (11% ORR only PR).270,271 Pharmacoki-
netic elegant work led to new schedules (bolusþ 3 hours
infusion)272 with impressive preliminary results as single
agent in CLL and MCL alone or in combination with
rituximab and/or fludarabine.273,274 Several second-gener-
ation CDK inhibitors are in development including PD0–
332991, which selectively inhibits CDK4/6, and is being
tested in MCL as well.

Protein kinase C (PKC) inhibitors

Bryostatin, which seems to have both cytotoxic and immu-
nomodulatory properties, has been in early clinic develop-
ment for several years and has not yet proven of substantial
benefit as single agent. Other PKC inhibitors including
enzastaurin275 are being evaluated and preclinical studies
suggest that these compounds might be more potent in the
combination setting with other cytotoxics as seen for other
biologicals.

IKB kinase (IKK)/NF-κB stabilizers

Nuclear factor-kappa B (NF-kB) is a collective term that refers
to a small class of dimeric transcription factors that control a
number of genes, including growth factors, angiogenesis
modulators, cell-adhesion molecules, and antiapoptotic
factors. The most common p50-RelA (p65) dimer known
specifically as NF-kB is relatively abundant, controls the
expression of numerous genes and seems involved in chemore-
sistance. The NF-kB complex exists as an inactive cytoplasmic
dimer bound to inhibitory proteins of the IKB family. The
inactive NF-kB-IKB complex is activated by a variety of stim-
uli, including proinflammatory cytokines, mitogens, growth
factors, and stress-inducing agents (including chemotherapy
and radiation). The phosphorylation of IKB induces the release
of NF-kB, which can then translocate to the nucleus, where it
promotes cell survival by initiating the transcription of genes
encoding stress-response enzymes, cell-adhesion molecules,
proinflammatory cytokines, and antiapoptotic proteins. Con-
stitutive activation of NF-kB in the nucleus is observed in
several types of lymphoma including MCL where it appears
to be a great target for novel therapies,115 though contrary to
the initial thinking, NF-kB does not appear to be a significant
player in proteasome inhibition efficacy in MCL as suggested
by biomarkers results. Several small molecule inhibitors of the

IKB kinase (PS115; BAY 11–7082 and AS602868) (which
would trap NF-kB) are currently in development with a strong
rationale for trials in several subtypes of NHL including
MCL.276,277

Conclusions
1. The biology of MCL results from the combination of three
factors: cell cycle disruption (proliferation index þþþ),
DNA damage response defect (> 80% MCL have secondary
genomic alterations), and dysregulation in survival
pathways (chemoresistance).

2. There is NO standard and effective or curative therapy yet
defined in MCL, which typically presents as advanced
disease.

3. The overall prognostic of MCL remains poor especially in
the relapse setting, though the median OS has doubled in
the last two decades.

4. Dose-intense approaches such as R-HyperCVAD or
R-chemo induction followed by HDT-ASCT are routinely
used in patients < 65 years. They clearly prolong PFS but
are still debated (patient selection and questionable impact
on OS).

5. New strategies are needed in the elderly given the median
age at diagnosis (mid 60s); this represents half of MCL
patients.

6. Rituximab appears beneficial in combination with
chemotherapy, and as part of consolidation with ASCT; its
role in OR maintenance is still being evaluated. New anti-
CD20 mAbs are currently being tested and might improve
on the modest contribution of rituximab in MCL.

7. Allotransplantation especially “miniallo” might be curative
in a subset of patients though cGVH occurs in > 50%
of patients.

8. A multitude of novel agents are currently being tested in
MCL, including proteasome inhibitors (bortezomib),
mTOR inhibitors (temsirolimus, RAD-001), and IMiDs
(lenalidomide), which all have clear single-agent activity.

9. The integration of these novel or biologic/targeted
therapies with other regimens remains to be defined,
underlining again a much-needed effort to enroll MCL
patients on clinical trials.

10. A better understanding of the heterogeneity of MCL
might allow a better stratification of patients and help
develop novel therapies targeting relevant biologic
mechanisms. This overall will hopefully in the future
guide our treatment algorithm and improve patients’
outcomes.
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Chapter

18 Follicular lymphomas

Francisco J. Hernandez-Ilizaliturri and Myron S. Czuczman

Introduction
Follicular lymphoma (FL) is the most common type of indolent
B-cell lymphoma diagnosed in the United States. A better
understanding of the biology of disease and the development
of novel targeted agents are challenging prior dogmatic
concepts regarding the standard therapeutic approach to FL.

In recent years, the lymphoma field has seen significant
progress with respect to the identification of clinical, tumor-
associated, and host-associated prognostic factors, as well as the
development of novel functional imaging (e.g., positron emission
tomography [PET] scans). Improvements in molecular diagnos-
tics allow a clearer distinction between various lymphoma sub-
types. Perhaps the single most important advance has been the
development and integration of monoclonal antibodies (mAbs)
into the treatment of B-cell lymphoma which has resulted in a
steady improvement in progression-free survival (PFS) and over-
all survival (OS) of patients. This chapter summarizes the
advances achieved in the last two decades that have led to the
current approach and management of patients with FL.

Pathogenesis of FL
As technology and its applications have improved over the last
two decades, there has been a parallel improvement in our
understanding of the molecular mechanisms responsible not
only for the development of FL, but also to explain its clinical
heterogeneity. Ontologically, FL arises from germinal B cells
usually as a result of deregulation in the apoptotic machinery.
FL was one of the first lymphomas in which a molecular defect
was defined.1 The characteristic t(14;18) translocation that
deregulates the BCL2 gene, a key regulator of the cell death
process, was recognized in FL patients in the early 1980s and
the translocation partners were cloned and identified by sev-
eral investigators.2–4

In contrast to normal germinal B cells, FL harboring
the t(14;18) or similar genetic aberrations evade programmed
cell death upon antigenic selection and become immortal-
ized. The t(14;18) translocates the BCL2 gene to the

immunoglobulin heavy chain (IGH) gene locus, placing the
BCL2 gene under the influence of the IGH enhancer, resulting
in the overexpression of BCL2 protein. While the majority
of the FL will express higher levels of BCL2 (90%) this can
also be the result of other less common observed genetic
translocations such as t(2;18) and t(18;22).5–7 Approximately
10% of the FL do not express BCL2, suggesting the existence of
alternative mechanisms for preventing apoptosis (e.g., survi-
vin, Mcl-1, BCL-XL, etc.).7,8 It has been demonstrated that
BCL2-negative FL may produce BCL2 protein in a mutated
but functional form that does not react with commonly used
anti-BCL2 antibodies for immunohistochemistry (IHC) or
Western blotting.9

The t(14;18) or similar genetic aberrations are necessary
but not sufficient alone for the transformation of a germinal
B cell into a malignant state. BCL2 transgenic mice develop
polyclonal B-cell hyperplasia of long-living resting B cells.10

Transformation into a monoclonal B-cell lymphoma occurs
only after a long period of latency where the acquisition of
secondary genetic “hits” takes place.11

Similar to what was observed in the transgenic mice models,
the majority of patients with FL show at least one additional
karyotypic abnormality in addition to the t(14;18) with an
average of six alterations.12 These findings support a natural
selection model of accumulation of genetic abnormalities
and clonal selection in the development and progression of
FL. The complexity of the genetic alterations increases parallel
to the histologic grade and degree of transformation.12–14 Stud-
ies from the British Columbia Cancer Agency have identified
cytogenetic abnormalities present early in the course of the
disease such as �6q, dup der(18)t(14;18), and þ7/þ8 as com-
pared to del17, þ12, þ1q, and �1p which are observed as late
events.15

High-output technologies such as gene microarrays are
providing insightful information in the biology and prognosis
of B-cell lymphomas, including FL.16–21 The tumor microenvir-
onment appears to play an important role in the development,
maintenance, and progression of FL.19–21 Recently available
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gene expression data demonstrated the existence of two gene
signature profiles that reflect two subtypes of non-malignant
tumor-infiltrating immune cells. The first gene-signature profile
was named immune response 1 and is characterized by high
expression of T-cell marker genes. The second gene signature
was named immune response 2 and is characterized by genes
preferentially expressed by dendritic cells (DC) and/or
macrophages.19

The delicate balance between the type and activation state
of DC, T-cells, and macrophages that results in the genetic
signatures detected by microarray technology (e.g., immune
response 1 vs. immune response 2) can be potentially driven by
the genetic alterations observed in the FL cells and potentially
impact clinical behavior, “sensitivity” to rituximab therapy,
and transformation risk. In her seminal paper, Dr. de Jong
postulated a model for the development of FL that incorpor-
ates the information obtained from cytogenetic studies and
microarray gene profiling.22 She proposes the existence of a
dual model for FL. The initial event is the resistance to apop-
tosis upon antigen selection secondary to BCL2 overexpression
driven by the t(14;18) or equivalent genetic aberrations. Sub-
sequently, early secondary alterations will affect the tumor
microenvironment resulting in the progression of FL into
two separate subtypes of FL. The first one is a poor-prognosis
pathway characterized by the induction of activated DC and
activated T cells and manifested by rapid clinical progression
and early transformation into diffuse large B-cell lymphoma.
The second one is a good-prognosis pathway that results in a
resting DC and T-cell network manifested by genetic stability
and slow clinical progression. Therefore, FL is likely a disease
of functional B cells in which the clinical behavior is deter-
mined by the intrinsic characteristics of the malignant cells
and their interactions with surrounding immunologic
cells.19,21 Current research will likely further elucidate the
important relationship between FL and the tumor microenvir-
onment and concomitantly lead to the development of thera-
peutic strategies with novel mechanisms of action and
improved therapeutic indices compared to standard che-
motherapeutic agents.

Risk stratification and prognostic factors in FL
The clinical course of FL while manifested by multiple
relapses varies from patient to patient. It is unclear to phys-
icians and scientists why some FL patients have a long and
indolent disease course while others have a more aggressive
course or even early transformation and death. In addition, as
the spectrum of therapeutic approaches for FL patients is
becoming as diverse and varied as the course of the disease
(e.g., from “watchful waiting” to high-dose chemotherapy and
autologous or allogeneic stem cell transplantation [SCT]), it
has become a major challenge to determine the optimal type of
therapy (e.g., immunotherapy, chemoimmunotherapy, radio-
immunotherapy, SCT, etc.) and its optimal sequencing for an
individual patient.

Development of clinical predictors of outcome
in FL patients
The development and validation of an accurate and easily available
prognostic index for FL has facilitated the development of treat-
ment algorithm plans, enabled crosstalk between investigators, and
improved the understanding of the results of clinical studies.23–25

At the beginning the International Prognostic Index (IPI) criteria,
originally developed for patients with diffuse large B-cell lymph-
oma, was applied to FL. Early enthusiasm for the use of IPI in FL
was followed by the realization that it was lacking in its ability to
distribute patients between all risk groups.23,24 Subsequently, a
multinational effort resulted in the development and validation of
the Follicular Lymphoma International Prognostic Index (FLIPI).
The FLIPI score has evolved into a valuable tool for assessing FL
risk and in helping to assess the comparability of patient popula-
tions between different clinical trials.25 Briefly, the FLIPI score was
designed by studying clinical characteristics of 1795 newly diag-
nosed FL between 1985 and 1992 across 27 different cancer centers
that were treated with various chemotherapeutic approaches. Sev-
eral clinical parameters known to affect the outcome of FL patients
were tested in the patient population using a univariate and multi-
variate analysis. The statistical analysis identified five variables that
strongly and independently were associated with a poor clinical
outcome: age> 60 years,AnnArbor stage III–IV, hemoglobin level
< 12g/dL, LDH > upper limit of normal (ULN), and > 4 nodal
sites of disease (Figure 18.1). Based on this clinical characteristic FL
patients could be categorized in three risk groups with different
5- and10-year survival rates: “low-risk” (0–1 adverse factor present)
with 5- and 10-year survival rates of 90.6% and 70.7%, respectively;
“intermediate risk” (2 factors present) with 5- and 10-year survival
rates of 77.6% and 50.9%, respectively; and “high-risk” (� 3 risk
factors present) with 5- and 10-year survival rates of 52.5% and
35.2%, respectively (Figure 18.1). The clinical outcome estimatedby
the FLIPI score was subsequently validated in 919 consecutive FL
patients by the same group of investigators, proved superior to IPI,
and sustained its predictive value even in patients receiving front-
line chemoimmunotherapy (i.e., R-CHOP [rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisone]).25,26

While the development of the FLIPI score has aided in
improving the categorization of FL patients in clinical studies,
there exists an important goal to further risk-stratify FL patients
by incorporating biologic information into risk calculations.
An initial effort was the use of morphological parameters in
the biopsy specimen (e.g., histologic grade or the presence of
diffuse areas). However, because of lack of reproducibility these
factors were not widely accepted. One notable exception to this
is the “poor-risk” distinction of grade 3B FL from the rest of FL
since this subset has a clinical behavior similar to patients with
diffuse large B-cell lymphoma (DLBCL).27–29

Recent and ongoing studies looking at gene expression
profiles and proteomic arrays are potentially more powerful
and innovative strategies for risk stratification, but require
validation and standardization before they are implemented
in clinical practice.
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Prediction of survival in FL based on gene expression
signatures and validation studies
Dave et al. on behalf of the Leukemia Lymphoma Molecular
Profiling Project (LLMPP) consortium reported the identifica-
tion of two main gene signature profiles that were independ-
ently associated with FL survival.19 The investigators of
the LLMPP consortium conducted a whole-genome microar-
ray analysis of nucleic acids in 286 FL specimens using

affymetrix microarrays. Of the two main gene signature pro-
files, immune response 1 included genes encoding for T-cell
markers and the immune response 2 included genes associated
with DC and macrophage markers. The investigators built
and validated a molecular predictor score based on these two
gene signatures and were able to classify patients in four risk-
categories with different survival (Figure 18.2).19 Of interest,
the genetic alterations observed in the microarray analysis by
the LLMPP consortium were restricted to the non-malignant
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tumor-infiltrating cells, stressing the likely importance of the
tumor microenvironment in the development, maintenance,
and progression of FL. It is important to note that the specimens
obtained in this study consisted of lymphoma specimens treated
in the pre-rituximab era when extrapolating data in today’s
immunotherapy-based therapies and need further prospective
validation in the context of well-designed clinical trials.

Recently, Harjunpää et al. attempted to differentiate the clin-
ical outcomes of 64 FL patients treated with R-CHOP using
oligonucleotide microarrays.30 In this innovative study, the
investigators were able to identify and validate via quantitative
polymerase chain reaction (qPCR) and IHC three genes associ-
ated with differences in duration of response following R-CHOP
therapy. High levels of EPHA1 (a tyrosine kinase involved in
trans-epithelialmigration) and low levels of SMAD1 (a transcrip-
tion factor) andMARCO (a scavenger receptor onmacrophages)
were associated with better PFS. Although the patient population
study was small and validation studies were not consistent, their
data demonstrated that non-tumor immune cells appear to play a
major role in sensitivity to R-CHOP chemoimmunotherapy.30

Additional studies using whole-genome microarrays have
focused on evaluating the risk of transformation and/or
responsiveness to rituximab immunotherapy. The results
obtained from these studies further support the importance
of immune cells surrounding the malignant B cell in the
clinical behavior of FL patients.20,31

Finally, an elegant study recently addressed the influence of
the cytokine environment in the clinical outcome of patients
with FL. The investigators postulated that germline single
nucleotide polymorphisms (SNPs) present in immune genes
can be responsible for differences in the survival of patients
with FL. Using an extremely complicated statistical analysis,
the investigators were able to identify four SNPs in the interleu-
kin (IL)-8, IL-2, IL-12B, and IL-1RN (IL-1 receptor antagonist)
genes associated with survival. Using these four SNPs the inves-
tigators were able to create a risk score and classify patients in
three groups, low, intermediate, and high risk associated with
different 5-year survival (i.e., 96%, 72%, and 58%, respect-
ively).32 The potential value of this study lies with the wide
availability of the technique used for SNPs detection. However,
further studies to confirm this finding in independent cohorts
are underway before it is recommended for clinical practice.

Attempts to extrapolate data from gene profiling
studies to immunohistochemical biomarker
studies to predict prognosis in FL
The results obtained from gene microarray studies prompted
several investigators to attempt to validate the prognostic
factors at the protein level using less expensive, readily avail-
able laboratory techniques (e.g., IHC).33–37 One group of
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investigators reported that a high number of tumor-infiltrating
macrophages (TAM), as determined by CD68 staining, was
associated with a poor clinical outcome in FL patients treated
with systemic chemotherapy.33 Subsequently, this observation
was also noted by other researchers in patients receiving
rituximab in combination with systemic chemotherapy þ/�
interferon.34 Of interest, Taskinen et al. reported that a high
number of TAM was associated with a better clinical outcome,
whereas a higher number of tumor-infiltrating mast cells (MC)
was associated with a worse prognosis in FL patients receiving
R-CHOP chemoimmunotherapy.35,37 The conflictive result
observed in IHC studies stresses not only the limitation of
currently available laboratory techniques, but also how ritux-
imab therapy may change the predictive value of previously
validated prognostic factors which utilized different therapy.
The ongoing challenge is to identify and prospectively validate
predictor factors that can be implemented to different thera-
peutic interventions, so that they can be used in tailoring
treatments for FL patients. The establishment of tissue banks
at academic centers to preserve lymphatic tissue at time of
diagnosis and relapse (e.g., especially “paired” specimens) is
critical in order to provide researchers with ample material
that can be used in the future development and validation of
biomarkers in FL.

Management of FL: changing the natural
course of the disease
In contrast to aggressive forms of B-cell lymphomas, FL has
long been considered an incurable disease. The historical course
of the FL is classically characterized by initial response to a given
therapy, followed by subsequent relapses with shorter periods of
remission and subsequent development of refractory disease.
Outcomes were not significantly altered by the use of standard
chemotherapy þ/� radiotherapy approaches.

The use of single-agent chemotherapy agents (e.g., alkylating
compounds, nucleoside analogs), or combination chemotherapy
regimens (e.g., CHOP or cyclophosphamide, vincristine, and
prednisone [CVP]) were felt to be promising initially, but did
not result in a prolonged duration of response or improvement
in OS in FL. In fact, a standard systemic chemotherapy
approach did not extend OS beyond what could be obtained
by initial “watchful waiting” followed by palliative therapy upon
development of symptomatic disease.

As a result of the data generated from these early clinical
trials, a dogma regarding the incurability of FL dominated the
medical field for several decades. The development and inte-
gration of promising targeted therapies (e.g., initially rituxi-
mab and radioconjugated anti-CD20 mAbs) appear to be
changing the historic treatment paradigm in FL patients today.

There are several challenges encountered by the oncologist
managing patients with FL. Controversies exist regarding
the best time to start therapy, how to choose between varied
treatment options, how to balance the efficacy versus toxicity
when making treatment decisions, and which end points

(e.g., palliation of symptoms versus long-term disease-free
survival [DFS]) are to be achieved.

Challenges in determining the best time to initiate
local or systemic therapy in patients with FL
Some clinical scenarios are associated with relatively straight-
forward treatment decisions: (1) Stage I or II FL (refers to
World Health Organization [WHO] follicular lymphoma,
grade 1 or 2 throughout this text, unless otherwise specified)
treated with involved-field radiation therapy (IFRT); or
(2) advanced-stage FL patients with progressive/symptomatic
disease treated with systemic therapy. The Groupe pour l’Etude
de Lymphome Folliculaire (GELF) and The British National
Lymphoma Investigation (BNLI) had proposed and used
defined criteria for patients for whom immediate therapy is
necessary (Table 18.1).38,39 For the relatively lucky 15–30% of
FL patients to be diagnosed with stage I or II disease, upfront
IFRT has been shown to give long-term local control
and possible cure in a significant subset of patients.40,41 More
commonly, FL patients are found to have asymptomatic,
advanced-stage disease at presentation. As mentioned above,
few physicians would question the necessity of initiating therapy
in those FL patients with symptomatic and/or rapidly progressive

Table 18.1. Criteria for starting a cytotoxic treatment in patients with
follicular lymphoma (FL)

The Groupe pour l’Etude de
Lymphome Folliculaire (GELF)

The British National
Lymphoma Investigation
(BNLI)

High tumor bulk defined by either:
A tumor > 7 cm
3 nodes in 3 distinct areas each
> 3 cm

Rapid generalized disease
progression in the
preceding 3 months

Symptomatic spleen enlargement

Organ compression

Ascites or pleura effusion

Presence of systemic symptoms Life-threatening organ
involvement

ECOG performance status > 1 Renal infiltration

Serum LDH or β2-microglobulin
above normal values

Bone lesions

Presence of systemic
symptoms: Hemoglobin
< 10 g/dL or WBC count
< 1.5� 109/L, or platelet
counts < 100� 109/L;
related to bone marrow
involvement

Notes: LDH: lactate dehydrogenase; WBC: white blood cell; ECOG: Eastern
Cooperative Oncology Group.
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disease at time of diagnosis. However, the accepted and long-
honored practice of “watchful waiting” of asymptomatic
advanced-stage FL patients needs to be reanalyzed and revali-
dated in today’s era of targeted therapies. In the pre-rituximab
era, standard chemotherapy-based treatments, whether single-
versus multiagent (e.g., oral cyclophosphamide; CVP; CHOP;
fludarabine�mitoxantrone� dexamethasone [FMD], etc.), did
not appear to change the natural relapsing history or OS for FL
patients. Historically, patients with advanced-stage FL were
found to have a median OS of 8–10 years.42 The delay of “toxic”
therapy until “needed” allowed patients to maintain a better
quality of life by avoiding acute chemotherapy-associated side
effects and perhaps even long-term toxicities by limiting cumu-
lative doses of drugsþ/� IFRT associated with the development
of secondary myelodysplastic syndromes (MDS) or acute myelo-
genic leukemia (AML).

In view of the ability to achieve prolonged (i.e., � 5 years)
remission duration from recent trials evaluating upfront
immunotherapy/radioimmunotherapy alone or in combin-
ation with standard chemotherapeutic regimens brings
the age-old practice of watchful waiting for the majority of
asymptomatic FL patients into question yet again. Several
important clinical trials addressing the issues of watchful
waiting versus immediate treatment with “conventional”
therapy need to be briefly reviewed. The US National Cancer
Institute (NCI) studied 104 advanced indolent lymphoma
patients in a randomized clinical trial as follows: 44 were
randomly assigned to “watch-and-wait”; 45 assigned to aggres-
sive, upfront combination chemotherapy with prednisone,
methotrexate, doxorubicin, cyclophosphamide, plus etoposide
plus mechlorethamine, vincristine, procarbazine, prednisone
(ProMACE-MOPP), followed by total nodal irradiation
(TNI); and 15 “symptomatic” patients requiring therapy
received the aggressive combination chemotherapy without
randomization.43 Of note, patients in the “watch-and-wait”
arm could receive palliative RT to control localized disease
and remain in the “watch-and-wait” group, but would be
treated with ProMACE-MOPP for non-localized progressive
disease. Initial results demonstrated OS at 5 years of greater
than 75% in both arms, but of interest was a 4-year DFS of 51%
vs. 12% and “continuous” DFS of 51% vs. 0% noted in favor of
the initial aggressive therapy arm vs. watchful-waiting arm,
respectively. As part of a commentary on a FL review article,
principal investigator Dr. Dan Longo briefly updated this NCI
trial: he noted that in 1997, with a median follow-up of 13 years,
no difference in OS was seen between arms; however, 75% of
patients assigned to aggressive treatment who were alive were
“continuously” cancer-free, in contrast to 75% of the patients
in the watch-and-wait arm who were alive with lymphoma.44

Brice et al. from the GELF randomized low-tumor-burden
FL patients between initial watch-and-wait, predimustine
(200mg/m2 per day for 5 days per month� 18 months), or
interferon alpha (IFN-α) (5MU/day for 3 months, then 5MU
thrice weekly� 15 months).38 Deferred therapy was found
to not adversely affect 5-year OS, which was 78%, 70%, and

84% in arms 1, 2, and 3, respectively. However, neither single-
agent predimustine, nor IFN-α would be considered as
standard therapies for treatment of FL by oncologists today.
A multicenter trial done by the BNLI randomized more than
300 asymptomatic, advanced-stage indolent (204 FL) lymph-
oma patients to immediate chlorambucil (up to 10mg po qd
until complete response [CR]) versus delayed chlorambucil
(i.e., started at time of clinical progression).39 Following a
median follow-up of 16 years, OS was similar in both groups
(i.e., 5.9 years with immediate chlorambucil and 6.7 years
with observation). Of interest was the observation that
immediate-therapy patients had higher CR rates (i.e., 63%
CR) compared with delayed-therapy patients (i.e., CR rate of
27%). These data suggest that asymptomatic FL may be more
sensitive to oral alkylator therapy earlier on as compared to later
on during its natural history. It is unknown whether a lower CR
rate in prior watch-and-wait patients is associated with a
reduced efficacy of subsequent therapies. Lastly, Peterson et al.
published a Cancer and Leukemia Group B (CALGB) study in
which 228 newly diagnosed stage III/IV follicular small cleaved
cell (FSCC) and follicular mixed lymphoma (FML) patients
were randomized between one of two immediate-treatment
arms: oral cyclophosphamide versus CHOP-bleomycin com-
bination chemotherapy.45 No treatment advantage was seen in
either group: at 10 years overall time to failure was found to be
25% versus 33% (p¼ 0.107) and OS of 44% versus 46%
(p¼ 0.79) between the two arms, respectively. Approximately
50% of the patients in both arms were asymptomatic. In an
unplanned subgroup analysis, it was found that FML patients
who received combination CHOP-bleomycin had improve-
ment in disease control and survival compared to patients
treated with oral alkylator therapy. At the current time it would
be extremely tedious, if not nearly impossible, to attempt to go
back and re-examine individual patients and data from the
aforementioned trials with respect to: reassigning pathology
using current WHO classification criteria; utilizing and docu-
menting the FLIPI score of each study patient to ensure that
we are comparing “similar” populations between treatment
arms and different studies; applying the same response criteria
in all studies; and comparing the restaging methods and sched-
ule between all studies to determine their potential impact on
outcomes. A plausible explanation as to why OS was not
impacted between treatment arms in the aforementioned
studies is that pure chemotherapy-based non-myeloablative
therapies lack “curative” potential. Comparing today’s novel
target-specific therapeutic approach and optimistic results
from recent chemoimmunotherapy and radioimmunotherapy
trials, the results from earlier studies could be summarized
as: “Suboptimal therapy in¼ suboptimal results out!” In order to
help answer the original question: “When is the best time to start
therapy for patients with FL?” a large national/international
watchful-waiting versus immediate “chemoimmunotherapy-
based” clinical trial in advanced-stage asymptomatic FL
patients with monitoring of well-described clinical, laboratory,
and pathological features is warranted. Possibly, newly
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diagnosed FL patients with “good-risk” disease may prove to be
the optimal subgroup to benefit from today’s novel biological-
based treatments.

Navigating the treatment options
for patients with FL
Once the decision to start therapy has been made, the practicing
oncologist is facedwith the challenge of which therapy to use first
and how to balance the benefit:risk ratio for each FL patient.
Before definitive guidelines can be developed, additional infor-
mation with respect to a better understanding of the optimal
antitumor activity of agents for a given subset of FL patients,
as well as their optimal “sequencing” in order to not diminish
the number of future therapeutic options, is needed. At the
current time, the “aggressiveness” of either initial or subsequent
treatment is largely dependent on several factors: (1) tumor
characteristics (rate of tumor growth, tumor bulk, etc.);
(2) clinical/laboratory characteristics (e.g., FLIPI score; elevated
LDH, etc.); and (3) patient characteristics (e.g., comorbidmedical
problems, “goal of therapy,” patient’s wishes). Recent publica-
tions that evaluate prognostic factors associated with response to
a specific therapy (e.g., rituximab monotherapy or combined
chemoimmunotherapy)46–48 will hopefully help guide future
treatment decisions. Furthermore, a review of the literature on
radioimmunotherapy (RIT) strongly suggests that patients
achieving CRs (e.g., more prevalent in low tumor burden and/
or non-bulky disease) are the subgroup that achieve the longest
DFS from this treatment modality.49,50 In general, it is our
opinion that the ideal upfront treatment strategy to use is an
induction regimen that (based on the patient’s clinical and bio-
logic characteristics) will hopefully achieve the highest rate of
complete molecular response (Figure 18.3).

Biologic agents
Historically, cytokines were one of the first targeted agents
utilized against non-Hodgkin lymphoma (NHL). IFN-α is a
cytokine with various effects in both immunoeffector and
cancer cells. In effector cells, IFN-α: increases the expression
of MHC class I antigens, stimulates the secretion of other
cytokines, and/or augments the cytotoxic activity of natural
killer (NK) cells.51 On the other hand, IFN-α lowers the sensi-
tivity threshold to the action of other cytokines in tumor cells.51

In vitro studies revealed that IFN-α enhances the antitumor
activity of anti-idiotype antibodies or immunotoxins; the
synergistic effects observed are via upregulation of antigen
expression and/or enhanced cellular cytotoxicity.52–55 IFN-α
has been used, with modest antitumor activity, in patients
with low-grade NHL as a single agent or in combination with
anthracycline-containing regimens.56,57 A major obstacle to
the practical use of IFN-α is its toxicity profile and limited
antitumor activity.

IL-2 is a cytokine produced by T cells that affects the
function of normal B lymphocytes, NK cells, and monocytes.
In vitro studies had demonstrated NK cell expansion

and activation occurs following IL-2 exposure.58,59 In addition,
multiple preclinical models have demonstrated that IL-2
enhances the antitumor activity of various monoclonal anti-
bodies including rituximab.60–62 Clinical trials are exploring
alternate IL-2 formulations, dosing, and/or schedules of
administration in rituximab-refractory lymphoma patients.63,64

The development of monoclonal antibodies (mAbs)
for the treatment of FL
The concept of using mAbs to treat lymphoma was initially
tested in the early 1980s when two independent groups of
investigators reported the first cases of lymphoma patients
responding to a mouse anti-idiotype antibody.65,66 However,
other early clinical studies proved disappointing. Several factors
contributed to poor outcomes: (1) suboptimal antigen selection
(i.e., modulation of the antibody–antigen complex or antigen
shedding); (2) rapid clearance of antibody; and/or (3) develop-
ment of host immune response to the murine mAb (i.e., pro-
duction of human anti-mouse antibodies by the host).67,68

Advances in molecular biotechnology and tumor immunology
have led to the development of chimeric or humanized/human
mAbs with increased biologic activity, longer half-lives, and less
immunogenicity. Results from recent clinical trials have con-
firmed the improved antitumor activity of these newer mAbs,
particularly rituximab.69–71

Rituximab is an IgGk chimeric mAb directed against the
CD20 antigen expressed on normal B cells and the majority of
B-cell NHLs.15 Four weekly doses of rituximab are well toler-
ated and result in clinically meaningful responses in up to 50%
of previously treated indolent NHL patients.70,71 As a result of
the initial clinical studies, rituximab became the first mAb to
be approved by the US Food and Drug Administration (FDA)
to treat patients with B-cell lymphoma.69 However, in ~50% of
previously chemotherapy-treated indolent NHL patients
treated with rituximab, little to no clinical benefit can be
demonstrated. Scientific efforts to improve its antitumor activ-
ity are based on improving the understanding of the biology of
the CD20 target and the mechanisms of action of rituximab.

Several biologic effects have been postulated as rituximab’s
primary mechanism of antitumor activity, including:
antibody-dependent cellular cytotoxicity (ADCC), comple-
ment-mediated cytotoxicity (CMC), and induction of apop-
tosis/anti-proliferation. A major area of research is the study of
intracellular signals that result in apoptosis of lymphoma cells
following binding of rituximab to the CD20 antigen and
factors associated with activation of the innate immune
system.72–83 Currently, the function(s) of CD20 has not been
identified. Previous CD20 knockout mice studies failed to
show an abnormal murine phenotype.84 Exposure of lymph-
oma cells to rituximab results in the activation of the Src-
family of protein tyrosine kinases, leading to phosphorylation
of PLCγ2 and increased cytoplasmic Caþþ.73–79 These early
signal transduction events activate caspase 3 to promote apop-
totic cell death of NHL B cells.77 In addition, in vitro exposure
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of lymphoma cell lines to rituximab is associated with a sus-
tained phosphorylation of p38-MAP, JNK, and ERK kinases.78

Signaling had been demonstrated in lymphoma cells primarily
following cross-linking of rituximab with a secondary anti-
body (usually a goat anti-mouse or mouse anti-human) or by
Fc-receptor-bearing accessory cells79 (Figure 18.4). We have
recently demonstrated that neutrophils may be necessary for
optimal antitumor activity of rituximab, corroborating find-
ings reported by other investigators.82,83 Reorganization of the
CD20 receptor into lipid raft domains occurs following ritux-
imab binding and precedes the aforementioned signaling
events.85,86 Structural changes in CD20 antigen may affect
cellular responses to rituximab. Specific mutations and

deletions in the intracellular domain of CD20 were transfected
into Molt-4 lymphoblastic T cells and resulted in a significant
decrease in CD20 reorganization into lipid raft domains and
reduction in signaling events, without affecting the extracellu-
lar binding of rituximab.86

Preclinical studies demonstrate augmented antitumor
activity between rituximab and chemotherapy agents.87,88

Inhibition of IL-10 by rituximab results in downregulation
of BCL2 and sensitization of NHL cells to chemotherapy-
induced apoptosis.87 Moreover, pretreatment of “resistant”
B-cell lymphoma cell lines with fludarabine results in down
regulation of CD59, a complement inhibitory protein, and
increased sensitivity to rituximab-induced CMC.88
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Figure 18.3 Algorithm that simplifies the
approach to patients with follicular lymphoma (FL).
FLIPI: Follicular Lymphoma International Prognostic
Index; IFRT: involved-field radiation therapy; GELF:
Groupe pour l’Etude de Lymphome Folliculaire;
BNLI: British National Lymphoma Investigation;
BMT: bone marrow transplant; RIT: radio
immunotherapy; SCT: stem cell transplantation.
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Rituximab monotherapy in B-cell lymphomas
Rituximab monotherapy was initially tested in relapsed and
refractory B-cell lymphoma then subsequently in the frontline
setting. The initial pivotal trial included refractory/relapsed
indolent lymphomas, including FL, and demonstrated that
four doses of rituximab administered at weekly intervals pro-
duced a response rate of 50% with a median duration of
response of 12 months.71 A subsequent study determined that
a subset of FL patients (40%) could be successfully retreated
with a second course of rituximab at the time of disease
progression. Moreover, the duration of the second response
in this group of patients exceeded the duration of the first
response (18 months versus 12 months).89 Several clinical
observations noted from the initial rituximab clinical trials
were used to design subsequent clinical studies such as:
(1) response rate was higher among patients receiving ritux-
imab “earlier than later” (e.g., as second-line therapy compared

to third-line or greater); and (2) response rate inversely correl-
ated with the bulk of the disease.

Two groups of investigators studied the use of rituximab as
frontline in FL patients. Approximately two-thirds of the
patients (72–73%) achieved a clinical response and 26–35%
of the patients achieved a CR or unconfirmed CR (CRu).90,91

In contrast to previously treated patients, the duration of
response lasted an average of 26 months; some patients
with low-bulk disease without evidence of PCR-detectable
minimal residual disease (MRD) remained in CR for more
than 7 years.92 It is important to note that patients enrolled
into these two clinical trials consisted of patients with FL grade
1 or 2, normal LDH, and low FLIPI or IPI scores.

Ongoing research is aimed to further characterize the subset
of FL patients most likely to benefit from rituximab monother-
apy in an attempt to reduce unnecessary therapy-related toxicity
from concurrent chemotherapy. Recently published in vivo
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Figure 18.4 Proposed mechanisms of action of
rituximab (a). Signaling events following rituximab
binding to CD20 (b and c). Recruitment of CD20
into lipid raft domains followed by activation of
the Src family of protein tyrosine kinases, leading
to phosphorylation of phospholipase C-γ2
and increased cytoplasmic Caþþ. Cleavage of
caspase 3 promotes apoptosis of NHL B cells.
Phosphorylation of p38-MAP and ERK kinases
occurs (b). Inhibition of interleukin-10 with
subsequent downregulation of BCL2 has been
demonstrated (c). ADCC: antibody-dependent
cellular cytotoxicity; CMC: complement-mediated
cytotoxicity; PBMC: peripheral blood mononuclear
cell; IL: interleukin; NHL: non-Hodgkin lymphoma;
BCR: B-cell receptor; PKC: protein kinase C; PLC:
phospholipase C; DAG: diacylglycerol; IP3: inositol
triphosphate.
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studies demonstrate that FcγR receptor expression is necessary
to eradicate NHL in a murine animal model, suggesting
that ADCC plays a significant role in rituximab’s activity.82

Furthermore, certain polymorphisms in the FcγRIIIa gene have
been associated with a clinical and molecular response to anti-
CD20 mAb therapy in patients with indolent NHL.83,93

Rituximab extended schedules: maximizing clinical
benefit against the potential risk for development
of rituximab resistance
Rituximab maintenance following rituximab monotherapy

Pharmacokinetic analysis of data from the pivotal trial
indicated that steady state serum concentrations are not
achieved after four doses of rituximab at 375mg/m2.94 Steady
state serum concentrations could potentially be reached by
increasing the rituximab dose or duration of treatment.
Although there is significant heterogeneity between patients
with regard to rituximab clearance, patients ultimately classi-
fied as responders to rituximab tend to have significantly
higher serum rituximab levels than non-responders at 1 week,
1 month, and 3 months post-treatment with rituximab. Unlike
regimens using chemotherapy agents, the treatment-related
toxicity is usually mild and limited with some exceptions to
infusion-related symptoms. Pharmacokinetic data obtained
during the pivotal trial and analyzed by Berinstein et al. dem-
onstrated a significant correlation between the serum concen-
tration of rituximab and antitumor response and was the
rationale for investigating prolonged rituximab-dose/schedule
regimens.94

Gordan et al. conducted a phase II trial to determine the
feasibility of individualized pharmacokinetic dosing of rituximab
and compare the response rate (RR) and PFS to that achieved
in historical trials. Thirty-one patients were treated with
4 weekly infusions of rituximab at 375mg/m2. Rituximab’s
serum levels were obtained immediately prior to the first and
after the fourth doses, and then monthly for 1 year. A single
dose of rituximab (375mg/m2) was administered when ritux-
imab serum levels dropped below 25 μg/mL during the follow-
up period. The overall response rate (ORR) and CR rate in
patients with low-grade NHL were 59% and 27%, respectively.
Only 4/22 (18%) evaluable patients with low-grade NHL
had disease progression after a median follow-up period of
14 months. The median number of rituximab maintenance
doses in 15 evaluable patients was 2 (range, 0–5).95 While the
clinical results are interesting, the data are difficult to compare
to other maintenance regimens since long-term response
and PFS data are not yet available. However, this study paved
the road for the subsequent development of rituximab main-
tenance trials.

Rituximabmaintenance programs had been tested clinically
in the following clinical scenarios: (1) following rituximab
single-agent therapy upfront/relapsed low-grade lymphomas;
(2) following systemic chemotherapy or chemoimmunotherapy
in patients with relapsed/refractory B-cell indolent lymphomas;

(3) in previously untreated FL patients upon completion of
CVP therapy; (4) in previously untreated diffuse large B-cell
lymphoma; and (5) in relapsed/refractory mantle cell lymph-
omas.96–100 While the efficacy of rituximab maintenance varied
within each clinical trial, the general consensus is that while
extended use of rituximab may produce some degree of clinical
benefit (improvement in time to progression), its use has not
been associated with an improved OS in patients with B-cell
lymphoma treated with upfront rituximab-based chemoimmu-
notherapy and raises the potential risk for the development of
rituximab resistance.101,102 In this section we will focus on
the current data available for rituximab maintenance in FL
(Table 18.2).

The first reported randomized trial of rituximab mainten-
ance therapy was conducted at The Sarah Cannon Cancer
Center (SCCC), in Nashville TN. The initial goal of the study
was to compare the benefit of rituximab maintenance versus
rituximab retreatment. In this phase II study, previously
treated FL or small lymphocytic lymphoma (SLL) responding
to standard rituximab therapy were randomized to retreatment
upon progression versus a rituximab maintenance regimen.
The experimental arm was designed on the observation that
rituximab serum concentrations are maintained for approxi-
mately 6 months and that disease progression tends to occur
after that time period in most patients who initially respond to
rituximab. Therefore, the rituximab maintenance arm con-
sisted of four additional full courses of rituximab (375mg/m2

weekly� 4) at 6-month intervals for 2 years. This trial showed
that the response of an initial four-dose course of rituximab
(ORR 47%, with 7% CR rate) was improved with maintenance
courses of rituximab given at 6-month intervals in responding
patients (ORR to 73%, with 37% CR rate). The median PFS
was 37 months (range, 23 months to not reached [NR]) for
patients in the maintenance program versus 7.4 months in
the observation arm. However, the “duration of rituximab
benefit” (defined as the date of the first treatment until the
date that the patient developed progressive lymphoma
and required other treatment) was similar in both arms:
31.3 months versus 27.4 months, respectively. The 3-year
survival for the maintenance group was 72% versus 68% for
the retreatment group (p¼NS).96 Whereas patients in the
maintenance group received a total of 114 additional courses
of rituximab after the induction regimen, with most patients
receiving three maintenance courses, the patients in the
retreatment group received only 83 additional courses with
most patients requiring only a single course of rituximab
retreatment. In summary, while maintenance therapy pro-
duces superior results in terms of ORR, CR, and PFS, retreat-
ment of patients with rituximab at the time of disease
progression results in the same duration of “benefit” and
appears to utilize less rituximab.96

In an attempt to minimize the amount of rituximab util-
ized, but at the same time explore the concept of rituximab
maintenance, the Swiss Group for Clinical Cancer Research
(SAKK) conducted a randomized clinical trial to determine if
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extending induction treatment with rituximab delivered at a
different dosing regimen could improve outcome compared
to the standard 4-week course alone.97 The study enrolled a
total of 185 eligible and evaluable patients with untreated or
previously chemotherapy-treated B-cell indolent lymphoma

including FL and mantle cell lymphomas (MCL). All patients
were given induction therapy with rituximab 375mg/m2 per
week for 4 weeks and evaluated for response after 12 weeks
following initial treatment. Responders and patients with
stable disease (SD) were subsequently randomized to either

Table 18.2. Summary of clinical studies evaluating the efficacy of rituximab maintenance in different schedules of administration in patients with FL

Investigator Phase Induction regimen Population Response Cumulative
rituximab
dose

Progression-free survival
(median)

Overall
survival

Gordan et al.95 II Rituximab weekly � 4
follow by rituximab
monthly as needed if
rituximab levels
< 25 μg/mL

Previously
treated NHL

ORR in low-
grade NHL 69%
CR in low-
grade NHL 27%

2250mg/m2 NR NR

Hainsworth
et al.96 (Lym-5)

II Rituximab weekly � 4
follow by retreatment
upon progression vs.
rituximab weekly � 4
every 6 months for
2 years

Untreated
and
relapsed
indolent
NHL
(n¼ 114
patients)
(75% FL)

ORR 67% vs.
61%
CR 27% vs. 4%

6000mg/m2 7.4 months (before
retreatment) vs.
31.3 months
27.4 months (after
retreatment) vs.
31.3 months

3-yr
survival
68% vs.
72%
(p¼NS)

Ghielmini
et al.97 (SAKK)

III Rituximab weekly � 4
vs. rituximab weekly
� 4 followed by
rituximab q, 2months
for 4 doses

Previously
untreated
and treated
FL or MCL

At 12 weeks:
ORR¼ 67% vs.
62%
CR¼ 8% vs.
12%
At 12 months:
ORR¼ 44% vs.
60%

3000mg/m2 Event-free survival 11.8 vs.
23.2 months

NS

Hochster
et al.98 (ECOG
1496)

III CVP � 6–8, if no
progression rituximab
weekly � 4 every
6 months vs.
observation

Untreated
FL

6000mg/m2 15 months vs. 52 months
(p< 0.001)

3-yr
survival
83% vs.
93%
(p¼ 0.03)

Forstpointner
et al.100

III FCM � 4 (arm closed
after 147 pts) vs. R-
FCM � 4 follow by
second
randomization to
observation vs.
rituximab weekly � 4
after 3 and 6 months
post-induction

Relapsed/
refractory FL
and MCL

Reponses
observed in FL:
ORR for R-
FCM¼ 94% vs.
FCM¼ 70%
(P¼ 0.011).
CR for R-
FCM¼ 40% vs.
FCM¼ 23%

4500mg/m2 Limited to FL: R-FCM not
reached vs. FCM¼ 21
months (p¼ 0.0139)

Not
reached at
2 yrs in
both
groups

van Oers
et al.99 (EORTC
20981)

III CHOP vs. R-CHOP � 6
and if no progression
observation vs.
rituximab weekly � 4
every 6 months

Rituximab
naïve,
previously
treated FL

ORR CHOP vs.
R-CHOP: 72.3%
vs. 85.1%
CR CHOP vs. R-
CHOP: 15.6%
vs. 29.5%

6000mg/m2 Observation vs. RM 51.5 vs.
14.9 months
CHOPþObs.¼ 11.6 months
CHOP ! RM¼ 42.2 months
R-CHOP! Obs.¼ 23 months
R-CHOP ! RM¼ 51.8
months

% at 3 yrs
77.1%
(Obs.) vs.
85.1%
(RM)
(p¼ 0.011)

Notes: NHL: non-Hodgkin lymphoma; FL: follicular lymphoma; MCL: mantle cell lymphoma;
R: rituximab; CHOP: cyclophosphamide, doxorubucin, vincristine, and prednisone; FCM: fludarabine, cyclophosphamide, and mitoxantrone; CVP: cyclophosphamide,
vincristine, and prednisone; RM: rituximab maintenance; ORR: overall response rate; CR: complete response; NR: not reached.
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observation (78 patients) or four additional doses of rituximab
at 375mg/m2 given 2 months apart each (73 patients). The end
point of the study was event-free survival (EFS) defined as the
time from first induction infusion to progression, relapse,
second tumor, or death from any cause.

At 3 months after the randomization, the ORR and CR rate
among the patients allocated to observation or maintenance
rituximab were similar at 67% and 8% versus 62% and 12%,
respectively. However, only 53% of the patients in the observa-
tion group maintained a response at 7 months, and by
12 months, the ORR had dropped to 44%. By contrast, in the
maintenance rituximab group, the ORR had increased to 67%
(18%CR rate) at month 7; bymonth 12, the ORRwas 60% (26%
CR rate). The median EFS was prolonged from 11.8 months in
the observation group to 23.2 months in the maintenance
rituximab group (p¼ 0.024). The difference was particularly
more noticeable in chemotherapy-naïve patients (19 vs.
36 months; p¼ 0.009) and in patients responding to induction
treatment (16 months vs. 36 months; p¼ 0.004).97

Rituximab maintenance therapy following chemotherapy

At the 2005 annual meeting of the American Society of Hema-
tology (ASH), the Eastern Cooperative Oncology Group
(ECOG) presented results of the first randomized trial that
shows a clear and definitive benefit for rituximab maintenance
therapy versus observation following induction chemotherapy.
The ECOG 1496 was launched with the initial goal of compar-
ing first-line induction chemotherapy with fludarabine and
cyclophosphamide (FC) or CVP, which was then to be
followed by a second randomization to either observation or
rituximab maintenance. Because of an increased toxic death
rate, accrual to the FC arm was discontinued, and the primary
objective became evaluating the effect of rituximab mainten-
ance therapy post-CVP induction chemotherapy for patients
with indolent NHL.98

Patients were initially treated with six to eight cycles of
CVP consisting of cyclophosphamide at 1000mg/m2 and vin-
cristine at 1.4mg/m2 on day 1 with prednisone at 100mg/m2

administered on days 1–5. Patients who achieved a response
(PR or CR) or SD after induction therapy were then random-
ized to observation or maintenance therapy with rituximab
375mg/m2 per week for 4 weeks administered every 6 months
for 2 years. The study was terminated early when the PFS
difference for CVP followed by maintenance rituximab versus
CVP alone crossed statistical significance. Patients who
received maintenance rituximab after CVP had significantly
higher PFS at 2.5 and 4.5 years (74% and 58%, respectively)
compared to those who received only induction CVP (42% and
34%, respectively).98

Although a statistically significant difference in OS was not
detectable at the early analysis (median follow-up 1.2 years),
the results of the trial provided the first definitive evidence that
providing scheduled rituximab therapy to patients who achieve
a response or SD to frontline chemotherapy can extend the
period of clinical benefit. Ultimately, since most of the patients

with B-cell lymphoma, including FL, are currently being
treated with upfront combined chemoimmunotherapy, the
findings of this study have become much less relevant to
current clinical practice.

Rituximab maintenance therapy following chemoimmunotherapy

Several studies have demonstrated superior clinical end points
by combining rituximab and systemic chemotherapy when
compared to chemotherapy alone in FL patients treated in
the frontline or relapsed setting (Table 18.3). The use of
rituximab-chemotherapy has been adopted by the majority of
practicing oncologists worldwide as the new standard of care
of FL patients. Despite the impressive CR rates (including
molecular CRs) and length of response duration a significant
number of FL patients relapse after systemic chemoimmu-
notherapy (especially those patients with high FLIPI scores).
In an attempt to prolong the duration of remission, rituximab
maintenance has been studied in FL patients treated
with rituximab-chemotherapy-based regimens, originally in
relapsed patients and currently in untreated FL.

The first of two studies addressing the role of rituximab
maintenance following chemoimmunotherapy was conducted
by the European Organization for Research and Treatment of
Cancer (EORTC). In 1998, the EORTC opened a phase III
randomized study (EORTC 20981) to evaluate the response
rates between CHOP versus R-CHOP in patients with
relapsed/refractory rituximab-naïve FL patients and to explore
the effect of rituximab maintenance on PFS in responding
patients to CHOP or R-CHOP.99 Eligible patients were ran-
domized to receive six cycles of CHOP or R-CHOP. Respond-
ing patients were subsequently randomized again to
observation or rituximab maintenance in a schedule similar
to the one proposed by the SCCC.96

As expected, R-CHOP induction resulted in an increased
ORR when compared with CHOP chemotherapy (85.1% vs.
72.3%, p< 0.001). The median PFS from the first randomiza-
tion was 20.2 months after CHOP chemotherapy and
33.1 months after R-CHOP (p< 0.001). Rituximab mainten-
ance yielded a longer PFS from second randomization when
compared to observation alone; 51.5 months vs. 14.9 months
(p< 0.001). Of interest, the improvement in PFS by rituximab
maintenance was observed regardless of the type of induction
received (i.e., R-CHOP or CHOP). The 3-year OS from the
pooled patients demonstrated that rituximab maintenance
increased the 3-year OS rates from 77.1% in the observation
arm to 85.1% in the maintenance group (p¼ 0.011, log-rank
test). It appeared that a benefit was derived not only for
patients treated with induction CHOP followed by rituximab
maintenance, but also in patients receiving R-CHOP that were
randomized to rituximab maintenance.99

The second study was reported by Forstpointner et al. on
behalf of the German Low Grade Lymphoma Study.100 In this
particular study 319 patients with recurrent/relapsed indolent
B-cell lymphomas (including 29% MCL patients) were ran-
domized to fludarabine, cyclophosphamide, mitoxantrone
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Table 18.3. Selected clinical studies with rituximab in combination with systemic chemotherapy in indolent lymphomas

Investigator Phase Induction
regimen

Consolidation
regimen

Disease Response rate Time to progression
(median)

Overall survival (median)

Czuczman
et al.103

II R-CHOP None Untreated and
relapsed
indolent NHL
(40 pts)

ORR¼ 100%
CR/CRu¼ 87%

82.3 months NR after 8 yrs of follow-up

Czuczman
et al.104

II R-F None Untreated and
relapsed
indolent NHL
(40 pts)

ORR¼ 90% NR at 44 months NR at 44 months

Zinzani
et al.105

III CHOP vs.
FM

Observation
(MCR)
Rituximab � 4
(<MCR or
� PR)

Previously
untreated FL
(151 pts)

CR¼ 68% (FM) vs. 42% (CHOP)
p¼ 0.003

Estimated 3-yr RFS rate
FM¼ 71% vs. CHOP¼ 54%
(p¼ 0.20)

94% at 3 yrs for the entire group

Forstpointner
et al.106 on
behalf of the
GLSG

III FCM vs.
R-FCM

None Relapsed FL or
MCL (147 pts)

ORR
R-FCM¼ 79% vs. FCM¼ 58%
(p¼ 0.01)

R-FCM¼ 16 months vs.
FCM¼ 10 months
(p¼ 0.003)

R-FCM¼NR vs. FCM¼ 24
months (p¼ 0.003)

Marcus
et al.107

III CVP vs.
R-CVP

None Untreated FL
(321 pts)

CRR
R-CVP¼ 81% vs. CVP 41%
(p< 0.001)

R-CVP¼ 27 months vs.
CVP¼ 15 months
(p< 0.001)

No difference observed at 3 yrs

Hiddemann
et al.108 on
behalf of the
GLSG

III CHOP vs.
R-CHOP

< 60 yrs ASCT
vs. IFN
> 60 yrs high-
dose IFN vs.
low-dose IFN

Untreated FL
or MCL
(789 pts)

ORR FL R-CHOP (97%) vs.
CHOP (91%) (p¼ 0.005) ORR
MCL R-CHOP¼ 93% vs.
CHOP¼ 76% (p¼ 0.015)

FL R-CHOP not reached vs.
CHOP¼ 2 yrs (p¼ 0.001) MCL
R-CHOP¼ 2 yrs vs.
CHOP¼ 1 yr (p¼ 0.0131)

No differences observed at 4 yrs
of follow-up

Herold
et al.109

III MCP vs.
R-MCP

IFN-α until PD Previously
untreated
indolent
lymphomas
and MCL

ORR MCP¼ 75% vs.
R-MCP¼ 92% (p¼ 0.009)
CR MCP¼ 25% vs.
R-MCP¼ 50% (p¼ 0.004)

MCP¼ 28.8 months vs.
R-MCP¼NR after 47
months (p< 0.001)

MCP¼ 74% vs. R-MCP¼ 87%
(p¼ 0.0096)

Salles et al.110 III CHVPþ I
vs.
R-CHVPþ I

None Untreated high
tumor burden
indolent
lymphomas

ORR CHVPþ I¼ 85% with 49%
CR/CRu vs. R-CHVPþ I¼ 94%
with 76% CR/CRu (p< 0.001)

35 months vs. NR at
60 months (p¼ 0.004)

5 yr OS CHVPþ I¼ 79% vs.
R-CHVPþ I¼ 84% (p¼NS)
Survival benefit from R-CHVPþ I
was statistically significant in FL
with FLIPI score � 3

Notes: NHL: non-Hodgkin lymphoma; FL: follicular lymphoma; MCL: mantle cell lymphoma;
R: rituximab; CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone; FCM: fludarabine, cyclophosphamide, and mitoxantrone; F: fludarabine; FM: fludarabine and mitoxantrone; CVP:
cyclophosphamide, vincristine, and prednisone; ASCT: autologous stem cell transplantation; IFN: interferon; CHVPþ I: cyclophosphamide, doxorubicin, tenoposide, and prednisone plus interferon. MCP:
mitoxantrone, chlorambucil, and prednisolone; GLSG: German Low Grade Lymphoma Study Group; ORR: overall response rate; CRR: complete response rate; CR: complete response; CRu: unconfirmed complete
response; PR: partial response; MCR: molecular complete response; NR: not reached; pts: patients.
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(FCM) alone or with concurrent rituximab for four cycles.
Patients who achieved a CR or PR were randomized to obser-
vation (control arm) or rituximab maintenance regimen
(rituximab 375mg/m2 per week � 4, administered 3 and
9 months post-chemotherapy). Again, as noted by other che-
moimmunotherapy trials, the addition of rituximab to FCM
resulted in higher response rates (79%) when compared to
FCM alone (58%) and resulted in the termination of the
randomization to FCM arm alone in 2001. All subsequent
patients received R-FCM followed by either observation or
rituximab maintenance. After a median observation time of
26 months, a significantly longer duration of response was
noted in the patients in the maintenance arm (not reported
at the time of publication) versus 17 months for patients in the
observation arm. This analysis, however, includes 38 patients
treated with FCM alone as initial therapy and includes patients
with both FL and MCL. Subset analysis of FL patients treated
with R-FCM as induction therapy demonstrated that rituxi-
mab maintenance translated to a longer duration of remission
(not reached) when compared to observation (26 months). At
the time of this report, no published differences in OS were
noted between rituximab maintenance or observation groups
following FCM or R-FCM for either FL or MCL.100

These results were consistent with the data reported by the
EORTC and supported the use of rituximab maintenance
following salvage rituximab-chemotherapy in indolent lymph-
omas. However, the benefit of extending rituximab must be
weighed against its potential long-term risk. While mainten-
ance therapy produces superior results in terms of RR, CR, and
PFS, re-treating patients with rituximab at the time of disease
progression results in the same duration of benefit and may
require less resource utilization. Moreover, an objective sur-
vival benefit in favor of rituximab maintenance following
rituximab or rituximab-chemotherapy treatment has not yet
been demonstrated. It is possible that as the observation period
of enrolled subjects increases over time, differences in survival
between treatment arms may emerge. In the meantime, clin-
icians should be wary that the prolonged use of rituximab may
potentially increase the risk for development of rituximab
resistance and of the potential deleterious effects of prolonged
B-cell depletion (e.g., possible increased risk of infections,
etc.).101,102

It is postulated that chronic exposure to rituximab may
lead to the development of rituximab resistance. The impact of
rituximab resistance in responses to subsequent biologic or
chemotherapy treatment in lymphoma patients is unknown.
Indeed, the emergence of rituximab resistance is a current
clinical concern and scientific efforts focused on defining
cellular pathways associated with it, as well as novel thera-
peutic strategies to overcome it, are ongoing.

In our previous work, we developed and characterized
several rituximab-resistant cell lines and found that the
acquirement of rituximab resistance was also associated with
resistance to multiple chemotherapeutic agents commonly
used to treat B-cell lymphoma.101,102 These data suggest the

possible existence of shared pathways of resistance to both
biologic and chemotherapeutic agents that can negatively
impact on the sensitivity to salvage therapies in these patients
in the future.

Ongoing clinical trials seek to define the role of rituximab
maintenance following chemoimmunotherapy and the impact
of rituximab resistance in subsequent therapies. The MAXIMA
study is a phase II clinical trial that has completed enrollment,
and included patients with untreated or relapsed/refractory
indolent lymphomas responding to chemoimmunotherapy.
Patients in this study received maintenance rituximab every
8 weeks for 1 or 2 years. The results of this study are expected
to be released in the near future.

In the primary rituximab and maintenance study (PRIMA),
patients with FL are being treated with upfront chemoimmu-
notherapy (R-CHOP, R-CVP, or R-FCM) followed by a ran-
domization to observation or rituximab maintenance. The
maintenance regimen consists of a single dose of rituximab
at 375mg/m2 every 2 months for 2 years. Finally the SAKK
35/03 is enrolling patients with untreated or chemotherapy
relapsed/refractory FL. All patients will receive an induction
treatment consisting of four standard doses of rituximab
given weekly. Responding patients will be randomized to two
maintenance schedules, a single dose of rituximab (375mg/m2)
every 2 months for four doses or a single dose of rituximab
every 2 months for 5 years or until disease progression or
unacceptable toxicity.

Novel monoclonal antibodies in FL
An important lesson learned from the clinical development of
rituximab is that the rational design of therapies for lymph-
omas based on targeting specific targets on neoplastic cells can
be achieved. In addition to rituximab, other mAbs targeting
cell surface antigens present in various subtypes of B-cell
neoplasms are being actively studied in ongoing clinical trials
(e.g., alemtuzumab, epratuzumab, mapatumumab [HGS-
ETR1], and galiximab [IDEC114]).

Alemtuzumab (anti-CD52 mAbs, Campath-1H)

CD52 is a 21- to 28-kDa cell surface glycophosphatidyl inositol
linked glycoprotein with only 12 amino acids. It is expressed
on most normal and malignant lymphocytes, monocytes, and
macrophages but not on hematopoietic stem cells, platelets, or
granulocytes.111 It is also expressed on a large proportion of
lymphoid malignancies.112 The function of CD52 is not
known; however, T-cell activation and downstream signaling
have been demonstrated in T cells from blocking antibody
studies.113–116 Initially, there were two main categories of
Campath-1 (Cambridge Pathology) antibodies: Campath-1M
(IgM) and Campath-1G (includes IgG1a and IgG2b mAbs).
Campath-1M and -1G were produced from the rat using
hybridoma techniques. Early in vitro and in vivo studies dem-
onstrated that Campath-1H IgG2b induced more prolonged
lymphopenia than other antibody formulations.117 Based on
initial studies, a humanized form of Campath-1G was
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formulated, alemtuzumab (Campath-1H), by grafting the
hypervariable regions from heavy and light chain variable
domains of the rat monoclonal antibody Campath-1G on to
human IgG1k, as the IgG1 isotype had greater complement
lysing capacity and cell-mediated killing.118,119

Currently, alemtuzumab is approved by the FDA for the
treatment of fludarabine-refractory CLL. In contrast to its
significant antitumor activity in CLL, alemtuzumab possesses
a more limited therapeutic effect against B-cell lymphomas.

Response rates from alemtuzumab in NHL have been dis-
appointing since themajority of the responses seen were limited
primarily to the peripheral blood, bone marrow, and/or spleen,
and were often transient.120 The lymph nodes appeared to be
less responsive even though they expressed the CD52 antigen to
a similar extent to the other lymphoid tissues, implying the
variable biodistribution of the antibody into the different
tissues.120 Interestingly, Campath-1H has been shown to result
in significant and durable responses in small subsets of patients
with indolent lymphoma with non-bulky or minimal residual
disease.121 In a phase II multicenter trial by Khorana et al.
16 patients with relapsed non-bulky B-cell NHL and 2 patients
with minimal disease were treated with alemtuzumab for
6 weeks; 2 of the 16 patients with non-bulky NHL achieved
CR and one patient achieved a PR. One of the two patients with
minimal residual NHL achieved a molecular CR. The duration
of response was variable: two patients continue to be in clinical
remission for greater than 4.5–5þ years.121

A second multicenter alemtuzumab trial was reported by
Lundin et al. in 50 previously treated low-grade NHL patients:
6 (12%) patients with B-cell lymphoma achieved a PR.122

The response was demonstrated in the bonemarrow and periph-
eral blood as previously described by others.84 Seven of
ten patients with cutaneous involvement by various subtypes of
lymphomas responded to alemtuzumab (four CR and three PR).
Again, patients with nodal disease were less responsive to Cam-
path-1 (i.e., only 15% achieving a clinical objective response). The
duration of response was short in most patients.122

In addition to the limited antitumor activity observed in
alemtuzumab clinical trials, significant adverse events have signifi-
cantly hampered the further development of anti-CD52 anti-
bodies. The administration of alemtuzumab results in significant
depletion of T- and B-cell lymphocytes leading to pronounced
immunosuppression which predisposes patients to the develop-
ment of opportunistic infections (i.e., cytomegalovirus [CMV],
viremia, etc.).123 Similar to othermonoclonal antibodies, infusion-
related side effects such as rigors, fever, rash, urticaria, and
hypotension have been observed with the intravenous infusion of
alemtuzumab, likely related to the sudden release of cytokines such
as interferonγ, tumor necrosis factor beta (TNFβ), and IL-6.124

Innovative dosing schemas such as a subcutaneous (sq)
route of administration or combining alemtuzumab with other
biologic antibodies such as rituximab have been explored in
clinical trials.125

Faderl et al. in a phase I/II trial combined alemtuzumab and
rituximab to treat the patients with relapsed or refractory

lymphoid malignancies. The rationale for this combination was
the fact that these tumors coexpress CD20 and CD52 and the
suboptimal efficacy of each single-agent antibody in patients with
bulky organomegaly (alemtuzumab) or bone marrow (rituxi-
mab), respectively. Forty-eight patients with relapsed or refrac-
tory chronic lymphoidmalignancies were treated; ORRwas 52%,
with median survival of 11 months. The combination had an
acceptable safety profile and established clinical activity in a poor
prognostic patient population.126

Anti-CD22 mAbs

Similar to CD20, CD22 is also expressed in the majority of B-cell
malignancies. CD22 is a 135-kDa B-cell-specific membrane-
bound sialoglycoprotein from the immunoglobulin super-
family. It is expressed on the cell surface in all IgM-positive
and IgD-positive B cells, whereas in pre-B cells it is expressed
only in the cytoplasm and is lost during maturation into plasma
cells. Nodal expression of CD22 is strong in the follicular,
mantle, and marginal zone of B cells. Although the germinal
center has the maximum concentration of CD22 mRNA, the
protein expression is weak on the cell surface.127

CD22 is associated with the B-cell receptor. In vitro studies
have demonstrated that monoclonal antibodies to CD22 can
induce apoptosis in multiple Burkitt lymphoma cell lines.128

CD22 is not normally shed from the cell surface; however,
upon antibody binding, it rapidly internalizes within hours
and reappears slowly in days following modulation.129 This
feature of CD22 enables it to potentially serve as an ideal target
to deliver radioisotopes or toxins by using anti-CD22 mono-
clonal antibody conjugates against neoplastic B cells.130–132

Clinical trials using epratuzumab as single agent or in com-
bination with other biologic agents have been explored. The
initial phase I/II clinical study conducted in patients with
relapsed and refractory B-cell malignancies demonstrated that
epratuzumab was well tolerated with minimal infusion-related
toxicities.133 Clinical responses were observed at doses ranging
from 360 to 480mg/m2 among patients with indolent (three
CRs and six PRs) or aggressive (five objective responses, includ-
ing three CRs) B-cell lymphomas. The median duration of
response in the indolent group was 47þweeks andmedian time
to progression was 103þ weeks; for aggressive lymphoma, the
median duration of response was 38þ weeks and median time
to progression was 35þ weeks. Durable antitumor activity was
seen even in a subset of patients with extensive prior chemo-
therapy and autologous stem cell transplantation.133

A second phase I/II dose escalation was conducted in
patients with indolent lymphomas.134 Fifty-five previously
treated lymphoma patients received the epratuzumab (half of
the patients received prior rituximab) at doses ranging from
360 to 1000mg/m2 per week � 4 doses. Nine of the 51 patients
had an objective response and 20 patients had SD. The mean
duration of response was 79.3 weeks and median time to
progression was 86.6 weeks.134

The use of epratuzumab in combination with another
biologically active mAb such as rituximab or chemotherapy
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drugs is being currently investigated. Results from a single-
institution pilot study conducted in 19 patients with NHL
demonstrated that the combination of epratuzumab (360mg/m2

per week) with rituximab (375mg/m2 per week) was well
tolerated.135 Response rates were similar to historical control
patients treated with rituximab monotherapy. However, a
higher number of patients achieved a CR suggesting a possible
augmented interaction between rituximab and epratuzu-
mab.135 Similar results were reported by Emmanouilides in a
multicenter phase II clinical study evaluating the combination
of rituximab and epratuzumab.136 Several phase I/II clinical
trials with epratuzumab are underway to better define its role
in the treatment paradigm of B-cell malignancies.

Clinical development of radio-immunoconjugates and immunotoxins
using anti-CD22 mAbs

Initial clinical studies conducted with a murine iodine-131
(131I)-labeled anti-LL2 (i.e., anti-CD22) mAb by Goldenberg
et al. in patients with refractory B-cell NHL demonstrated
significant antitumor activity.137 The 131I was subsequently
substituted by yttrium-90 (90Y) due to its “better” pharmacoki-
netic profile (i.e., the longer retention time of the heavy metal
90Y within cells).138 A humanized form of LL2 (hLL2) with
reduced immunogenicity was assessed in a pilot study compar-
ing 131I- and 90Y-labeled hLL2 mAbs with regards to their phar-
macokinetics, dosimetry, and immunogenicity in relapsed or
refractory NHL. 90Y-hLL2 revealed favorable tumor dosimetry
compared to 131I-hLL2.139 In addition, hLL2 mAb was found to
be superior tomurine LL2mAbwith respect to immunogenicity.
Objective tumor responses were seen in 2 of 13 and 2 of 7 patients
given 131I-hLL2 or 90Y-hLL2, respectively.139–141

Of note was the observation that the CD22 target internal-
izes following antibody binding. Use of anti-CD22 to deliver
toxins inside lymphoma cells has been explored in preclinical
models and clinical trials. In a phase I dose escalation clinical
trial an anti-CD22 antibody coupled to chemically deglycosy-
lated ricin A chain was administered to 15 patients with
refractory B-cell lymphoma.131 The toxicities included vascular
leak syndrome, fever, and anorexia. The patients with periph-
eral but not retroperitoneal adenopathy showed antitumor
responses.131 Conjugating several Pseudomonas aeruginosa
exotoxins (BL22 or PE38) to hLL2 mAb has demonstrated
significant antitumor activity against lymphoma preclinical
in vitro or mouse models.142 Other investigators have noted
that the immunotoxin containing anti-CD22 conjugated to
BL22 truncated pseudomonas exotoxin induced CR in patients
with hairy cell leukemia resistant to purine analogs.143

CMC-544 is an IgG4 CD22-humanized targeted immuno-
conjugate of calicheamicin. Upon CD22 binding, CMC-544
internalizes inducing cell apoptosis in vitro/in vivo against
NHL with minimal modulation of the immune system. We
previously demonstrated that CMC-544 is an active agent
against rituximab-chemotherapy resistant cell lines and is
capable of enhancing rituximab activity in preclinical models.
Ongoing clinical studies are evaluating its antitumor activity

as a single agent or in combination with rituximab in patients
with indolent and aggressive B-cell lymphomas.144,145

RNAse A was found to be cytotoxic against cancer cell lines
in vitro and has been evaluated in several clinical trials for solid
tumors. The activity of anti-CD22 RNAse was evaluated in
lymphoma preclinical models with promising activity.146

Targeting CD80: galiximab

An initial phase I/II study with galiximab as a single agent in
patients with relapsed FL, published by Czuczman et al., dem-
onstrated its safety and antitumor activity and provided a
framework for future studies.147 Leonard et al. conducted the
first phase I/II study with galiximab in combination with
rituximab in patients with relapsed/refractory FL. The primary
end point of the study was safety and secondary end points
consisted of pharmacokinetics studies, efficacy, and biomar-
kers of response (e.g., CD80 expression in tumor cells) and
positive antitumor activity148 led to a current international
randomized phase III trial comparing rituximab plus galixi-
mab to rituximab plus placebo.

Of interest, and in contrast with what had been observed
with other biologic agents, the time to best response for
responding patients was significantly delayed in a subset of
patients, suggesting an alternative mechanism of action (i.e.,
possible changes in cellular immunity and/or tumor microen-
vironment) other than the traditional ADCC, apoptosis, and/
or CMC. Ongoing and future studies plan to further evaluate
galiximab in vivo mechanism(s) of action, as well as further
study its therapeutic role in the treatment of FL, Hodgkin
lymphoma, and other subtypes of NHL (both as a single agent
and in combination with other agents).

Targeting the death receptor pathway

As has been demonstrated by other investigators, the death
receptor pathway is intact and functional in various types of
cancers, including B-cell lymphomas.149,150 Moreover, binding
and subsequent activation of the TNF death family receptors,
by either ligands or antibodies, results in significant apoptosis
and antitumor activity in a variety of solid tumor malignan-
cies.151–156 Targeting the extrinsic apoptotic pathway using
agonist antibodies is another attractive strategy by which to
treat FL patients. Mapatumumab and lexatumumab are fully
human, high-affinity IgG1l mAbs that target/activate the
TNF-related apoptosis-inducing ligand (TRAIL) receptor-1
(TRAIL-R1) and receptor-2 (TRAIL-R2), respectively.

A phase II clinical study withmapatumumab was previously
reported in patients with relapsed/refractory B-cell lymphomas.
Patients included on the study had relapsed/refractory NHL of
any histologic subtype, and were heavily pretreated. Mapatu-
mumab was administered at two dose levels: 3mg/kg (8 sub-
jects) or 10mg/kg (32 subjects) every 21 days in the absence of
disease progression or prohibitive toxicity for up to six cycles.
Preliminary reports in efficacy and toxicity demonstrated that
mapatumumab was well tolerated with patients experiencing
primarily grade 1 or 2 toxicities. In addition, objective
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antitumor responses were demonstrated in a subset of patients,
all with follicular histologies. Moreover, 30% of all patients had
disease stabilization following mapatumumab therapy.157 Our
lab has studied the interactions between mapatumumab and
rituximab in preclinical models. Our positive findings support
the ongoing evaluation of this unique combination (i.e., mapa-
tumumab and rituximab) in clinical trials of patients with
CD20-positive B-cell lymphomas.158

Humanized CD20 mAbs

A new generation of humanized/human mAbs targeting CD20
with significant antitumor activity is undergoing clinical
testing. Currently, the most extensively studied human anti-
CD20 mAb is ofatumumab, known to bind to a unique epitope
present in the CD20 antigen as compared to rituximab. Preclin-
ical studies with ofatumumab suggest differences in its biologic
antitumor activity when compared to rituximab: (1) higher
affinity for the CD20 antigen, (2) longer duration of antigen
binding, and (3) greater degree of antitumor activity as meas-
ured by CMC assays (even in rituximab-resistant cell lines) and
primary neoplastic B cells.159–163 Initial clinical studies in
patients with indolent lymphomas and chronic lymphocytic
leukemia (CLL) demonstrated significant antitumor activity
and tolerability.162,163 Ongoing studies are evaluating the
single-agent efficacy and toxicity of ofatumumab in rituximab-
resistant B-cell neoplasms, as well as its activity in combination
with CHOP or fludarabine/cyclophosphamide chemotherapy
in patients with FL or CLL, respectively.

Other second- and third-generation humanized/human
anti-CD20 mAbs are undergoing evaluation in preclinical
models and early clinical trials and include: veltuzumab (Immu-
nomedics, Inc.), GA101 (Roche), AME-133v (Eli Lilly and Co.),
PRO131921 (Genentech), and ocrelizumab (Genentech).

Rituximab in combination with chemotherapy
for follicular lymphomas
Historically, we reported on the first multicenter study evalu-
ating rituximab in combination with standard doses of
CHOP.103,164 The study was a multi-institutional phase II
clinical trial that evaluated the safety and efficacy of rituximab
in combination with CHOP and enrolled 40 patients with
either newly diagnosed or previously treated low-grade or
follicular B-cell NHL expressing CD20. Patients with bulky
disease (defined as any single mass > 10 cm in its greater
diameter) or with prior anthracycline therapy were
excluded.164 The results of our study were impressive as ini-
tially reported and then updated after a 9-year follow-up
period.103,164 The ORR was 95% and 22 patients (55%)
achieved a CR and 16 patients (40%) a PR. In the subsequent
and final analysis of the study, responses were updated using
the International Workshop Response Criteria (IWRC)
developed for lymphomas as described.165 According to
IWRC, the overall response rate was 100%, with 87% of the
patients achieving a CR or CRu and 13% a PR. The median

time to progression in all patients was 82.3 months (range 4.5
to 105.6þ months) and the median duration of response was
83.5 months (range 3.1 to 105.1þ months). At the time of the
final analysis 42% of the patients continue to be on long-term
remission. The toxicity profile of the combination was com-
parable to that observed for CHOP alone. Moreover, the
addition of rituximab to CHOP did not compromise the
CHOP dose intensity or density.103,164

Subsequent clinical studies were aimed to evaluate ritux-
imab in combination with other chemotherapy regimens with
better toxicity profile than CHOP, such as fludarabine-based
regimens (Table 18.3). An Italian multicenter clinical trial
evaluated the biologic effect of rituximab administered in
patients failing to achieve molecular remission after induction
chemotherapy with either CHOP or fludarabine/mitoxantrone
(FM) combination.105 The study reported by Zinzani et al.
enrolled only previously untreated patients with stage II–IV
FL, grade 1 and 2 according to the Revised European–
American Lymphoma (REAL) classification expressing
CD20, with detectable BCL2/Ig gene rearrangement by PCR
analysis in peripheral blood or bone marrow. Patients were
randomized to receive standard doses of CHOP or fludarabine
at 25mg/m2 on days 1 to 3 and mitoxantrone 10mg/m2 on day 1.
Both regimens were administered at 21-day intervals. On
completion of the clinical and molecular re-staging (6 weeks
after the last cycle of chemotherapy) only responding patients
that did not achieve a molecular CR subsequently received four
weekly doses of rituximab at 375mg/m2. Patients with molecu-
lar CR were observed and those with no response or progres-
sive disease were removed from the study.105 The study
enrolled 151 patients of whom 140 were randomized to CHOP
(68 patients) or FM (72 patients). The overall clinical response
was similar between the two arms. However, the CR rate was
higher in patients receiving FM (68%) than CHOP (42%)
(p¼ 0.003). The rate of molecular responses was also higher
in the FM arm (39%) than in the CHOP arm (19%)
(p¼ 0.001). In accordance with the protocol, 95 patients (41
from the FM arm and 54 from the CHOP arm) received
rituximab. In the overall study population, rituximab led to a
significant improvement in terms of both CR rate (from 57%
to 86%) and combined clinical and molecular response rate
(from 29% to 61%) (p< 0.001). At a median follow-up of
19 months at the time of the publication, the OS for the cohort
was 94% and the PFS was 63%. No differences in survival or
PFS were noted between the treatment arms.105

Our group conducted the first phase II study evaluating the
safety and efficacy of rituximab in combination with fludar-
abine in patients with untreated or previously treated low-
grade/follicular lymphoma.104 Eligible patients received six
cycles of fludarabine at 25mg/m2 for five days repeated every
28 days, along with seven infusions of rituximab administered
at 375mg/m2. After the initial analysis of the first ten enrolled
patients demonstrated an unexpectedly high hematologic toxi-
city, the protocol was amended to reduce the dose of fludarabine
by 40% in cases of prolonged cytopenia, as well as to discontinue
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the use of prophylactic trimethoprim-sulfamethoxazole, and
limit the use of growth factor support.104 The study accrued a
total of 40 patients; 38 were evaluable for response. All patients
had advanced-stage (III, IV) disease and the majority were
previously untreated (68%). The majority of patients (65%)
were IWFB (International Working Formulation B, i.e. follicu-
lar small cleave low-grade lymphoma). The median patient age
was 53 years (range: 40–77 years). The most frequent extra-
nodal site of disease was bone marrow (65%). Half the patients
had IPI scores of 0 or 1, and the others had IPI scores of � 2.
Efficacy data were analyzed on two subsets of patients: sub-
group #1 (included the first 10 patients) and subgroup #2
(included the next 30 patients following changes in the study
design).104 The ORR (CR and PR) was equal to 90% (95%
confidence intervals [CI]¼ 76–97%); no significant differences
were noted between the two subgroups of patients. Two
patients in the entire sample had progressive disease secondary
to transformed lymphoma before completion of therapy. For
the whole group, the median duration of response, time to
progression, and OS had not been reached after a median
follow-up time of 44 months (range: 15–66 months). At last
follow-up, 22 of 36 (61%) patients had ongoing responses. At
the time of the first publication of this report six patients had
died due to NHL.104

The toxicity profile of the combination was acceptable
especially after the protocol was amended. The majority of
the toxicity was hematologic with most of the patients experi-
encing grade 1 or 2 anemia or thrombocytopenia. However,
76% of the entire cohort developed grade 3/4 neutropenia
which in general was transient and reversible. Overall, infec-
tious complications (especially no occurrence of Pneumocystis
carinii pneumonia or other serious opportunistic infection)
seen in the intent-to-treat group appeared to be similar to that
expected in a similar population treated with fludarabine
alone. However, aciclovir prophylaxis was subsequently pre-
scribed to all treated patients for 6–12 months post-completion
of therapy because of the relatively high incidence of herpes
infections (6 of 40 patients¼ 15%) believed secondary to T-cell
depletion from fludarabine. No patient on aciclovir prophylaxis
developed herpes infection.104

Mature data from randomized clinical studies have dem-
onstrated the superiority of rituximab in combination with
chemotherapy against chemotherapy alone in terms of
response rates, time to progression, and OS106–108 in patients
with indolent lymphomas. The German Lymphoma Study
Group (GLSG) conducted a prospective, randomized trial
comparing FCM versus rituximab in combination with FCM
in patients with relapsed follicular or mantle cell lymphoma.
The FCM regimen consisted of fludarabine at 25mg/m2 per
day on days 1 to 3, cyclophosphamide 200mg/m2 per day on
days 1 to 3, and mitoxantrone 8mg/m2 on day 1. Chemother-
apy was repeated every 4 weeks for a total of four cycles.
Patients randomized to the R-FCM arm received in addition
rituximab at 375mg/m2 72 hours prior to each cycle of chemo-
therapy.106 A total of 147 patients were randomized of which

128 were evaluable for study end points; 62 were randomized
for FCM and 66 for R-FCM. R-FCM-treated patients had an
ORR higher (78%, 33% CR, 45% PR) than for patients treated
with FCM alone (58%, 13% CR, 45% PR; p¼ 0.01), with
similar results in a subgroup analysis of FL (94% vs. 70%)
and MCL (58% vs. 46%). In the total group, the R-FCM arm
was significantly superior concerning PFS (p¼ 0.0381) and OS
(p¼ 0.0030). In FL, PFS was significantly longer in the R-FCM
arm (p¼ 0.0139) whereas in MCL a significantly longer OS
was observed (p¼ 0.0042). There were no differences in clin-
ically relevant side effects in both study arms. This study is
considered one of the first randomized clinical studies where
the addition of rituximab to systemic and adequate chemo-
therapy was shown to significantly improve the outcome of
relapsed or refractory FL and MCL.106

A second randomized study evaluated the effect of rituxi-
mab in combination with CVP versus CVP alone. The study as
reported by Marcus et al. enrolled previously untreated CD20
expressing stage III/IV FL.107 Eligible patients were randomized
to R-CVP or CVP alone. Systemic chemotherapy consisted of
a combination of cyclophosphamide at 750mg/m2 on day 1,
vincristine at 1.4mg/m2 up to a maximal dose of 2mg on day 1,
and prednisone at 40mg/m2 daily for days 1–5. Patients
randomized to R-CVP also received rituximab at 375mg/m2

on day 1 of each cycle. The treatments were administered
every 21 days in both groups for a maximum of eight cycles.
No crossover between the two arms was planned. A total of 321
eligible patients were randomized to R-CVP (162 patients)
or CVP (159 patients). The ORR and CR rates were 81% and
41% in the R-CVP arm, versus 57% and 10% in the CVP arm,
respectively (p< 0.001). After amedian follow-up of 30months,
the time to progression was statistically longer in patients
receiving R-CVP (27 months) than patients treated with CVP
(15months) (p< 0.001). No differences in toxicity profiles were
observed between treatment arms. The OS was not different
between treatment arms at 3 years. Despite the encouraging
results, a concern raised by investigators was a “lower” dose
of cyclophosphamide used in this study compared to other
CVP regimens used by other groups.106

Hiddemann et al. have reported results from a randomized
study comparing rituximab plus CHOP versus CHOP alone in
patients with untreated FL. Despite the difficult interpretation
of the data due to a second randomization to interferon or
autologous stem cell transplantation, the median PFS observed
in patients receiving induction R-CHOP was superior to that
seen by CHOP alone.108

Two additional studies demonstrated that adding rituximab
to systemic chemotherapy followed by biologic therapy with
IFN-α resulted in improved clinical outcomes when compared
to chemotherapy and IFN-α alone.109,165 The East German Study
Group (EGSG) compared the efficacy of rituximab added to first-
line mitoxantrone, chlorambucil, and prednisolone (MCP)
followed by IFN-α maintenance versus MCPþ IFN-α, and
included previously untreated patients with FL grade 1 and 2,
lymphoplasmacytic lymphoma, and MCL. Patients were
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randomized to eight cycles of R-MCP orMCP followed by IFN-α
maintenance until progression. The addition of rituximab to
MCP resulted in higher ORR, CR, and PR when compared to
MCP alone. Moreover, after a median follow-up period of
47 months, the PFS and the OS was significantly prolonged in
patients receiving R-MCP, for both FL and MCL (Table 18.3).1

The GELA-GOELAMS compared the efficacy of 12 cycles of the
chemotherapy regimenCHVPþ I (cyclophosphamide, adriamy-
cin, etoposide, and prednisolone plus IFN-α) versus six cycles of
R-CHVPþ I in patients with untreated high tumor burden FL.
All the therapy was delivered over 18 months in both arms. Once
again, the results of the study favored the addition of rituximab in
terms ofORR, CR/CRu, and PR rates, EFS, and PFS that has been
maintained after 5 years of follow-up. Of interest, a benefit in OS
favoring the addition of rituximab to this regimen was only
observed in FL with FLIPI scores � 3 (Table 18.3).165

Radiolabeled monoclonal antibodies: the challenge to find the
optimal positioning of radioimmunotherapy in the treatment
algorithm of FL patients
Because of the inherent and high sensitivity to radiation ther-
apy observed in FL, along with the high number of potential
target antigens on the cell surface, RIT represents an attractive
therapeutic concept.50,166–174 Currently, two available radio-

immunoconjugates targeting the CD20 are approved by the
FDA for clinical use in B-cell lymphomas: 90Y-labeled ibritu-
momab tiuxetan and the 131I-labeled tositumomab. In add-
ition, several radio-immunoconjugates targeting other B-cell
surface antigens or novel delivery of the radioisotope in two
steps known as pre-targeted therapy are being studied in
preclinical and clinical studies.137–139,175

90Y-labeled ibritumomab tiuxetan and 131I-labeled tositu-
momab combine the specific tumor targeting of mature B-cell
neoplasms by anti-CD20-mAbs with the therapeutic effects of
radiation therapy from conjugated radioisotopes. There are
however some differences between the two agents: 90Y-labeled
ibritumomab tiuxetan is a pure β-emitter of high energy, with
a short half-life (64 hours), and is suitable for outpatient use
without the need for dosimetry. In contrast, 131I-labeled tosi-
tumomab has both β- and γ-emissions, with longer half-life
(193 hours), that requires precautions for radio-protection and
dosimetric individualized dosing.

Both RIT agents have been tested in the non-myeloablative
and myeloablative (e.g., stem cell transplant) settings with
comparable efficacy and toxicity. In this chapter we will focus
on the non-myeloablative use of RIT in FL. RIT had been
studied as a single treatment modality in various clinical trials
in patients with “relapsed/refractory” FL (Table 18.4).

Table 18.4. Clinical trials using radio-immunoconjugates in relapsed/refractory follicular lymphomas: non-myeloablative clinical trials

Author Agent Phase n Patient population Response
rate

Duration of
response (DR)

Kaminski
et al.169

131I-labeled
tositumomab

I/II 42 Relapsed or refractory CD20þ
B-cell low- and intermediate-
grade NHL

ORR¼ 71%
CR¼ 32%

Median PFS¼ 12 months

Vose et al.170 131I-labeled
tositumomab

II 47 Relapsed or refractory CD20þ
B-cell low-grade
and transformed NHL

ORR¼ 57%
CR¼ 32%

Median DR¼ 9.9 months

Kaminski
et al.50

131I-labeled
tositumomab

II 60 Relapsed or refractory CD20þ
B-cell low-grade
and transformed NHL

ORR¼ 65%
CR¼ 20%

Median DR¼ 6.5 months

Witzig et al.172 90Y-labeled
ibritumomab tiuxetan

I/II 51 Relapsed or refractory CD20þ
B-cell low- and intermediate-
grade NHL or MCL

ORR¼ 67%
CR¼ 26%

Estimated DR¼ 11.7
months

Witzig et al.173 90Y-labeled
ibritumomab tiuxetan

III 143 Relapsed or refractory
low-grade FL or
transformed NHL

ORR¼ 80%
CR¼ 30%
CRu¼ 4%

Estimated DR¼ 14.2
months

Wiseman
et al.171

90Y-labeled
ibritumomab tiuxetan

II 30 Relapsed or refractory
low-grade FL or transformed
NHL and mild
thrombocytopenia

ORR¼ 83%
CR¼ 37%
CRu¼ 6%

Estimated TTP¼ 9.4
months

Witzig et al.174 90Y-labeled
ibritumomab tiuxetan

II 54 Rituximab-refractory FL ORR¼ 74%
CR¼ 15%

Estimated TTP¼ 6.8
months

Notes: PFS: progression-free survival; ORR: overall response rate; CR: complete response; CRu: unconfirmed complete response; FL: follicular lymphoma; MCL: mantle
cell lymphoma; NHL: non-Hodgkin lymphoma; TTP: time to progression.
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Response rates range from 60% to 80%, with CR rates of about
20–30%. When compared to rituximab therapy, RIT has been
shown to potentially induce higher response rates, including
CR rates, but no significant differences in the duration of
response or PFS.169–174

RIT has also been studied as frontline therapy. Kaminski
et al. reported their experience with upfront 131I-labeled tosi-
tumomab in patients with untreated FL. The study included FL
patients with favorable prognostic profiles that likely contrib-
uted to the impressively high and durable remission rate
observed after a single treatment of 131I-labeled tositumomab
(ORR of 95%, CR of 75%).175 Notably, after 4 years of follow-
up, 59% of the patients continue to be free of disease. Similarly,
Sweetenham et al. reported an ORR of 100% and CR rate of
62% in FL patients treated with 90Y-labeled ibritumomab tiux-
etan in the frontline setting.177

Recent studies had investigated the role of RIT as consoli-
dation strategy following chemotherapy (either CHOP or flu-
darabine� rituximab). Most of these studies had shown
that the addition of RIT is associated with an improvement in
the response rate and the quality of the response. Of interest, the
Southwest Oncology Group (SWOG) conducted a phase II
study with patients with advanced FL treated with six cycles of
CHOP chemotherapy followed by 131I-labeled tositumomab.
The response rate of the entire regimen was 90%, including
67% CR/CRu. The estimated 5-year OS was 87% and the PFS
was 67%.178 While the results are impressive and similar to that
observed with rituximab-chemotherapy regimens, the use of
RIT is limited by the side effects observed. Of interest, both
RIT regimens induce considerable myelosuppression with
delayed nadirs occurring 6–10 weeks post-treatment. Their
administration is limited currently to patients with less than
25% bone marrow involvement.

Two important prospective studies are comparing RIT with
other therapeutic strategies. The US Intergroup trial is pro-
spectively randomizing FL patients between six upfront cycles
of R-CHOP versus six cycles of CHOP followed by 131I-labeled
tositumomab whereas the RIT international study is comparing
the administration of 90Y-labeled ibritumomab tiuxetan versus
observation as adjuvant therapy in FL patients responding to
upfront induction chemotherapy. The results of these studies
will provide clinicians/researchers withmore insights regarding
the true value of RIT in the treatment of FL patients.

High-dose chemotherapy and autologous or allogeneic
hematopoetic stem cell transplantation (SCT) in FL
Unlike patients with DLBCL, the role of high-dose chemother-
apy followed by autologous SCT (ASCT) is less defined, as the
clear benefit is often masked by the historic observation of an
increased risk of secondary malignancies. Usually, ASCT is
reserved for physically fit patients with relapsed/refractory
FL. The use of ASCT in patients with high-risk disease meas-
ured by the FLIPI score remains controversial.178 Previous
work reported by investigators at the Dana Farber Cancer

Institute suggested that FL patients undergoing ASCT with
BCL2 PCR-negative grafts had higher PFS rates at 8 years
(83%) than patients that received BCL2-positive grafts (19%)
and suggested the importance of achieving a molecular CR in
FL undergoing ASCT.180 The important of “ex vivo” purging
of autologous bone marrow harvests in the past appears to
have lost its potential value in the current era of being able to
achieve “in vivo” purging via the use of rituximab-based che-
moimmunotherapy regimens. As therapeutic options for
patients with FL are increasing with better antitumor activity
and improved toxicity profiles, two schools of thought are
forming: one is a group of physicians willing to reinvestigate
the role of ASCT in patients with high-risk disease (as meas-
ured by gene-profiling or FLIPI score), and the other “group”
is abandoning its use in favor of sequential administration of
less toxic non-myeloablative regimens.

For patients with relapsed/refractory FL considering ASCT,
there are several phase II studies that consistently demon-
strated improved DFS and sustained remission in patients that
received salvage chemotherapy followed by ASCT.179 How-
ever, no definitive benefit in terms of OS was observed until
recently. A European group of investigators conducted a ran-
domized study where 140 relapsed FL patients were random-
ized to chemotherapy alone, or ASCT with an unpurged or
ASCT with a purged autograft. The 2-year PFS was 46%, 71%,
and 77%, respectively. Of interest, the OS at 4 years was
significantly prolonged in patients receiving purged (58%) or
unpurged (55%) ASCT when compared to patients treated
with chemotherapy alone (26%).181 This is the first study to
demonstrate an OS benefit of ASCT in patients with relapsed
but chemosensitive FL. Rituximab was not part of the treat-
ment utilized in this cohort of patients, and therefore this has
dampened the enthusiasm for the observed results.181

The role of ASCT in the first-line setting of FL continues to
be a subject of controversy and is not recommended outside
clinical trials. There is limited information available in the
current era of rituximab chemoimmunotherapy. Recently,
investigators from the Gruppo Italiano Trapianto di Midollo
Osseo (GITMO) and the Intergruppo Italiano Linfomi (IIL)
published results comparing six courses of CHOP followed by
four doses of rituximab to rituximab supplemented with high-
dose sequential chemotherapy and autografting (R-HSD) in
previously untreated patients with high-risk FL.182 In this study
the standard arm consisted of six cycles of CHOP followed by
4 weekly infusions of rituximab (CHOP-R). In the R-HSD
arm, the regimen consisted of three phases: (1) induction with
two full-dose doxorubicin, vincristine, and prednisone (APO)
followed (if less than CR) by two additional courses of high-
dose cytarabine, cisplatin, and dexamethasone (DHAP);
(2) high-dose chemotherapy consisting of etoposide followed
by two doses of rituximab, high-dose cyclophosphamide, and
two additional doses of rituximab. Subsequently, peripheral
blood stem cell (PBSC)mobilization and graft were purged with
rituximab; (3) autograft conditioning regimen consisted of
mitoxantrone and melphalan as previously described.182
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The R-HSD arm resulted in higher CRs (85%) when com-
pared to CHOP-R (62%, p< 0.001). Differences in molecular
RRs were noted in R-HSD-treated patients (80%) when com-
pared to the control arm (44%, p< 0.001). While the 4-year
EFS was 61% in the R-HSD versus 26% for those patients
treated with CHOP-R, it did not translate into an improve-
ment in OS. It is important to note that 71% of the patients
initially treated with the CHOP-R subsequently crossed over
to R-HSD upon progression with excellent CR rates (85%) and
3-year EFS (68%).182

Allogeneic SCT represents what could be considered as a
more radical form of immunotherapy for patients with FL,
but also is the only treatment modality with proven curative
potential. Allogeneic SCT has been evaluated in patients with
refractory/relapsed FL in several clinical studies with variable
degrees of success. However, the benefits are counterweighed
by the high transplant-related mortality (TRM). The Inter-
national Bone Marrow Transplant Registry (IBMTR) reported
a descriptive analysis of the results observed with SCT in
904 patients with FL who received allogeneic SCT, purged-
HCT, or unpurged-HCT. The risk of relapse was 54% lower
in the allogeneic recipients and 26% lower in recipients of
purged-HCT when compared to unpurged-HCT (p< 0.001
and p¼ 0.04, respectively).183 However, in a multivariate
analysis, the risk of TRM was 4.4 times higher after allogeneic
HCT than in ASCT. This resulted in compatible 5-year prob-
abilities of OS: 52% after allogeneic HCT, 62% after purged-
HCT, and 55% after unpurged-HCT.183

The development of reduced-intensity chemotherapy
(RIC) regimens in preparation for allogeneic SCT had been
tested in patients with FL with some degree of success (increase
of 3-year PFS to about 65%), particularly due to a reduction in
TRM. Non-myeloablative or reduced-intensity allogeneic
transplant relies upon graft-versus-lymphoma effect and uses
fludarabine or alemtuzumab in the preparative regimens.179

The results observed with reduced-intensity allogeneic SCT are
encouraging with less upfront toxicity, but with a significant
risk for chronic graft-versus-host disease. Longer follow-up is
necessary to fully evaluate its long-term effect on the natural
history of FL.

Novel chemotherapy agents and/or small molecules in FL
While a significant number of patients benefit from rituximab-
based therapies, a high percentage of patients fail to respond or
relapse after initial remission as a result of intrinsic or acquired
resistance. Scientific efforts must now be focused not only on
defining these pathways in lymphoma cells, but also ways by
which to best prevent or decrease their incidence. Concurrently
ongoing preclinical and clinical studies also seek to evaluate novel
strategies to improve the antitumor activity of rituximab-based
regimens (e.g., extending rituximab administration after induc-
tion chemoimmunotherapy, or incorporating novel target-
specific therapies such as immunotoxins, BCL2 inhibitors,
hypomethylating agents, and/or proteasome inhibitors).

The discovery and functional characterization of the
ubiquitin–proteasome pathway as the major system for extra-
lysosomal protein degradation has delineated its importance
for regulating the selective and temporal proteolysis of key
regulatory proteins.184 Over the past couple of years, a signifi-
cant number of proteins that regulate cell cycle, apoptosis,
and cell proliferation and differentiation have been found to
undergo processing and functional limitation by entering the
ubiquitin–proteasome pathway.185–186 Several groups of inves-
tigators have reported data suggesting that deregulation of the
ubiquitin–proteasome system contributes to the pathogenesis
of several malignancies (e.g., lymphoma, gliomas, colon, and
lung carcinomas).189–192

Abnormal proteolysis of tumor suppressor oncoproteins,
proapoptotic proteins, and cell cycle regulators had been asso-
ciated with the development and progression of certain malig-
nancies.193,194 In addition, several transmembrane receptors
undergo ubiquitinization and proteasome degradation such
as FcγRI and HLA-class II molecules. Given the varied spec-
trum of proteasome substrates, it is not surprising that inhib-
ition of the proteasome affects many cellular pathways (i.e.,
NF-kB, p44/42 mitogen-activated protein kinase [MAPK], or
p53 pathways)194,195 and has led to the scientific development
of various proteasome inhibitors (i.e., MG132, lactacystin, and
bortezomib). To date, the first and only proteasome inhibitor
entered into clinical trials is bortezomib (PS-341, Velcade), a
peptide boronic acid derivative that reversibly inhibits the
chymotrypsin-like activity of the proteasome.197

Preclinical studies have demonstrated that bortezomib pos-
sesses significant antitumor activity against various subtypes of
lymphomas including MCL, and is capable of enhancing the
biologic activity of other target-specific therapies such as ritux-
imab or antisense oligonucleotides targeting BCL2.198–200

Moreover, proteasome inhibition could potentially overcome
chemotherapy resistance as demonstrated in several preclinical
cancer models.201,202

Reports from two single-institution phase II clinical trials
evaluating the efficacy of bortezomib in patients with NHL
have been published.203,204 O’Connor et al. evaluated the
antitumor activity of bortezomib in patients with refractory/
relapsed indolent lymphomas. Twenty-four patients with
relapsed indolent lymphomas received bortezomib at 1.5mg/m2

twice a week for 2 weeks every 21 days. Responses were
observed in patients with FL (1 CR and 5 PRs), MCL (5 PRs),
and marginal zone lymphomas (2 PRs). Toxicities were man-
ageable and dose reduction occurred in 7/20 patients.204

Similarly, early antitumor activity has been observed with
BCL2 inhibitors, a new class of agents entering into clinical
trials. BCL2 inhibitors are BH3-mimic compounds that are
capable of binding and inactivating several members of the
BCL2 family proteins such as Mcl-1, BCL-XL, and BCL-W and
increasing the cancer cells’ proapoptotic potential.205,206 Early
results from phase I/II studies in B-cell lymphomas are
encouraging and further support these exciting agents’ clinical
development.
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Development of targeted therapy has broadened the treat-
ment options for patients with B-cell lymphomas. Targeting
apoptosis, signaling pathways, and the proteasome-ubiquitin
system using small molecules such as BCL2 inhibitors or
bortezomib has demonstrated antitumor activity with manage-
able toxicities. While early results are encouraging, more clin-
ical studies addressing dosing, route of administration, or
combination strategies are necessary to better optimize the
efficacy of these exciting new agents.

Establishing goals of treatment: are we moving from palliation
only or possible cure?

With improvement in treatment outcomes (i.e., more durable
time to progression and better “quality” CRs) being seen with
current novel immunologic-based therapies, we need to
rethink our goals associated with treatment of FL: (1) Palli-
ation only? or (2) Potential “cure” in a subset of patients?
Ultimately, “cure” may not be achievable in this disease, but
“optimal” palliation by which patients receive therapies which
induce long periods of durable remissions while limiting the
development of long-term toxicity (e.g., MDS, therapy-related
[t]-AML, secondary solid tumors) and/or “cross-resistance” to
future therapies, which may be a very close “second.” Another
important advantage associated with prolonged remissions
between treatments, which should not be overlooked, is
improvement in quality-of-life for patients for the prolonged
periods during which they are not receiving “active” therapy.
However, for the optimists amongst ourselves, “cure” in at
least “good-risk” subsets of FL treated early with chemoimmu-
notherapy-based treatments is very likely an achievable goal in
our lifetime.

Conclusions
Prior to the development of rituximab, the general approach to
the treatment of FL was watchful-waiting until development of
symptomatic/progressive disease at which time there was recur-
rent use of a limited number of “standard” chemotherapeutic
agents utilized at different levels of intensityþ/� radiotherapy to
achieve primarily palliative effects. Over the past decade there
has been a significant amount of information obtained from
basic/translational research and clinical trials that supports the
addition of rituximab to frontline chemotherapy for patients
with indolent lymphomas. The effect of rituximab in combin-
ation with chemotherapy as measured by time to progression,
median duration of response, time to treatment failure,
response rates, time to next treatment, and OS have been
improved and translate into an overall better quality of life in
patients and may even result in “cures” in a subset of patients.
Two recently published retrospective analyses suggest that the
use of mAbs targeting CD20 (rituximab) in combination with
systemic polychemotherapy improves the overall survival in
patients with FL when compared to chemotherapy alone.166,167

As described in this current chapter, an existing large
number of active novel chemotherapeutic and target-specific
small molecules, second- and third-generation anti-CD20 and
numerous other non-CD20 mAbs with potentially unique
mechanisms of action, are under study. The largest “obstacle”
facing clinicians and researchers today is how best to stream-
line the evaluation of a large number of effective therapies in
order to determine their “optimal” use and sequencing in
order to continue to improve both the quantity- and quality-
of-life of FL patients not only today, but also for future gener-
ations of lymphoma patients.
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Chapter

19 Hodgkin lymphoma: epidemiology, diagnosis,
and treatment
Andrew M. Evens and Sandra J. Horning

Introduction
Hodgkin disease/lymphoma is a malignancy with deep-rooted
history. Thomas Hodgkin described the clinical history and
post-mortem findings of lymphadenopathy and splenomegaly
in six patients in 1832.1 In 1865, Sir Samuel Wilks published a
second paper entitled “Cases of the enlargement of the lymph-
atic glands and spleen (or Hodgkin’s disease) with remarks.”2

In that report, Wilks described a disease that may remain in
the lymph nodes for years and is associated with anemia,
fevers, and weight loss. Over the next 30 years, several phys-
icians (W. S. Greenfield 1878, Carl Sternberg 1879, and
Dorothy Reed 1902) provided the first pathologic descriptions
of the characteristic malignant cells.3–5 Physicians initially
believed that Hodgkin disease was caused by an infection, such
as tuberculosis. Despite studies in the early twentieth century
confirming the malignant nature of this disease, it has only
been in the last 10–15 years that the malignant cells were
shown to be derived from clonal B cells,6–8 hence the current
World Health Organization (WHO) designation as “Hodgkin
lymphoma.”9

Prior to the 1960s, patients with advanced-stage Hodgkin
lymphoma were typically treated with single-agent chemother-
apy, resulting in a median survival of approximately 1 year and
5-year overall survival (OS) of < 5%.10 Major success in
Hodgkin lymphoma has been achieved by radiation treatment
and moreover by the development of multi-agent poly-chemo-
therapy. In 1950, Peters reported 70–80% 10-year OS rates
for patients with stage I disease treated with high-dose,
fractionated radiation therapy (RT).11 In 1964, investigators
at the National Cancer Institute (NCI) pioneered a four-drug
combination chemotherapy program, MOPP (nitrogen mus-
tard, vincristine [Oncovin], procarbazine, and prednisone).
They reported a 5-year OS rate of approximately 50% using
MOPP for the treatment of advanced-stage Hodgkin lymph-
oma.12 Over the past several decades, newer chemotherapy
regimens have been developed leading to a multitude of
large randomized clinical trials that have helped refine the
treatment options for patients with newly diagnosed

Hodgkin lymphoma. In addition, increased insight has been
gained into the acute and long-term toxicities, in particular
secondary cancers and cardiopulmonary disease, caused by
Hodgkin lymphoma therapy. More recently, significant pro-
gress has been made into the understanding of the epidemi-
ology, etiology, biology, and translational science of Hodgkin
lymphoma.

Epidemiology
Descriptive epidemiology
United States
In 2008, it was estimated that 8220 new cases of
Hodgkin lymphoma were diagnosed in the United States, while
approximately 1350 persons died from the disease.13 The male-
to-female ratio of Hodgkin lymphoma is 1.5:1.0. Hodgkin
lymphoma is more common in whites (age-adjusted incidence
rate 3.38/100 000) compared with blacks (2.86/100 000) or
Hispanics (2.45/100 000).a Hodgkin lymphoma has been asso-
ciated with a bimodal age-incidence of disease, historically
with the highest peak in the third decade of life and a second,
smaller peak after the age of 50 years. Data from a recent
Surveillance, Epidemiology, and End Results (SEER) analysis
(SEER 17) show a continued bimodal peak with the first
peak occurring at age 20–24 years (4.25/100 000) with a
second prominent peak at 75–79 years of age (4.46/100 000)
as shown in Figure 19.1. Further, these age-specific incidence

Management of Hematologic Malignancies, ed. SusanM. O’Brien, Julie M. Vose, and HagopM. Kantarjian. Published by Cambridge University Press.
# Cambridge University Press 2011.

aIncidence source: SEER 17 areas (San Francisco, Connecticut,
Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose-
Monterey, Los Angeles, Alaska Native Registry, Rural Georgia,
California excluding SF/SJM/LA, Kentucky, Louisiana, and New
Jersey). Rates are per 100 000 and are age-adjusted to the 2000 US Std
Population (19 age groups – Census P25–1130). The modeled rates
are the point estimates for the regression lines calculated by the
Joinpoint Regression Program (Version 3.3, April 2008, National
Cancer Institute). Incidence data for Hispanics and non-Hispanics are
based on NHIA and exclude cases from the Alaska Native Registry
and Kentucky.

367



rates vary widely according to race/ethnicity as shown in
Figure 19.2. In non-Hispanic whites, the second peak is smaller
(age 20–24 years: 5.86/100 000 and age 75–79 years: 4.52/
100 000), while in Hispanics the second peak is much more
prominent compared with the first (age 25–29 years: 2.28/
100 000 and age 80–84 years: 6.72/100 000).

Worldwide differences
The incidence of Hodgkin lymphoma varies greatly throu-
ghout the world. The highest rates of Hodgkin lymphoma
are seen in the United States, Canada, and Eastern
and Northern Europe, with markedly lower rates in
China, Korea, and Japan (Figures 19.3 and 19.4).14 The
age-standardized incidence rate of Asian immigrants to
the USA is slightly higher than their homeland, but still
less frequent than non-immigrants (whites or blacks).
Au et al. found that the incidence of Hodgkin lymphoma
among immigrants of Chinese descent in British Columbia,
Canada was significantly lower than expected from the
British Columbia background population (24 observed vs.
71 expected cases; standardized incidence ratio [SIR]¼ 0.34;
90% confidence interval [CI]¼ 0.24–0.48; p< 0.0001),
although the incidence was higher compared with the
Hong Kong Chinese population (24 observed vs. 8.5 expected
cases; SIR¼ 2.81; 90% CI¼ 1.94–3.95; p< 0.0001).15 These
data suggest that genetic and environmental factors play a

role in the pathogenesis of Hodgkin lymphoma. In the
1970s, it was suggested that the international variation
was due to economic development with increased incidence
in developed countries compared with developing
countries.16 Later reports from the 1990s showed that the
incidence rates for young adults had increased in
less developed countries while they remained static in
Western countries.17 The incidence rate of Hodgkin lymph-
oma in the USA over the last 30 years has been overall stable
with an age-adjusted incidence rate (per 100 000) of 3.08
in 1975 and 2.96 in 2005.b
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Figure 19.1 SEER incidence rate of Hodgkin lymphoma in the United States
based on age (2000–5). Incidence source: SEER 17 areas (San Francisco [SF],
Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose-
Monterey [SJM], Los Angeles [LA], Alaska Native Registry, Rural Georgia,
California excluding SF/SJM/LA, Kentucky, Louisiana, and New Jersey). Rates are
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0.0

Black

Non-Hispanic White

Hispanic

<1
1–

4
5–

9

10
–1

4

15
–1

9

20
–2

4

25
–2

9

30
–3

4

35
–3

9

40
–4

4

45
–4

9

50
–5

4

55
–5

9

60
–6

4

65
–6

9

70
–7

4

75
–7

9

80
–8

4
85

+

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Age at diagnosis
R

at
e 

p
er

 1
00

00
0

Figure 19.2 SEER incidence rate of Hodgkin lymphoma in the United States
based on race/ethnicity (2000–5). Incidence source: SEER 17 areas (San
Francisco [SF], Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah,
Atlanta, San Jose-Monterey [SJM], Los Angeles [LA], Alaska Native Registry, Rural
Georgia, California excluding SF/SJM/LA, Kentucky, Louisiana, and New Jersey).
Rates are per 100 000. Incidence data for Hispanics and non-Hispanics are based
on NHIA (NAACCR [North American Association of Central Cancer Registries]
Hispanic Identification Algorithm) and exclude cases from the Alaska Native
Registry and Kentucky.

bIncidence source: SEER 9 areas (San Francisco, Connecticut, Detroit,
Hawaii, Iowa, New Mexico, Seattle, Utah, and Atlanta). Rates are per
100 000 and are age-adjusted to the 2000 US Std Population (19 age
groups – Census P25–1130). Regression lines are calculated using the
Joinpoint Regression Program Version 3.3, April 2008, National
Cancer Institute.
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Etiologic epidemiology
Familial factors
The cause of Hodgkin lymphoma remains largely unknown.
Genetic factors have been shown to be a likely component of
Hodgkin lymphoma pathogenesis. Siblings of young adults
with Hodgkin lymphoma have an approximate five- to tenfold
excess risk of developing the disease,18–21 the risk being higher
for same-sex siblings.18 Further, the monozygotic twin of a
patient with Hodgkin lymphoma has an almost 100-fold risk
of developing Hodgkin lymphoma, whereas the risk of a dizy-
gotic twin is minimal.22 The latter may be related in part to
inherited interleukin-6 polymorphism genotypes.23 Family his-
tory of hematopoietic malignancy in a first-degree relative has
been shown to be associated with an approximate two- to three-
fold increased risk of Hodgkin lymphoma.21,24–27 Anderson et al.
studied the prognosis of familial Hodgkin lymphoma and found
that survival appeared to be similar to sporadic patients.26 The
increased incidence of Hodgkin lymphoma in young adults in
Westernizedmore affluent countries with smaller family size and
growing up in a single-family house have suggested a role for an
infectious and/or environmental agent in the etiology of this

disease.20,28 The hypothesis of delayed exposure to infection as
an etiologic factor for Hodgkin lymphoma in young adults is
strongest in Epstein–Barr virus (EBV)-positive Hodgkin lymph-
oma.29,30 Accordingly, early exposure to other children at nur-
sery school or day care was shown to be associatedwith decreased
risk of Hodgkin lymphoma, possibly by facilitating exposure to
common infections with associated promotion of cellular
immunity.27

Infection
Despite the implications of EBV as an etiologic factor,29–32 its
role as a causative agent in Hodgkin lymphoma is not clear.
The EBV genome is detected in 30–50% of tumor biopsies of
Hodgkin lymphoma patients (as identified by latent mem-
brane protein 1 [LMP-1] or EBV-encoded RNA [EBER]
immunostaining of Hodgkin and Reed–Sternberg [H-RS]
cells),33–35 while a history of infectious mononucleosis is asso-
ciated with an approximate three- to fourfold increased likeli-
hood of developing Hodgkin lymphoma.29,30,32 The risk of
Hodgkin lymphoma appears to occur at a median of 3–4 years
after EBV infection,29,30 while some data support the idea that
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the risk may remain elevated for two decades after infection.32

In young adults, Hodgkin lymphoma in underdeveloped coun-
tries and low socioeconomic groups is more likely to be EBV
positive compared with developed countries and higher socio-
economic status.33,34,36 Further, mixed-cellularity subtype,
Hispanic ethnicity (vs. whites), male gender (vs. women),
HIV-related, and older Hodgkin lymphoma patients (> age
60 years) are more likely to be EBV-associated.36–38

The risk of Hodgkin lymphoma in patients with human
immunodeficiency virus (HIV) infection is approximately 10-
to 20-fold increased compared with the general population.39–42

The increased risk associated with HIV/AIDS is more pro-
nounced than with iatrogenic immunosuppression (e.g., solid
organ transplant recipients). A recent meta-analysis compared
the risk of Hodgkin lymphoma, which was increased in both,
slightly higher in HIV/AIDS (SIR 11.03) than post-transplant
(SIR 3.89).43 The effect of highly active antiretroviral therapy
(HAART) on the incidence of HIV-related Hodgkin lymphoma
has been investigated. Unlike non-Hodgkin lymphoma (NHL),
Hodgkin lymphoma occurs more often at moderate levels of
immunosuppression,44 and there are emerging data suggesting
that the corresponding relative risk of developing Hodgkin

lymphoma increases following immune reconstitution when
on HAART.45 A Swiss report found no evidence of changed
incidence patterns among HIV-positive patients using
HAART,46 while a recent British analysis found a significantly
increased risk of Hodgkin lymphoma temporally associated
with HAART therapy (SIR from 1983 to 1995 [pre-HAART
era]: 4.5; from 1996 to 2001 [early HAART era]: 11.1; and from
2002 to 2007 [HAART widely available]: 32.4).47

Autoimmune and other factors
Autoimmune diseases have been linked with an increased risk
of Hodgkin lymphoma. In a Scandinavian population-based
analysis Landgren et al. show that personal history of
the autoimmune conditions rheumatoid arthritis (odds ratio
[OR]¼ 2.7; 95% CI¼ 1.9–4.0), systemic lupus erythematosus
(OR¼ 5.8; 95% CI¼ 2.2–15.1), sarcoidosis (OR¼ 14.1; 95%
CI¼ 5.4–36.8), and immune thrombocytopenic purpura
(OR¼ infinity; p ¼ 0.002) increased the risk of developing
Hodgkin lymphoma.48 Family history of sarcoidosis
(OR¼ 1.8; 95% CI¼ 1.01–3.1) or ulcerative colitis (OR¼ 1.6;
95% CI¼ 1.02–2.6) was also associated with increased risk of
Hodgkin lymphoma.
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Several studies have shown that cigarette smoking is associ-
ated withHodgkin lymphoma;27,49–51 themechanisms of suscep-
tibility are not clear but may be related to non-specific
immunologic abnormalities such as impaired humoral and cellu-
lar responses and/or direct carcinogenic effect. Other associations
with increased risk ofHodgkin lymphoma that have been investi-
gated but without a consistent causal association include Jewish
ethnicity,27 occupational exposures such as wood dust and chem-
icals such as phenoxy herbicides and chlorophenols,52 and per-
sonal history of multiple sclerosis. Familial clustering of multiple
sclerosis has been reported with young adult-onset Hodgkin
lymphoma with the hypothesis of shared environmental
and constitutional etiologies among the two conditions (e.g.,
EBV),53 althoughnot all studies have supported this association.54

Fewer data are available comparedwith non-Hodgkin lymph-
oma, but genetic features have been recently examined regarding
risk of Hodgkin lymphoma. El-Zein et al. showed that germline
polymorphisms in several DNA repair genes contributed to
the susceptibility of developing Hodgkin lymphoma.55 HLA
class I region polymorphisms predicted risk of Hodgkin lymph-
oma.56Niens et al. found that theHLA-A*02 allele was associated
with a reduced risk of developing EBVþ Hodgkin lymphoma,
while individuals carrying the HLA-A*01 allele had an increased
risk.56 Lastly, deletions in glutathione S-transferase (GST) have
been associated with increased risk of Hodgkin lymphoma, par-
ticularly among women less than 45 years of age.57

Biology
Clonal B cells
Significant knowledge of the genetic characteristics and
transcriptional alterations of H-RS cells of classical Hodgkin
lymphoma and “lymphocytic and histiocytic” (L&H) cells of
nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL) has been acquired over the last decade, including recent
information regarding transforming mechanisms and signaling
pathways that contribute to the anti-apoptotic phenotype of H-
RS and L&H cells.58,59 H-RS cells show coexpression of markers
normally expressed by different cell types, such as dendritic cells,
granulocytes andmonocytes (CD15), B cells (Pax-5), plasma cells
(multiple myeloma oncogene-1-protein, CD138), and activated
lymphocytes (CD30). H-RS cells generally do not express CD20
nor do they exhibit light chain restriction. The origin of theH-RS
cells was finally established when single H-RS cells, microdis-
sected from immunostained tissue sections, were analyzed for
immunoglobulin (Ig) variable region (VAR) gene rearrange-
ments. Monoclonal VAR gene rearrangements were found in
nearly all cases of classical Hodgkin lymphoma, demonstrating
that these malignant cells are derived from B cells.6–8

Transcription
Gene expression profiling studies of Hodgkin lymphoma
cell lines extended the finding that H-RS cells lack expression
of markers characteristic for B-lineage cells by a global

downregulation of the B-cell phenotype.60 The downregulation
of several B-cell-specific transcription factors (i.e., Oct-2,
Bob-1, and Pu.1) has been described,61,62 and this likely contrib-
utes to the lost B-cell phenotype of H-RS cells as well as the
downregulation of Ig expression. The suspected tumor cells of
NLPHL, L&H cells, show an immunophenotype indicating
B-cell origin including CD20 and CD79a, while the B-cell-
specific transcription factors Pax-5, Oct-2, and Bob-1, and Ig
are also expressed.62,63 The germinal center B-cell origin had
also been confirmed through single cell microdissection of L&H
cells finding clonal and somatically mutated VAR Ig rearrange-
ments.7,64,65 Increasing knowledge has been gained regarding
the transforming mechanisms involved in the pathogenesis of
classical Hodgkin lymphoma. A hallmark of classical Hodgkin
lymphoma H-RS cells is the constitutive activity of nuclear
factor-kappa B (NF-kB) transcription factor that functions as
an important survival signal. This activity may in part be due to
signaling through members of the tumor necrosis factor (TNF)
receptor family (CD30, CD40), and there is also evidence that
EBV can mimic CD40 signaling. One of the main functions of
virally encoded oncogene LMP1 is activation of NF-K(ĸ)B, such
that LMP1 expression by EBV-infected H-RS cells represents a
mechanism for constitutive NF-K(ĸ)B activity. The latent
membrane protein 2A (LMP-2A), which is also expressed by
EBV-infected H-RS cells, mimics a B-cell receptor, and it has
been speculated that LMP-2A plays an important role in the
rescue of EBV-positive H-RS cells from apoptosis.66

Apoptotic pathways
Several transcriptional signaling pathways are involved in the
anti-apoptotic phenotype of H-RS and L&H cells. The major
inhibitory molecules that prevent proper downstream caspase 3
activation in H-RS cells are c-FLICE inhibitory protein
(c-FLIP)67–70 and X-linked inhibitor of apoptosis proteins
(XIAP),71 blocking the extrinsic and intrinsic apoptotic path-
ways, respectively. The relevance of the CD95 pathway for the
pathogenesis of HL came from the observation that H-RS cells
are resistant to apoptosis and harbor clonal somatic CD95
mutations in some instances.72 Additional evidence for the
role of the extrinsic pathway in Hodgkin lymphoma pathogen-
esis is that c-FLIP expression has been shown to inhibit
CD95,67,70 and TNF receptor apoptosis-inducing ligand
(TRAIL)-induced apoptosis in H-RS cells.68,69 Many other
factors, including multiple cytokine and chemokine inter-
actions, as well as the Hodgkin lymphoma tumor microenvir-
onment,73 are also involved in the pathogenesis of Hodgkin
lymphoma and have been reviewed elsewhere in detail.58,59

Staging
History
Following confirmation of pathologic diagnosis of Hodgkin
lymphoma, complete staging is warranted to determine the
extent of disease prior to the initiation of cytotoxic
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chemotherapy. Recommended clinical, laboratory, radio-
logic, and other testing prior to the start of treatment is
depicted in Table 19.1. In 1939, Gilbert noted the propensity
of Hodgkin lymphoma to spread by contiguity from one
lymph nodal chain to adjacent nodal sites,74 a concept later
confirmed by Peters11,75 and Austin-Seymour et al.76 In part,
staging laparotomy was used extensively to document the
involvement and extent of abdominal disease in order to
define fields of radiotherapy, the primary treatment modal-
ity at that time.77 Clinical factors that predict for disease
below the diaphragm include constitutional (B) symptoms
of weight loss, fever, and night sweats, mixed cellularity or
lymphocytic depletion (LD) histology, number of supra-
diaphragmatic sites greater than or equal to two, male sex,
and age � 40 years.78 An analysis by the German Hodgkin
Lymphoma Study Group (GHSG) found that among
391 patients diagnosed from 1988 to 1993, 21% had sub-
diaphragmatic disease.79 On multivariate analysis, left cer-
vical involvement, mediastinal disease, histology (mixed
cellularity/lymphocyte depleted), and low performance
status predicted for subdiaphragmatic disease whereas medi-
astinal disease reduced the risk. With the evolution of
chemotherapy over the past 20–30 years, staging laparotomy
is no longer warranted.

FDG-PET
Prior to the 1990s, lymphangiography and 64gallium scanning
were commonly used for staging, especially to evaluate disease
below the diaphragm.77 These studies have been largely replaced
by high-resolution CT scanning and 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET).80–82 FDG-PET
scanning is helpful to evaluate for less commonly involved extra-
nodal sites (e.g., bone, liver), but also to assist in the evaluation
of response to therapy since residual radiographic abnormality
on CT images is common after the completion of therapy.
Combined FDG-PET/CT scanning has become popular recently.
It is important to note that it is still recommended that dedicated
CT scans be obtained in addition to FDG-PET/CT as CT scans
with contrast are the most precise determinant of tumor size and
location. Revised response guidelines were published through the
International Harmonization Project incorporating FDG-PET
into definitions of response.83 Hodgkin lymphoma clinical trials
now incorporate these FDG-PET guidelines, which better differ-
entiate complete remission (CR) and partial remission (PR) and
have eliminated the category of CR unconfirmed (CRu). There
are several issues, however, that need to be considered with FDG-
PET, such as technical variability and false positivity (e.g., infec-
tion, thymic hyperplasia, brown fat, diffuse marrow uptake with
hematopoietic growth factors, etc.).

Bone marrow
The incidence of bone marrow involvement at diagnosis
ranges from 5% to 13%.84–88 Of note, trephine biopsy is
indicated for some presentations,86 whereas flow cytometric

analysis is not useful. Several studies have examined the
utility and predictability of bone marrow involvement.85,89

A Greek group reported on independent prognostic factors
associated with bone marrow involvement: presence of
B symptoms, stage III/IV prior to marrow biopsy, anemia,
blood leukocyte count < 6000/μL, iliac/inguinal node involve-
ment, and age � 35 years.88 Stage I/IIA without any of these
risk factors had a < 0.5% risk of bone marrow involvement
and most authorities no longer support bone marrow biopsy
in this group.

Other testing
Other warranted tests prior to initiating chemotherapy
include pulmonary function testing with carbon monoxide
diffusing capacity (DLCO) and assessment of ejection
fraction (e.g., multi-gated acquisition scan [MUGA])
in anticipation of use of bleomycin- and anthracycline-
based chemotherapy (Table 19.1). Patients with pulmonary
or cardiac impairment may need decreased dosing or alter-
ation of the planned chemotherapy regimen and/or may
need these tests to be repeated intermittently during
chemotherapy.

Table 19.1. Staging studies for Hodgkin lymphoma

Clinical Detailed history with evaluation of
B symptoms and pruritis; physical
examination with complete lymph node
exam, inspection of Waldeyer’s ring, and
evaluation of liver and spleen size

Laboratory CBC with differential, ESR, metabolic
panel including albumin and liver
function tests

Radiologic CT of chest, abdomen, and pelvis
(neck included if not able to be
detailed on physical examination)a

Nuclear scan (PET scan)b

CXR (PA and lateral) for patients with
large mediastinal mass

Other Pulmonary function tests (PFTs) with
diffusion lung capacity of oxygen
(DLCO)
MUGA (to determine ejection fraction)
Bone marrow aspirate and biopsy
(bilateral)

Additional tests for
patients at risk

HIV testing, TB test with anergy panel,
and hepatitis B testing (surface antigen
and core antibody)

Note: aNumber of lymph node sites should be documented, especially for
stage II disease.
bIf combined FDG-PET/CTs performed, dedicated CTs should be obtained
unless oral and intravenous contrast were given with FDG-PET/CT.
CBC: complete blood count; ESR: erythrocyte sedimentation rate; PET: positron
emission tomography; CXR: chest X-ray; PA: posterior-anterior; PFT: pulmonary
function tests; DLCO: carbon monoxide diffusing capacity; MUGA: multi-gated
acquisition scan; TB: tuberculosis; HIV: human immunodeficiency virus.
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Classification
The same four-stage system applies to Hodgkin and the
non-Hodgkin lymphomas. The Ann Arbor system and the later
Cotswolds modification are used for Hodgkin disease staging/
classification.83,90 (Table 19.2). Stage IIIA/B and IVA/B
are considered advanced stage, while some groups also con-
sider/include stage IIB (with or without bulk disease) in
advanced-stage clinical trials. Staging reflects extent and loca-
tion of disease; presence or absence of B symptoms; occurrence
of extranodal disease; and tumor bulk.

Clinical presentation
The median age of patients presenting with Hodgkin lymph-
oma is approximately 35 years; however, within population-
based studies, the proportion of Hodgkin lymphoma patients
over age 60 years has ranged between 15% and 30%.91–96 The
majority of Hodgkin lymphoma patients present with enlarged
lymph nodes most commonly in the cervical region/supracla-
vicular (60–70%), axillary (15–20%), and/or mediastinal areas.
Uncommon nodal sites of involvement are Waldeyer’s ring,
occipital, and epitrochlear. Lymph nodes are typically painless,
although they may uncommonly become painful shortly after
alcohol ingestion.

The majority of patients present with supradiaphragmatic
disease. Approximately 15–20% of patients present with dis-
ease below the diaphragm. As discussed before, Hodgkin
lymphoma classically starts as a localized process and spreads
to “contiguous” lymphoid structures. Constitutional symp-
toms such as: B symptoms defined above, pruritus (typically
in absence of rash, may be severe, and may precede diagnosis
by months), fatigue, malaise, and weakness are seen in
approximately one-third of all patients on presentation. When
including only patients with stage III and IV disease, approxi-
mately 50–60% present with presence of B symptoms.97–102

Uncommonly, patients will present with symptoms due to
compressive lymph node disease such as shortness of breath,
cough, and chest pain (due to very large mediastinal mass) or
rarely superior vena cava or spinal cord syndrome.

Note: Stage extranodal disease sites. Besides palpable
lymphadenopathy, signs on physical examination and labora-
tory abnormalities include splenomegaly, hepatomegaly,
anemia (normochromic, normocytic), leukocytosis, thrombo-
cytosis, eosinophilia, lymphopenia, elevated alkaline phosphat-
ase, and elevated erythrocyte sedimentation rate (ESR).
Laboratory abnormalities resolve once therapy is initiated.
Extranodal disease may represent extension in a limited area
(e.g., chest wall, lung) or be disseminated in nature. Among
advanced-stage patients, approximately 10–20% will have two
or more extranodal sites present at diagnosis.100,102,103 Involve-
ment of the liver is rare, and when present, almost always
occurs with concomitant splenic involvement. When extrano-
dal pulmonary disease is present, it typically occurs together
with hilar nodal disease. Other uncommon clinical presenta-
tions of this disease include autoimmune hemolytic anemia

and immune thrombocytopenic purpura,104 Hodgkin
lymphoma-related vanishing bile duct syndrome and idio-
pathic cholestasis,105 hypothermia,106 nephrotic syndrome,107

and paraneoplastic neurologic syndromes.108

Table 19.2. Cotswolds classification staging system

Stage Description

I Involvement of a single lymph
node region or lymphoid structure
(e.g., spleen, thymus, Waldeyer’s
ring) or involvement of a single
extralymphatic site

II Involvement of two or more lymph
node regions on the same side of
the diaphragm (hilar nodes, when
involved on both sides, constitute
stage II disease); localized
contiguous involvement of only
one extranodal organ or site and
lymph node region(s) on the same
side of the diaphragm (IIE). The
number of anatomic regions
involved should be indicated by a
subscript (e.g., II3)

III Involvement of lymphnode regions
on both sides of the diaphragm (III),
whichmay also be accompanied by
involvement of the spleen (IIIS) or by
localized contiguous involvement
of only one extranodal organ site
(IIIE) or both (IIISE)
III1 With or without involvement of
splenic, hilar, celiac, or portal nodes
III2 With involvement of para-aortic,
iliac, and mesenteric nodes

IV Diffuse or disseminated
involvement of one or more
extranodal organs or tissues, with
or without associated lymph node
involvement

Additional designations
(applicable to any stage)

A¼ absence of B symptoms;
B¼þ presence of B symptoms
(fever/temperature > 38 ºC,
drenching night sweats,
unexplained loss of > 10% body
weight within preceding
6 months)
E¼ involvement of a single
extranodal site that is contiguous or
proximal to the known nodal site
X¼ bulky disease: ratio > one-third
largest transverse diameter of thorax
on standing posterior-anterior chest
radiograph or > 10 cm maximal
dimension of nodal mass
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Prognosis
Early-stage Hodgkin lymphoma: definition
and prognosis
Early-stage Hodgkin lymphoma is frequently subdivided into
“favorable” early-stage and “unfavorable” (or intermediate)
early-stage disease based on presence or absence of adverse
prognostic factors (Table 19.3). This has been especially
important for design of homogenous patient populations for
prospective clinical trials. In Europe, the GHSG defines clinical
stage I–II (supradiaphragmatic only) patients as unfavorable
(intermediate) if any of the following four factors are present:
(1) large mediastinal mass (LMM), (2) extranodal disease,
(3) elevated ESR (� 50 without or � 30 with B symptoms),
and/or (4) � 3 involved nodal regions.109,110 The European
Organisation for Research and Treatment of Cancer (EORTC)
differs substituting age � 50 years (in place of extranodal) and
� 4 involved regions (vs. � 3).111

The National Cancer Institute of Canada (NCI-C) and the
Eastern Cooperative Oncology Group (ECOG) in their early-
stage trial subdivided early-stage Hodgkin lymphoma into risk
categories with “low risk” being: NLPHL and nodular sclerosis
histology, age < 40 years, ESR < 50, and � 3 disease regions;
“high risk”: all others in stages I–II, excluding bulky disease
> 10 cm, which is assigned advanced-stage disease.112 In the
GHSG, all stage III and IV patients plus stage I–IIB with LMM
or E-lesions (extralymphatic extension of the disease) are
included in the “advanced” group (Table 19.3).

Advanced-stage Hodgkin lymphoma
An international effort involving more than 5000 patients, led
by Hasenclever and Diehl, identified prognostic factors in
advanced-stage classical Hodgkin lymphoma.113 Seven factors
were recognized on multivariate analysis, each of which con-
tributed about a 7% reduction in freedom from progression
(FFP) at 5 years: stage IV, male sex, age, hemoglobin, white
blood count, lymphocyte count, and albumin (Table 19.4).
One of the seven adverse prognostic factors included age over
45 years. It should also be noted, however, that only 9% of
patients were > 55 years of age and no patients > age 65 years
were included (Volker Diehl, personal communication, 2010).

In a subsequent analysis of 462 patients, the GHSG
reported that severe leukopenia during chemotherapy was
associated with improved freedom from treatment failure
(FFTF) by multivariate analysis (p< 0.001).114 Interestingly,
women had more frequent severe leukopenia and an improved
survival compared with men. It is not clear if actual delivered
dose intensity would have the same prognostic impact.

FDG-PET to predict outcome in Hodgkin lymphoma
As discussed before, FDG-PET has become a standard imaging
modality complementing CT scans in the diagnosis and man-
agement of Hodgkin lymphoma.115–118 In advanced-stage

Hodgkin lymphoma, treatment intensification could theoret-
ically benefit the proportion of patients who respond insignifi-
cantly to therapy as determined by interim FDG-PET
scanning. Several early studies of both non-Hodgkin lymph-
oma and Hodgkin lymphoma showed that early FDG-PET was
a strong indicator of survival.81,115,118–121 Hutchings and col-
leagues reported that FDG-PET after two cycles standard
ABVD chemotherapy (see below) (PET-2) was significantly
predictive of survival; the 2-year progression-free survival
(PFS) for FDG-PET-2-negative patients was 96% compared
with 0% for FDG-PET-2-positive patients.122 In this prospect-
ive study, there was no appreciable difference between the
prognostic value of FDG-PET after two vs. four cycles or
compared to FDG-PET at the end of therapy. Gallamini and

Table 19.3. Definition of treatment groups according to risk factors

GHSG risk factors EORTC/GELA risk factors

Large mediastinal mass Large mediastinal mass

Elevated ESRa Elevated ESRa

3 or more involved nodal
regions

4 or more involved nodal
regions

Extranodal disease Age � 50 years

Early-stage favorable: I–II with
no risk factors

Early-stage favorable: I–II
(supradiaphragmatic only)
with no risk factors

Early-stage intermediate: I–IIA
with 1 or more risk factors or
I/IIB with elevated ESR and/or
3 or more involved nodal
regions

Early-stage intermediate: I–II
(supradiaphragmatic only)
with 1 or more risk factors

Advanced stage: III/IV or I/IIB
with large mediastinal mass
and/or extranodal disease

Advanced stage: III/IV

Note: aESR: � 50 without or � 30 with B symptoms.
ESR: erythrocyte sedimentation rate; GHSG: German Hodgkin Lymphoma Study
Group; EORTC: European Organization for Research and Treatment of Cancer;
GELA: Groupe d’Etude des Lymphomes de l’Adulte.

Table 19.4. International prognostic score (IPS): advanced-stage disease

Number of
risk factorsa

Percent of
population

Freedom from disease
progression at 5 years (%)

0 7 84

1 22 77

2 29 67

3 23 60

4 12 51

5þ 7 42

Note: aRisk factors: stage IV disease; male gender; age > 45 years; hemoglobin
< 10.5 g/dL; WBC > 15 000/μL; lymphocytes < 8% or absolute lymphocyte
count 600/μL; albumin < 4 g/dL.
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colleagues reported on the prognostic importance of “early
FDG-PET” after two of six planned chemotherapy cycles (doxo-
rubicin, bleomycin, inblastine, and dacarbazine [ABVD] in
96%) for 108 patients with advanced-stage HL.123 The 2-year
PFS rate for patients with a negative FDG-PET-2 compared
with a positive FDG-PET-2 were 96% and 6%, respectively
(p< 0.01). A compilation of the Italian and Danish data further
showed that FDG-PET-2 has prognostic value independent of
IPS risk stratification.124 Early FDG-PET assessment has been
less well studied with more aggressive chemotherapy regimens
routinely incorporating growth factors. Dann and colleagues
studied early FDG-PET in two different Hodgkin lymphoma
risk groups following two cycles of BEACOPP (bleomycin,
etoposide, doxorubicin [Adriamycin], cyclophosphamide, vin-
cristine, procarbazine, and prednisone) chemotherapy (see
below).125 Early positive FDG-PET was used to decrease or
intensify therapy based on FDG-PET-2 outcome. These data
support the concept of early risk assessment using FDG-PET
imaging in the study of newly diagnosed Hodgkin lymphoma.
Several issues regarding FDG-PET response-adapted therapy
need to be considered, however, including consistent defin-
itions of FDG-PET-negativity vs. positivity and strategy of trial
design with appropriate control arms. It is also important to
note that the vast majority of early FDG-PET data has been
studied in patients with advanced-stage disease.

Emerging factors
EBV
There are emerging pathologic and genetic factors in Hodgkin
lymphoma with potential etiologic and prognostic import-
ance.36,37,94 Two population-based studies showed that the
survival of older patients with EBV-positive tumors was sig-
nificantly inferior compared with EBV-negative tumors.94,96

Among 922 classical Hodgkin lymphoma patients, Keegan
et al. showed that the presence of EBV independently predicted
inferior survival for older adults (age 45–96 years) with signifi-
cantly increased Hodgkin lymphoma-specific mortality
(hazard ratio for death 2.5).126 Interestingly, presence of EBV
predicted for superior survival for patients < 15 years of age.
In a prospective population-based elderly Hodgkin lymphoma
study, Stark et al. reported that 34% of cases were EBV positive
by LMP staining and that EBV status correlated with stage at
presentation (EBV positive: 9% early stage vs. 50% advanced
stage, p¼ 0.0006).96 Moreover, EBV-positive Hodgkin lymph-
oma was associated with inferior OS compared with
EBV-negative cases (median OS 20 months vs. not reached,
respectively; p¼ 0.007). Others have confirmed the correlation
of inferior survival for older patients with EBV-positive
Hodgkin lymphoma.127,128 Although the basis for this associ-
ation is unknown, it may reflect reduced EBV-specific cellular
immunity of older patients. The weaker immunocompetence
in older patients may allow increased proliferation of an EBV-
related tumor and/or EBV antigens might induce a less robust
immune response.129,130

Other factors
Kelley and colleagues reported that Hodgkin lymphoma
patients with more intra-tumor T-cell regulatory cells
(Tregs), and fewer activated cytotoxic T/natural killer
(NK) lymphocytes, had superior survival.131 Older age
(> 45 years) in that analysis was associated with decreased
forkhead box P3 (FOXP3) Tregs and increased granzyme-
B-positive cells compared with younger patients. Maggio et al.
reported that the lack of HLA class II cell surface expression on
H-RS cells was associated with inferior failure-free survival
(FFS) and OS.67 This factor was significant on multivariate
analysis with a relative risk of death of 2.55. The only other
factor in that study associated with increased risk of death was
older age (> age 65: relative risk of death 6.47). A recent
pharmacogenetic study related various enzyme gene poly-
morphisms with outcome. Ribrag et al. showed that patients
who carried one or two UGT1A1*28 alleles had a significantly
better FFP, time to treatment failure (TTF), and OS compared
with patients homozygous for the UGT1A1 allele.132 In add-
ition to influencing risk of Hodgkin lymphoma, at least one
glutathione S-transferase (GST) deletion (GSTM1 or GSTT1)
associated with improved disease-free survival (DFS) in the
study of Hohaus et al.57

Treatment
Major success was achieved initially by refinement in radiation
techniques, and more recently, by the development of multi-
agent polychemotherapy. DeVita and Carbone pioneered the
combination of nitrogen mustard, vincristine (Oncovin), pro-
carbazine, and prednisone (MOPP) for the treatment of
advanced-stage Hodgkin lymphoma in the late 1960s which
was followed by the ABVD (doxorubicin, bleomycin, vinblas-
tine, dacarbazine) combination developed by Bonadonna et al.
in the 1970s, both landmark events in oncology.133 Over the
last 10–15 years, other chemotherapy regimens have been
developed leading to a number of prospective clinical trials
that have shaped the treatment for current patients with newly
diagnosed Hodgkin lymphoma (Table 19.5).

Favorable early-stage disease
Overview
High cure rates are achieved in favorable stage I–II patients
treated with combined modality strategies using chemotherapy
followed by RT. Many of the completed and ongoing early-
stage studies109–112,134–146 were developed in an attempt to
reduce the long-term morbidity and potentially fatal side
effects of treatment, in particular secondary tumors147–153

and cardiovascular toxicity,147,154–159 without compromising
the high cure rate. These studies include evaluation of the
optimal chemotherapy regimen,111,135,139,141,143 the optimal
number of chemotherapy cycles,112,137–141 and determination
of the optimal RT volume and dose in combination with
chemotherapy.111,112,134,136–138,140–144,146
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Table 19.5. Multiagent chemotherapy regimens used in Hodgkin lymphoma

Drug Dose (mg/m2) Route Cycle schedule (days) Cycle length

ABVD

Adriamycin (doxorubicin) 25 IV 1, 15 28 days

Bleomycin 10 IV 1, 15

Vinblastine 6 IV 1, 15

Dacarbazine 375 IV 1, 15

BCVPP

Carmustine (BCNU) 100 IV 1 28 days

Cyclophosphamide 600 IV 1

Vinblastine 5 IV 1

Procarbazine 50 PO 1

100 PO 2–10

Prednisone 60 PO 1–10

BEACOPP (baseline)

Bleomycin 10 IV 8 21 days

Etoposide 100 IV 1–3

Adriamycin (doxorubicin) 25 IV 1

Cyclophosphamide 650 IV 1

Oncovin (vincristine) 1.4a IV 8

Procarbazine 100 PO 1–7

Prednisone 40 PO 1–14

BEACOPP (escalated)

Bleomycin 10 IV 8 21 days

Etoposide 200 IV 1–3

Adriamycin (doxorubicin) 35 IV 1

Cyclophosphamide 1250 IV 1

Oncovin (vincristine) 1.4a IV 8

Procarbazine 100 PO 1–7

Prednisone 40 PO 1–14

G-CSF þ SQ 8þ
BEACOPP-14

Bleomycin 10 IV 8 14 days

Etoposide 100 IV 1–3

Adriamycin (doxorubicin) 25 IV 1

Cyclophosphamide 650 IV 1

Oncovin (vincristine) 1.4a IV 8

Procarbazine 100 PO 1–7

Prednisone 40 PO 1–7

G-CSF þ SQ 8–13
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Clinical trials
ABVD is the standard chemotherapeutic regimen for clinical
stage I–II patients. Based on pivotal studies in Milan, Italy and
Stanford, California, combined modality studies in early-stage,
favorable Hodgkin lymphoma have focused on brief chemo-
therapy (typically two to four cycles) followed by involved-field
radiation therapy (IFRT) at a reduced dosage of 20–30Gy
(Table 19.6).109,111,112,135–138,140,143,144,160 Recently, the GHSG
HD10 trial completed a phase III 2� 2 factorial design trial
(four arms) for early-stage favorable disease that randomized
1370 patients to 2 or 4 cycles of ABVD and then 20Gy vs.
30Gy IFRT.137 At 53-month median follow-up, there was no
significant difference in outcome according to the number of
ABVD cycles or RT dose with FFTF of 91–92% and OS of 96–
97%. Continued follow-up is important to confirm these pre-
liminary findings as several of the aforementioned early-
stage clinical trials have been reported only in abstract
form.24,25,27,28,29,31

Radiation considerations
The volume, field, and technical aspects of RT have evolved
together with the combined application of chemotherapy.
IFRT, which encompasses the initially involved “nodal region,”
is the current standard radiation technique employed for most
patients. The rationale for IFRT goes back to the original
MOPP series in which relapses occurred in involved, particu-
larly bulky disease sites. Several groups have supported the
concept of further reduction of the volume of RT to
involved-nodal radiation therapy (INRT),161–163 to include
only the initially involved lymph nodes. Of note, differences

in IFRT and INRT are closely related to disease distribution
and require expert planning and definition by function
imaging (see FDG-PET).

Intermediate (unfavorable) early-stage disease
Combined modality therapy is the accepted standard for inter-
mediate, unfavorable (I and II with risk factors) Hodgkin
lymphoma based on historical observations that relapse rate
was unacceptably high in patients treated with either modality
alone.110,111,112,139,141,164 The prognostic impact of a single risk
factor, the number of chemotherapy cycles, the dosage of
radiation, and whether chemotherapy may be used alone
(i.e., no radiation) are subjects of ongoing studies and continu-
ing debates (Table 19.7). ABVD has been the standard chemo-
therapy regimen used in combination with IFRT for
intermediate early-stage Hodgkin lymphoma. Attempts to
modify ABVD chemotherapy, to date, have fallen short. The
EORTC H7U randomized patients to six cycles of epirubicin,
bleomycin, vinblastine, and prednisone (EBVP) vs. six cycles
MOPP/ABV, both with IFRT. EBVP was an inferior regimen
with significantly lower 10-year event-free survival (EFS) and
OS.111 Similarly, EVE (epirubicin, vinblastine, and etoposide)
þRT was inferior to ABVDþRT in a smaller randomized
trial with 5-year FFS rates of 90% for ABVD and 73% for EVE
(p< 0.05).166

The EORTC H8U study established that four cycles of
MOPP/ABV plus IFRT were as effective as a longer course of
chemotherapy and more extensive RT. The subsequent H9U
trial demonstrated that four cycles of ABVD was associated

Table 19.5. (cont.)

Drug Dose (mg/m2) Route Cycle schedule (days) Cycle length

ChlVPP

Chlorambucil 6 PO 1–14 28 days

Vinblastine 6 IV 1, 8

Procarbazine 100 PO 1–14

Prednisone 40 total PO 1–14

Stanford V

Mechlorethamine 6 IV Wk 1, 5, 9 12 weeks

Adriamycin (doxorubicin) 25 IV Wk 1, 3, 5, 9, 11

Vinblastine 6 IV Wk 1, 3, 5, 9, 11

Vincristine 1.4a IV Wk 2, 4, 6, 8, 10, 12

Bleomycin 5 IV Wk 2, 4, 6, 8, 10, 12

Etoposide 60 IV Wk 3, 7, 11

Prednisone 40 IV Wk 1–9 qod, then taper

G-CSF þ SQ If dose reduction or delay

Note: aVincristine dose capped at 2mg.
IV: intravenous; PO: oral; SQ: subcutaneous; G-CSF: granulocyte colony-stimulating factor; wk: week.
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with outcomes no different than those with six cycles or four
cycles of standard BEACOPP regimen, all in combination with
IFRT.139 The chemotherapy question was also addressed in the
GHSG HD11 trial, together with RT dose, in a 2� 2 factorial
design. After a median observation time of 30 months, there
was no FFS difference between the chemotherapy arms or
IFRT doses with 97% OS for all patients.141 From 1/03 to
1/07, the GHSG HD14 study randomized 1216 patients to
either four ABVD with 30Gy IFRT vs. two BEACOPP-escal-
ated followed by two ABVD and 30Gy IFRT. In preliminary
results, the 3-year FFTF is improved for the BEACOPP-
containing arm as shown in Table 19.7.165 Continued follow-
up of this and other preliminary early-stage Hodgkin lymph-
oma clinical trial reports is critical in order to confirm if

efficacy differences persist, and to examine potential toxicity
differences, especially fertility and secondary malignancies.

Chemotherapy alone for early-stage Hodgkin
lymphoma
Chemotherapy alone for early-stage Hodgkin lymphoma rep-
resents a less well-studied treatment option that is attractive
for those for whom the risk(s) of acute and/or long-term
RT toxicity is deemed unacceptable.112,142,143,146,164,167–169

A study from India randomized 179 patients in CR following
six cycles of ABVD to IFRT or no RT.168 The trial included
a heterogeneous patient population (stages I–IV; 53% of report
with stage I/II); > 80% had mixed cellularity or NLPHL

Table 19.6. Favorable early-stage I–II Hodgkin lymphoma: recent randomized studiesa

Trial No. patients Treatment regimens Outcome

7-yr FFTF 7-yr OS

GHSG HD7136 650 EFRT (30 Gy) + IFRT (10 Gy) 67% 94%

2 ABVDþ same RT 88% 92%

p< 0.0001 p¼ 0.43

5-yr EFS 10-yr OS

EORTC H8F138 542 3 MOPP/ABVþ IFRT (36 Gy) 98% 97%

STLI 74% 92%

p< 0.001 p¼ 0.001

4-yr EFS 4-yr OS

EORTC/GELA H9F143 783 6 EBVPþ IFRT (36 Gy) 88% 98%

6 EBVPþ IFRT (20 Gy) 85% 100%

6 EBVP (no RT) 69% 98%

p< 0.001 p¼ 0.241

‘No RT’ arm closed due to elevated relapse rate

GHSG HD10137 1370 2 ABVDþ IFRT (30 Gy)
2 ABVDþ IFRT (20 Gy)
4 ABVDþ IFRT (30 Gy)
4 ABVDþ IFRT (20 Gy)

Median follow-up 53 months, no survival
differences between number of ABVD cycles or
radiation dose (FFTF 91–92%, OS 96–97%)

5-yr EFS 5-yr OS

NCI-C/ECOG112 123 ABVD 4–6 cycles 87% 97%

STLI 88% 100%

p ¼ NS p ¼ NS

GHSG HD13 Ongoing 2 ABVDþ 30 Gy IFRT
2 ABVþ 30 Gy IFRT
2 AVDþ 30 Gy IFRT
2 AVþ 30 Gy IFRT

AV and ABV arms closed September 2006 due
to elevated relapse rate

Note: aSee text for definitions of favorable early-stage category. Minimum Hodgkin lymphoma favorable early-stage study size 120 patients.
No: number; yr: year; EORTC: European Organisation for Research and Treatment of Cancer; Gy: gray; EBVP: epirubicin, bleomycin, vinblastine, prednisone; IFRT:
involved-field radiation therapy; EFS: event-free survival; OS: overall survival; GHSG: German Hodgkin Study Group; FFTF: freedom from treatment failure; ABVD:
doxorubicin, vinblastine, bleomycin, dacarbazine; STLI: subtotal nodal irradiation; NS: not significant; RT: radiation therapy; EFRT: external-field radiation therapy.
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histology, and half of the patients were aged over 15 years.
No EFS or OS differences were detected for stage I–II patients
(8-year EFS and OS of chemotherapy alone 94% and 98%,
respectively, vs. 97% and 100% for chemotherapy and IFRT,
p values 0.29 for EFS and 0.26 for OS). A multivariate sub-
group analysis of all patients showed EFS superiority for IFRT
with B symptoms, bulky disease, age < 15, and advanced
stages. Surprisingly, RT provided more EFS benefit for patients
without mediastinal involvement. For OS, the IFRT arm
was superior in the patient subgroups with B symptoms, stage

III–IV disease, and patients < 15 years, but not for patients
with bulky disease.

TheNCI-C/ECOGHD6 trial evaluated 399Hodgkin lymph-
oma patients with early stage I–II disease, excluding patients
with LMM or bulky disease (> 10 cm).112 Favorable patients
were randomized to STLI vs. four to six cycles of ABVD (two
cycles beyond CR) without RT, while unfavorable patients
were randomized to two cycles ABVD with STLI vs. four to six
total cycles of ABVD alone. With both prognostic groups
combined, FFP and EFS were superior in patients who received

Table 19.7. Intermediate early-stage I–II Hodgkin lymphoma: randomized chemotherapy studiesa

Trial No. patients Treatment regimens Outcome

10-yr FFS 10-yr OS

EORTC H6U135 316 3 MOPPþMantleþ 3 MOPP 77% 87%

3 ABVDþMantleþ 3 ABVD 88% 87%

p< 0.0001 p¼ 0.52

EORTC H7U111 316 6-yr EFS 6-yr OS

6 EBVPþ IFRT (36 Gy) 68% 79%

6 MOPP/ABVþ IFRT 88% 87%

p< 0.001 p¼ 0.0175

GHSG HD11141 1422 4 ABVDþ IFRT (30 Gy)
4 ABVDþ IFRT (20 Gy)
4 BEACOPP-baseþ IFRT (30 Gy)
4 BEACOPP-baseþ IFRT (20 Gy)

Median follow-up 30 months: no differences between ABVD
and BEACOPP (FFS 89% and 91%, respectively), or between
20 Gy and 30 Gy IFRT (FFS 91% and 93%, respectively)

EORTC H8U138 996 5-yr EFS 5-yr OS

6 MOPP/ABVþ IFRT (36 Gy) 84% 88%

4 MOPP/ABVþ IFRT (36 Gy) 88% 85%

4 MOPP/ABVþ STLI 87% 84%

p¼NS p¼NS

NCI-C/ECOG112 276 5-yr EFS 5-yr OS

ABVD 4–6 cycles 88% 95%

ABVD 2 cyclesþ STLI 92% 92%

p¼ 0.09 p¼NS

EORTC H9U139 808 4-yr EFS 4-yr OS

6 ABVDþ IFRT (30 Gy) 91% 95%

4 ABVDþ IFRT (30 Gy) 87% 94%

4 BEACOPP-baseþ IFRT (30 Gy) 90% 93%

p¼NS p¼NS

GHSG HD14165 1216 4 ABVDþ IFRT (30 Gy)
2 BEACOPP-escþ 2 ABVDþ IFRT (30 Gy)

Preliminary report: 3-year FFTF for ABVD alone 90% vs. 96% for
BEACOPP/ABVD

Note: aSee text for definitions of intermediate early-stage category. Minimum study size 250 patients.
No: number; yr: year; EORTC: European Organisation for Research and Treatment of Cancer; GHSG: German Hodgkin Study Group; NCI-C: National Cancer Institute
of Canada; ECOG: Eastern Cooperative Oncology Group; MOPP: mechlorethamine, vincristine, procarbazine, prednisone; ABVD: doxorubicin, vinblastine, bleomycin,
dacarbazine; BEACOPP: bleomycin, etoposide, doxorubicin (Adriamycin), cyclophosphamide, vincristine, procarbazine, and prednisone; esc: escalated; base: baseline;
FFS: failure-free survival; OS: overall survival; Gy: gray; IFRT: involved-field radiation therapy; STLI: subtotal nodal irradiation; EFS: event-free survival; FFTF: freedom from
treatment failure; NS: not significant.
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radiation (5-year FFP 93% vs. 87% and EFS 88% vs. 86%,
p¼ 0.006 and p¼ 0.06, respectively), while OS was similar
(94% and 96%, p¼ 0.40). Differences were less apparent when
examining the prognostic subgroups separately (Tables 19.6
and 19.7).

The EORTC–GELA H9F trial randomized 783 patients to
six cycles EBVP with 20Gy IFRT, six cycles EBVP with 36Gy
IFRT, or six cycles EBVP without radiation.143 The arm with-
out radiation was stopped early due to high relapse rate.
As discussed before with the EORTC H7U data, it is apparent
that EBVP is an inferior regimen compared with ABVD.
At median follow-up of 33 months, there are no differences
between radiation dosing and OS is � 98% in all arms
(Table 19.6). Straus and colleagues reported a single-institu-
tion trial of 152 patients comparing six cycles of ABVD alone
vs. six cycles ABVD with 36Gy IFRT for Hodgkin lymphoma
patients with stages I–II and IIIA disease.146 There were no
differences in FFS or OS, although the sample size of the trial
might have limited the ability to detect a small difference.

Ongoing early-stage data
The GHSG HD13 was initiated as a four-arm phase III trial for
favorable, early-stage disease randomizing patients to two
cycles each of ABVD, AVD, ABV, or AV with all arms
followed by 30Gy IFRT. In preliminary analysis, the two
non-dacarbazine-containing arms, ABV and AV, were closed
prematurely because of increased relapse rates. Accrual con-
tinues to the ABVD and AVD arms. It seems that dacarbazine
is an important therapeutic agent in the treatment of early-
stage Hodgkin lymphoma. For early-stage intermediate
Hodgkin lymphoma, the GHSG HD14 trial is comparing
two courses of intensified BEACOPP followed by two cycles
ABVD vs. four cycles ABVD, with both arms followed by
30Gy IFRT.

The United Kingdom and EORTC have incorporated
FDG-PET response-adapted therapy into early-stage Hodgkin
lymphoma trial designs. The ongoing United Kingdom trial
treats all early-stage patients with three ABVD cycles, which is
followed by PET restaging. PET-negative patients are random-
ized to 30Gy IFRT vs. no RT, while PET-positive patients
receive a fourth ABVD cycle followed by IFRT. The recently
initiated EORTC–GELA H10 Intergroup trial compares
“standard therapy” to PET-based response-adapted therapy
(PET after two cycles ABVD). Favorable early-stage patients
are randomized to standard therapy (three cycles ABVD and
30Gy IFRT) vs. PET-based therapy: four cycles ABVD alone
(no RT) for PET-negative patients or two cycles ABVD and
two cycles BEACOPP-escalated followed by 30Gy IFRT for
PET-positive disease. Intermediate group early-stage patients
are randomized to standard therapy (four cycles ABVD and
30Gy IFRT) vs. PET-based treatment with six cycles ABVD
(no RT) for PET-negative disease or two cycles ABVD and two
cycles BEACOPP-escalated followed by 30Gy IFRT for PET-
positive disease.

Advanced-stage disease
Initial chemotherapy studies
In a landmark report, DeVita and Carbone showed for
patients with advanced Hodgkin lymphoma disease that more
than 80% achieved remission and approximately 50% were alive
at 5 years with MOPP combination chemotherapy.12 Other
trials studying MOPP showed long-term FFP rates of 36–52%
and OS of 50–64%.12,170,171 Several groups subsequently exam-
ined alternative treatment regimens in an attempt to further
improve long-term survival and/or to reduce toxicity (sterility,
neurologic toxicity, and secondary acute leukemia). Several
MOPP variants were studied including the substitution of
vinblastine for vincristine (MVPP), which was comparable
to MOPP in remission and OS.172,173 In a randomized
trial, the British National Lymphoma Investigation (BNLI)
substituted nitrogen mustard with chlorambucil (leukeran;
LOPP) and compared it to MOPP.174 The LOPP regimen was
less toxic, and no significant survival differences were seen. The
United Kingdom also substituted chlorambucil for mustard
developing the chlorambucil, vinblastine, procarbazine, and
prednisolone regimen (ChlVPP);175 this regimen appeared
comparable to MOPP, although a randomized trial was not
performed.

In a randomized study, the ECOG compared a regimen
containing carmustine (BCNU), cyclophosphamide, vinblastine,
procarbazine, andprednisone (BCVPP)withMOPP.176At5years,
BCVPP had a significantly higher FFP (50% vs. 33%, respectively)
and OS (83% vs. 75%, respectively). Hematologic toxicity was
similar, although BCVPP caused less non-hematologic toxicity
(gastrointestinal and neurologic). Bonadonna and colleagues
introduced the ABVD regimen133 in 1975 in order to develop a
non-cross resistant regimen for patients who had relapsed
following MOPP. The Milan group subsequently compared
three cycles of MOPP and three cycles ABVD preceding and
following extended-field RT in 232 previously untreated Hodgkin
lymphoma patients.177 A significant improvement in outcome for
ABVD was noted over MOPP with superior 7-year FFP and OS
rates (Table 19.8).

Hybrid regimens
The theoretic basis for multidrug regimens is based on themodel
by Goldie and Coldman183 of the advantage to early introduction
of all active agents to avoid resistant tumor cell clones. TheMilan
group randomized 88 patients to MOPP vs. MOPP alternating
monthly withABVDand found significantly superior 8-year FFP
rates of 65% forMOPP/ABVD vs. 36% forMOPP andOS of 84%
vs. 64%, respectively (p¼ 0.06).170 Investigators in Vancouver182

and Milan183 designed two hybrids of MOPP and ABVD. The
NCI-C compared the MOPP-ABV hybrid with alternating
MOPP/ABVD in patients with stage IIIB or IV Hodgkin lymph-
oma.184 At 5 years, there was no significant difference in OS;
however, the hybrid regimen was associated with higher hemato-
logic and non-hematologic toxicities.
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Table 19.8. Advanced-stage Hodgkin lymphoma: ABVD and BEACOPP randomized trials

Trial No. patients Treatment regimens Outcome

Milan177 232 7-yr EFS 7-yr OS

ABVD 6 cyclesþ STLI 81% 77%

MOPP 6 cyclesþ STLI 63% 68%

p< 0.002 p< 0.03

CALGB178 361 5-yr FFS 5-yr OS

ABVD 6–8 cycles 61% 73%

MOPP 6–8 cycles 50% 66%

MOPP/ABVD 12 cycles 65% 75%

p¼ 0.03 p¼NS

CALGB99 856 5-yr FFS 5-yr OS

ABVD 8–10 cycles 63% 82%

MOPP-ABV 8–10 cycles 66% 81%

p¼NS p¼NS

GHSG HD9101 1201 5-yr FFTF 5-yr OS

COPP/ABVD � 8 cyclesþ IFRTa 69% 83%

BEACOPP-baseline� 8 cyclesþ IFRTa 76% 88%

BEACOPP-escalated� 8 cyclesþ IFRTa 87% 91%

p< 0.002 p< 0.002

United Kingdom102 807 3-yr EFS 3-yr OS

ABVD 6 cyclesþ 30–35 Gya 75% 90%

MDR regimen (ChlVPP/PABIOE or
ChlVPP/EVA) 6 cyclesþ 30–35 Gya

75% 88%

p¼NS p¼NS

GHSG HD12179,180 1661 4-yr FFTF 4-yr OS

BEACOPP-escalated� 8 cycles 86% 88%

BEACOPP� 4 esc and 4 base cycles 91% 91%

BEACOPPþ 30 Gy IFRT 91% 95%

BEACOPP without RT 88% 95%

p¼NS p¼NS

Italy100 355 5-yr PFS 5-yr OS

ABVD� 6 cyclesþ IFRT (RT 62% of pts)a 85% 90%

MOPPEBVCAD� 6 cyclesþ IFRT (RT 66%)a 94% 89%

Stanford V� 3 cyclesþ IFRT (RT 47%)a 73% 82%

p< 0.01 p< 0.04

Italy97 307b 5-yr PFS 5-yr OS

ABVD� 6 cycles (RT 46%) 68% 84%

COPPEBVCAD� 6 cycles (RT 43%) 78% 91%

EscBEACOPP� 4, baseBEACOPP� 2 (RT 44%) 81% 92%

p< 0.038 p¼NS
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The Milan group randomized 427 patients with pathologic
stage IB, IIA bulky, IIB, and III/IV disease to MOPP/ABVD alter-
nating monthly and alternating one-half cycles of MOPP and
ABVD.185 No survival differences were detected among these two
regimenswith 67–69%without progression and 72–74%alive at 10
years. Large multicenter trials in the United States and Europe
studiedother comparisons.186,187TheCALGBinvestigated sequen-
tial MOPP/ABV vs. MOPP-ABV hybrid in newly diagnosed and
first relapsed advanced-stage Hodgkin lymphoma.186 FFS and OS
were significantly better with the hybrid regimen. The EORTC
compared two courses of MOPP alternating with two courses of
ABVD to total of eight vs.MOPP.187MOPP/ABVDwas associated
with significantly higher FFP (60% vs. 43%, respectively).

As a conclusion to these comparative trials, as reported by
Canellos et al.167 and then later by Duggan et al.,99 randomized
phase III trials showed that ABVD alone was equally effective as
MOPP/ABVD and MOPP-ABV hybrid, but less toxic, and all
regimens were more effective thanMOPP alone (Table 19.8). In
addition, ABVD had less acute toxicity, especially no sterility
and few or no secondary acutemyeloid leukemia/myelodysplas-
tic syndrome (AML/MDS). At present, it is internationally
accepted that ABVD should be the standard regimen against
which all experimental combinations should be tested.

Other chemotherapy regimens
Stanford V, a seven-drug regimen, was developed as a short-
duration, reduced-toxicity program including doxorubicin,
vinblastine, mechlorethamine, bleomycin, vincristine,

etoposide, and prednisone. Stanford V is given weekly over
12 weeks and consolidative RT is applied to tumors � 5 cm.98

In an Italian multicenter phase III trial, 334 patients were
randomized to ABVD, Stanford V, or MOPPEBVCAD
(mechlorethamine, vincristine, procarbazine, prednisone, epi-
doxirubicin, bleomycin, vinblastine, lomustine, doxorubicin,
and vindesine).100 The dose intensities varied slightly between
the regimens with ABVD 83%, Stanford V 81%, and MOP-
PEBVCAD 73%. An important consideration in interpreting
the results of this trial is that RT was administered on a more
limited basis for Stanford V patients (66%) compared with
> 90% in the original Stanford program.98 The 5-year FFS
and PFS rates were inferior for Stanford V compared to ABVD
and MOPPEBVCAD, while ABVD had improved OS vs.
Stanford V (p< 0.04). A preliminary report from the United
Kingdom found no difference between Stanford V and ABVD
in a 520-patient randomized trial (Table 19.8).181 RT was given
to 72% of Stanford V patients and to 53% of the ABVD cohort
(RT was not required for ABVD patients who achieved CR).
The North American Intergroup phase III trial randomizing
Stanford V vs. ABVD has completed accrual and follow-up of
patient events continues.

In a UK randomized trial, the abbreviated 11-week chemo-
therapy program, VAPEC-B (vincristine, doxorubicin, prednis-
one, etoposide, cyclophosphamide, bleomycin), was compared
with the hybrid ChlVPP-EVA (etoposide, vincristine, and
doxorubicin) regimen with radiation applied to initial bulk or
residual disease.188 The study was stopped after 26 months
due to a threefold increase in the rate of progression after

Table 19.8. (cont.)

Trial No. patients Treatment regimens Outcome

United Kindgom181 520 5-yr PFS 5-yr OS

Stanford V� 12 weeks 74% 92%

ABVD 6–8 cycles 76% 90%

p¼NS p¼NS

GHSG HD15182 1500 BEACOPP-esc� 8 cycles þ/� 30 Gy IFRTa All pts: FFTF 86% and OS 95% at median follow-up
21 months

BEACOPP-esc� 6 cycles þ/� 30 Gy IFRTa

BEACOPP-14 � 8 cycles þ/� 30 Gy IFRTa

EORTC 20012 Ongoing For patients IPS 4–7 only: ABVD� 8 cycles Open – target sample size 550

BEACOPP� 4 esc and 4 base cycles

Notes: Minimum study size 230 patients.
aRadiation delivered to sites of initial bulk disease or partial remission after chemotherapy. For GHSG HD15, radiation was given only to patients with disease> 2.5 cm
following chemotherapy that was PET positive.
bPatients with less than partial response (PR) after the first three cycles of chemotherapy were taken off study (considered as progressing).
No: number; IFRT: involved-field radiation therapy; STLI: subtotal nodal irradiation; EFS: event-free survival; OS: overall survival; FFS: failure-free survival; FFTF: freedom
from treatment failure; MOPP: mechlorethamine, vincristine, procarbazine, prednisone; ABVD; doxorubicin, bleomycin, vinblastine, dacarbazine; MDR: multidrug
resistant; ChlVPP/PABIOE: chlorambucil, vinblastine, procarbazine, prednisone/prednisolone, doxorubicin, bleomycin, vincristine, etoposide; EVA: etoposide,
vincristine, and doxorubicin; GHSG: German Hodgkin Study Group; BEACOPP: bleomycin, etoposide, doxorubicin (Adriamycin), cyclophosphamide, vincristine,
procarbazine, prednisone; esc: escalated; base: baseline; MOPPEBVCAD: mechlorethamine, vincristine, procarbazine, prednisone, epidoxirubicin, bleomycin,
vinblastine, lomustine, doxorubicin, and vindesine; COPPEBVCAD: same as MOPPEBVCAD but cyclophosphamide instead of mechlorethamine; IPS: international
prognostic score; NS: not significant; RT: radiation therapy; pts: patients.
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VAPEC-B. The UK trial subsequently randomized 807 patients
over 42 months to ABVD vs. two multidrug regimens (MDR),
ChlVPP alternating with PABIOE (prednisolone, doxorubicin,
bleomycin, vincristine, and etoposide) or ChlVPP/EVA.102 The
3-year EFS and OS rates at a median follow-up of 52 months
were similar for ABVD compared with the MDRs (Table 19.8).
Of note, EFS andOS for patients aged greater than 45 years were
significantly better with ABVD vs. the MDRs.

Chemotherapy strategies/regimens
increasing dose intensity
High dose intensity of MOPP-based therapy (i.e., full chemo-
therapy doses and no treatment delays) was associated with
significant improvement in DFS and OS.189,190 As discussed
before, the GHSG showed that the overall degree of hemato-
logic toxicity was an independent predictor of survival in
Hodgkin lymphoma as severe leukopenia during treatment
was associated with superior OS.114 It is not clear if that
association was a patient-specific or a treatment-specific phe-
nomenon. Consolidative autologous hematopoietic stem cell
transplantation (ASCT) as a part of initial therapy for Hodgkin
lymphoma has been studied.191–193 Updated results of an Ital-
ian randomized study of conventional chemotherapy vs.
chemotherapy and ASCT for newly diagnosed unfavorable
Hodgkin lymphoma found no difference in 10-year relapse-
free survival (89% and 88%, respectively) or FFS (75% and
79%, respectively).191

In 1992, the GHSG designed the BEACOPP regimen with
similar drugs as in the COPP/ABVD regimen, but included
etoposide instead of vinblastine and dacarbazine. The GHSG
designed the HD9 trial, which compared COPP/ABVD,
BEACOPP-baseline, and BEACOPP-escalated in 1201 patients
with advanced-stage Hodgkin lymphoma.101 RT was pre-
scribed for bulky disease at diagnosis (30Gy) or for residual
disease (40Gy) after eight cycles of chemotherapy; about two-
thirds of patients received IFRT. FFTF was significantly higher
in the BEACOPP-escalated arm compared with the COPP-
ABVD arm (Table 19.8).101 The OS difference between
COPP-ABVD and BEACOPP-escalated was also significant
(p< 0.002). BEACOPP-escalated was associated with greater
hematological toxicity including a higher number of platelet
and red blood cell transfusions. Second malignancies includ-
ing AML were reported; 9, 4, and 1 AML/MDS were reported
for the BEACOPP-escalated, BEACOPP-baseline, and COPP-
ABVD regimens, respectively. The total rate of secondary
neoplasias was highest in the COPP/ABVD arm with 4.2%
compared with 3.4% in the BEACOPP-escalated arm. One
critique of this pivotal BEACOPP trial was the dose intensities
of the respective regimens; the median duration of COPP-
ABVD chemotherapy was 33.4 weeks as reported in an
erratum (originally reported 46.3 weeks), which was 36%
longer treatment duration compared to BEACOPP baseline
and BEACOPP-escalated (24.4 and 24.7 weeks, respectively).
The subsequent GHSG HD12 advanced-stage trial randomized

1661 patients between eight cycles of BEACOPP-escalated vs.
four cycles of BEACOPP-escalated and four cycles of
BEACOPP-baseline. With a median follow-up of 78 months,
there have been no apparent FFTF or OS differences (Table
19.8).179,180

The experiences with the high efficacy but also increased
toxicity of the BEACOPP-escalated principal (given in 21-day
intervals) led the GHSG to consider a BEACOPP variant, in
which the drug dosage and time period according to the
effective dose model of Diehl et al.101 would accomplish the
same efficacy, but have a reduced toxicity, especially concern-
ing the rate of AML/MDS. The result was the construction of a
time intensified BEACOPP-baseline regimen given in 14-day
intervals with granulocyte colony-stimulating factor (G-CSF)
support for advanced Hodgkin lymphoma (BEACOPP-14). In
a multicenter pilot study with 32 centers, the GHSG tested the
feasibility, toxicity, and efficacy in 99 patients with stage IIB
and LMM/extranodal disease (23%) or advanced-stage disease
(77%).194 At a median 34-month follow-up, the estimated
FFTF was 90% and the OS was 97%. Hematotoxicity was
moderate, with 75% experiencing WHO grade 3 or 4 leukope-
nia, 23% thrombocytopenia, and 65% anemia. Subsequently,
the GHSG HD15 trial has recently completed accrual which
randomized 1500 patients to eight cycles of BEACOPP-escalated
vs. eight cycles BEACOPP-14 with a second randomization
with or without epoetin in each arm.

Dose intensity of ABVD
One consideration with conventional ABVD is what dose
intensity of ABVD is important for remission and survival.
Landgren and colleagues reported that OS was significantly
improved in elderly patients who received greater than 65%
ABVD dose intensity.92 Myelosuppression, especially neu-
tropenia, is common during ABVD treatment.100,102,146,195

Treatment strategies include either dose reduction or treat-
ment delay, and/or use of G-CSF to maintain dose intensity,
although data to support this recommendation (i.e., G-CSF
with ABVD) are lacking.196,197 Three retrospective analyses
have reported that ABVD can be safely administered at very
high dose intensity.195,198,199 Furthermore, it has been shown
that ABVD can be administered in full doses safely and effect-
ively and without delay (> 99% dose intensity), and without
G-CSF, irrespective of the treatment-day granulocyte count.199

This treatment strategy needs to be tested further and con-
firmed in prospective multicenter trials.

Role of radiotherapy in advanced-stage Hodgkin
lymphoma
A number of phase III trials investigated the role of consoli-
dative RT after primary chemotherapy; the vast majority have
shown no EFS or OS advantage.85,95,103,142,168,200–204 The
GHSG analyzed the role of low-dose (20Gy) IFRT vs. two
cycles of further chemotherapy consolidation in 288 patients
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in CR after initial chemotherapy with COPP-ABVD.201 There
was no significant difference in FFP or OS rates between
both treatment arms. In the GHSG HD12 trial, 1661 patients
were randomized to eight cycles of BEACOPP-escalated or
four cycles each of BEACOPP-escalated/BEACOPP-baseline,
with a second randomization for initial bulky and/or residual
disease of IFRT vs. no RT.180 Reported in abstract form, the
FFTF for all patients was 86% and OS was 92% with a similar
toxicity as described in the HD9 trial, after a median observa-
tion time of 4 years.179 There is no difference among the two
chemotherapy regimens or between the IFRT arm and no RT
arm; however, 10% of patients in the non-RT arm received
radiation according to a central panel decision (Table 19.8).

In the EORTC 20884 trial, patients with advanced-stage
Hodgkin lymphoma achieving CR after six to eight cycles of
MOPP-ABV hybrid were randomly assigned to receive either
IFRT or no further treatment.95,203 Those with PR after six
cycles were treated with IFRT. Of 739 initial patients, 333 CR
patients were randomized, and 227 patients in PR received
IFRT. The 8-year EFS and OS rates were 77% and 85%,
respectively, for patients without RT and 73% and 78% in the
group assigned to IFRT, respectively. The 8-year EFS and OS
were 76% and 84%, respectively, for patients with a PR who
received IFRT. A meta-analysis showed that combined modal-
ity therapy in advanced-stage Hodgkin lymphoma prevented
progression/relapse, but had no effect on OS and was associ-
ated with increased secondary malignancies.205

On the other hand, Johnson et al. analyzed results from the
aforementioned ABVD regimen vs. two MDRs according to
radiation received.102 In that trial, IFRT was recommended for
incomplete response or bulk disease (over 1/3 transthoracic
ratio or 10 cm outside the chest) at presentation. From the end
of chemotherapy (regardless of regimen), the EFS was superior
for patients who received RT (5-year EFS 86% vs. 71%) as was
OS (5-year OS 93% vs. 87%). FDG-PET may be a diagnostic
modality that can predict advanced-stage patients who may
avoid consolidative RT. As part of the recently discussed
GHSG HD15 trial, FDG-PET was analyzed in 311 patients.182

After completion of chemotherapy, patients in at least PR by
CT and with at least one involved nodal site of >2.5 cm
received consolidative RT if FDG-PET was positive. PET-
negative (PET�) patients received no additional RT. The
FDG-PET was positive in 21% of patients and negative in
79%. The PFS for FDG-PET-negative patients was 96% com-
pared with 86% for FDG-PET-positive patients (p¼ 0.011).
Further, the negative predictive value (NPV) for PET in this
analysis was 94%, after six to eight cycles of BEACOPP.

Recent/ongoing untreated advanced-stage trials
Federico et al. recently reported on a 307-patient phase III trial
of advanced-stage (stage IIB, III, and IV) Hodgkin lymphoma
which randomized patients between six cycles of ABVD vs.
four escalated plus two baseline courses of BEACOPP vs. six
cycles of COPPEBVCAD.97 RT was designated for sites of

previous bulky disease or for slowly or partially responding
sites and 43–46% of patients on each arm received RT. CR
rates were statistically similar among the three arms: 70%,
69%, and 81% for patients treated with ABVD, COPPEBV-
CAD, and BEACOPP, respectively (p¼ 0.130). After a median
follow-up of 41 months (range, 4–91 months), PFS was super-
ior in BEACOPP vs. ABVD as shown in Table 19.8. The PFS
advantage of BEACOPP was more apparent in patients with
high IPS (3–7). The 5-year PFS of 68% for ABVD was notice-
ably inferior to a prior Italian trial with 5-year PFS of 85%.100

Part of the explanation may be related to the study rules of the
more recent study where patients with less than PR after
the first three cycles of chemotherapy were taken off study
(and typically proceeded to stem cell transplant). Johnson et al.
presented preliminary results of a 520-patient randomized
phase III trial of ABVD vs. Stanford V.181 RT was delivered
to 72% Stanford V and 53% ABVD. The overall response rate
at completion of all treatment was 89% for ABVD and 90% for
Stanford V. With a median 4-year follow-up, there are no
apparent survival differences.

The multi-country EORTC 20012 trial continues enroll-
ment for advanced-stage patients with IPS of 4–7 randomizing
between ABVD (eight cycles) vs. eight cycles of BEACOPP
(eight escalated and four baseline). Several recently activated
trials are examining the role of early PET (i.e., PET-2) in
advanced-stage Hodgkin lymphoma. The GHSG HD18 will
randomize PET-2 patients who are negative after two cycles
of BEACOPP-escalated to standard treatment with six further
cycles of BEACOPP-based therapy vs. two further cycles of
BEACOPP-escalated (i.e., four total cycles). FDG-PET-positive
patients will have rituximab added to BEACOPP vs. continu-
ing six cycles of BEACOPP-escalated. The United States Inter-
group recently opened a phase II trial treating patients with
two cycles of “full dose” ABVD,199 as discussed before. Patients
with positive FDG-PET-2 will change to six cycles of
BEACOPP-escalated, while FDG-PET-2-negative patients will
continue with ABVD. The United Kingdom has recently
opened a phase III trial where patients with negative FDG-PET
following two cycles of ABVD will have bleomycin eliminated
and randomize between continuing ABVD vs. AVD. FDG-
PET-2-positive patients will continue to a single arm with
BEACOPP-14 therapy.

Relapsed or refractory disease
Biopsy of clinically suspected disease to pathologically prove
relapsed/refractory Hodgkin lymphoma is important, as etiol-
ogies other than Hodgkin lymphoma may account for lymph-
adenopathy and/or tissue growth on CT and/or FDG-PET
suspicious for lymphoma, including thymic hyperplasia, cysts,
infections, granulomas, or benign lymph node hyperplasia.206

In addition, the appearance of other lymphoma histologies
(low-grade or aggressive NHL) or other malignancies, espe-
cially beyond 5–10 years from initial treatment, is possible.
Once relapsed/refractory Hodgkin lymphoma has been
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pathologically proven, salvage chemotherapy should be initi-
ated. Non-cross resistant chemotherapy regimens such as
etoposide, methylprednisolone, high-dose cytarabine, and cis-
platin (ESHAP), dexamethasone, high-dose cytarabine, cispla-
tin (DHAP), ifosfamide, carboplatin, etoposide (ICE),
mitoxantrone, ifosfamide, vinorelbine, and etoposide (MINE),
or dexamethasone and carmustine, etoposide, cytarabine, and
melphalan (Dexa-BEAM) are associated with expected
response rates of 65–85%.146,207–209 The optimal number of
chemotherapy cycles prior to HSCT is not known, although
most centers advocate two to three cycles.

ASCT is standard treatment for patients with relapsed/
refractory Hodgkin lymphoma. Two randomized trials were
performed comparing ASCT with continued conventional
chemotherapy. Schmitz et al. of the GHSG/European Group
for Blood and Bone Marrow Transplantation conducted a
randomized study of 161 patients with biopsy-proven
relapsed Hodgkin disease.209 Patients were randomized to
either ASCT or continued chemotherapy. All patients initially
received two cycles of Dexa-BEAM chemotherapy; patients
who had achieved a CR or PR proceeded to either two more
cycles of Dexa-BEAM or high-dose BEAM chemotherapy
(carmustine 300mg/m2, etoposide 1200mg/m2, cytarabine
1600mg/m2, and melphalan 140mg/m2) followed by autolo-
gous stem cell infusion. The median TTF was 12 months in
the Dexa-BEAM arm, but was not reached in the BEAM-
transplant arm. At 3 years, 55% of transplant patients were
free from treatment failure, compared with 34% in the Dexa-
BEAM group (p¼ 0.019). OS at 3 years, however, was not
significantly different between the two groups (65% Dexa-
BEAM group vs. 71% ASCT group, p¼ 0.331). In
both groups, patients treated with ASCT had a statistically
significant improvement in FFS, but not OS. A 1993 trial
by the BNLI randomized 40 patients with relapsed or refrac-
tory Hodgkin lymphoma to either BEAM chemotherapy (car-
mustine 300mg/m2, etoposide 800mg/m2, cytarabine
1600mg/m2, and melphalan 140mg/m2) followed by autolo-
gous HSCT or mini-BEAM chemotherapy (carmustine
60mg/m2, etoposide 300mg/m2, cytarabine 800mg/m2, mel-
phalan 30mg/m2).210 The overall response rates in the BEAM
and mini-BEAM groups were 74% and 60%, respectively. At
3 years, the actuarial EFS was 53% in the BEAM group and
10% in the mini-BEAM group (p¼ 0.025).

ASCT: chemotherapy-alone conditioning
Numerous studies have investigated a variety of high-dose
chemotherapy conditioning regimens with autologous HSCT.
The most commonly used high-dose chemotherapy condi-
tioning regimens are BEAM and cyclophosphamide, carmus-
tine, and etoposide (CBV) with resultant long-term survival
rates of 45–51%.140,209,211–218 It is important to note the
precise dosing of particular chemotherapy agents in each
report, as different doses among regimens such as BEAM
and CBV often vary from study to study. Of note, no specific
chemotherapy regimen has shown definite superiority over

another. Some studies have focused primarily on primary
induction failure (Table 19.9), while others have combined
the primary refractory patient population with those who first
achieve CR but then develop relapsed disease (Table 19.10).

ASCT: radiation-based conditioning
The inclusion of radiation into the conditioning regimen with
high-dose chemotherapy for relapsed and refractory patients
has shown promising results with long-term DFS/EFS rates up
to 68%.146,223 The rationale for incorporating radiation into
pre-transplant conditioning therapy stems from the observa-
tion that relapses often occur in nodal sites – typically in sites
that were previously unirradiated – and that radiation may
lower the risk of disease recurrence in these sites as compared
to chemotherapy alone. Radiation protocols may involve total
body irradiation (TBI)140,213,215,219 or total lymphoid irradi-
ation (TLI), the latter minimizing radiation exposure to dose-
limiting organs such as the lungs and liver, thereby minimizing
toxicity. The use of radiation as part of the initial therapy,
however, may limit the use of TLI in the treatment of primary
refractory or relapsed disease due to the concern over radiation-
induced toxicities. It should be noted that no randomized con-
trolled trials have been performed comparing radiation-based
vs. non-radiation-containing HSCT conditioning programs.

Allogeneic HSCT
A smaller but increasing number of studies have investigated
the role of allogeneic HSCT in refractory or relapsed Hodgkin
lymphoma (Table 19.11). The European Group for Blood and
Marrow Transplantation conducted a case-matched study of
45 patients with refractory or relapsed Hodgkin lymphomawho
received a HLA-identical sibling allogeneic HSCT.225 In the
allogeneic transplant group, the 4-year actuarial probabilities
of OS, PFS, relapse, and non-relapse mortality were 25%, 15%,
61%, and 48%, respectively. These same probabilities among
patients who underwent ASCT were 37%, 24%, 61%, and 27%.
Procedural-related mortality at four years was significantly
higher in the allogeneic group – 48% compared to 27% in the
autologous patients (p¼ 0.041). Twenty-five allogeneic patients
developed acute graft-versus-host disease (GVHD; 55%). Add-
itionally, 55% of patients developed chronic GVHD. The grade
of acute GVHD was related to OS and relapse rates. The results
suggest that an acute GVHD effect may contribute to a benefit
in terms of disease relapse, but this is overshadowed by the
excess mortality resulting from allogeneic transplants. Similar
conclusions were drawn from a review of the transplantation
experience in Hodgkin disease at the Fred Hutchinson Cancer
Research Center.237 Due to studies suggesting a prohibitive
treatment-related mortality in the allogeneic setting, reduced
intensity conditioning (RIC) for allogeneic HSCT has been
studied with encouraging preliminary results.212,213,233,235

Prognosis and transplantation
Numerous studies, most retrospective, have evaluated prog-
nostic factors for outcomes after HSCT, in particular ASCT.
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Prognostic factors in ASCT studies shown to predict survival
include gender,215 performance status,238 bulky disease,213

advanced stage of disease,211,212,215 anemia,211,238,239 and
B symptoms at time of relapse;140,146,208 the most commonly
reported prognostic factors are length of initial remission
(< 1 year),146,209,211,213,239 extranodal disease at time of

relapse,140,146,213,219,240 number of regimens prior to
ASCT,212–214,219,238,240 and degree of sensitivity to salvage
chemotherapy.140,146,208,212–215,217,225,239 The GHSG developed
a prognostic score based on a review of 422 patients between
1988 and 1999 with relapsed disease after standard chemother-
apy, RT, or HSCT, identifying anemia, stage III/IV disease,

Table 19.9. Autologous transplantation trials: relapsed and refractory diseasea

Authors No.
patients
(study type)

High-dose chemotherapy regimen Outcomes

Nademanee
et al., 1995219

85,
prospective

TBI/cyclophosphamide/VP-16 (26%), BCNU/
cyclophosphamide/VP-16 (74%)

Median follow-up 25 months
OS 76%, 2-year DFS 58%
No significant difference between regimens

Sweetenham
et al., 1997217

139,
retrospective

BEAM (58%), CBV (20%), cyclophosphamideþ TBI (6%),
other (15%)

Median follow-up 2.75 years
5-year OS 49.4%, 5-year PFS 44.7%

Horning et al.,
1997140

119,
prospective

TBI/cyclophosphamide/VP-16 (22%), BCNU/
cyclophosphamide/VP-16 (62%), CCNU/
cyclophosphamide/VP-16 (16%)

4-year OS 52%; EFS 48%; FFP 62%
No difference between three regimens

Straus et al.,
2001146

65,
prospective

Previously unirradiated: TLI 1800 cGy (twice daily
fractions over 5 days)þ cyclophosphamide and
etoposide;
Previously irradiated: CBV and involved field radiation

OS and EFS were 81% and 68%, respectively, in
the TLI group, and 84% and 68%, respectively,
in the CBV group

Sureda et al.,
2001220

494,
retrospective

Cyclophosphamideþ TBI, CBV, BEAM/BEAC 5-year OS 54.5%

Ferme et al.,
2002208

157,
prospective

2–3 cycles of MINEþ BEAM Median follow-up 50 months
5-year survival 56%, 5-year FFP 46%

Gutierrez-
Delgado
et al., 2003215

92,
retrospective

TBI/cyclophosphamide/etoposide (47%), busulfan/
melphalan/thiotepa (53%)

TBI/Cy/E: OS 57%, EFS 49%, relapse 36%;
Bu/Mel/T: OS 52%, EFS 42%, relapse 34%

Czyz et al.,
2004214

341,
retrospective

BEAM (50%), CBV (36%), others (14%) 5-year EFS 45%
5-year OS 64%

Sureda et al.,
2005221

357,
retrospective

Cyclophosphamideþ TBI (7%), CBV (45%), BEAM/BEAC
(31%/12%)

5-year OS 57%

Lavoie et al.,
2005216

100,
retrospective

CBV (29%), CBVP (71%) Median follow-up 11.4 years
15-year OS 54%

Engelhardt
et al., 2007222

115,
retrospective

CBV (93%), cyclophosphamide/etoposide/TBI (4%),
thiotepa, etoposide, cytarabine, melphalan (2%),
cyclophosphamide/etoposide/cisplatin (1%)

5-year OS 58%
5-year PFS 46%
TRM 16%

Evens et al.,
2007223

48,
prospective

Carboplatin, cyclophosphamide, and etoposideþ TLI
(latter for previously unirradiated)

5-year EFS and OS for TLI/chemotherapy arm:
61% and 63%, respectively, and for
chemotherapy-alone arm: 5% and 21%,
respectively

Schulz et al.,
2008218

245,
prospective

Intermediate risk: BEAM; poor risk: tandem transplant
(CBV or BEAM followed by TBI, cytarabine, and
melphalan for previously unirradiated or busulfan,
cytarabine, and melphalan for previously irradiated)

5-year FFTF and OS for intermediate risk: 73%
and 85%, respectively, and for poor risk: 46% and
57%, respectively

Note: aMinimum study size: 45 patients.
No number; BEAM: carmustine (BCNU), etoposide, cytarabine, melphalan; MINE: mitoxantrone, ifosfamide, vinorelbine, etoposide; CBV: cyclophosphamide,
carmustine, etoposide; TBI: total body irradiation; TLI: total lymphoid irradiation; BEAC: carmustine, etoposide, cytarabine, cyclophosphamide; CBVP:
cyclophosphamide, carmustine, etoposide, cisplatin; DFS: disease-free survival; OS: overall survival; PFS: progression-free survival; EFS: event-free survival; FFP: freedom
from progression; CR: complete response; PR: partial response; TRM: treatment-related mortality; FFTF: freedom from treatment failure.
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and time to relapse < 12 months as adverse prognostic
factors.239 An abnormal PET scan after salvage chemotherapy
has also been shown to be a poor prognostic factor for patients
proceeding to HSCT. A retrospective review of 211 patients
with recurrent or refractory Hodgkin lymphoma found
that functional imaging (PET or gallium scan) after salvage
chemotherapy was positive in only 6/110 (5%) of patients
with CR, 48/86 (56%) patients with PR, and 3/3 patients with
progressive disease.241

Specific topics
Nodular lymphocyte predominant Hodgkin
lymphoma (NLPHL)
Exclusion to the aforementioned recommendation of com-
bined modality therapy for early-stage Hodgkin lymphoma
might be nodular lymphocyte predominant Hodgkin lymph-
oma (NLPHL) subtype in favorable stage IA without risk
factors. These patients may be treated by lymph node excision
followed by a “wait and see” strategy or with 20–30Gy IFRT
alone.242,243,244 The GHSG showed CR rates of 98% after
extended-field RT, 100% after IFRT, and 95% after combined
modality.242 Furthermore, FFTF at 24 months was 100%, 92%,
and 97%, respectively, while OS for all patients was 99%.

Early-stage, intermediate, and advanced-stage NLPHL has
been regarded as an entity with a more indolent course, with
more frequent later recurrences compared with classical

Hodgkin lymphoma.242,243 A comprehensive analysis of 394
NLPHL (total 8298 patients) showed an overall similar relapse
rate to classical Hodgkin lymphoma (7.9% vs. 8.1%, respect-
ively), but with significantly fewer “early” relapses with
NLPHL (0.76% vs. 3.2%, respectively, p¼ 0.02).245 At a
median observation of 41–48 months, the FFTF for NLPHL
and classical Hodgkin lymphoma were 88% and 82%, respecti-
vely (p¼ 0.0093) and OS were 96% and 92%, respectively
(p¼ 0.016). Of note, a slightly increased rate of secondary
NHL, typically diffuse large B-cell lymphoma, was seen with
NLPHL compared with classical Hodgkin lymphoma.

The current treatment recommendation for newly diag-
nosed, early-stage, intermediate, and advanced-stage NLPHL
is to treat according to similar regimens to classical Hodgkin
lymphoma. Rituximab has shown encouraging activity as a
single agent in relapsed CD20þ NLPHL with remission rates
of 86–100%.218,246,247

An updated report from the GHSG showed that the median
time to treatment progression with single-agent rituximab in
relapsed/refractory NLPHL was 33months with median OS not
being reached with 63-month median follow-up.248 Rituximab
has also been combined with chemotherapy for NLPHL includ-
ing rituximab combined with cyclophosphamide, doxorubicin
(Adriamycin), vincristine (Oncovin), and doxorubicin
(R-CHOP). Fanale and colleagues reported on their experience
of outcomes of 51 NLPHL patients treated with various treat-
ment regimens over a 10-year period.249 Nine patients received
R-CHOP with reported CR rate of 94% and EFS and OS of near

Table 19.10. Autologous transplantation reports: primary refractory Hodgkin lymphoma

Authors No. patients
(study type)

High-dose chemotherapy regimen Outcomes

Reece et al.,
1995224

30, prospective CBV� P Median follow-up
3.6 years
PFS 42%, OS at
5 years 60%

Andre et al.,
1999225

86, case-
matched

BEAM (51%), CBV (24%), TBI (2%), other (22%) 25% EFS and 35%
OS (actuarial 5-yr)

Lazarus et al.,
1999226

122,
retrospective

CBV (39%), other chemotherapy-only regimens (49%), TBI and chemotherapy
(12%)

38% PFS and 50%
OS (at 3 yrs)

Sweetenham
et al., 1999227

175,
retrospective

BEAM (47%), CBV (22%), other chemotherapy-only (23%), Cy/TBI (3%), other TBI-
based (5.1%)

32% PFS and 36%
OS (actuarial 5-yr)

Czyz et al.,
2002228

65,
retrospective

BEAM (68%), CBV (28%), other (6%) 36% PFS and 55%
OS (actuarial 3-yr)

Constans
et al., 2003213

62,
retrospective

CBV (40%), BEAM/BEAC (42%), other chemotherapy-only regimens (8%),
Cy þ TBI (10%)

15% TTF and 26%
OS (actuarial 5-yr)

Schulz et al.,
2008218

77, prospective Tandem transplant (CBV or BEAM followed by TBI, cytarabine, and melphalan for
previously unirradiated or busulfan, cytarabine, and melphalan for previously
irradiated)

5-year FFTF and
OS: 41% and 53%

Minimum study size: 30 patients.
No.: number; BEAM: carmustine, etoposide, cytarabine, melphalan; CBV: cyclophosphamide, carmustine, etoposide; Cy: cyclophosphamide; TBI: total body irradiation;
BEAC: carmustine, etoposide, cytarabine, cyclophosphamide; CBV� P: cyclophosphamide, carmustine, etoposide� cisplatin; OS: overall survival; PFS: progression-free
survival; EFS: event-free survival; TTF: time to treatment failure; FFTF: freedom from treatment failure.
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100% for these patients. Outcomes of R-CHOP-treated NLPHL
patients were significantly improved vs. all other treatment
regimens. Continued clinical trial investigations incorporating
rituximab into the treatment plan of NLPHL is warranted.

Acute and long-term treatment-related
toxicities
In a malignancy that predominantly affects younger patients
and one where the majority of patients are cured, secondary
long-term toxicities are a critical consideration when choosing
therapy. The most common acute side effects caused by chemo-
therapy for Hodgkin lymphoma include myelosuppression
with associated cytopenias contributing to increased infection
risk. Anemia and pulmonary toxicity can be caused by bleomy-
cin and/or RT. The incidence of bleomycin lung toxicity in the

literature is variable, though it has been reported to be up to
46% in some reports.250,251 Risk factors for bleomycin lung
toxicity include older age, cumulative bleomycin dose, renal
insufficiency, pulmonary radiation, underlying lung disease,
and tobacco history.250–252 Case reports253,254 and pre-clinical
data255,256 have suggested that G-CSF increases the incidence of
bleomycin lung toxicity. A retrospective report showed a sig-
nificantly increased incidence of bleomycin lung toxicity when
G-CSF was used during bleomycin-containing chemotherapy
for Hodgkin lymphoma (26% vs. 9% without G-CSF, p¼ 0.014)
with an overall associated mortality rate of 24% (death rate 40%
for patients > age 40).257

The most common serious long-term toxicities due to
Hodgkin lymphoma therapy include: secondary cancers such
as AML/MDS and solid tumors,147–153,169 gonadal dysfunction
including sterility,258–261 hypothyroidism, typically related to

Table 19.11. Allogeneic transplantation reports in relapsed/refractory Hodgkin lymphoma

Author
(year)

No.
patients

Conditioning regimens Transplant-related
mortality

EFS/PFS/DFS OS

Gajewski
et al.,
1996229

100 Cyclophosphamideþ TBI,
cyclophosphamideþ busulfan,
cyclophosphamideþ etoposideþ lamustine,
or
cyclophosphamideþ busulfanþ etoposide

61% at 3 years 3-year DFS 15% 3-year OS 21%

Milpied
et al.,
1996230

45 Allogeneic: BEAM, Bu/Cy, CBV, Chemoþ TBI,
other/unknown

65% at 4 years 4-year PFS 15% 4-year OS 25%

Akpek
et al.,
2001231

53 Busulfanþ cyclophosphamide,
cyclophosphamideþ TBI, or busulfan,
cyclophosphamide, etoposide

At 10 years:
chemotherapy-sensitive
at transplant: 53%;
chemotherapy-resistant:
32%

EFS at 10 years
26%

Autologous:
37%
Allogeneic: 30%

Carella
et al.,
2001232

17 BEAM-autologous transplant followed by
fludarabineþ cyclophosphamide

6% (1 death due to
infection)

NR Median follow-
up 566 days:
65%

Peggs
et al.,
2005233

49 Fludarabine, melphalan, alemtuzumab 4% at 100 days; 16% at
730 days

4-year PFS 32.4% 4-year OS 55.7%

Anderlini
et al.,
2005234

40 Fludarabine,
cyclophosphamide� antithymocyte
globulin, or fludarabineþmelphalan

22% at 18 months 18-month PFS
32%

18-month OS
61%

Todisco
et al.,
2007235

14 Fludarabineþ cyclophosphamide MUD
regimen: melphalanþ alemtuzumabþ
fludarabineþ TBI

0% 1-year PFS 36% 1-year OS 93%,
2-year OS 73%

Sureda
et al.,
2009236

88 Fludarabine and melphalan 15% at 1 year, 19% at
3 years

PFS for
chemotherapy-
sensitive: 64% at 1
year, 40% at
3 years

OS for
chemotherapy-
sensitive: 80%
at 1 year, 62% at
3 years

Minimum study size: 14 patients.
No.: number; BEAM: carmustine, etoposide, cytarabine, melphalan; CBV: cyclophosphamide, carmustine, etoposide; TBI: total body irradiation; Bu/Cy: busulfan/
cyclophosphamide; OS: overall survival; PFS: progression-free survival; EFS: event-free survival; DFS: disease-free survival; NR: not reported.
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RT,262 and cardiovascular disease including increased rates of
ischemic heart disease and stroke.147,154–159

Many unapparent clinically important cardiovascular
abnormalities are frequently encountered among Hodgkin
lymphoma survivors, especially if mediastinal radiation was a
component of the treatment. Adams et al. studied patients who
had received a median of 40Gy RT (range, 27.0–51.7Gy) at a
median age of 16.5.154 Significant valvular defects were found
in 42% of patients, while 75% had conduction defects, 57%
had autonomic dysfunction, 31% persistent tachycardia, and
27% blunted hemodynamic responses to exercise. Aleman
studied 1474 Hodgkin lymphoma survivors who were
� 40 years of age at time of treatment.158 The risks myocar-
dial infarction (MI) and congestive heart failure (CHF) were
highly increased compared with the general population (SIRs
¼ 3.6 and 4.9, respectively). In patients who received medias-
tinal radiation, the 30-year cumulative incidence of any car-
diovascular disease was 35%, 13% for MI, and 20% developed
valvular disorders. If given, anthracyclines significantly
increased the risks of CHF and valvular disorders related to
mediastinal RT. The SIR for MI was significantly elevated
beginning 10 years after treatment and remained increased
with longer follow-up duration. Stroke is also increased in
Hodgkin lymphoma survivors. Bowers et al. reported that the
relative risk of late-occurring stroke in Hodgkin lymphoma
survivors treated with mantle irradiation was 5.63 (95% CI¼
2.59–12.25) compared with their siblings.155 The risk of car-
diovascular disease, however, is not exclusively in radiation-
treated patients. Swerdlow et al. showed that patients who
received ABVD without radiation had a long-term highly
increased risk of death from MI compared with the general
population (SIR¼ 7.8; 95% CI¼ 1.6–22.7).159

The 20–25 year cumulative actuarial risk (adjusting for
background incidence) of secondary cancers for Hodgkin
lymphoma patients is 24–28% with the highest overall risk
seen 15–20 years after treatment.147–150,152,153 The strongest
predisposing factor is radiation,148,151,153 although some sec-
ondary cancers are seen after chemotherapy alone.150 The
most common second malignancy is breast cancer, although
the rates for many other tumors including lung and gastro-
intestinal are also significantly increased.148–151,153,169 Travis
et al. showed that the cumulative risk of breast cancer in
women treated for Hodgkin lymphoma is increased with
increased age at time of treatment, time since diagnosis, and
radiation dose. Further, the risk of secondary cancer is signifi-
cant for all patient ages, and the risks have not appeared to
have declined when examining the rate of second tumors from
the 1960s and 1970s compared with the 1980s and 1990s
(Figure 19.5).148,151

In terms of approximate breast cancer risks, Travis et al.
conducted a case–control study within an international
population-based cohort of 3817 female Hodgkin lymphoma
survivors.151 An example of the cumulative absolute risk
of breast cancer for a woman treated at age 25 years with
20–40Gy of RT (and no alkylator) at 10, 20, and 30 years of

follow-up is 1.1%, 9.1%, and 24.6%, respectively. The compara-
tive rates for a patient who received no RT are 0.3%, 1.9%, and
5.5%, respectively. In terms of age at time of treatment, for
women treated with 20–40Gy RT at age 20, 25, and 30 years,
the cumulative absolute risk of breast cancer at 30 years of
follow-up is 16.0%, 24.6%, and 34.1%, respectively. It should be
noted that much of the data regarding long-term radiation-
related side effects are derived from patient groups treated with
older RT methods and more extensive treatment fields com-
pared with those used today. The potential diminution of long-
term toxicity, in particular second malignancies, using con-
temporary radiation techniques is not known.

Similar to standard frontline treatments for Hodgkin
lymphoma, high-dose chemotherapy and HSCT for refractory
or relapsed disease carries an increased risk of second malig-
nancies. A retrospective analysis of French registry data found
that the overall incidence of secondary malignancies among
467 autografted patients was 9%.263 Of these, 393 patients
were matched to patients who received conventional treat-
ment. The 5-year cumulative incidence of second malignan-
cies was 10% and 5% for the autografted and non-autografted
groups, respectively, yielding a relative risk of solid tumors in
the autografted group of 5.19, while the risk of AML/MDS
was equal in both groups. An analysis of 1732 patients treated
at the British Columbia Cancer agency found, however, no
difference in second malignancy incidence between patients
receiving conventional treatment and those undergoing
ASCT.216 The cumulative 15-year incidence for second malig-
nancies among all patients was 9%. A multivariate analysis
revealed that age > 35 years was the only risk variable associ-
ated with an increased risk of second malignancy. Goodman
et al. recently showed that the relative risk of a secondary
malignancy after ASCT was 6.5, while it was lower but still
elevated compared with Hodgkin lymphoma patients (relative
risk 2.4).264

Hodgkin lymphoma in the elderly
Hodgkin lymphoma in the elderly remains a disease where no
standard treatment recommendations exist. Moreover, it is a
population that is underrepresented in Hodgkin lymphoma
prospective clinical studies and one in which survival rates are
disproportionately inferior compared with younger patients.
In population-based studies, the proportion of Hodgkin lymph-
oma patients older than 60 years ranges between 20% and
40%.92–94 The proportion of elderly patients participating in
prospective trials, however, is considerably lower.265 With out-
comes, the 5-year EFS or FFTF rates for elderly Hodgkin
lymphoma patients range from 30% to 40%96,237,266,267 with
5-year OS ranging from 40% to 55%.95,237,266,267 This compares
to 5-year EFS rates of > 70–80% and OS of > 80–90% for
patients aged < 40 years.95,96,237,267 Suboptimal staging and
inadequate treatment delivery for older patients may comprom-
ise the rate of cure.265,268 Furthermore, comorbidities may
preclude the delivery of standard chemotherapy.269,270
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Treatment delivery and comorbidity do not appear to com-
pletely explain the observed differences in outcome, however,
implicating the biology of Hodgkin lymphoma in the
elderly.94,126,129

Clinically, elderly Hodgkin lymphoma patients commonly
present with mixed cellularity histology, EBV-positive disease,
poor performance status, presence of B symptoms, absence of
bulk, and with advanced stage.91,92,96,137,267,271–275 Treatment
for all stages in the elderly should be given with curative intent,
although careful monitoring for treatment-related toxicity
during therapy is warranted (i.e., frequent cardiac and pul-
monary testing). The majority of data regarding treatment of
elderly Hodgkin lymphoma patients stems from phase II and
retrospective analyses (Table 19.12). The BEACOPP regimen
is too toxic for patients over age 60 years.276 ABVD can be
given,92 although bleomycin and/or doxorubicin toxicity may
be prohibitive. On the randomized ABVD-based CALGB 8251
trial, the 5-year OS for patients� age 60 years was significantly
inferior compared with patients age < 40 years (31% vs. 79%,
respectively, p< 0.0001). A report by Levis et al. analyzed the
outcome of patients � 65 years who had received a registry-
recommended protocol of ABVD, MOPP, or ABVD/MOPP
therapy.91 The 8-year EFS and OS were 41% and 46%, respect-
ively, both significantly worse compared with patients
< 65 years. A critical factor associated with the inferior out-
comes was the 23% acute treatment-related death rate among
older patients associated with ABVD-based therapy.

Support with hematopoietic growth factors should be con-
sidered, although attention should be given to the potential
accentuation of bleomycin-associated lung toxicity with con-
current use of G-CSF as discussed before.257 There are retro-
spective data that suggest bleomycin might not be needed to
maintain efficacy of ABVD treatment, although this needs to

be confirmed in a randomized study.257,278 Less intensive
regimens such as CVP/CEB (chlorambucil, vinblastine, pro-
carbazine, prednisone/cyclophosphamide, etoposide, bleomy-
cin) and ChlVPP (chlorambucil, vinblastine, procarbazine,
prednisone) have been studied,266,267 but they are less effective.
This may be explained in part as the inclusion of anthracy-
clines is associated with improved outcome.267 Of note, limited
data using CHOP in elderly Hodgkin lymphoma patients
appear promising.277 International studies examining specific
regimens for the elderly are ongoing.279 Other data in elderly
Hodgkin lymphoma patients exist, and have been reviewed in
detail elsewhere.217 Continued multi-center collaborations
with prospective clinical trials including formal assessment of
comorbidity and functional status will be critical to the suc-
cessful study of Hodgkin lymphoma in the elderly.

New therapeutic options
Many biologically based strategies are currently being investi-
gated in Hodgkin lymphoma including monoclonal antibodies
and novel small molecule inhibitors (Table 19.13). Immuno-
therapy for Hodgkin lymphoma with monoclonal antibodies
has focused primarily on CD30, as well as CD20. CD30 is a TNF
receptor protein that is expressed in normal activated B and
T cells, EBV-infected cells, andH-RS cells. MDX-060 (Medarex)
is a fully humanized antibody to CD30 that has been shown to
inhibit cell proliferation and induce apoptosis that was studied
in CD30-positive lymphoma (anaplastic large cell lymphoma
and classic Hodgkin lymphoma).280 SGN-30 (Seattle Genetics)
is a chimeric anti-CD30 monoclonal antibody that has been
shown to increase apoptosis in Hodgkin lymphoma cell lines
and sensitize these cell lines to various chemotherapeutic
agents.281 Clinical trials with these compounds thus far have

Years since Hodgkin’s disease diagnosis

No. of patients at risk/No. person-years:

1935–1964: (1,783/6,954) (1,103/4,755) (824/3,708) (665/2,975) (534/2,358) (344/1,734)

1965–1979: (8,881/39,225) (7,036/31,546) (5,280/18,363) (2,196/6,333) (577/1,100)

1980–1994: (8,774/28,886) (3,187/6,565) (91/42)
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Figure 19.5 Cumulative risk of all solid tumors
among 32 591 1-year survivors of Hodgkin disease
according to calendar year of diagnosis.
Percentages in parentheses indicate the actuarial
risk at 25 years (1935–64, 1965–79) or 14 years
(1980–94). Vertical lines represent 95% CI for point
estimates. From Dores GM et al. Second malignant
neoplasms among long-term survivors of
Hodgkin’s disease: a population-based evaluation
over 25 years. J Clin Oncol 2002;20:3484–94.148

Reprinted with permission. # 2008 American
Society of Clinical Oncology. All rights reserved.
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shown low toxicity, althoughwith onlymodest activity.257 New-
generation anti-CD30 antibodies with enhanced Fc receptor-
mediated antibody activity (Medarex, MDX-1401) and with
antibody–drug conjugates (Seattle Genetics, SGN-35) have
been developed and are in clinical trials. SGN-35 consists of
the anti-CD30 antibody chemically conjugated to the antitubu-
lin agent, monomethyl auristatin-E (MMAE).282

The anti-CD20 antibody, rituximab, has been studied in
classical Hodgkin lymphoma.283 Classical Hodgkin lymphoma
is not known to contain high levels of CD20 on its cell surface.
However, Jones et al. recently documented in Hodgkin lymph-
oma cell lines and patient samples that there is a subpopulation
of stem cells clearly related to H-RS cells which express
CD20.284 Immunoglobulin gene rearrangements were found

following isolation of H-RS tumor cells from patient samples
and peripheral blood mononuclear cells from Hodgkin lymph-
oma patients were found to express CD20 and were clonal.
Further, it has been theorized that rituximab may have a role
in classical Hodgkin lymphoma in part by targeting the typical
large collection of surrounding non-malignant B cells which
support the H-RS cells (i.e., targeting and clearing the micro-
environment). Younes et al. treated 22 patients with recurrent
nodular sclerosis Hodgkin lymphoma with six weekly doses of
rituximab.283 Response rate was 22% with median response
duration of 7.8 months (range, 3.3–14.9 months). The same
group has also combined rituximab with chemotherapy using
rituximab with ABVD for untreated disease285 and rituximab-
gemcitabine for relapsedHodgkin lymphoma.286 A randomized

Table 19.12. Hodgkin lymphoma in the elderly: chemotherapy seriesa

Author No.
patients

Stage Median
age
(years)

Treatment Outcome

Enblad et al.,
199194

49 54% III/IV 71 MOPP/ABVD or MOPP (71%) or
ChlVPP (22%)

CR 67%, RR 43%, 5-year OS 45%

Mir et al.,
1993237

29 All
advanced
stage

71% 60–69 ABVD, MOPP, alternating
ABVD/MOPP

5-year OS 31%

Levis et al.,
199491

26 58% III/IV 72 ABVD-based (ABVD, MOPP-
ABVD)

CR 62%, 8-year RFS 75%, EFS 41%, OS 46%

Levis et al.,
1996266

25 24% IV 72 CVP/CEB CR 73%, 5-year RFS 47%, EFS 32%, OS 55%

Weekes et al.,
2002267

56 73% III/IV NR ChlVPP (n¼ 31), ChlVPP/ABV
(n¼ 25)

5-year EFS and OS ChlVPP/ABV 52% and 67%,
respectively, vs. 24% and 30%, respectively, ChlVPP

Macpherson
et al., 2002272

38 All
advanced
stageb

72 ODBEP 5-year DFS 49% and OS 42%

Stark et al.,
200296

102 64% III/IVb Male 69/
female 72

Heterogeneous Median OS 26 mon and median RFS 39 mon

Enblad et al.,
2002271

31 42% III/IV 71 LVPP/OEPA CR 67%, 5-year OS 48%

Landgren
et al., 200392

88 69% III/IV 72 MOPP-based (n¼ 46), ABVD-
based (n = 39), other (n ¼ 3)

CR 49%, 5-year CSS 39%, and OS 51%

Levis et al.,
2004275

105 54% IIB–IV 71 VEPEMB CR 76%, 5-year RFS 82%, DSS 69%, FFS 56%, and
OS 64%

Ballova et al.,
2005276

68 All IIB–IV 69 COPP/ABVD vs. BEACOPP
baseline

COPP/ABVD: 5-year FFTF 55%, OS 50%
BEACOPP: 5-year FFTF 74%, OS 50%

Kolstad et al.,
2007277

29 62% IIB–IV 71 CHOP� RT CR 93%; Stage I–IIA: 3-year PFS 82%, OS 91%;
Stage IIB–IV: 3-year PFS 72%, OS 67%

Note: aMinimum 25 patients treated.
bIncluded stage IB and IIB disease.
No.: number; FFTF: freedom from treatment failure; OS: overall survival; CR: complete remission; RT: radiation therapy; RFS: relapse-free survival; DSS: disease-specific
survival; FFS: failure-free survival; PFS: progression-free survival; CSS: cause-specific survival; mon: months; EFS: event-free survival; DFS: disease-free survival; NR: not
reported; CVP/CEB: chlorambucil, vinblastine, procarbazine, prednisone/cyclophosphamide, etoposide, bleomycin; ODBEP: vincristine, doxorubicin, bleomycin,
etoposide, prednisone; LVPP/OEPA: chlorambucil, vinblastine, procarbazine, prednisolone/vincristine, etoposide, prednisolone, doxorubicin; VEPEMB: vincristine,
cyclophosphamide, procarbazine, etoposide, mitoxantrone, and bleomycin.
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controlled trial would be needed to definitely prove the efficacy
and safety of R-ABVD over ABVD.

Radioimmunotherapy (RIT), which incorporates radiola-
beled antibodies, uses the concept of targeted antibodies, typic-
ally antiferritin and anti-CD30, to deliver radiation with
yttrium-90 (90Y) or iodine-131 (131I) to specific tumor cells.287

The tumor-associated protein ferritin has been used as a
target.288 90Y-labeled rabbit polyclonal antiferritin antibody
has been shown to be well tolerated and have disease activity
in relapsed Hodgkin lymphoma.289 In addition, anti-CD25
monoclonal antibody has been labeled with 90Y. CD25 repre-
sents an attractive target since the majority of H-RS cells, as
well as many of the surrounding tumor-associated T cells,
express CD25.

Small molecules to modulate intracellular pathways
important for H-RS and lymphocytic and histiocytic cells are
also being investigated. NF-ĸB, a transcription factor, has
been shown to be constitutively activated in Hodgkin lymph-
oma and to be responsible for the pro-proliferative and anti-
apoptotic properties of the H-RS cells.290 It also induces the
major inhibitor molecules of apoptosis: c-FLIP in the extrinsic
pathway of apoptosis and XIAP in the intrinsic pathway.291,292

The activity of NF-ĸB is regulated in part by the inhibitory
molecule IĸBa, which in turn is inhibited by Ik kinases
(IKKs).7,291 The reversible proteasome inhibitor, bortezomib,
has been shown to be effective in H-RS cell lines with or
without IĸBa mutations suggesting that it has other proapop-
totic properties in addition to blocking the degradation of
IĸBa.293 It has been found to downregulate the antiapoptotic
molecules c-FLIP7 and XIAP,71 leading to more apoptosis.
Despite this pre-clinical activity, bortezomib has shown
limited clinical activity as a single agent or in combination
with dexamethasone in relapsed/refractory Hodgkin lymph-
oma;294–296 but combination regimens including bortezomib
to exploit potential synergistic activity should be explored.

In vitro studies have shown improved apoptosis combining
bortezomib with TRAIL compared with bortezomib alone.7

Histone deacetylase (HDAC) inhibitors are being investi-
gated as they interfere with activation of NF-ĸB and mediate
apoptosis through cFLIP inhibition, induction of p21, and
production of reactive oxygen species.69,297 Several HDAC
inhibitors are under development for the treatment of lymph-
oma. The non-hydroxamate HDAC inhibitor, MGCD0103,
was associated with a response rate of 46% among 28 evaluable
relapsed/refractory Hodgkin lymphoma patients treated at
doses � 1.2mg/kg (CR 25%). The antiapoptotic molecule
XIAP is also being targeted with antisense oligonucleotides
and through chemical inhibition. In addition to inhibiting
the intrinsic pathway of apoptosis, XIAP also increases
NF-ĸB via positive feedback.291 XIAP is inhibited by second
mitochondria-derived activator of caspases (Smac) when they
bind in the cytosol. AEG35156 (Aegera Therapeutics) is an
antisense oligonucleotide directed towards XIAP that has been
studied in various cancer cell lines and shown to reduce XIAP
levels and sensitize the cells to chemotherapeutic agents.298

Downregulation of XIAP by adding small hairpin RNA
(shRNA) targeting XIAP mRNA also achieves the same
effect.71 Trials are also investigating m-TOR inhibition; using
everolimus (RAD001, Novartis Pharmaceuticals), Johnston
et al. showed a 43% overall response rate (6/14) in patients
with relapsed/refractory Hodgkin lymphoma.299 Georgakis
et al. have showed that inhibiting heat shock protein (HSP)-90
function by the small molecule 17-allylamino-17-demethoxy-
geldanamycin (17-AAG) in Hodgkin lymphoma results in sig-
nificant apoptosis depleted AKT, decreased extracellular signal-
regulated kinase (ERK) phosphorylation, and reduced cellular
FLICE-like inhibitory levels.300 Clinical trials targeting HSP-90
with 17-AAG inHodgkin lymphoma are ongoing. In addition, a
monoclonal antibody to interleukin-13 (TNX-650; Tanox,
Inc.), a growth factor in Hodgkin lymphoma,301 continues
enrollment in a phase I trial for patients with relapsed/refrac-
tory Hodgkin lymphoma.

Other important Hodgkin lymphoma cell survival path-
ways have been identified in pre-clinical studies. Galectin-1
(Gal-1), a carbohydrate-binding lectin, is overexpressed in H-
RS cells and contributes to the overabundance of T helper-2
(Th-2) and T regulatory (T-reg) cells in the T cell infiltrate that
surrounds the H-RS cells. Gal-1 treatment of activated T-cells
has been shown to favor the secretion of Th-2 cytokines and
expand the FOXP3þ T-reg cells.302 Targeting Gal-1 may be a
novel way to alter the T-cell infiltrate surrounding the H-RS
cells thus increasing their vulnerability to immune
surveillance. The p53 gene is activated when a cell is stressed
and triggers cell cycle and apoptotic regulatory pathways.303

Murine double minute 2 (MDM2; HDM2 in humans) is an
inhibitor of p53. The wildtype p53 gene is expressed in most
H-RS cells. A recently developed molecule, nutlin-3A, binds to
the p53-binding site of MDM2 and stabilizes p53 to allow it to
activate the apoptotic pathways. One recent study demon-
strated that adding nutlin-3A to H-RS cells with the wildtype

Table 19.13. Novel therapeutic strategies for Hodgkin lymphoma

Mechanism Treatments

Antibody/receptor
therapy

CD30, CD20, CD40, interleukin-13,
TRAIL, RANKL

Radioimmunotherapy-
based

Anti-CD25 and anti-CD30

Antiapoptotic
molecules

Proteasome pathway inhibition, XIAP

Transcriptional
pathways

HDAC inhibition, mTOR inhibition, anti-
BCL2, anti-HSP-90

EBV-directed therapy EBV-cytotoxic T-cells, LMP-2A
inhibition

Notes: TRAIL: tumor necrosis factor-related apoptosis-inducing ligand; RANKL:
receptor activator of nuclear factor-kappa B; XIAP: X-linked inhibitor of apoptosis
proteins; HDAC: histone deacetylase; mTOR: mammalian target of rapamycin;
HSP: heat shock protein; EBV: Epstein-Barr virus; LMP-2A: latent membrane
protein 2A.
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p53 gene resulted in p53-dependent cell cycle arrest and
apoptosis.304 H-RS cells have also been found to have a large
number of interleukin-4 receptors (IL-4R). In vitro studies
were done showing good cytotoxicity of a permuted human
IL-4 and Pseudomonas exotoxin (IL-4 cytotoxin). IL-4 cyto-
toxin was then given to mice that had Hodgkin lymphoma and
resulted in a substantial doubling of the survival time of these
mice as compared with the controls.305

Finally, EBV-targeted therapy is also being researched as a
potential target for the treatment of Hodgkin lymphoma. By
combining EBV transformed B cells with peripheral blood
mononuclear cells, one can produce EBV-specific cytotoxic
T lymphocytes that can then be given to the patient in hopes
of attacking the specific EBV-infected cancer cells.306 A 2004
study marked these infused cells and saw that they multiplied
exponentially, traveled to the tumor sites, and lasted for up to
12 months. EBV viral load decreased and 5 of 14 patients
achieved CR.307 In addition to attacking EBV directly, cellular
strategies directed against EBV-encoded proteins, such as
LMP-2A, are also being investigated.308

Conclusions
Many advances have beenmade in the science and the treatment
of Hodgkin lymphoma over the past 10–20 years. Currently
more than 70–80% of all Hodgkin lymphoma patients are cured
of their disease. Continued clinical and translational research is
warranted in order to continue to improve the survival of
Hodgkin lymphoma as well as to lessen the toxicities associated
with Hodgkin lymphoma-related therapy. Ongoing and
planned studies are using the principles of response-adapted
(e.g., early PET) and/or risk-adapted therapy (e.g., genotypic
analysis) to tailor treatments to individual patients. Amultitude
of new targeted compounds are being investigated in relapsed/
refractory Hodgkin lymphoma. If proven efficacious and safe,
these novel agents may begin to be studied in newly diagnosed
patients in an attempt to decrease the amount and/or length of
chemotherapy and radiation needed. In order to continue to
advance the field of Hodgkin lymphoma, it is critical that
international collaborative efforts continue and that oncologists
offer to all Hodgkin lymphoma patients the opportunity to
participate in clinical trials.

References
1. Hodgkin T. On some morbid

appearances of the absorbent glands
and spleen. Medico-Chirurg Trans
1832;17:68.

2. Wilks S. Cases of the enlargement
of the lymphatic glands and spleen
(or Hodgkin’s disease) with remarks.
Guys Hosp Rep 1865;11:56.

3. Greenfield WS. Specimens illustrative
of the pathology of lymphadenoma and
leucocythemia. Trans Pathol Soc Lond
1878;29:272.

4. Reed D. On pathological changes in
Hodgkin’s disease, with special
reference to its relation to tuberculosis.
Johns Hopkins Hosp Rep 1902;10:133.

5. Sternberg C. Uber eine eigenartige
unter dem Bilde der Pseudoleukamie
verlaufende Tuberculose des
lymphatischen Apparates. Ztschr Heilk
1879;19:21.

6. Kanzler H, Kuppers R, Hansmann ML,
et al. Hodgkin and Reed-Sternberg cells
in Hodgkin’s disease represent the
outgrowth of a dominant tumor clone
derived from (crippled) germinal center
B cells. J Exp Med 1996;184:1495–505.

7. Kuppers R, Rajewsky K, Zhao M, et al.
Hodgkin disease: Hodgkin and Reed-
Sternberg cells picked from histological
sections show clonal immunoglobulin
gene rearrangements and appear to be
derived from B cells at various stages of

development. Proc Natl Acad Sci U S A
1994;91:10 962–6.

8. Marafioti T, Hummel M, Foss H-D,
et al. Hodgkin and Reed-Sternberg cells
represent an expansion of a single clone
originating from a germinal center
B-cell with functional immunoglobulin
gene rearrangements but defective
immunoglobulin transcription. Blood
2000;95:1443–50.

9. Swerdlow SH, Campo E, Harris NL,
et al. (eds.) WHO Classification of
Tumours of Haematopoietic and
Lymphoid Tissues, 4th edn. Lyon,
France, IARC Press, 2008.

10. DeVita VT Jr, Hubbard SM, Moxley JH,
3rd. The cure of Hodgkin’s disease
with drugs. Adv Intern Med 1983;
28:277–302.

11. Peters M. A study of survivals in
Hodgkin’s disease treated
radiologically. AJR Am J Roentgenol
1950;63:299.

12. DeVita VT Jr, Carbone PP. Treatment
of Hodgkin’s disease. Med Ann Dist
Columbia 1967;36:232–34 passim.

13. http://www.seer.cancer.gov/csr/
1975_2005/results_single/
sect_01_table.01.pdf.

14. Katanoda K, Yako-Suketomo H.
Comparison of time trends in Hodgkin
and non-Hodgkin lymphoma incidence
(1973–97) in East Asia, Europe and
USA, from cancer incidence in five

continents, Vol. IV–VIII. Jpn J Clin
Oncol 2008;38:391–3.

15. Au WY, Gascoyne RD, Gallagher RE,
et al. Hodgkin’s lymphoma in Chinese
migrants to British Columbia: a 25-year
survey. Ann Oncol 2004;15:626–30.

16. Correa P, O’Conor GT. Epidemiologic
patterns of Hodgkin’s disease. Int
J Cancer 1971;8:192–201.

17. Macfarlane GJ, Evstifeeva T, Boyle P,
et al. International patterns in the
occurrence of Hodgkin’s disease in
children and young adult males. Int
J Cancer 1995;61:165–9.

18. Grufferman S, Cole P, Smith PG, et al.
Hodgkin’s disease in siblings. N Engl
J Med 1977;296:248–50.

19. Lindelof B, Eklund G. Analysis of
hereditary component of cancer by use
of a familial index by site. Lancet
2001;358:1696–8.

20. Westergaard T, Melbye M, Pedersen JB,
et al. Birth order, sibship size and risk
of Hodgkin’s disease in children and
young adults: a population-based study
of 31 million person-years. Int J Cancer
1997;72:977–81.

21. Goldin LR, Pfeiffer RM, Gridley G, et al.
Familial aggregation of Hodgkin
lymphoma and related tumors. Cancer
2004;100:1902–8.

22. Mack TM, Cozen W, Shibata DK, et al.
Concordance for Hodgkin’s disease in
identical twins suggesting genetic

Chapter 19: Hodgkin lymphoma

393



susceptibility to the young-adult form
of the disease. N Engl J Med 1995;
332:413–18.

23. Cozen W, Gill PS, Ingles SA, et al. IL-6
levels and genotype are associated
with risk of young adult Hodgkin
lymphoma. Blood 2004;103:3216–21.

24. Chang ET, Smedby KE, Hjalgrim H,
et al. Family history of hematopoietic
malignancy and risk of lymphoma.
J Natl Cancer Inst 2005;97:1466–74.

25. Paltiel O, Schmit T, Adler B, et al. The
incidence of lymphoma in first-degree
relatives of patients with Hodgkin
disease and non-Hodgkin lymphoma:
results and limitations of a registry-
linked study. Cancer 2000;88:2357–66.

26. Anderson LA, Pfeiffer RM, Rapkin JS,
et al. Survival patterns among
lymphoma patients with a family
history of lymphoma. J Clin Oncol
2008;26:4958–65.

27. Chang ET, Zheng T, Weir EG, et al.
Childhood social environment and
Hodgkin’s lymphoma: new findings
from a population-based case-control
study. Cancer Epidemiol Biomarkers
Prev 2004;13:1361–70.

28. Gutensohn NM. Social class and age
at diagnosis of Hodgkin’s disease: new
epidemiologic evidence for the “two-
disease hypothesis”. Cancer Treat Rep
1982;66:689–95.

29. Hjalgrim H, Askling J, Rostgaard K,
et al. Characteristics of Hodgkin’s
lymphoma after infectious
mononucleosis. N Engl J Med
2003;349:1324–32.

30. Hjalgrim H, Smedby KE, Rostgaard K,
et al. Infectious mononucleosis,
childhood social environment, and risk
of Hodgkin lymphoma. Cancer Res
2007;67:2382–8.

31. Mueller N, Evans A, Harris NL, et al.
Hodgkin’s disease and Epstein-Barr virus.
Altered antibody pattern before
diagnosis.N Engl J Med 1989;320:689–95.

32. Hjalgrim H, Askling J, Sorensen P, et al.
Risk of Hodgkin’s disease and other
cancers after infectious mononucleosis.
J Natl Cancer Inst 2000;92:1522–8.

33. Staal SP, Ambinder R, Beschorner WE,
et al. A survey of Epstein-Barr virus
DNA in lymphoid tissue. Frequent
detection in Hodgkin’s disease.
Am J Clin Pathol 1989;91:1–5.

34. Brousset P, Chittal S, Schlaifer D, et al.
Detection of Epstein-Barr virus

messenger RNA in Reed-Sternberg cells
of Hodgkin’s disease by in situ
hybridization with biotinylated probes
on specially processed modified acetone
methyl benzoate xylene (ModAMeX)
sections. Blood 1991;77:1781–6.

35. Brousset P, Knecht H, Rubin B, et al.
Demonstration of Epstein-Barr virus
replication in Reed-Sternberg cells of
Hodgkin’s disease. Blood 1993;82:872–6.

36. Glaser SL, Lin RJ, Stewart SL, et al.
Epstein-Barr virus-associated
Hodgkin’s disease: epidemiologic
characteristics in international data.
Int J Cancer 1997;70:375–82.

37. Armstrong AA, Alexander FE,
Cartwright R, et al. Epstein-Barr virus
and Hodgkin’s disease: further evidence
for the three disease hypothesis.
Leukemia 1998;12:1272–6.

38. Enblad G, Sandvej K, Sundstrom C,
et al. Epstein-Barr virus distribution in
Hodgkin’s disease in an unselected
Swedish population. Acta Oncol
1999;38:425–9.

39. Frisch M, Biggar RJ, Engels EA, et al.
Association of cancer with AIDS-
related immunosuppression in adults.
JAMA 2001;285:1736–45.

40. Herida M, Mary-Krause M, Kaphan R,
et al. Incidence of non-AIDS-defining
cancers before and during the highly
active antiretroviral therapy era in a
cohort of human immunodeficiency
virus-infected patients. J Clin Oncol
2003;21:3447–53.

41. Engels EA, Pfeiffer RM, Goedert JJ,
et al. Trends in cancer risk among
people with AIDS in the United States
1980–2002. AIDS 2006;20:1645–54.

42. Patel P, Hanson DL, Sullivan PS, et al.
Incidence of types of cancer among
HIV-infected persons compared with
the general population in the United
States, 1992–2003. Ann Intern Med
2008;148:728–36.

43. Grulich AE, van Leeuwen MT,
Falster MO, et al. Incidence of cancers
in people with HIV/AIDS compared
with immunosuppressed transplant
recipients: a meta-analysis. Lancet
2007;370:59–67.

44. Biggar RJ, Jaffe ES, Goedert JJ,
et al. Hodgkin lymphoma and
immunodeficiency in persons with
HIV/AIDS. Blood 2006;108:3786–91.

45. Clifford GM, Polesel J, Rickenbach M,
et al. Cancer risk in the Swiss HIV

Cohort Study: associations with
immunodeficiency, smoking, and
highly active antiretroviral therapy.
J Natl Cancer Inst 2005;97:425–32.

46. Clifford GM, Rickenbach M, Lise M,
et al. Hodgkin lymphoma in the Swiss
HIV Cohort Study. Blood
2009;113:5737–42.

47. Powles T, Robinson D, Stebbing J, et al.
Highly active antiretroviral therapy and
the incidence of non-AIDS-defining
cancers in people with HIV infection.
J Clin Oncol 2009;27:884–90.

48. Landgren O, Engels EA, Pfeiffer RM,
et al. Autoimmunity and susceptibility
to Hodgkin lymphoma: a population-
based case-control study in
Scandinavia. J Natl Cancer Inst
2006;98:1321–30.

49. Nieters A, Rohrmann S, Becker N, et al.
Smoking and lymphoma risk in the
European prospective investigation into
cancer and nutrition. Am J Epidemiol
2008;167:1081–9.

50. Hjalgrim H, Ekstrom-Smedby K,
Rostgaard K, et al. Cigarette smoking
and risk of Hodgkin lymphoma: a
population-based case-control study.
Cancer Epidemiol Biomarkers Prev
2007;16:1561–6.

51. Briggs NC, Hall HI, Brann EA, et al.
Cigarette smoking and risk of
Hodgkin’s disease: a population-based
case-control study. Am J Epidemiol
2002;156:1011–20.

52. McCunney RJ. Hodgkin’s disease, work,
and the environment. A review. J Occup
Environ Med 1999;41:36–46.

53. Hjalgrim H, Rasmussen S, Rostgaard K,
et al. Familial clustering of Hodgkin
lymphoma and multiple sclerosis. J Natl
Cancer Inst 2004;96:780–4.

54. Nielsen NM, Rostgaard K, Rasmussen S,
et al. Cancer risk among patients with
multiple sclerosis: a population-based
register study. Int J Cancer 2006;
118:979–84.

55. El-Zein R, Monroy CM, Etzel CJ, et al.
Genetic polymorphisms in DNA repair
genes as modulators of Hodgkin disease
risk. Cancer 2009;115:1651–9.

56. Niens M, Jarrett RF, Hepkema B, et al.
HLA-A*02 is associated with a reduced
risk and HLA-A*01 with an increased
risk of developing EBVþ Hodgkin
lymphoma. Blood 2007;110:3310–15.

57. Hohaus S, Massini G, D’Alo F, et al.
Association between glutathione

Chapter 19: Hodgkin lymphoma

394



S-transferase genotypes and Hodgkin’s
lymphoma risk and prognosis. Clin
Cancer Res 2003;9:3435–40.

58. Re D, Kuppers R, Diehl V. Molecular
pathogenesis of Hodgkin’s lymphoma.
J Clin Oncol 2005;23:6379–86.

59. Re D, Thomas RK, Behringer K, et al.
From Hodgkin disease to Hodgkin
lymphoma: biologic insights and
therapeutic potential. Blood
2005;105:4553–60.

60. Schwering I, Brauninger A, Klein U,
et al. Loss of the
B-lineage-specific gene expression
program in Hodgkin and Reed-
Sternberg cells of Hodgkin lymphoma.
Blood 2003;101:1505–12.

61. Re D, Muschen M, Ahmadi T, et al.
Oct-2 and Bob-1 deficiency in Hodgkin
and Reed Sternberg cells. Cancer Res
2001;61:2080–4.

62. Stein H, Marafioti T, Foss H-D, et al.
Down-regulation of BOB.1/OBF.1
and Oct2 in classical Hodgkin disease
but not in lymphocyte predominant
Hodgkin disease correlates with
immunoglobulin transcription. Blood
2001;97:496–501.

63. Kuppers R. Molecular biology of
Hodgkin’s lymphoma. Adv Cancer Res
2002;84:277–312.

64. Marafioti T, Hummel M,
Anagnostopoulos I, et al. Origin of
nodular lymphocyte-predominant
Hodgkin’s disease from a clonal
expansion of highly mutated germinal-
center B cells. N Engl J Med
1997;337:453–8.

65. Ohno T, Stribley JA, Wu G, et al.
Clonality in nodular lymphocyte-
predominant Hodgkin’s disease. N Engl
J Med 1997;337:459–65.

66. Caldwell RG, Wilson JB, Anderson SJ,
et al. Epstein-Barr virus LMP2A drives
B cell development and survival in the
absence of normal B cell receptor
signals. Immunity 1998;9:405–11.

67. Maggio EM, van den Berg A, de Jong D,
et al. Low frequency of FAS mutations
in Reed-Sternberg cells of Hodgkin’s
lymphoma. Am J Pathol 2003;162:29–35.

68. Dutton A, O’Neil JD, Milner AE, et al.
Expression of the cellular FLICE-
inhibitory protein (c-FLIP) protects
Hodgkin’s lymphoma cells from
autonomous Fas-mediated death.
Proc Natl Acad Sci U S A 2004;
101:6611–16.

69. Mathas S, Lietz A, Anagnostopoulos I,
et al. c-FLIP mediates resistance of
Hodgkin/Reed-Sternberg cells to death
receptor-induced apoptosis. J Exp Med
2004;199:1041–52.

70. Thomas RK, Kallenborn A,
Wickenhauser C, et al. Constitutive
expression of c-FLIP in Hodgkin and
Reed-Sternberg cells. Am J Pathol
2002;160:1521–8.

71. Kashkar H, Haefs C, Shin H, et al.
XIAP-mediated caspase inhibition in
Hodgkin’s lymphoma-derived B cells.
J Exp Med 2003;198:341–7.

72. Muschen M, Re D, Brauninger A, et al.
Somatic mutations of the CD95 gene in
Hodgkin and Reed-Sternberg cells.
Cancer Res 2000;60:5640–3.

73. Sanchez-Aguilera A, Montalban C,
de la Cueva P, et al. Tumor
microenvironment and mitotic
checkpoint are key factors in the
outcome of classic Hodgkin lymphoma.
Blood 2006;108:662–8.

74. Gilbert R. Radiotherapy in Hodgkin’s
disease (malignant granulomatosis);
anatomic and clinical foundations;
governing principles, results.
Am J Roentgenol 1939;41:198.

75. Peters M. Prophylactic treatment of
adjacent areas in Hodgkin’s disease.
Cancer Res 1966;26:1232.

76. Austin-Seymour MM, Hoppe RT, Cox
RS, et al. Hodgkin’s disease in patients
over sixty years old. Ann Intern Med
1984;100:13–18.

77. Castellino RA, Dunnick NR,
Goffinet DR, et al. Predictive value
of lymphography for sites of
subdiaphragmatic disease encountered at
staging laparotomy in newly diagnosed
Hodgkin’s disease and non-Hodgkin’s
lymphoma. J Clin Oncol 1983;1:532–6.

78. Mauch P, Larson D, Osteen R, et al.
Prognostic factors for positive surgical
staging in patients with Hodgkin’s
disease. J Clin Oncol 1990;8:257–65.

79. Rueffer U, Sieber M, Josting A, et al.
Prognostic factors for subdiaphragmatic
involvement in clinical stage I-II
supradiaphragmatic Hodgkin’s disease:
a retrospective analysis of the GHSG.
Ann Oncol 1999;10:1343–8.

80. Hernandez-Maraver D, Hernandez-
Navarro F, Gomez-Leon N, et al.
Positron emission tomography/
computed tomography: diagnostic

accuracy in lymphoma. Br J Haematol
2006;135:293–302.

81. Kostakoglu L, Coleman M, Leonard JP,
et al. PET predicts prognosis after 1
cycle of chemotherapy in aggressive
lymphoma and Hodgkin’s disease.
J Nucl Med 2002;43:1018–27.

82. Jerusalem G, Beguin Y, Fassotte MF,
et al. Whole-body positron emission
tomography using 18F-
fluorodeoxyglucose for posttreatment
evaluation in Hodgkin’s disease and
non-Hodgkin’s lymphoma has higher
diagnostic and prognostic value than
classical computed tomography scan
imaging. Blood 1999;94:429–33.

83. Cheson BD, Pfistner B, Juweid ME,
et al. Revised response criteria for
malignant lymphoma. J Clin Oncol
2007;25:579–86.

84. Doll DC, Ringenberg QS, Anderson SP,
et al. Bone marrow biopsy in the initial
staging of Hodgkin’s disease. Med
Pediatr Oncol 1989;17:1–5.

85. Fabian CJ, Mansfield CM, Dahlberg S,
et al. Low-dose involved field radiation
after chemotherapy in advanced
Hodgkin disease: A Southwest
Oncology Group randomized study.
Ann Intern Med 1994;120:903–12.

86. Howell SJ, Grey M, Chang J, et al.
The value of bone marrow examination
in the staging of Hodgkin’s lymphoma:
a review of 955 cases seen in a regional
cancer centre. Br J Haematol 2002;
119:408–11.

87. Munker R, Hasenclever D, Brosteanu
O, et al. Bone marrow involvement in
Hodgkin’s disease: an analysis of 135
consecutive cases. German Hodgkin’s
Lymphoma Study Group. J Clin Oncol
1995;13:403–9.

88. Vassilakopoulos TP, Angelopoulou MK,
Constantinou N, et al. Development and
validation of a clinical prediction rule for
bone marrow involvement in patients
with Hodgkin lymphoma. Blood 2005;
105:1875–80.

89. Wang J, Weiss LM, Chang KL, et al.
Diagnostic utility of bilateral bone
marrow examination: significance of
morphologic and ancillary technique
study in malignancy. Cancer
2002;94:1522–31.

90. Lister TA, Crowther D, Sutcliffe SB,
et al. Report of a committee convened
to discuss the evaluation and staging
of patients with Hodgkin’s disease:

Chapter 19: Hodgkin lymphoma

395



Cotswolds meeting. J Clin Oncol
1989;7:1630–6.

91. Levis A, Depaoli L, Urgesi A, et al.
Probability of cure in elderly Hodgkin’s
disease patients. Haematologica
1994;79:46–54.

92. Landgren O, Algernon C, Axdorph U,
et al. Hodgkin’s lymphoma in the
elderly with special reference to type
and intensity of chemotherapy in
relation to prognosis. Haematologica
2003;88:438–44.

93. Proctor SJ, Rueffer JU, Angus B, et al.
Hodgkin’s disease in the elderly: current
status and future directions. Ann Oncol
2002;13 Suppl 1:133–7.

94. Enblad G, Glimelius B, Sundstrom C.
Original article: Treatment outcome in
Hodgkin’s disease in patients above the
age of 60: a population-based study.
Ann Oncol 1991;2:297–302.

95. Aleman BMP, Raemaekers JMM, Tirelli
U, et al. Involved-field radiotherapy for
advanced Hodgkin’s lymphoma. N Engl
J Med 2003;348:2396–406.

96. Stark GL, Wood KM, Jack F, et al.
Hodgkin’s disease in the elderly: a
population-based study. Br J Haematol
2002;119:432–40.

97. Federico M, Luminari S, Iannitto E,
et al. ABVD compared with BEACOPP
compared with CEC for the initial
treatment of patients with advanced
Hodgkin’s lymphoma: results from the
HD2000 Gruppo Italiano per lo Studio
dei Linfomi Trial. J Clin Oncol
2009;27:805–11.

98. Horning SJ, Hoppe RT, Breslin S, et al.
Stanford V and radiotherapy for locally
extensive and advanced Hodgkin’s
disease: mature results of a prospective
clinical trial. J Clin Oncol 2002;
20:630–7.

99. Duggan DB, Petroni GR, Johnson JL,
et al. Randomized comparison of
ABVD and MOPP/ABV hybrid for the
treatment of advanced Hodgkin’s
disease: report of an intergroup trial.
J Clin Oncol 2003;21:607–14.

100. Gobbi PG, Levis A, Chisesi T, et al.
ABVD versus modified Stanford V
versus MOPPEBVCAD with optional
and limited radiotherapy in
intermediate- and advanced-stage
Hodgkin’s lymphoma: final results
of a multicenter randomized trial by the
Intergruppo Italiano Linfomi. J Clin
Oncol 2005;23:9198–207.

101. Diehl V, Franklin J, Pfreundschuh M,
et al. Standard and increased-dose
BEACOPP chemotherapy compared
with COPP-ABVD for advanced
Hodgkin’s disease. N Engl J Med
2003;348:2386–95.

102. Johnson PW, Radford JA, Cullen MH,
et al. Comparison of ABVD and
alternating or hybrid multidrug
regimens for the treatment of advanced
Hodgkin’s lymphoma: results of the
United Kingdom Lymphoma Group
LY09 Trial (ISRCTN97144519). J Clin
Oncol 2005;23:9208–18.

103. Ferme C, Mounier N, Casasnovas O,
et al. Long-term results and competing
risk analysis of the H89 trial in patients
with advanced-stage Hodgkin
lymphoma: a study by the Groupe
d’Etude des Lymphomes de l’Adulte
(GELA). Blood 2006;107:4636–42.

104. Ertem M, Uysal Z, Yavuz G, et al.
Immune thrombocytopenia and
hemolytic anemia as a presenting
manifestation of Hodgkin disease.
Pediatr Hematol Oncol 2000;17:181–5.

105. Ballonoff A, Kavanagh B, Nash R, et al.
Hodgkin lymphoma-related vanishing
bile duct syndrome and idiopathic
cholestasis: statistical analysis of all
published cases and literature review.
Acta Oncol 2008;47:962–70.

106. Meert AP, Berghmans T, Sculier JP.
Hypothermia and Hodgkin’s disease:
case report and review of the literature.
Acta Clin Belg 2006;61:252–4.

107. Audard V, Larousserie F, Grimbert P,
et al. Minimal change nephrotic
syndrome and classical Hodgkin’s
lymphoma: report of 21 cases and
review of the literature. Kidney Int
2006;69:2251–60.

108. Gutmann B, Crivellaro C, Mitterer M,
et al. Paraneoplastic stiff-person
syndrome, heterotopic soft tissue
ossification and gonarthritis in a HLA
B27-positive woman preceding the
diagnosis of Hodgkin’s lymphoma.
Haematologica 2006;91:ECR59.

109. Duhmke E, Franklin J, Pfreundschuh
M, et al. Low-dose radiation is sufficient
for the noninvolved extended-field
treatment in favorable early-stage
Hodgkin’s disease: long-term results
of a randomized trial of radiotherapy
alone. J Clin Oncol 2001;19:2905–14.

110. Engert A, Schiller P, Josting A, et al.
Involved-field radiotherapy is equally
effective and less toxic compared with

extended-field radiotherapy after four
cycles of chemotherapy in patients with
early-stage unfavorable Hodgkin’s
lymphoma: results of the HD8 trial of
the German Hodgkin’s Lymphoma
Study Group. J Clin Oncol 2003;
21:3601–8.

111. Noordijk EM, Carde P, Dupouy N,
et al. Combined-modality therapy
for clinical stage I or II Hodgkin’s
lymphoma: long-term results of the
European Organisation for Research
and Treatment of Cancer H7
randomized controlled trials. J Clin
Oncol 2006;24:3128–35.

112. Meyer RM, Gospodarowicz MK,
Connors JM, et al. Randomized
comparison of ABVD chemotherapy
with a strategy that includes radiation
therapy in patients with limited-stage
Hodgkin’s lymphoma: National Cancer
Institute of Canada Clinical Trials
Group and the Eastern Cooperative
Oncology Group. J Clin Oncol
2005;23:4634–42.

113. Hasenclever D, Diehl V. A prognostic
score for advanced Hodgkin’s disease.
International Prognostic Factors Project
on Advanced Hodgkin’s Disease. N Engl
J Med 1998;339:1506–14.

114. Klimm B, Reineke T, Haverkamp H,
et al. Role of hematotoxicity and sex
in patients with Hodgkin’s lymphoma:
an analysis from the German Hodgkin
Study Group. J Clin Oncol 2005;23:
8003–11.

115. Friedberg JW, Fischman A, Neuberg D,
et al. FDG-PET is superior to gallium
scintigraphy in staging and more
sensitive in the follow-up of patients
with de novo Hodgkin lymphoma:
a blinded comparison. Leuk Lymphoma
2004;45:85–92.

116. Jerusalem G, Beguin Y, Fassotte MF,
et al. Early detection of relapse by
whole-body positron emission
tomography in the follow-up of patients
with Hodgkin’s disease. Ann Oncol
2003;14:123–30.

117. Jerusalem G, Beguin Y, Fassotte MF,
et al. Whole-body positron
emission tomography using 18F-
fluorodeoxyglucose compared to
standard procedures for staging
patients with Hodgkin’s disease.
Haematologica 2001;86:266–73.

118. Stumpe KD, Urbinelli M, Steinert HC,
et al. Whole-body positron emission
tomography using fluorodeoxyglucose

Chapter 19: Hodgkin lymphoma

396



for staging of lymphoma: effectiveness
and comparison with computed
tomography. Eur J Nucl Med 1998;
25:721–8.

119. Hoekstra OS, van Lingen A,
Ossenkoppele GJ, et al. Early response
monitoring in malignant lymphoma
using fluorine-18 fluorodeoxyglucose
single-photon emission tomography.
Eur J Nucl Med 1993;20:1214–17.

120. Torizuka T, Nakamura F, Kanno T,
et al. Early therapy monitoring with
FDG-PET in aggressive non-Hodgkin’s
lymphoma and Hodgkin’s lymphoma.
Eur J Nucl Med Mol Imaging
2004;31:22–8.

121. Zinzani PL, Tani M, Fanti S, et al. Early
positron emission tomography (PET)
restaging: a predictive final response in
Hodgkin’s disease patients. Ann Oncol
2006;17:1296–300.

122. Hutchings M, Loft A, Hansen M,
et al. FDG-PET after two cycles of
chemotherapy predicts treatment
failure and progression-free survival
in Hodgkin lymphoma. Blood 2006;
107:52–9.

123. Gallamini A, Rigacci L, Merli F, et al.
The predictive value of positron
emission tomography scanning
performed after two courses of standard
therapy on treatment outcome in
advanced stage Hodgkin’s disease.
Haematologica 2006;91:475–81.

124. Gallamini A, Hutchings M, Rigacci L,
et al. Early interim 2-[18F]fluoro-2-
deoxy-D-glucose positron emission
tomography is prognostically superior
to international prognostic score in
advanced-stage Hodgkin’s lymphoma:
a report from a joint Italian-Danish
study. J Clin Oncol 2007;25:3746–52.

125. Dann EJ, Bar-Shalom R, Tamir A, et al.
Risk-adapted BEACOPP regimen
can reduce the cumulative dose of
chemotherapy for standard and high-
risk Hodgkin lymphoma with no
impairment of outcome. Blood
2007;109:905–9.

126. Keegan TH, Glaser SL, Clarke CA,
et al. Epstein-Barr virus as a marker of
survival after Hodgkin’s lymphoma: a
population-based study. J Clin Oncol
2005;23:7604–13.

127. Diepstra A, van Imhoff G, Karim-Kos H,
et al. Latent EBV infection of Hodgkin
Reed-Sternberg cells predicts adverse
outcome in older adult classical
Hodgkin lymphoma patients. Seventh

International Symposium on Hodgkin
Lymphoma; 2007:16a.

128. Asano N, Tamaru J, Kinoshita T, et al.
Age-related EBV-associated B-cell
lymphoproliferative disorders:
comparison with EBV-positive classical
Hodgkin lymphoma in elderly patients.
Seventh International Symposium on
Hodgkin Lymphoma; 2007:39a.

129. Gandhi MK, Tellam JT, Khanna R.
Epstein-Barr virus-associated
Hodgkin’s lymphoma. Br J Haematol
2004;125:267–81.

130. Frisan T, Sjoberg J, Dolcetti R, et al.
Local suppression of Epstein-Barr virus
(EBV)-specific cytotoxicity in biopsies
of EBV-positive Hodgkin’s disease.
Blood 1995;86:1493–501.

131. Kelley TW, Pohlman B, Elson P, et al.
The ratio of FOXP3þ regulatory T cells
to granzyme Bþ cytotoxic T/NK cells
predicts prognosis in classical Hodgkin
lymphoma and is independent of bcl-2
and MAL expression. Am J Clin Pathol
2007;128:958–65.

132. Ribrag V, Koscielny S, Casasnovas O,
et al. Pharmacogenetic study in
Hodgkin lymphomas reveals the impact
of UGT1A1 polymorphisms on patient
prognosis. Blood 2009;113:3307–13.

133. Bonadonna G, Zucali R, Monfardini S,
et al. Combination chemotherapy of
Hodgkin’s disease with adriamycin,
bleomycin, vinblastine, and imidazole
carboxamide versus MOPP. Cancer
1975;36:252–9.

134. Bonadonna G, Bonfante V, Viviani S,
et al. ABVD plus subtotal nodal versus
involved-field radiotherapy in early-
stage Hodgkin’s disease: long-term
results. J Clin Oncol 2004;22:2835–41.

135. Carde P, Hagenbeek A, Hayat M, et al.
Clinical staging versus laparotomy and
combined modality with MOPP versus
ABVD in early-stage Hodgkin’s disease:
the H6 twin randomized trials from the
European Organization for Research
and Treatment of Cancer Lymphoma
Cooperative Group. J Clin Oncol
1993;11:2258–72.

136. Engert A, Franklin J, Eich HT, et al.
Two cycles of doxorubicin, bleomycin,
vinblastine, and dacarbazine plus
extended-field radiotherapy is superior
to radiotherapy alone in early favorable
Hodgkin’s lymphoma: final results of
the GHSG HD7 trial. J Clin Oncol
2007;25:3495–502.

137. Engert A, Pleutschow H, Eich HT, et al.
Combined modality treatment of two
or four cycles of ABVD followed by
involved field radiotherapy in the
treatment of patients with early stage
Hodgkin’s lymphoma: update interim
analysis of the Randomised HD10
Study of the German Hodgkin Study
Group (GHSG). Blood 2005;106:2673a.

138. Ferme C, Eghbali H, Meerwaldt JH,
et al. Chemotherapy plus involved-field
radiation in early-stage Hodgkin’s
disease. N Engl J Med 2007;357:
1916–27.

139. Ferme C, Diviné M, Vranovsky A,
et al. Four ABVD and involved-field
radiotherapy in unfavorable
supradiaphragmatic clinical stages
(CS) I–II Hodgkin’s lymphoma (HL):
preliminary results of the EORTC-
GELA H9-U Trial. Blood 2005;
106:813a.

140. Horning SJ, Hoppe RT, Mason J, et al.
Stanford-Kaiser Permanente G1 study
for clinical stage I to IIA Hodgkin’s
disease: subtotal lymphoid irradiation
versus vinblastine, methotrexate, and
bleomycin chemotherapy and regional
irradiation. J Clin Oncol 1997;15:
1736–44.

141. Klimm BC, Engert A, Brillant C, et al.
Comparison of BEACOPP and ABVD
chemotherapy in intermediate stage
Hodgkin’s lymphoma: results of the
fourth interim analysis of the HD 11
trial of the GHSG. J Clin Oncol 2005;
23:6507a.

142. Nachman JB, Sposto R, Herzog P, et al.
Randomized comparison of low-dose
involved-field radiotherapy and no
radiotherapy for children with
Hodgkin’s disease who achieve a
complete response to chemotherapy.
J Clin Oncol 2002;20:3765–71.

143. Noordijk EM, Thomas J, Fermé C, et al.
First results of the EORTC-GELA H9
randomized trials: the H9-F trial
(comparing 3 radiation dose levels) and
H9-U trial (comparing 3 chemotherapy
schemes) in patients with favorable or
unfavorable early stage Hodgkin’s
lymphoma. J Clin Oncol 2005;23:561S.

144. Press OW, LeBlanc M, Lichter AS, et al.
Phase III randomized intergroup trial
of subtotal lymphoid irradiation versus
doxorubicin, vinblastine, and subtotal
lymphoid irradiation for stage IA to
IIA Hodgkin’s disease. J Clin Oncol
2001;19:4238–44.

Chapter 19: Hodgkin lymphoma

397



145. Specht L, Gray RG, Clarke MJ, Peto R.
Influence of more extensive radiotherapy
and adjuvant chemotherapy on long-
term outcome of early-stage Hodgkin’s
disease: ameta-analysis of 23 randomized
trials involving 3,888 patients.
International Hodgkin’s Disease
Collaborative Group. J Clin Oncol
1998;16:830–3.

146. Straus DJ, Portlock CS, Qin J, et al.
Results of a prospective randomized
clinical trial of doxorubicin, bleomycin,
vinblastine, and dacarbazine (ABVD)
followed by radiation therapy (RT)
versus ABVD alone for stages I, II, and
IIIA nonbulky Hodgkin disease. Blood
2004;104:3483–9.

147. Aleman BM, van den Belt-Dusebout
AW, Klokman WJ, et al. Long-term
cause-specific mortality of patients
treated for Hodgkin’s disease. J Clin
Oncol 2003;21:3431–9.

148. Dores GM, Metayer C, Curtis RE, et al.
Second malignant neoplasms among
long-term survivors of Hodgkin’s
disease: a population-based evaluation
over 25 years. J Clin Oncol
2002;20:3484–94.

149. Metayer C, Lynch CF, Clarke EA, et al.
Second cancers among long-term
survivors of Hodgkin’s disease diagnosed
in childhood and adolescence. J Clin
Oncol 2000;18:2435–43.

150. Swerdlow AJ, Barber JA, Hudson GV,
et al. Risk of second malignancy after
Hodgkin’s disease in a collaborative
British cohort: the relation to age at
treatment. J Clin Oncol 2000;18:498–509.

151. Travis LB, Hill D, Dores GM, et al.
Cumulative absolute breast cancer risk
for young women treated for Hodgkin
lymphoma. J Natl Cancer Inst
2005;97:1428–37.

152. Ng AK, Bernardo MVP, Weller E, et al.
Second malignancy after Hodgkin
disease treated with radiation therapy
with or without chemotherapy: long-
term risks and risk factors. Blood
2002;100:1989–96.

153. van Leeuwen FE, Klokman WJ, Veer
MB, et al. Long-term risk of second
malignancy in survivors of Hodgkin’s
disease treated during adolescence or
young adulthood. J Clin Oncol
2000;18:487–97.

154. Adams MJ, Lipsitz SR, Colan SD, et al.
Cardiovascular status in long-term
survivors of Hodgkin’s disease treated

with chest radiotherapy. J Clin Oncol
2004;22:3139–48.

155. Bowers DC, McNeil DE, Liu Y, et al.
Stroke as a late treatment effect of
Hodgkin’s disease: a report from the
Childhood Cancer Survivor Study.
J Clin Oncol 2005;23:6508–15.

156. Eriksson F, Gagliardi G, Liedberg A,
et al. Long-term cardiac mortality
following radiation therapy for
Hodgkin’s disease: analysis with the
relative seriality model. Radiother Oncol
2000;55:153–62.

157. Reinders JG, Heijmen BJM, Olofsen-
van Acht MJJ, et al. Ischemic heart
disease after mantlefield irradiation for
Hodgkin’s disease in long-term follow-
up. Radiother Oncol 1999;51:35–42.

158. Aleman BMP, van den Belt–Dusebout
AW, De Bruin ML, et al. Late
cardiotoxicity after treatment for
Hodgkin lymphoma. Blood 2007;
109:1878–86.

159. Swerdlow AJ, Higgins CD, Smith P,
et al. Myocardial infarction mortality
risk after treatment for Hodgkin
disease: a collaborative British cohort
study. J Natl Cancer Inst 2007;
99:206–14.

160. Hagenbeek A, Eghbali H, Fermé C,
et al. Three cycles of MOPP/ABV
hybrid and involved-field irradiation
is more effective than subtotal
nodal irradiation in favorable
supradiaphragmatic clinical stages I–II
Hodgkin’s disease: preliminary results
of the EORTC-GELA H8-F randomized
trial in 543 patients. Blood 2000;
96:575a.

161. Eich HT, Muller RP, Engenhart-Cabillic
R, et al. Involved-node radiotherapy in
early-stage Hodgkin’s lymphoma.
Definition and guidelines of the
German Hodgkin Study Group
(GHSG). Strahlenther Onkol
2008;184:406–10.

162. Girinsky T, Specht L, Ghalibafian M,
et al. The conundrum of Hodgkin
lymphoma nodes: to be or not to be
included in the involved node radiation
fields. The EORTC-GELA lymphoma
group guidelines. Radiother Oncol
2008;88:202–10.

163. Campbell BA, Voss N, Pickles T, et al.
Involved-nodal radiation therapy as a
component of combination therapy for
limited-stage Hodgkin’s lymphoma:
a question of field size. J Clin Oncol
2008;26:5170–4.

164. Ferme C, Eghbali H, Hagenbeek A,
et al. MOPP/ABV hybrid and
irradiation in unfavorable
supradiaphragmatic clinical stages I–II
Hodgkin’s disease: comparison of three
treatment modalities. Preliminary
results of the EORTC-GELA H8-U
randomized trial in 995 patients. Blood
2000;96:576a.

165. Borchmann P, Engert A, Pluetschow A,
et al. Dose-intensified combined
modality treatment with 2 cycles of
BEACOPP escalated followed by 2
cycles of ABVD and involved field
radiotherapy (IF-RT) is superior to 4
cycles of ABVD and IFRT in patients
with early unfavourable Hodgkin
lymphoma (HL): an analysis of the
German Hodgkin Study Group
(GHSG) HD14 Trial. Blood
2008;112:367a.

166. Pavone V, Ricardi U, Luminari S, et al.
ABVD plus radiotherapy versus EVE
plus radiotherapy in unfavorable stage
IA and IIA Hodgkin’s lymphoma:
results from an Intergruppo Italiano
Linfomi randomized study. Ann Oncol
2008;19:763–8.

167. Canellos GP. Chemotherapy alone for
early Hodgkin’s lymphoma: an emerging
option. J Clin Oncol 2005;23:4574–6.

168. Laskar S, Gupta T, Vimal S, et al.
Consolidation radiation after complete
remission in Hodgkin’s disease
following six cycles of doxorubicin,
bleomycin, vinblastine, and dacarbazine
chemotherapy: is there a need? J Clin
Oncol 2004;22:62–8.

169. Hodgson DC, Gilbert ES, Dores GM,
et al. Long-term solid cancer risk
among 5-year survivors of Hodgkin’s
lymphoma. J Clin Oncol 2007;25:1489–97.

170. Bonadonna G, Valagussa P, Santoro A.
Alternating non-cross-resistant
combination chemotherapy or MOPP
in stage IV Hodgkin’s disease. A report
of 8-year results. Ann Intern Med
1986;104:739–46.

171. Longo DL, Young RC, Wesley M, et al.
Twenty years of MOPP therapy for
Hodgkin’s disease. J Clin Oncol 1986;
4:1295–306.

172. Nicholson WM, Beard ME, Crowther
D, et al. Combination chemotherapy in
generalized Hodgkin’s disease. Br Med J
1970;3:7–10.

173. Sutcliffe SB, Wrigley PF, Peto J, et al.
MVPP chemotherapy regimen for

Chapter 19: Hodgkin lymphoma

398



advanced Hodgkin’s disease. Br Med J
1978;1:679–83.

174. Hancock BW. Randomised study
of MOPP (mustine, Oncovin,
procarbazine, prednisone) against
LOPP (Leukeran substituted for
mustine) in advanced Hodgkin’s
disease. British National Lymphoma
Investigation. Radiother Oncol
1986;7:215–21.

175. McElwain TJ, Toy J, Smith E, et al.
A combination of chlorambucil,
vinblastine, procarbazine and
prednisolone for treatment of
Hodgkin’s disease. Br J Cancer
1977;36:276–80.

176. Bakemeier RF, Anderson JR, Costello
W, et al. BCVPP chemotherapy for
advanced Hodgkin’s disease: evidence
for greater duration of complete
remission, greater survival, and less
toxicity than with a MOPP regimen.
Results of the Eastern Cooperative
Oncology Group study. Ann Intern Med
1984;101:447–56.

177. Santoro A, Bonadonna G, Valagussa P,
et al. Long-term results of combined
chemotherapy-radiotherapy approach
in Hodgkin’s disease: superiority of
ABVD plus radiotherapy versus MOPP
plus radiotherapy. J Clin Oncol
1987;5:27–37.

178. Canellos GP, Anderson JR, Propert KJ,
et al. Chemotherapy of advanced
Hodgkin’s disease with MOPP, ABVD,
or MOPP alternating with ABVD.
N Engl J Med 1992;327:1478–84.

179. Diehl V, Haverkamp H, Mueller RP,
et al. Eight cycles of BEACOPP
escalated compared with 4 cycles of
BEACOPP escalated followed by 4
cycles of BEACOPP baseline with or
without radiotherapy in patients in
advanced stage Hodgkin lymphoma
(HL): Final analysis of the randomised
HD12 trial of the German Hodgkin
Study Group. Blood 2008;112:1558.

180. Engert A, Franklin J, Mueller RP, et al.
HD12 Randomised Trial comparing 8
dose-escalated cycles of BEACOPP with
4 escalated and 4 baseline cycles in
patients with advanced stage Hodgkin
lymphoma (HL): an analysis of the
German Hodgkin Lymphoma Study
Group (GHSG). Blood 2006;108:99a.

181. Johnson P, Horwich A, Jack A, et al.
Randomised comparison of the
Stanford V (SV) regimen and ABVD in
the treatment of advanced Hodgkin

lymphoma (HL): results from a UK
NCRI Lymphoma Group Study. Blood
2008;112:370a.

182. Kobe C, Dietlein M, Franklin J, et al.
Positron emission tomography has a
high negative predictive value for
progression or early relapse for patients
with residual disease after first-line
chemotherapy in advanced-stage
Hodgkin lymphoma. Blood
2008;112:3989–94.

183. Goldie JH, Coldman AJ. A mathematic
model for relating the drug sensitivity
of tumors to their spontaneous
mutation rate. Cancer Treat Rep 1979;
63:1727–33.

184. Jones SE, Haut A, Weick JK, et al.
Comparison of adriamycin-containing
chemotherapy (MOP-BAP) with
MOPP-bleomycin in the management
of advanced Hodgkin’s disease.
A Southwest Oncology Group Study.
Cancer 1983;51:1339–47.

185. Viviani S, Bonadonna G, Santoro A,
et al. Alternating versus hybrid MOPP
and ABVD combinations in advanced
Hodgkin’s disease: ten-year results.
J Clin Oncol 1996;14:1421–30.

186. Glick JH, Young ML, Harrington D,
et al. MOPP/ABV hybrid chemotherapy
for advanced Hodgkin’s disease
significantly improves failure-free and
overall survival: the 8-year results of the
intergroup trial. J Clin Oncol 1998;
16:19–26.

187. Somers R, Carde P, Henry-Amar M,
et al. A randomized study in stage IIIB
and IV Hodgkin’s disease comparing
eight courses of MOPP versus an
alteration of MOPP with ABVD: a
European Organization for Research
and Treatment of Cancer Lymphoma
Cooperative Group and Groupe Pierre-
et-Marie-Curie controlled clinical trial.
J Clin Oncol 1994;12:279–87.

188. Radford JA, Rohatiner AZ, Ryder WD,
et al. ChlVPP/EVA hybrid versus the
weekly VAPEC-B regimen for
previously untreated Hodgkin’s disease.
J Clin Oncol 2002;20:2988–94.

189. Carde P, MacKintosh FR, Rosenberg
SA. A dose and time response analysis
of the treatment of Hodgkin’s disease
with MOPP chemotherapy. J Clin Oncol
1983;1:146–53.

190. van Rijswijk RE, Haanen C, Dekker
AW, et al. Dose intensity of MOPP
chemotherapy and survival in

Hodgkin’s disease. J Clin Oncol
1989;7:1776–82.

191. Carella AM, Bellei M, Brice P, et al.
High-dose therapy and autologous stem
cell transplantation versus conventional
therapy for patients with advanced
Hodgkin’s lymphoma responding to
front-line therapy: long-term results.
Haematologica 2009;94:146–8.

192. Federico M, Bellei M, Brice P, et al.
High-dose therapy and autologous
stem-cell transplantation versus
conventional therapy for patients with
advanced Hodgkin’s lymphoma
responding to front-line therapy.
J Clin Oncol 2003;21:2320–5.

193. Arakelyan N, Berthou C, Desablens B,
et al. Early versus late intensification
for patients with high-risk Hodgkin
lymphoma-3 cycles of intensive
chemotherapy plus low-dose lymph
node radiation therapy versus 4 cycles
of combined doxorubicin, bleomycin,
vinblastine, and dacarbazine plus
myeloablative chemotherapy with
autologous stem cell transplantation:
five-year results of a randomized trial
on behalf of the GOELAMS Group.
Cancer 2008;113:3323–30.

194. Sieber M, Bredenfeld H, Josting A,
et al. 14-day variant of the bleomycin,
etoposide, doxorubicin,
cyclophosphamide, vincristine,
procarbazine, and prednisone regimen in
advanced-stage Hodgkin’s lymphoma:
results of a pilot study of the German
Hodgkin’s Lymphoma Study Group.
J Clin Oncol 2003;21:1734–9.

195. Chand VK, Link BK, Ritchie JM, et al.
Neutropenia and febrile neutropenia in
patients with Hodgkin’s lymphoma
treated with doxorubicin (Adriamycin),
bleomycin, vinblastine and dacarbazine
(ABVD) chemotherapy. Leuk Lymphoma
2006;47:657–63.

196. Rueda A, Sevilla I, Guma J, et al.
Secondary prophylactic G-CSF
(filgrastim) administration in
chemotherapy of stage I and II
Hodgkin’s lymphoma with ABVD.
Leuk Lymphoma 2001;41:353–8.

197. Silvestri F, Fanin R, Velisig M, et al. The
role of granulocyte colony-stimulating
factor (filgrastim) in maintaining dose
intensity during conventional-dose
chemotherapy with ABVD in Hodgkin’s
disease. Tumori 1994;80:453–8.

198. Boleti E, Mead GM. ABVD for
Hodgkin’s lymphoma: full-dose

Chapter 19: Hodgkin lymphoma

399



chemotherapy without dose reductions
or growth factors. Ann Oncol
2007;18:376–80.

199. Evens AM, Cilley J, Ortiz T, et al.
G-CSF is not necessary to maintain
over 99% dose-intensity with ABVD in
the treatment of Hodgkin lymphoma:
low toxicity and excellent outcomes in a
10-year analysis. Br J Haematol
2007;137:545–52.

200. Weiner MA, Leventhal B, Brecher ML,
et al. Randomized study of intensive
MOPP-ABVD with or without low-
dose total-nodal radiation therapy in
the treatment of stages IIB, IIIA2, IIIB,
and IV Hodgkin’s disease in pediatric
patients: a Pediatric Oncology Group
study. J Clin Oncol 1997;15:2769–79.

201. Diehl V, Loeffler M, Pfreundschuh M,
et al. Further chemotherapy versus
low-dose involved-field radiotherapy as
consolidation of complete remission after
six cycles of alternating chemotherapy
in patients with advanced Hodgkin’s
disease. Ann Oncol 1995;6:901–10.

202. Raemaekers J, Burgers M, Henry-Amar
M, et al. Patients with stage III/IV
Hodgkin’s disease in partial remission
after MOPP/ABV chemotherapy have
excellent prognosis after additional
involved-field radiotherapy: interim
results from the ongoing EORTC-LCG
and GPMC phase III trial. The EORTC
Lymphoma Cooperative Group and
Groupe Pierre-et-Marie-Curie. Ann
Oncol 1997;8 Suppl 1:111–14.

203. Aleman BMP, Raemaekers JMM,
Tomisic R, et al. Involved-field
radiotherapy for patients in partial
remission after chemotherapy for
advanced Hodgkin’s lymphoma. Int
J Radiat Oncol Biol Phys 2007;67:19–30.

204. Johnson PW, Sydes M, Radford J, et al.
Consolidation radiotherapy is
associated with improved outcomes
after chemotherapy for advanced
Hodgkin lymphoma: Analysis of results
from the UKLG LY09 Trial. Blood
2008;112:368a.

205. Franklin JG, Paus MD, Pluetschow A,
et al. Chemotherapy, radiotherapy and
combined modality for Hodgkin’s
disease, with emphasis on second
cancer risk. Cochrane Database Syst Rev
2005;(4):CD003187.

206. Scheinpflug K, Schmitt J, Jentsch-
Ullrich K, et al. Thymic hyperplasia
following successful treatment for

nodular-sclerosing Hodgkin’s disease.
Leuk Lymphoma 2003;44:1615–17.

207. Aparicio J, Segura A, Garcera S, et al.
ESHAP is an active regimen for
relapsing Hodgkin’s disease. Ann
Oncol 1999;10:593–5.

208. Ferme C, Mounier N, Divine M, et al.
Intensive salvage therapy with high-
dose chemotherapy for patients with
advanced Hodgkin’s disease in relapse
or failure after initial chemotherapy:
results of the Groupe d’Etudes des
Lymphomes de l’Adulte H89 Trial.
J Clin Oncol 2002;20:467–75.

209. Schmitz N, Pfistner B, Sextro M, et al.
Aggressive conventional chemotherapy
compared with high-dose
chemotherapy with autologous
haemopoietic stem-cell transplantation
for relapsed chemosensitive Hodgkin’s
disease: a randomised trial. Lancet
2002;359:2065–71.

210. Linch DC, Winfield D, Goldstone AH,
et al. Dose intensification with
autologous bone-marrow transplantation
in relapsed and resistant Hodgkin’s
disease: results of a BNLI randomised
trial. Lancet 1993;341:1051–4.

211. Josting A, Rudolph C, Mapara M,
et al. Cologne high-dose sequential
chemotherapy in relapsed and
refractory Hodgkin lymphoma: results
of a large multicenter study of the
German Hodgkin Lymphoma Study
Group (GHSG). Ann Oncol
2005;16:116–23.

212. Popat U, Hosing C, Saliba RM,
et al. Prognostic factors for disease
progression after high-dose
chemotherapy and autologous
hematopoietic stem cell transplantation
for recurrent or refractory Hodgkin’s
lymphoma. Bone Marrow Transplant
2004;33:1015–23.

213. Constans M, Sureda A, Terol MJ, et al.
Autologous stem cell transplantation
for primary refractory Hodgkin’s
disease: results and clinical variables
affecting outcome. Ann Oncol
2003;14:745–51.

214. Czyz J, Dziadziuszko R, Knopinska-
Postuszuy W, et al. Outcome and
prognostic factors in advanced
Hodgkin’s disease treated with high-
dose chemotherapy and autologous
stem cell transplantation: a study of 341
patients. Ann Oncol 2004;15:1222–30.

215. Gutierrez-Delgado F, Holmberg L,
Hooper H, et al. Autologous stem

cell transplantation for Hodgkin’s
disease: busulfan, melphalan and
thiotepa compared to a radiation-based
regimen. Bone Marrow Transplant 2003;
32:279–85.

216. Lavoie JC, Connors JM, Phillips GL,
et al. High-dose chemotherapy and
autologous stem cell transplantation for
primary refractory or relapsed Hodgkin
lymphoma: long-term outcome in the
first 100 patients treated in Vancouver.
Blood 2005;106:1473–8.

217. Sweetenham JW, Taghipour G,
Milligan D, et al., on behalf of the
Lymphoma Working Party of the
European Group for Blood and Marrow
Transplantation. High-dose therapy
and autologous stem cell rescue for
patients with Hodgkin’s disease in first
relapse after chemotherapy: results
from the EBMT. Bone Marrow
Transplant 1997;20:745–52.

218. Schulz H, Rehwald U, Morschhauser F,
et al. Rituximab in relapsed lymphocyte-
predominant Hodgkin lymphoma:
long-term results of a phase 2 trial by
the German Hodgkin Lymphoma Study
Group (GHSG). Blood 2008;111:109–11.

219. Nademanee A, O’Donnell MR, Snyder
DS, et al. High-dose chemotherapy
with or without total body irradiation
followed by autologous bone marrow
and/or peripheral blood stem cell
transplantation for patients with
relapsed and refractory Hodgkin’s
disease: results in 85 patients with
analysis of prognostic factors. Blood
1995;85:1381–90.

220. Sureda A, Arranz R, Iriondo A, et al.
Autologous stem-cell transplantation
for Hodgkin’s disease: results and
prognostic factors in 494 patients from
the Grupo Espanol de Linfomas/
Transplante Autologo de Medula Osea
Spanish Cooperative Group. J Clin
Oncol 2001;19:1395–404.

221. Sureda A, Constans M, Iriondo A, et al.
Prognostic factors affecting long-term
outcome after stem cell transplantation
in Hodgkin’s lymphoma autografted
after a first relapse. Ann Oncol
2005;16:625–33.

222. Engelhardt BG, Holland DW, Brandt
SJ, et al. High-dose chemotherapy
followed by autologous stem cell
transplantation for relapsed or
refractory Hodgkin lymphoma:
prognostic features and outcomes.
Leuk Lymphoma 2007;48:1728–35.

Chapter 19: Hodgkin lymphoma

400



223. Evens AM, Altman JK, Mittal BB,
et al. Phase I/II trial of total
lymphoid irradiation and high-dose
chemotherapy with autologous stem-
cell transplantation for relapsed and
refractory Hodgkin’s lymphoma.
Ann Oncol 2007;18:679–88.

224. Reece DE, Barnett MJ, Shepherd JD,
et al. High-dose cyclophosphamide,
carmustine (BCNU), and etoposide
(VP16–213) with or without cisplatin
(CBV þ/- P) and autologous
transplantation for patients with
Hodgkin’s disease who fail to enter a
complete remission after combination
chemotherapy. Blood 1995;86:451–6.

225. Andre M, Henry-Amar M, Pico JL,
et al. Comparison of high-dose therapy
and autologous stem-cell
transplantation with conventional
therapy for Hodgkin’s disease induction
failure: a case-control study. Societe
Francaise de Greffe de Moelle. J Clin
Oncol 1999;17:222–9.

226. Lazarus HM, Rowlings PA, Zhang MJ,
et al. Autotransplants for Hodgkin’s
disease in patients never achieving
remission: a report from the
Autologous Blood and Marrow
Transplant Registry. J Clin Oncol
1999;17:534–45.

227. Sweetenham JW, Carella AM,
Taghipour G, et al. High-dose therapy
and autologous stem-cell
transplantation for adult patients with
Hodgkin’s disease who do not enter
remission after induction: results in 175
patients reported to the European
Group for Blood and Marrow
Transplantation. Lymphoma Working
Party. J Clin Oncol 1999;17:3101–9.

228. Czyz J, Hellmann A, Dziadziuszko R,
et al. High-dose chemotherapy with
autologous stem cell transplantation is
an effective treatment of primary
refractory Hodgkin’s disease.
Retrospective study of the Polish
Lymphoma Research Group. Bone
Marrow Transplant 2002;30:29–34.

229. Gajewski JL, Phillips GL, Sobocinski
KA, et al. Bone marrow transplants
from HLA-identical siblings in
advanced Hodgkin’s disease. J Clin
Oncol 1996;14:572–8.

230. Milpied N, Fielding AK, Pearce R, et al.
Allogeneic bone marrow transplant is
not better than autologous transplant
for patient with relapsed Hodgkin’s
disease. European Group for Blood and

Bone Marrow Transplantation. J Clin
Oncol 1996;14:1291–6.

231. Akpek G, Ambinder RF, Piantadosi S,
et al. Long-term results of blood and
marrow transplantation for Hodgkin’s
lymphoma. J Clin Oncol 2001;
19:4314–21.

232. Carella AM, Beltrami G, Carella M Jr,
et al. Immunosuppressive non-
myeloablative allografting as salvage
therapy in advanced Hodgkin’s disease.
Haematologica 2001;86:1121–3.

233. Peggs KS, Hunter A, Chopra R, et al.
Clinical evidence of a graft-versus-
Hodgkin’s-lymphoma effect after
reduced-intensity allogeneic
transplantation. Lancet 2005;365:
1934–41.

234. Anderlini P, Saliba R, Acholonu S, et al.
Reduced-intensity allogeneic stem cell
transplantation in relapsed and
refractory Hodgkin’s disease: low
transplant-related mortality and impact
of intensity of conditioning regimen.
Bone Marrow Transplant 2005;
35:943–51.

235. Todisco E, Castagna L, Sarina B, et al.
Reduced-intensity allogeneic
transplantation in patients with refractory
or progressive Hodgkin’s disease after
high-dose chemotherapy and autologous
stem cell infusion. Eur J Haematol
2007;78:322–9.

236. Sureda A, Canals C, Arranz R, et al.
Allogeneic stem cell transplantation
after reduced intensity conditioning
(RIC-allo) in patients with relapsed or
refractory Hodgkin’s lymphoma (HL).
Final analysis of the HDR-Allo Protocol
– a prospective clinical trial by the
Grupo Español de Linfomas/
Transplante de Medula OSEA (GEL/
TAMO) and the Lymphoma Working
Party (LWP) of the European Group for
Blood and Marrow Transplantation
(EBMT). Blood 2009;114:658a.

237. Mir R, Anderson J, Strauchen J, et al.
Hodgkin disease in patients 60 years of
age or older. Histologic and clinical
features of advanced-stage disease. The
Cancer and Leukemia Group B. Cancer
1993;71:1857–66.

238. Hahn T, Benekli M, Wong C, et al.
A prognostic model for prolonged
event-free survival after autologous
or allogeneic blood or marrow
transplantation for relapsed and
refractory Hodgkin’s disease. Bone
Marrow Transplant 2005;35:557–66.

239. Josting A, Franklin J, May M, et al.
New prognostic score based on
treatment outcome of patients with
relapsed Hodgkin’s lymphoma
registered in the database of the
German Hodgkin’s lymphoma study
group. J Clin Oncol 2002;20:221–30.

240. Stiff PJ, Unger JM, Forman SJ, et al.
The value of augmented preparative
regimens combined with an autologous
bone marrow transplant for the
management of relapsed or refractory
Hodgkin disease: a Southwest Oncology
Group phase II trial. Biol Blood Marrow
Transplant 2003;9:529–39.

241. Jabbour E, Hosing C, Ayers G, et al.
Pretransplant positive positron
emission tomography/gallium scans
predict poor outcome in patients with
recurrent/refractory Hodgkin
lymphoma. Cancer 2007;109:2481–9.

242. Nogova L, Reineke T, Eich HT, et al.
Extended field radiotherapy, combined
modality treatment or involved field
radiotherapy for patients with stage IA
lymphocyte-predominant Hodgkin’s
lymphoma: a retrospective analysis
from the German Hodgkin Study
Group (GHSG). Ann Oncol
2005;16:1683–7.

243. Diehl V, Sextro M, Franklin J, et al.
Clinical presentation, course, and
prognostic factors in lymphocyte-
predominant Hodgkin’s disease and
lymphocyte-rich classical Hodgkin’s
disease: report from the European
Task Force on Lymphoma Project on
Lymphocyte-Predominant Hodgkin’s
Disease. J Clin Oncol 1999;17:776–83.

244. Wilder RB, Schlembach PJ, Jones D,
et al. European Organization for
Research and Treatment of Cancer and
Groupe d’Etude des Lymphomes de
l’Adulte very favorable and favorable,
lymphocyte-predominant Hodgkin
disease. Cancer 2002;94:1731–8.

245. Nogova L, Reineke T, Josting A, et al.
Lymphocyte-predominant and classical
Hodgkin’s lymphoma–comparison of
outcomes. Eur J Haematol Suppl 2005;
66:106–10.

246. Ekstrand BC, Lucas JB, Horwitz SM,
et al. Rituximab in lymphocyte-
predominant Hodgkin disease: results of
a phase 2 trial. Blood 2003;101:4285–9.

247. Rehwald U, Schulz H, Reiser M, et al.
Treatment of relapsed CD20þ Hodgkin
lymphoma with the monoclonal
antibody rituximab is effective and well

Chapter 19: Hodgkin lymphoma

401



tolerated: results of a phase 2 trial of the
German Hodgkin Lymphoma Study
Group. Blood 2003;101:420–4.

248. Schulz H, Rehwald U, Morschhauser F,
et al. Rituximab in relapsed
lymphocyte-predominant Hodgkin
lymphoma: long-term results of a
phase-II trial by the German Hodgkin
Lymphoma Study Group (GHSG).
Blood 2008;111:109–11.

249. Fanale MA, Fayad L, Romaguera JE,
et al. Experience with R-CHOP in
patients with lymphocyte predominant
Hodgkin lymphoma (LPHL). Seventh
International Symposium on Hodgkin
Lymphoma; 2007:77a.

250. Coiffier B, Lepage E, Briere J, et al.
CHOP chemotherapy plus rituximab
compared with CHOP alone in elderly
patients with diffuse large-B-cell
lymphoma. N Engl J Med
2002;346:235–42.

251. Sleijfer S. Bleomycin-induced
pneumonitis. Chest 2001;120:617–24.

252. Azambuja E, Fleck JF, Batista RG, et al.
Bleomycin lung toxicity: who are the
patients with increased risk? Pulm
Pharmacol Ther 2005;18:363–6.

253. Matthews JH. Pulmonary toxicity of
ABVD chemotherapy and G-CSF in
Hodgkin’s disease: possible synergy.
Lancet 1993;342:988.

254. Dirix LY, Schrijvers D, Druwe P, et al.
Pulmonary toxicity and bleomycin.
Lancet 1994;344:56.

255. Adach K, Suzuki M, Sugimoto T, et al.
Granulocyte colony-stimulating factor
exacerbates the acute lung injury and
pulmonary fibrosis induced by
intratracheal administration of
bleomycin in rats. Exp Toxicol Pathol
2002;53:501–10.

256. Azoulay E, Herigault S, Levame M, et al.
Effect of granulocyte colony-
stimulating factor on bleomycin-
induced acute lung injury and
pulmonary fibrosis. Crit Care Med
2003;31:1442–8.

257. Martin WG, Ristow KM, Habermann
TM, et al. Bleomycin pulmonary
toxicity has a negative impact on the
outcome of patients with Hodgkin’s
lymphoma. J Clin Oncol 2005;23:
7614–20.

258. Behringer K, Breuer K, Reineke T, et al.
Secondary amenorrhea after Hodgkin’s
lymphoma is influenced by
age at treatment, stage of disease,

chemotherapy regimen, and the use of
oral contraceptives during therapy: a
report from the German Hodgkin’s
Lymphoma Study Group. J Clin Oncol
2005;23:7555–64.

259. Brusamolino E, Baio A, Orlandi E,
et al. Long-term events in adult patients
with clinical stage IA-IIA nonbulky
Hodgkin’s lymphoma treated with four
cycles of doxorubicin, bleomycin,
vinblastine, and dacarbazine and
adjuvant radiotherapy: a single-
institution 15-year follow-up. Clin
Cancer Res 2006;12:6487–93.

260. Hodgson DC, Pintilie M, Gitterman L,
et al. Fertility among female Hodgkin
lymphoma survivors attempting
pregnancy following ABVD
chemotherapy. Hematol Oncol
2007;25:11–15.

261. Horning SJ, Rosenberg SA, Hoppe RT.
Brief chemotherapy (Stanford V) and
adjuvant radiotherapy for bulky or
advanced Hodgkin’s disease: an update.
Ann Oncol 1996;7 Suppl 4:105–8.

262. Illes A, Biro E, Miltenyi Z, et al.
Hypothyroidism and thyroiditis after
therapy for Hodgkin’s disease. Acta
Haematol 2003;109:11–17.

263. Andre M, Henry-Amar M, Blaise D,
et al. Treatment-related deaths and
second cancer risk after autologous
stem-cell transplantation for Hodgkin’s
disease. Blood 1998;92:1933–40.

264. Goodman KA, Riedel E, Serrano V,
et al. Long-term effects of high-dose
chemotherapy and radiation for
relapsed and refractory Hodgkin’s
lymphoma. J Clin Oncol 2008;
26:5240–7.

265. Engert A, Ballova V, Haverkamp H,
et al. Hodgkin’s lymphoma in elderly
patients: a comprehensive retrospective
analysis from the German Hodgkin’s
Study Group. J Clin Oncol
2005;23:5052–60.

266. Levis A, Depaoli L, Bertini M,
et al. Results of a low aggressivity
chemotherapy regimen (CVP/CEB)
in elderly Hodgkin’s disease patients.
Haematologica 1996;81:450–6.

267. Weekes CD, Vose JM, Lynch JC, et al.
Hodgkin’s disease in the elderly:
improved treatment outcome with a
doxorubicin-containing regimen. J Clin
Oncol 2002;20:1087–93.

268. Erdkamp FL, Breed WP, Bosch LJ, et al.
Hodgkin disease in the elderly.

A registry-based analysis. Cancer
1992;70:830–4.

269. Janssen-Heijnen ML, van Spronsen DJ,
Lemmens VE, et al. A population-based
study of severity of comorbidity among
patients with non-Hodgkin’s
lymphoma: prognostic impact
independent of International
Prognostic Index. Br J Haematol
2005;129:597–606.

270. van Spronsen DJ, Janssen-Heijnen ML,
Lemmens VE, et al. Independent
prognostic effect of co-morbidity in
lymphoma patients: results of the
population-based Eindhoven Cancer
Registry. Eur J Cancer 2005;41:1051–7.

271. Enblad G, Gustavsson A, Sundstrom C,
et al. Patients above sixty years of age
with Hodgkin’s lymphoma treated
with a new strategy. Acta Oncol
2002;41:659–67.

272. Macpherson N, Klasa RJ, Gascoyne R,
et al. Treatment of elderly Hodgkin’s
lymphoma patients with a novel 5-drug
regimen (ODBEP): a phase II study.
Leuk Lymphoma 2002;43:1395–402.

273. Feltl D, Vitek P, Zamecnik J. Hodgkin’s
lymphoma in the elderly: the results of
10 years of follow-up. Leuk Lymphoma
2006;47:1518–22.

274. Kim HK, Silver B, Li S, et al. Hodgkin’s
disease in elderly patients (> or ¼ 60):
clinical outcome and treatment
strategies. Int J Radiat Oncol Biol Phys
2003;56:556–60.

275. Levis A, Anselmo AP, Ambrosetti A,
et al. VEPEMB in elderly Hodgkin’s
lymphoma patients. Results from an
Intergruppo Italiano Linfomi (IIL)
study. Ann Oncol 2004;15:123–8.

276. Ballova V, Ruffer JU, Haverkamp H,
et al. A prospectively randomized trial
carried out by the German Hodgkin
Study Group (GHSG) for elderly
patients with advanced Hodgkin’s
disease comparing BEACOPP baseline
and COPP-ABVD (study HD9elderly).
Ann Oncol 2005;16:124–31.

277. Kolstad A, Nome O, Delabie J, et al.
Standard CHOP-21 as first line therapy
for elderly patients with Hodgkin’s
lymphoma. Leuk Lymphoma
2007;48:570–6.

278. Canellos GP, Duggan D, Johnson J,
et al. How important is bleomycin
in the adriamycin þ bleomycin þ
vinblastine þ dacarbazine regimen?
J Clin Oncol 2004;22:1532–3.

Chapter 19: Hodgkin lymphoma

402



279. Proctor SJ, White J, Jones GL. An
international approach to the treatment
of Hodgkin’s disease in the elderly:
launch of the SHIELD study
programme. Eur J Haematol Suppl
2005;66:63–7.

280. Boll B, Hansen H, Heuck F, et al. The
fully human anti-CD30 antibody 5F11
activates NF-{kappa}B and sensitizes
lymphoma cells to bortezomib-induced
apoptosis. Blood 2005;106:1839–42.

281. Cerveny CG, Law CL, McCormick RS,
et al. Signaling via the anti-CD30
mAb SGN-30 sensitizes Hodgkin’s
disease cells to conventional
chemotherapeutics. Leukemia
2005;19:1648–55.

282. Younes A, Forero-Torres A, Bartlett N,
et al. A novel antibody-drug conjugate,
SGN-35 (anti-CD30-Auristatin),
induces objective responses in patients
with relapsed or refractory Hodgkin
lymphoma: preliminary results of a
phase I tolerability study. Seventh
International Symposium on Hodgkin
Lymphoma; 2007:099a.

283. Younes A, Romaguera J, Hagemeister
F, et al. A pilot study of rituximab in
patients with recurrent, classic Hodgkin
disease. Cancer 2003;98:310–14.

284. Jones RJ, Gocke CD, Kasamon YL, et al.
Circulating clonotypic B cells in classic
Hodgkin lymphoma. Blood 2009;113
(23):5920–6.

285. Younes A, Fayad L, Goy A, et al. Phase
II study of rituximab plus ABVD for
the treatment of newly diagnosed
patients with advanced stage classical
Hodgkin lymphoma. Seventh
International Symposium on Hodgkin
Lymphoma; 2007:024a.

286. Oki Y, Pro B, Fayad LE, et al. Phase 2
study of gemcitabine in combination
with rituximab in patients with
recurrent or refractory Hodgkin
lymphoma. Cancer 2008;112:831–6.

287. Klimm B, Schnell R, Diehl V, et al.
Current treatment and immunotherapy
of Hodgkin’s lymphoma.
Haematologica 2005;90:1680–92.

288. Vriesendorp HM, Quadri SM, Wyllie
CT, et al. Fractionated radiolabeled
antiferritin therapy for patients with
recurrent Hodgkin’s disease. Clin
Cancer Res 1999;5:3324s–9s.

289. Decaudin D, Levy R, Lokiec F, et al.
Radioimmunotherapy of refractory or

relapsed Hodgkin’s lymphoma with
90Y-labelled antiferritin antibody.
Anticancer Drugs 2007;18:725–31.

290. Bargou RC, Emmerich F, Krappmann
D, et al. Constitutive nuclear factor-
kappaB-RelA activation is required for
proliferation and survival of Hodgkin’s
disease tumor cells. J Clin Invest
1997;100:2961–9.

291. Re D, Thomas RK, Behringer K, et al.
From Hodgkin disease to Hodgkin
lymphoma: biologic insights and
therapeutic potential. Blood
2005;105:4553–60.

292. Re D, Kuppers R, Diehl V. Molecular
pathogenesis of Hodgkin’s lymphoma.
J Clin Oncol 2005;23:6379–86.

293. Zheng B, Georgakis GV, Li Y, et al.
Induction of cell cycle arrest and
apoptosis by the proteasome inhibitor
PS-341 in Hodgkin disease cell lines is
independent of inhibitor of nuclear
factor-kappaB mutations or activation
of the CD30, CD40, and RANK
receptors. Clin Cancer Res
2004;10:3207–15.

294. Blum RH, Carter SK, Agre K. A clinical
review of bleomycin–a new
antineoplastic agent. Cancer
1973;31:903–14.

295. Younes A, Pro B, Fayad L. Experience
with bortezomib for the treatment of
patients with relapsed classical Hodgkin
lymphoma. Blood 2006;107:1731–2.

296. Trelle S, Sezer O, Naumann R, et al.
Bortezomib is not active in patients
with relapsed Hodgkin’s lymphoma:
results of a prematurely closed phase II
study. Blood 2006;108:2477a.

297. Rosato RR, Almenara JA, Grant S. The
histone deacetylase inhibitor MS-275
promotes differentiation or apoptosis in
human leukemia cells through a process
regulated by generation of reactive
oxygen species and induction of
p21CIP1/WAF1 1. Cancer Res
2003;63:3637–45.

298. LaCasse EC, Cherton-Horvat GG,
Hewitt KE, et al. Preclinical
characterization of AEG35156/GEM
640, a second-generation antisense
oligonucleotide targeting X-linked
inhibitor of apoptosis. Clin Cancer Res
2006;12:5231–41.

299. Johnston PB, Ansell SM, Colgan JP,
et al. Promising results for patients with
relapsed or refractory Hodgkin

lymphoma treated with the oral MTOR
inhibitor everolimus (RAD001).
Seventh International Symposium on
Hodgkin Lymphoma; 2007:015a.

300. Georgakis GV, Li Y, Rassidakis GZ,
et al. Inhibition of heat shock protein 90
function by 17-allylamino-17-
demethoxy-geldanamycin in Hodgkin’s
lymphoma cells down-regulates Akt
kinase, dephosphorylates extracellular
signal-regulated kinase, and induces cell
cycle arrest and cell death. Clin Cancer
Res 2006;12:584–90.

301. Skinnider BF, Elia AJ, Gascoyne RD,
et al. Interleukin 13 and interleukin 13
receptor are frequently expressed by
Hodgkin and Reed-Sternberg cells of
Hodgkin lymphoma. Blood
2001;97:250–5.

302. Juszczynski P, Ouyang J, Monti S, et al.
The AP1-dependent secretion of
galectin-1 by Reed Sternberg cells
fosters immune privilege in classical
Hodgkin lymphoma. Proc Natl Acad Sci
U S A 2007;104:13 134–9.

303. Vogelstein B, Lane D, Levine AJ.
Surfing the p53 network. Nature
2000;408:307–10.

304. Drakos E, Thomaides A, Medeiros LJ,
et al. Inhibition of p53-murine double
minute 2 interaction by nutlin-3A
stabilizes p53 and induces cell cycle
arrest and apoptosis in Hodgkin
lymphoma. Clin Cancer Res
2007;13:3380–7.

305. Kawakami M, Kawakami K, Kioi M,
et al. Hodgkin lymphoma therapy
with interleukin-4 receptor-directed
cytotoxin in an infiltrating animal
model. Blood 2005;105:3707–13.

306. Bollard CM, Straathof KC, Huls MH,
et al. The generation and
characterization of LMP2-specific
CTLs for use as adoptive transfer from
patients with relapsed EBV-positive
Hodgkin disease. J Immunother
2004;27:317–27.

307. Bollard CM, Aguilar L, Straathof KC,
et al. Cytotoxic T lymphocyte therapy
for Epstein-Barr virusþ Hodgkin’s
disease. J Exp Med 2004;200:1623–33.

308. Portis T, Longnecker R. Epstein-Barr
virus (EBV) LMP2A mediates B-
lymphocyte survival through constitutive
activation of the Ras/PI3K/Akt pathway.
Oncogene 2004;23:8619–28.

Chapter 19: Hodgkin lymphoma

403



Chapter

20 Treatment approaches to MALT/marginal
zone lymphoma
Stephanie A. Gregory and Parameswaran Venugopal

Introduction
Marginal zone lymphoma (MZL) is a distinct subtype of non-
Hodgkin lymphoma that has been recognized by Revised
European–American Lymphoma (REAL) and World Health
Organization (WHO) classifications.1–3 They have distinct mor-
phologic and immunophenotypic features and a variable clinical
course. This entity was traditionally designated as monocytoid
B-cell lymphoma.

MZL is subdivided into three categories:

1. Extranodal MZL (EMZL) arises from mucosa-associated
lymphoid tissue (MALT) identified by WHO classification
as EMZL of MALT type;

2. Primary nodal MZL (PNMZL). By definition, in the WHO
classification the term “nodal MZL” is used to define those
cases primarily involving lymph nodes, and it excludes any
case with prior or concurrent localization in an extranodal
site except bone marrow, spleen, or liver; and

3. Splenic B-cell MZL (SMZL).

NMZL displays no appreciable differences in its histologic, cyto-
logic, architectural, or phenotypic characteristics from those
of EMZL. Consequently, it has been debated whether MZL with
primary nodal involvement has to be considered a distinct disease
or merely represents disseminated EMZL of MALT type. There-
fore, the REAL classifications included MZL cases with primary
lymph node involvement in a provisional category. Recently,
Nathwani and colleagues identified several distinct clinical fea-
tures for nodal and extranodal MZL.4 From the clinical behavior,
NMZL seems to behave more like a low-grade follicular or small
lymphocytic lymphoma unlike EMZL. This suggests biologic dif-
ferences between EMZL and NMZL. The WHO classification
recognized NMZL as a distinct disease that must be distinguished
from EMZL of MALT-type with lymph node involvement and
from other small B-cell non-Hodgkin lymphomas.2

Extranodal marginal zone (MALT) lymphoma
Extranodal MALT lymphoma is morphologically heteroge-
neous: B cells including marginal zone cells, cells resembling

monocytoid cells, small lymphocytes, scattered transformed
cells, and often monoclonal plasma cells. The infiltrate is
located in the marginal zone of reactive follicles and extends
into the interfollicular region. These cells typically infiltrate the
epithelium, forming lymphoepithelial lesions.

Extranodal MALT lymphoma comprises 7–8% of all non-
Hodgkin lymphomas (Table 20.1) and constitutes approxi-
mately half of all primary gastric lymphomas. Geographically,
higher incidence of MALT lymphomas is reported from
north-east Italy, the Middle East, and the Cape region of
South Africa. It predominantly occurs in adults; median age
being 61 years. There is a slight female predominance (male:
female 1:1.2). The post-germinal center marginal zone B cell is
the postulated cell of origin. The presence of follicular center and
antigen stimulation are most important for the development of
marginal zone B cells. Most patients with Helicobacter pylori
infection do not develop lymphoma. H. pylori is present in
almost all cases of chronic gastritis that induces MALT lymph-
oma.6,7 There is a 44-fold increase in risk of development of
MALT lymphoma in various tissues in patients with Sjogren’s
syndrome. In patients with Hashimoto’s the risk is threefold.

H. pylori decreases as lymphoma progresses.8 Eradication
of H. pylori with combination therapy causes regression of
lymphoma in 75% of cases.9 A recently published meta-analysis
shows that sequential therapy (which consists of 5 days of
treatment with a proton pump inhibitor and one antibiotic,
usually amoxicillin, followed by a 5-day treatment with the
proton pump inhibitor and two other antibiotics, usually clar-
ithromycin and a 5-nitro-imidazole) is superior to standard
triple therapy for H. pylori infection in patients naïve to treat-
ment.10 It is difficult to eradicate H. pylori in patients with
t(11;18) and BCL10 positivity. Response of patients whose
lymphoma extends beyond submucosa is also not satisfactory.
Cytogenetic abnormalities are noted in many patients. The
three recurrent balanced translocations seen in MALT lymph-
oma include: (1) t(11;18)(q21;q21) in 35%. This translocation
is not observed in other lymphomas; (2) t(14;18) in 11%. The
breakpoints in these cases are different from those seen in
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follicular lymphomas; and (3) t(1;14) (p22;q32) in < 5%,
mostly in gastric and pulmonary MALT lymphomas. Trisomy
3 has been noted in 60% of cases.11 t(11;18)(q21;q21) is
believed to represent one of the most important primary
events in the development of MZLs. An accurate estimation
of the frequency and distribution of this abnormality among
the nodal, splenic, and extranodal MZL is yet to be deter-
mined. Recent molecular genetic studies have shown that
this translocation results in the fusion of the API2 gene
on chromosome 11 and a novel gene termed MALT1 on
chromosome 18.

Remstein et al analyzed RNAs extracted from frozen tissue
samples of 99 MZL by using reverse transcriptase-polymerase
chain reaction (RT-PCR). API2-MALT1 fusion transcripts
were detected in 12 of 57 EMZL (21%) but in none of
the nodal or splenic specimens. Their findings suggest that
t(11;18)(q21;q21) is restricted to EMZL and that these tumors
have distinct genetic etiologies in comparison with their
splenic and nodal counterparts.12

Gastric MALT lymphomas
Diagnosis and staging
The best staging system for gastric lymphomas is still contro-
versial.13,14 The Blackledge staging system was recommended
for general use by an international workshop in Lugano,
Switzerland in 1993.14 The TNM system using the criteria
was initially developed by the American Joint Committee on
Cancer (AJCC) for gastric carcinoma based on the extent of
the gastric wall involvement as measured by endoscopic ultra-
sound. Depth of gastric wall infiltration of MALT lymphoma
is reported to correlate with the risk of spread to adjacent
lymph nodes.15 Endoscopic evaluation with multiple biopsies
from stomach, and upper airway examination is recommended
in all cases. Computed tomography (CT) scan and other staging
procedures including bone marrow examination as is currently
standard practice for non-Hodgkin lymphoma are recom-
mended. Bone marrow involvement is reported in 0–15% of
cases.16,17 Apart frommorphology, immunophenotyping as well
as cytogenetics should be done in the biopsy specimen. Positron
emission tomography (PET) scan has recently been reported
to be useful in staging of MZL.18 H. pylori status should be
ascertained by histology or serology.

Treatment of gastric MALT lymphoma
There are no data from controlled trails that define standard of
care in patients with gastric MALT lymphoma. Published data
on treatment have been mostly from retrospective studies
where patients have not been adequately staged or treated
uniformly. Various reports of treatment for localized MALT
lymphoma with combination of surgery, radiation therapy,
and chemotherapy indicate overall survival rate ranging from
80% to 90% at 5 years.17,19–21 Localized MALT lymphoma
treated with radiation therapy has excellent outcome.22

H. pylori therapy alone may be sufficient as an initial therapy
in patients with low-grade histology, limited-stage disease,
H. pylori positivity, and absence of t(11;18) (Table 20.2). No
difference in overall survival was noted in patients who received
H. pylori therapy alone compared to those who received radio-
therapy, chemotherapy, surgery, or combinations of these.19

The actuarial 5-year overall survival was 82% (95% CI) in the
series as a whole and at a medium follow-up at 3 years, 10 of
93 patients died all but one from a second solid tumor.
A German multicenter study also confirmed that antibiotics,
when use as a sole therapy, can induce long-term remission in
these patients.23 Absence of nodal involvement has been sug-
gested as the strongest predictor for response.24 In this study,
patients without nodal involvement who were H. pylori positive
had a complete remission (CR) rate of 79%. Chlorambucil or
cyclophosphamide has been studied as a single agent to treat
MALT lymphomas.25 Patients received continuous oral doses
of cyclophosphamide 100mg/day or chlorambucil 6mg/day for
a medium duration of 18 months (8–24 months). CR rate was
75% with projected 5-year event-free survival and overall sur-
vival of 50% and 75% respectively.25 An ongoing international
study randomizes patients after initial antibiotic therapy to
observation versus chlorambucil.26 An interim analysis on the
first 170 patients in this study showed that about half the
patients who were treated with chlorambucil achieved histologic
CR. A PCR assay showed that half the patients who had histo-
logic response also achieved molecular CR.

Patients who do not respond to anti-H. pylori therapy or
who are negative for H. pylori should receive conventional
therapies for low-grade non-Hodgkin lymphoma.27 Apart from
single-agent or combination chemotherapy, anti-CD20 mono-
clonal antibody rituximab as a single agent has been shown
to have significant clinical activity in relapsing or H. pylori-
negative MALT lymphomas.28 A phase II study in 35 untreated
and relapsed patients with gastric and extra-gastric marginal
zone/MALT lymphoma, an overall response rate of 73% with
15 CRs and 10 partial remissions29 Median response duration
was 10.5 months and with a median follow-up of 15 months,
9(26%) patients relapsed. The response was significantly higher
in the chemotherapy-naïve patients with significantly longer
duration of remission (22 versus 12 months).

Surgery alone has been extensively used in the past with
5-year overall survival of 91% (95% for stage I and 82% for
stageII).20Adjuvant therapywith chemotherapyor radiotherapy

Table 20.1. Marginal zone lymphomas as a percentage of all
non-Hodgkin lymphomas

Type Percent

MALT 7.6%

Nodal 1.8%

Splenic < 1%

Note: Zucca et al.5
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did not appear to contribute to the efficacy of surgery. In view
of the highly effective non-surgical options available, surgery is
performed less frequently for localized MALT lymphomas
and, in some centers, is limited to complications like uncon-
trolled bleeding, obstruction, or perforation.

Monitoring of response to therapy
Apart from achieving CR, the attempt should always be made
to obtain molecular remission. Patients with low grade NHL
who achieve molecular remission remain without evidence
of disease longer compared to those patients who have evi-
dence of persistent disease at the molecular level. In patients
with MZL either the chromosome abnormalities that are
present in the pre-therapy specimen or the immunoglobulin
heavy chain rearrangement can be used to monitor molecular
disease.

A strict endoscopic follow-up is recommended, with mul-
tiple biopsies taken 2 months after completion of therapy and
subsequently at least twice a year for 2 years. Late responses to
therapy have been observed. Patients who are treated with
antibiotics alone should be followed up closely for even longer,
as it is unclear whether eradiation of H. pylori alone will cure
the lymphoma. In a study of patients with MALT lymphoma
who achieved CR, 32 or 86 patients relapsed at a median time
of 47 (14–307) months suggesting the need for long-term
monitoring in these patients.30

Treatment of non-gastric extranodal
marginal zone lymphoma
Optimal therapy for patients with non-gastric lymphomas
remains controversial. Treatment for patients with non-gastric
MZLs in the International Extranodal Lymphoma Study
Group (IELSG) trials usually included surgery or radio-
therapy even in patients with stage IV disease. The time to
progression of disease in these patients was approximately
60% at 5 years but only 18% by 10 years. However, the overall
survival was 90% at 10 years. Addition of an anthracycline to
a chemotherapy regimen did not improve the response rate
or provide survival benefit for patients with limited disease.
Similarly adjuvant chemotherapy in patients receiving radi-
ation therapy has not been shown to improve outcome.31

However, a low to low-intermediate International Prognostic
Index (IPI) score was a significant favorable prognostic fea-
ture by multivariate analysis predicting progression-free sur-
vival, with 70% of those with 0–2 factors still free of disease at
5 years, compared with only 30% of those with 3–5 risk
factors at diagnosis.32,33

As with the results of treatment of H. pylori gastric disease,
anti-infective therapy has been shown to result in some
responses in splenic MZL (hepatitis C), dermal MZL (Borre-
lia), and lacrimal gland MZL (Chlamydia).34,35 Radiation
therapy alone has been reported as effective in MALT lymph-
omas in the head and neck region but most patients ultimately
develop relapse.36 Chemotherapy as used in other indolent
non-Hodgkin lymphoma with or without rituximab is effect-
ive. Fludarabine- and alkylator-based therapies have been
shown to be very active.37,38 Cladribine (2-chlorodeoxy adeno-
sine; 2-CdA) has been successfully used to treat gastric as well
as extra-gastric MALT lymphoma.39

Table 20.2. Algorithm for management of marginal zone lymphomas

1. Marginal zone NHL – nodal

Use same principles as follicular lymphoma:

Localized disease:

IFRT

Advanced disease:

Observation

Single-agent or combination chemotherapy

CVP, CHOP, fludarabine-based regimens

Monoclonal antibodies

Rituximab

Radioimmunotherapy

2. Marginal zone NHL – extranodal

Gastric:

Low-grade, H. pylori þve

Antimicrobial therapy

Low-grade, H. pylori þve, resistant to antimicrobials

IFRT, rituximab, chemotherapy

Low-grade, H. pylori negative

IFRT, rituximab, chemotherapy

Intermediate or higher grade

Chemotherapy� rituximab� IFRT

Non-gastric:

Avoid overtreatment

Observation

Local RT

Surgery

Rituximab

Chemotherapy

3. Splenic marginal zone lymphoma

Observation

Splenectomy

Rituximab

Chemotherapy

NHL: non-Hodgkin lymphoma; IFRT: involved-field radiation therapy; CVP:
cyclophosphamide, vincristine, and prednisone; CHOP: cyclophosphamide,
doxorubicin, vincristine, and prednisone; RT: radiation therapy.
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Primary nodal marginal zone
lymphoma
Primary nodal marginal zone lymphoma (PNMZL) morpho-
logically resembles lymph nodes involved by MZL of extranodal
or splenic types but without evidence of extranodal or splenic
disease. It constitutes about 1.8% of all lymphoid neoplasm
(see Table 20.1) and about one-third of all MZLs. Various
morphologic patterns have been described, including sinus-
oidal, interfollicular, marginal zone (surround normal fol-
licles), inverse follicular (surround naked follicles), and
invasion of follicles and replacement of follicular center cell
to produce a follicular pattern, secondary to follicular colon-
ization. No statistically significant difference has been noted
between extranodal marginal zone MALT lymphomas and
NMZLs with respect to median age of onset, sex distribution,
incidence of B symptoms, lactate dehydrogenase (LDH) eleva-
tion, thoracic and mesenteric lymphadenopathy, involvement
of bone marrow, liver, or spleen, and IPI.4 However, signifi-
cant difference was observed between the two groups with
respect to advanced disease (stage III and IV more with nodal
type). MALT lymphomas tended to have larger (� 5 cm)
masses, whereas nodal lymphomas tended to have more
likelihood of initial cervical, axillary, inguinal/femoral, and
para-aortic lymphadenopathy.

Treatment of primary nodal marginal
zone lymphoma
As with other indolent non-Hodgkin lymphomas, observation
without therapy is appropriate in patients with low tumor
burden and no symptoms.

Local radiation therapy is associated with long-term
disease-free intervals in limited-stage disease. In patients
with high tumor burden and those with symptoms related
to the lymphoma, treatment options include single-agent or
combination chemotherapy, monoclonal antibodies, and
combination of these agents. The common combination
chemotherapy regimens include CVP (cyclophosphamide,
vincristine, and prednisone), CHOP (cyclophosphamide,
doxorubicin, vincristine, and prednisone), FN (fludarabine
and mitoxantrane), and FND (FN plus dexamethasone). Anti-
CD20 monoclonal antibody rituximab, when used as a single
agent, leads to responses in half the patients with relapsed
low-grade non-Hodgkin lymphoma.40 In combination
with chemotherapy, the response rates and duration of
response are even higher. Radioimmunotherapy is approved
for use in patients with relapsed low-grade non-Hodgkin
lymphoma including MZL. The currently available radioim-
munotherapy agents are 90Y-ibritumomab tiuxetan (Zevalin)
and 131I-tositumomab (Bexxar). Both agents are murine anti-
CD20 monoclonal antibodies and have higher efficacy on B-
cell malignancies largely because of the cross-fire effects of
radiation emitted from the radioimmunoconjugate that des-
troys more tumor cells than unconjugated antibodies. MZL

cells express CD20 antigen more than small lymphocytic
leukemia/chronic lymphatic leukemia and less than follicular
lymphoma. There are no published data on the activity of
radioimmunotherapy agents specifically in MZL; however,
based on their activity in other CD20-positive low-grade
non-Hodgkin lymphoma, there is reason to believe that
this should be a very promising mode of therapy for these
patients.

Stem cell transplantation
Both autologous and allogeneic stem cell transplantation
(SCT) have been tried in patients with low-grade non-Hodgkin
lymphoma. Although SCT can lead to durable remissions in
these patients, the toxicity of the conditioning regimens is
higher compared to many of the other available options like
chemoimmunotherapy and radioimmunotherapy. Hence, SCT
in this group of patients should be limited to investigational
settings. More recent work with incorporation of monoclonal
antibodies like rituximab (Rituxan) in harvest and condition-
ing as well as improved techniques of purging have led to
promising results. If the patient is a candidate for SCT, care
should be taken in sequencing of therapy of these patients to
avoid potential damage to marrow stem cells from chemother-
apy or radiation used in earlier therapies.

Other investigational therapies
Many investigational agents are being studied in this disease
including bortezomib (Velcade) (alone or in combination with
monoclonal antibodies), BCL2-antisense (oblimersen sodium
[Genasense]), gallium nitrite, and other monoclonal antibodies
like anti-CD22 monoclonal antibody (epratuzumab) and anti-
CD52 (Campath-1H) either alone or in combination with
other agents like chemotherapy.

Splenic B-cell marginal zone
lymphoma
Splenic B-cell MZL (SMZL) is an indolent lymphoproliferative
disease accounting for approximately 1% of all lymphomas
(Table 20.1). SMZL presents with marked splenomegaly often
accompanied by circulating atypical “villous lymphocytes” and
hence it is also termed “splenic lymphoma with villous
lymphocytes.” Functional hypersplenism with progressive
pancytopenia may occur and in some cases may be the sole
reason for intervention. Histologically the spleen contains
nodular infiltrates involving the white and red pulp. Within
the white pulp, the infiltrate has a biphasic morphology
comprising of an inner zone of small lymphocytes and a
peripheral (marginal) zone of larger lymphoid cells. The
splenic lymph nodes and bone marrow are also usually
involved by similar nodular infiltrate. Histologic differential
diagnosis includes mantle cell lymphoma, follicular lymph-
oma, B-cell chronic lymphocytic leukemia, and benign/
atypical lymphoid hyperplasia.

Chapter 20: Treatment approaches to MALT/MZL

407



Treatment of splenic B-cell marginal
zone lymphoma
Splenectomy is usually accompanied by resolution of symp-
toms as well as recovery of blood counts in patients with
pancytopenia from hypersplenism. Regression of other sites

of disease has been noted following splenectomy. In patients
who need therapy and who are unable or unwilling for surgi-
cal procedure, chemotherapy alone or in combination with
monoclonal antibody as is conventionally used in other indo-
lent non-Hodgkin lymphoma would be the treatment of
choice.

References
1. Harris NL, Jaffe ES, Stein H, et al.

A revised European-American
classification of the lymphoid
neoplasms: a proposal from
the International Lymphomas Study
Group. Blood 1994;84:1361–92.

2. Harris NL, Jaffe ES, Diebold J, et al.
World Health Organization
classification of neoplastic diseases of
the hematopoietic and lymphoid tissue:
report of the Clinical Advisory
Committee meeting – Airle House,
Virginia, November 1997, J Clin Oncol
1999;17:3835–49.

3. Jaffe ES, Harris NL, Diebold J, Muller
Hermelink HK. World Health
Organization classification of neoplastic
disease of the hematopoietic and
lymphoid tissues. Am J Clin Pathol
1999;111 Suppl 1:S8–12.

4. Nathwani BN, Anderson JR, Armitage
JO, et al. Marginal zone B-cell lymphoma:
a clinical comparison of nodal and
mucosa-associated lymphoid tissue types.
J Clin Oncol 1999;17:2486–92.

5. Zucca E, Bertoni F, Roggero E, et al.
Management of rare forms of
lymphoma. Curr Opin Oncol 1998;
10(5):377–84.

6. Wotherspoon AC, Ortiz-Hitalgo C,
Falzon MR, et al. Helicobacter pylori –
associated gastritis and primary B-cell
gastric lymphoma. Lancet 1991;
338:1175–6.

7. Nakamura S, Yao T, Aoyagi K, et al.
Helicobacter pylori and primary gastric
lymphoma. A histopathologic and
immunohistochemical analysis of 237
patients. Cancer 1997;79:3–11.

8. Doglioni C, Wotherspoon AC,
Moschini A, et al. High incidence of
primary gastric lymphoma in North-
Eastern Italy. Lancet 1992;339:834–5.

9. Wotherspoon AC, Doglioni C, Diss TC,
et al. Regression of primary low grade
B cell gastric lymphoma of mucosa
associated lymphoid tissue type after
eradicating Helicobacter pylori. Lancet
1993;342:575–7.

10. Jafri NS, Hornung CA, Howden CW.
Meta-analysis: sequential therapy
appears superior to standard therapy
for Helicobacter pylori infection in
patients naive to treatment. Ann Intern
Med 2008;148(12):1–10.

11. Wotherspoon AC, Finn TM, Isaacson
PG. Trisomy 3 in low grade B cell
lymphoma of mucosa-associated
lymphoid tissue. Blood 1995;85:2000–4.

12. Remstein ED, James CD, Kurtin PJ.
Incidence and subtype specificity of
API2-MALT1 fusion translocations in
extranodal, nodal and splenic marginal
zone lymphomas. Am J Pathol
2000;156:1183–8.

13. De Jong D, Aleman BM, Taal BG, et al.
Controversies and consensus in the
diagnosis, work-up and treatment
of gastric lymphoma: an international
survey. Ann Oncol 1999;10:275–80.

14. Rohatainer A, d’Amore F, Coiffier B,
et al. Report on a workshop convened
to discuss the pathological and staging
classification of gastro-intestinal tract
lymphomas. Ann Oncol 1994;5:397–400.

15. Eidt S, Stolte M, Fisher R. Factors
influencing lymph node infiltration in
primary gastric malignant lymphomas
of the mucosa-associated lymphoid
tissue. Pathol Res Pract 1994;190:
1077–81.

16. Raderer M, Vorbeck F, Formanek M,
et al. Importance of extensive staging in
patients with mucosa-associated
lymphoid tissue (MALT) – type
lymphoma. Br J Cancer 2000;83:454–7.

17. Montalban C, Castrillo JM, Abraira V,
et al. Gastric B-cell mucosa-associated
lymphoid tissue (MALT) lymphomas:
clinical-pathological study and
evaluation of the prognostic factors
in 143 patients. Ann Oncol 1995;
6:355–62.

18. Hoffmann M, Kletter K, Becherer A,
et al. 18-F-fluorodeoxyglucose positron
emission tomography (18F-FDG-PET)
for staging and follow-up of marginal
zone B-cell lymphoma. Oncology
2003;64(4):336–40.

19. Pinotti G, Zucca E, Roggero E, et al.
Clinical features, treatment and
outcome in a series of 93 patients with
low grade gastric MALT lymphoma.
Leuk Lymphoma 1997;26:527–37.

20. Cogliatti SB, Schmid U, Schumacher U,
et al. Primary B-cell gastric lymphoma:
a clinical pathological study of 145
patients. Gastroenterology
1991;101:1159–70.

21. Schechter NR, Portlock CS, Yahalom J.
Treatment of mucosa-associated
lymphoid tissue lymphoma of the
stomach with radiation alone. J Clin
Oncol 1998;16:1916–21.

22. Tsang RW, Gospodarowicz MK,
Pintilie M, et al. Localized mucosa-
associated lymphoid tissue lymphoma
treated with radiation therapy has
excellent outcome. J Clin Oncol
2003;21:4157–64.

23. Neubauer A, Thiede C, Morgner A,
et al. Cure of Helicobacter pylori
infection and duration of remission of
low-grade gastric mucosa-associated
lymphoid tissue lymphoma. J Natl
Cancer Inst 1997;89:1350–5.

24. Ruskone Formestraux A, Lavergne A,
Aegerter PH, et al. Predictive factors for
regression of gastric MALT lymphoma
after anti-Helicobacter pylori treatment.
Gut 2001;48:297–303.

25. Hammel P, Haioun C, Chaumette MT,
et al. Efficacy of single-agent
chemotherapy in low grade B-cell
mucosa-associated lymphoid tissue
lymphoma with prominent gastric
expression. J Clin Oncol 1995;13:2524–9.

26. Zucca E, Roggero E, Traulle C, et al.
Early interim report of the LY03
randomized cooperative trial of
observation vs cholorambucil after
anti-Helicobacter therapy in low grade
gastric lymphoma. Ann Oncol 1999;
10 Suppl 3:25.

27. Zucca E, Carvalli F. MALT lymphomas.
In: Cavalli F, Isaacson PG, Glascoyne
RD, et al. ASH Education Book.
Washington DC, American Society of
Hematology. 2001; 241–58.

Chapter 20: Treatment approaches to MALT/MZL

408



28. Conconi A, Thieblemont C, Martinelli G,
et al. An international extranodal
lymphoma study group phase II study of
rituximab in extranodal marginal zone
B-cell lymphoma (MZL). Proc Am Soc
ClinOncol 2001; 20(Part 1):Abstract 1183.

29. Conconi A, Martinelli G, Thieblemont
C, et al. Clinical activity of rituximab
in extranodal marginal zone B-cell
lymphoma of MALT type. Blood
2003;102:2741–5.

30. Raderer M, Streubel B, Woehrer S, et al.
High relapse rate in patients with MALT
lymphoma warrants life long follow up.
Clin Cancer Res 2005;11:3349–52.

31. Aviles A, Neri N, Calva A, et al.
Addition of a short course
of chemotherapy did not improve
outcome in patients with localized
marginal B cell lymphoma of the orbit.
Oncology 2006;70:173–6.

32. Zinzani P, Magagnoli M, Galieni P,
et al. Nongastrointestinal low-grade

mucosa associated lymphoid tissue
lymphoma: analysis of 75 patients.
J Clin Oncol 1999;17:1254–8.

33. Zucca E, Conconi A, Pedrinis E, et al.
Non-gastric marginal zone B-cell
lymphoma of mucosa-associated
lymphoid tissue. Blood 2003;101:
2489–95.

34. Slater DN. MALT and SALT:
the clue to cutaneous B-cell
lymphoproliferative disease.
Br J Dermatol 1994;131:557–61.

35. Musto P. Hepatitis C virus infection
and B cell non-Hodgkin’s lymphomas:
more than a simple association. Clin
Lymphoma 2002;3:150–60.

36. Wenzel C, Fiebiger W, Dieckmann K,
et al. Extranodal marginal zone B-cell
lymphoma of mucosa associated
lymphoid tissue of the head and neck
area: high rate of disease recurrence
following local therapy. Cancer 2003;
97:2236–41.

37. Zinzani PL, Stefoni V, Musuraca G,
et al. Fludarabine-containing
chemotherapy as front line treatment
of nongastrointestinal mucosa-
associated lymphoid tissue lymphoma.
Cancer 2004;100:2190–4.

38. Thieblemont C, Berger F, Dumontet C,
et al. Mucosa-associated lymphoid
tissue lymphoma is a disseminated
disease in one third of 158 patients
analyzed. Blood 2000;95:802–6.

39. Jager G, Neumeister P, Brezinschek R,
et al. Treatment of extranodal marginal
zone B-cell lymphoma of mucosa-
associated lymphoid tissue type with
cladribine: a phase II study. J Clin Oncol
2002;20:3872–7.

40. McLaughlin P, Grillo-Lopez AJ, Link
BK, et al. Rituximab chimeric anti-
CD20 monoclonal antibody therapy
for relapsed indolent lymphoma:
half of patients respond to a four-dose
treatment program. J Clin Oncol
1998;16(8):2825–33.

Chapter 20: Treatment approaches to MALT/MZL

409



Chapter

21 Peripheral T-cell lymphomas

Matthew J. Matasar and Steven M. Horwitz

Introduction
The T-cell non-Hodgkin lymphomas are a group of uncom-
mon malignancies that in Western countries account for
15–20% of aggressive lymphomas and between 5% and 10%
of all non-Hodgkin’s lymphomas (NHL).1,2 Within the most
current classification schemata, there are 21 distinct diseases
that together constitute the mature T- and natural killer (NK)-
cell lymphomas, diseases that range from indolent cutaneous
lymphomas to aggressive malignancies that are often resistant
to routine systemic therapy. Common to many of the types of
T-cell lymphoma is a predilection towards extranodal disease,
although sites of tropism vary among subtypes. Geographic
frequencies of many subtypes, and of T-cell lymphomas as a
group, are also highly variable: while only 1.5% of lymphomas
are of T-cell lineage in Vancouver, Canada, 18.3% of lymph-
omas in Hong Kong show a T-cell phenotype. And in Asia,
47.4% of T-cell lymphomas are either NK/T-cell lymphoma,
nasal type (NK/T-NT) or adult T-cell leukemia/lymphoma
(ATLL), while in North America and Europe, these constitute
only 7.1% and 5.3% of T-cell lymphomas, respectively.3 These
variable incidence rates may in part represent differential
exposure to risk factors for T-cell lymphoma, including
Epstein–Barr virus (EBV) and human T-cell leukemia virus-1
(HTLV-1). As will be explored below, the epidemiologic variety
across the subtypes of T-cell lymphoma is matched by the
clinical heterogeneity of these diseases, confounding investiga-
tion (or understanding) of the class of diseases as a single entity.

The most current World Health Organization (WHO)
classification schema for lymphoma recognizes 20 distinct
diseases under the rubric of mature T- or NK-cell lymphoma
(Table 21.1).4 These include diseases that are predominantly
leukemic (T-cell prolymphocytic leukemia, T-cell large granu-
lar lymphocytic leukemia, aggressive NK-cell leukemia, and
the leukemic variant of ATLL); predominantly nodal (periph-
eral T-cell lymphoma not otherwise specified [PTCL, NOS]),
angioimmunoblastic T-cell lymphoma (AITL), both anaplastic
lymphoma kinase (ALK)-positive and -negative anaplastic
large cell lymphoma (ALCL), and the lymphomatous variant

of ATLL); and predominantly extranodal (mycosis fungoides,
Sézary syndrome, primary cutaneous CD30þ T-cell lympho-
proliferative disorders, subcutaneous panniculitis-like T-cell
lymphoma, extranodal NK/T-NT, enteropathy-associated
T-cell lymphoma [EATL], hepatosplenic T-cell lymphoma,
and the rare subtypes of primary cutaneous peripheral T-cell
lymphoma). This chapter will restrict its discussion to those
diseases that are nodally based or predominantly extranodal
with sites other than the skin routinely involved. Others have
reviewed the cutaneous T-cell lymphomas5–13 and the predom-
inantly leukemic lymphomas,14–17 and these diseases will not
be addressed in this chapter.

Classification
The classification of the PTCLs has seen a stepwise evolution
since the 1970s, when the ability to discriminate among differ-
ent lymphocyte lineages first allowed the distinction to be
made. The classifications of Lukes and Collins18 and the Kiel
classification19 were built upon the emerging understanding of
immunology, but it was not until the Working Formulation
was proposed in 1982 that efforts at arriving at a unified
classification schema were met by any measure of success.20

The Working Formulation, however, did not use lineage to
discriminate subtypes. Subsequent revisions to classification
would incorporate increasingly sophisticated understanding
of biology of the malignant lymphomas. In 1994, a major
revision to the classification of lymphoma was proposed,
incorporating developments in morphologic, immunopheno-
typic, and genetic techniques, and subsequent modifications
have continued to be made under the aegis of the WHO, with
the original WHO classification having been published in
2000.21 The WHO has recently published a revised classifica-
tion system that further emphasizes the importance of morph-
ology, immunophenotype, and genetics in the diagnosis of the
mature T- and NK-cell lymphomas.4

It bears mention that the pathologic diagnosis of T-cell
lymphoma can be challenging and requires significant expert-
ise. With older systems of nomenclature, reproducibility of
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diagnoses was hampered not only by difficulties inherent to
the diagnostic evaluation, but also by language barriers due to
differences among classification schemata. With the Working
Formulation, Revised European–American Lymphoma
(REAL) classification, and WHO classification, unified classi-
fication was meant to promote interobserver concordance in
the diagnosis of all lymphomas. Subsequent investigations into
the reproducibility of diagnosis for the PTCLs, however, have
shown that difficulties persist. Experiences reported from indi-
vidual referral centers have found that as many as 26% of cases
referred for evaluation of a diagnosed PTCL receive a major
diagnostic revision with expert hematopathology review.22,23

The largest reported experience with expert review comes from
the International Peripheral T-cell and Natural Killer/T-cell
Lymphoma Study, in which 1314 cases of peripheral T- or NK/
T-cell lymphomas from 22 centers worldwide underwent

expert review. In this series, only 88% of cases could be con-
firmed as T-cell lymphomas. The remaining 12% included
cases of Hodgkin lymphoma (3%), B-cell lymphomas (1.4%),
diagnoses other than lymphoma (2.3%), and cases unclassi-
fiable due to inadequate material or technical factors (3.6%).3

Staging
The appropriate staging of the PTCL is not substantially
different from other forms of NHL, with complete physical
examination, body imaging, and when relevant bone marrow
biopsy. One important observation regarding staging of T-cell
lymphomas is that computed tomography (CT) alone may be
insufficient for determining extent of disease due to the
frequent involvement of extranodal sites such as subcutaneous
tissue, sinuses, and bowel. In one series of 18F-fluorodeoxy-
glucose positron emission tomography (FDG-PET) studies in
PTCL, additional sites of disease were detected in 30% of
patients with FDG-PET in comparison to CT and routine
physical examination.24 Only 10% of patients were upstaged
with the inclusion of FDG-PET in staging, however, as the
majority of patients had stage IV disease based upon conven-
tional staging techniques. FDG-PET may be particularly useful
in the staging and subsequent management of patients with
EATL, in which CT alone is often inadequate to determine
extent of disease.25 FDG-PET appears to share the limited
sensitivity of CT for cutaneous disease, and careful dermatolo-
gic evaluation remains integral to the staging of T-cell lymph-
omas.26 No prospective data regarding prognostic value of
PET in restaging, posttreatment re-evaluation, or posttreatment
surveillance are yet available.

Prognosis
The group of PTCLs collectively carries, on average, a less
favorable prognosis than do B-cell lymphomas. This worse
prognosis is manifest in lower response rates and complete
response (CR) rates, higher rates of (and earlier) relapse, and
inferior disease-specific and overall survival (OS). Prospective
data guiding the management of the peripheral T-cell lymph-
omas are largely lacking. Historically, the peripheral T-cell
lymphomas were included with the aggressive B-cell lymph-
omas in clinical trials, but were included in small numbers,
precluding even meaningful post hoc analyses. Data from
consecutive clinical trials performed by the Groupe d’Etudes
des Lymphomes de l’Adulte (GELA) were analyzed retrospect-
ively, with patients treated for T-cell lymphomas abstracted
from the treatment populations.27 The 5-year OS rate for these
variably treated patients was 41%, in contrast to 53% for the
patients with aggressive B-cell NHL. The difference was even
more pronounced among those with higher-risk disease
according to the International Prognostic Index (IPI). With
this prognostic model (age, performance status, lactate dehy-
drogenase [LDH], extranodal sites, and stage), 5-year survival
rates for patients with PTCL and two and three or more
adverse risk factors were 36% and 23%, respectively. Among

Table 21.1. Mature T-cell and NK-cell neoplasms

T-cell prolymphocytic leukemia

T-cell large granular lymphocytic leukemia

Charonic lymphoproliferative disorder of NK cells

Aggressive NK-cell leukemia

Systemic EBV-positive T-cell lymphoproliferative disease of
childhood

Hydroa vacciniforme-like lymphoma

Adult T-cell leukemia/lymphoma

Extranodal NK / T-cell lymphoma, nasal type

Enteropathy-associated T-cell lymphoma

Hepatosplenic T-cell lymphoma

Subcutaneous panniculitis-like T-cell lymphoma

Mycosis fungoides

Sézary syndrome

Primary cutaneous CD30-positive T-cell lymphoproliferative
disorders

Lymphomatoid papulosis

Primary cutaneous anaplastic large cell lymphoma

Primary cutaneous gamma-delta T-cell lymphoma

Primary cutaneous CD8-positive aggressive epidermotropic
cytotoxic T-cell lymphoma

Primary cutaneous CD4-positive aggressive epidermotropic
cytotoxic T-cell lymphoma

Peripheral T-cell lymphoma, NOS

Angioimmunoblastic T-cell lymphoma

Anaplastic large cell lymphoma, ALK positive

Anaplastic large cell lymphoma, ALK negative

Note: NOS: not otherwise specified; ALK: anaplastic lymphoma kinase.

Source: From Swerdlow et al.4 with permission.
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these high-risk groups, survival rates for patients with B-cell
neoplasms were 50% greater. Furthermore, these high-risk
features were disproportionately more common among those
with T-cell lymphomas – in this series, 77% of patients had at
least two adverse risk factors in the IPI model. Other large
retrospective reports of patients with T-cell lymphomas have
painted even less optimistic pictures, with one series reporting
5-year OS rates of 21% and 6% for patients with two and three
or more risk factors.28 These estimates compare unfavorably to
diffuse large B-cell lymphoma (DLBCL), in which 4-year OS
by risk group with modern treatment is 94% for favorable
disease, 79% for intermediate-risk disease, and 54% for high-
risk disease.29

The IPI was of course originally developed and validated in
the risk stratification of patients with DLBCL.30 And while as
mentioned, the IPI does offer prognostic value in the T-cell
lymphomas to some degree, the infrequency of low-risk dis-
ease alone makes it suboptimal for risk stratification in these
diseases. The clinical heterogeneity of the T-cell lymphomas
further complicates the application of a single model of risk to
the entire class of disease. Accordingly, investigators have
attempted to develop more directly applicable, and narrowly
focused, prognostic models. The Italian Lymphoma Inter-
group offered one such model based upon patients with
peripheral T-cell lymphoma, unspecified (PTCL, NOS in the
current WHO classification), largely treated with anthracycline-
based chemotherapy.31 Emerging from this retrospective
analysis came the Prognostic Index for PTCL, or PIT.
Advanced age (> 60 years), poor performance status (Eastern
Cooperative Oncology Group [ECOG] performance status
[PS] score � 2), elevated LDH, and bone marrow involvement
were found to be associated with worse outcomes. Unlike the
IPI, distribution among risk groups was relatively even: of
the five adverse risk features, 20% of cases had none, 34%
had one, 26% had two, and 21% had three or four. Outcomes
differed markedly across risk groups, with rates of OS at 5 years
of 62.3% in the most favorable group, 52.9% for patients with
one risk factor, 32.9% for those with two risk factors, and
18.3% for those with three or four risk factors.

The Italian Lymphoma Intergroup built upon this experi-
ence, incorporating findings from tissue microarrays in a
second group of patients with either PTCL, NOS or AITL.32

While multiple immunophenotypic findings were associated
with inferior outcomes in univariate analysis, including
expression of CD15 and expression of EBV proteins, in multi-
variate analysis the only finding was that the growth fraction,
as measured by Ki-67, was prognostically relevant: the subset
of patients whose lymphomas had Ki-67 scores of 80% or
greater had lower rates of survival. The new model (PIT2)
contains age > 60, ECOG PS � 2, elevated LDH, and Ki-67
� 80%, and was more robust in this same (non-validation) set
of patients than either the IPI or original PIT (Table 21.2).
Even distribution across risk groups was still not achieved,
however, with 63% of patients classified as having low-risk
disease (one or fewer adverse risk factors), and 25%

intermediate-risk; only 12% of patients were contained in the
highest-risk stratum. Nonetheless, the PIT2 represents the
most robust model currently available for risk stratification
of PTCL, NOS or AITL; formal models have yet to be
developed for other types of PTCL, but for individual diag-
noses, adverse prognostic factors will be addressed below when
unique to that subtype. Appropriate risk stratification remains
an important goal as efforts continue to develop and interpret
clinical trials in these individually and collectively uncommon
diseases.

Peripheral T-cell lymphoma, not otherwise
specified
Peripheral T-cell lymphoma, not otherwise specified (PTCL,
NOS) is now the preferred terminology for a collection of
predominantly nodal T-cell lymphomas. Included under the
rubric of PTCL, NOS are a variety of variant morphologic
subtypes that had been considered distinct clinical entities in
older classification schemata, such as lymphoepithelioid
lymphoma (Lennert lymphoma), T-zone lymphoma, follicular
T-cell lymphoma, pleomorphic T-cell lymphoma, small,
medium, and large cell T-cell lymphoma, and T-immunoblas-
tic lymphoma. While it is thought that Lennert lymphoma
may follow a more indolent natural history, firm histologic
criteria to distinguish among these entities were lacking, and
interobserver variability for diagnosing many of these subtypes
was found to lie in the range of 40–50%.33 Furthermore, there
were ultimately no reproducible data to support fundamentally
different natural histories among the different morpholo-
gies.27,28,33 Although the WHO 2008 nomenclature recognizes
Lennert lymphoma, follicular T-cell lymphoma, and T-zone
lymphoma as distinguishable entities, they are currently con-
sidered as variants of PTCL, NOS rather than distinct clinical
entities.

Pathology
As might be expected given the nature of the diagnosis, PTCL,
NOS includes a broad range of histologic entities that are
better defined by what they are not, that being a specific (or
specifiable) subtype of PTCL. The relative proportion of small
and large cells, as well as the histologic pattern, can be hetero-
geneous, but does not appear to directly impact natural history
or prognosis. Establishment of a malignant T-cell process by
morphology and immunophenotype is required to establish
the diagnosis, as is exclusion of other subtypes on similar
grounds. The immunophenotype of PTCL, NOS is most fre-
quently CD4þCD8�, with expression of CD43 and CD45RO,
and variable loss of T-cell antigens, including CD3, CD5, or
CD7, is seen in up to half of cases in Western series, although
this is less common in Chinese patients.33,34 Ninety percent of
patients with PTCL, NOS can be shown to harbor a clonal
rearrangement of the T-cell receptor (TCR). Cytogenetic
abnormalities are frequently seen, with gain of material at
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chromosome 7q and loss of material from chromosomes 6q
and 10p being the most commonly seen; over 50% of cases will
demonstrate a complex karyotype.35 p53 gene mutations have
been variably reported, and appear to confer a worse progno-
sis.36,37 Ongoing work attempting to subdivide PTCL, NOS
into distinct entities based upon gene expression profiling and
comparative genomic hybridization may in the future allow
for clinically relevant subtyping.38

Clinical features
PTCL, NOS represents the most common subtype of T-cell
lymphoma in Western countries, accounting for between 34%39

and 41%33 of cases of PTCL, and approximately 6% of all NHL.40

The median age of onset is 60 years, and a 2:1 male:female
predominance is seen. Although PTCL, NOS is a predo-
minantly nodal lymphoma, 60% of patients present with
stage IV disease, and 22% with bone marrow involvement.
Traditional adverse prognostic findings, including presence
of B symptoms, bulky disease, impaired performance status,
and extranodal dissemination are not uncommon in PTCL,
NOS, resulting in a relative preponderance of high-risk
patients according to the IPI.

PTCL, NOS tends to follow an aggressive clinical course, in
keeping with its tendency to present with high-risk features.
Despite routine use of anthracycline-based combination
chemotherapy, long-term outcomes for the disease remain
poor, with 5-year failure-free survival (FFS) rates of 20% and
5-year OS rates of 32%. These numbers are far lower for
higher-risk disease: among that subset of patients with IPI
scores of 4 or 5, estimates drop to 6% and 11%, respectively.39

Angioimmunoblastic T-cell lymphoma
Angioimmunoblastic T-cell lymphoma (AITL) is one of the
more common peripheral T-cell lymphomas, accounting for
18% of diagnoses and approximately 5% of all NHL diagnoses
in Western countries.3 It was first described in the 1970s as a
clinical syndrome of diffuse lymphadenopathy, organomegaly,
anemia, and hypergammaglobulinemia. Reviews of pathology
specimens noted that characteristic features in excised lymph
nodes included partial effacement of the normal nodal archi-
tecture with a brisk inflammatory infiltrate of blastoid
lymphocytes and dramatic vascular proliferation. These
common features led to the initial names assigned to the
syndrome, including angioimmunoblastic lymphadenopathy

Table 21.2. Comparison of different prognostic models for peripheral T-cell lymphoma, not otherwise specified

Scoring system No. % Relative risk
of death

95% CI p

Ann Arbor stage (n¼ 93)

I 1 1 24.672 2.519 to 241.634 < 0.0001

II 19 20 0.852 0.393 to 1.848

III 34 37 0.581 0.283 to 1.194

IV 39 42 1

IPI (n¼ 90)

Low 24 27 0.654 0.232 to 1.847 0.1

Low-intermediate 31 34 0.785 0.304 to 2.029

Intermediate-high 23 26 0.814 0.305 to 2.171

High 12 13 1

PIT group (n¼ 85)

1 17 20 0.239 0.079 to 0.723 0.0043

2 27 32 0.225 0.078 to 0.647

3 29 34 0.619 0.250 to 1.631

4 12 14 1

Proposed score group (n¼ 93)

I 59 63 0.106 0.061 to 0.351 < 0.0001

II 23 25 0.396 0.151 to 0.967

III 11 12 1

Note: IPI: International Prognostic Index; PIT: Prognostic Index for PTCL, NOS.
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with dysproteinemia (AILD), immunoblastic lymphadenop-
athy, and lymphogranulomatosis X. The disease was initially
felt not to represent true malignancy, but rather a hyperplastic,
premalignant condition. Indeed, it was not until the availabil-
ity of more sensitive immunophenotypic and molecular
studies that it was demonstrated that the characteristic immu-
noblasts represented a monoclonal T-cell population, often
with complex cytogenetic abnormalities, suggesting that the
syndrome itself was in fact neoplastic in nature.

Initial investigations into the etiology of AITL suggested
that any number of infectious agents may be contributing to
lymphomagenesis, including fungal (Cryptococcus), mycobac-
terial (Mycobacterium tuberculosis), and viral.41–44 Early work
identified infection by human herpesvirus (HHV)-6 and
HHV-8, although subsequent studies have failed to demon-
strate that viral antigens are present in transformed lympho-
cytes, arguing against virally mediated oncogenesis.45,46

Infection in patients with AITL by human immunodeficiency
virus (HIV) or hepatitis C has been seen, although again no
causal connection has been established. Perhaps the greatest
interest has been in defining the role of EBV in development of
AITL. EBV-infected lymphocytes are seen in nearly all cases of
AITL; however, microdissection studies have established that it
is the B-cell component of the inflammatory milieu that
harbors EBV infection rather than the clonal T cells.47,48 Typ-
ically, viral protein patterns are most consistent with latent
phase infection as opposed to replicative. Patients with AITL
can develop second primary lymphomas that are B cell in
origin and driven by EBV infection, including diffuse large
B-cell lymphoma and Burkitt’s lymphoma.49

Pathology
The lymph node involved by AITL will classically demonstrate
variable effacement of the normal underlying nodal architec-
ture; based upon the morphologic features, investigators clas-
sify individual diagnoses into one of three patterns: in pattern
I, normal nodal architecture is largely preserved intact, with
hyperplastic B-cell follicles readily identified. The paracortical
space will harbor the pleomorphic infiltrate and the arborizing
vasculature. In pattern II, partial effacement of normal archi-
tecture is present, with only rare B-cell follicles present and
with germinal center immunophenotype cells present beyond
the confines of these scant follicles. The lymph node is other-
wise occupied by the inflammatory and vascular proliferations
characteristic of AITL. Pattern III is characterized by complete
effacement of nodal architecture. Based upon limited experi-
ences with serial biopsies, there has emerged the suggestion
that the three histologic patterns represent increasingly
advanced disease.50,51

Given the variable histologic appearance (which shares
some features with a host of other conditions, both malignant
and benign), and the at times minimal or absent cytologic
features typically associated with lymphoid neoplasia, support-
ive testing with immunophenotypic and molecular studies can

be helpful in confirming the diagnosis. Immunohistochemistry
(IHC) can identify the diffuse CD3þ T-cell infiltrate that is
predominated by CD4þCD8� cells. The immunoblasts will
stain positively for B-cell markers, including CD20 and CD79a,
but these B cells will not demonstrate light-chain restriction
(in the absence of a coexisting EBV-associated B-NHL).
A prominent follicle dendritic cell (FDC) network is present
and can be highlighted with CD21 or CD23, particularly in
patterns II and III. The observation based upon microdissection
that the malignant T cells aberrantly coexpress the germinal
center B-cell marker CD10 is felt to be rather specific for AITL.
Coexpression of BCL6 andCD57 further supports the conclusion
that the cell of origin of AITL is the follicular T-helper cell.52

Cytogenetic studies will demonstrate abnormalities in asmany as
90% of patients, although no abnormalities are either singularly
common among cases of AITL or exclusive to AITL. However,
half of patients will harbor multiple cytogenetically distinct
clones, a finding that is uncommon in other lymphomas of either
T-cell or B-cell origin.53

Clinical features
AITL is typically a disease of the elderly, with median age
of diagnosis in the seventh decade of life. Patients will
typically present with a constellation of signs and symptoms
(Table 21.3) including constitutional symptoms and diffuse
adenopathy, and can frequently be mistakenly diagnosed with
an acute infectious illness. Hepatosplenomegaly is common,
and rash is present in approximately half of patients. Patients
will frequently experience immune deficiency and dysregula-
tion, and autoimmune phenomena are collectively common in
patients with AITL, even if they are individually rare. Possible
comorbid autoimmune diseases include Coomb’s-positive
hemolytic anemia, immune thrombocytopenic purpura, mixed
cryoglobulinemia with associated vasculitis, autoimmune thy-
roid disease, and autoimmune arthritides (including rheuma-
toid arthritis). Common serologic abnormalities (Table 21.4)
include elevation of LDH and erythrocyte sedimentation rate

Table 21.3. Presenting signs and symptoms in angioimmunoblastic T-cell
lymphoma

Sign/symptom Frequency (% of patients)

B symptoms 65–85

Generalized lymphadenopathy 94–97

Nodal mass > 10 cm 17

Splenomegaly 70–73

Hepatomegaly 52–72

Rash 48–58

Ascites/effusions 23–37

Polyarthritis 18

Source: Adapted from Dogan A et al.54
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(ESR), cytopenias (most commonly anemia), peripheral eosi-
nophilia, and polyclonal hypergammaglobulinemia (although
hypogammaglobulinemia has also been rarely observed).
Staging will typically demonstrate malignant adenopathy
above and below the diaphragm in addition to lymphomatous
infiltration of liver and spleen. Bone marrow biopsy may
demonstrate involvement by lymphoma in approximately
60% of cases.55

The natural history of AITL tends to follow a moderately
aggressive course, with historical median survival of between
15 months and 3 years, and 5-year survival rates of approxi-
mately one in three or less, although spontaneous remissions
have been reported. Notably, the most common proximate
cause of death is infectious complications, either due to
systemic therapy or to the underlying immunodeficiency
associated with AITL.54 Therapy for AITL ranges from
single-agent corticosteroid to multiagent anthracycline-based
chemotherapy with consolidative high-dose therapy and auto-
logous stem cell transplantation (HDT-ASCT), and will be
discussed below.

Systemic anaplastic large cell lymphoma
Background
Anaplastic large cell lymphoma (ALCL) was originally
described as a malignant lymphoma characterized by large,
pleomorphic lymphocytes with a cohesive growth pattern
and uniform expression of CD30.56 The anaplastic lymphomas
could be of B-cell, T-cell, or null (indeterminate) phenotypes,
but the International Lymphoma Study Group proposed a
reclassification of B-ALCL as a variant of DLBCL and grouped
ALCL of T and null phenotypes as a distinct clinical entity,
a recommendation that is reflected in the WHO classifica-
tion.4,57 Indeed, B-ALCL has subsequently been shown to
confer a prognosis indistinct from DLBCL, whereas the natural
history of ALCL (T/null) has continued to remain distinct.
Although only approximately 2% of NHL in the United States,
the clinical subtypes of T-ALCL are collectively second only to

PTCL, NOS in frequency among T-cell lymphomas, account-
ing for approximately 25% of diagnosed cases. As discussed
below, ALCL of T/null origin is best understood as three
clinically distinct entities: ALK-positive ALCL, ALK-negative
ALCL, and primary cutaneous ALCL.

Pathology
The original description of ALCL was made possible by the
original description by Stein et al. of a novel molecule, origin-
ally named Ki-1 and subsequently CD30. CD30, a member of
the tumor necrosis factor (TNF) receptor family, was noted to
be expressed by a range of neoplastic processes, including the
Reed–Sternberg cells of Hodgkin lymphoma as well as a
subset of large cell neoplasms that had previously been classi-
fied as various diseases, ranging from seminoma to mela-
noma.56,58 Subsequent immunophenotypic and genetic
studies confirmed the lymphocytic lineage of these anaplastic
tumors, establishing the clinical entity of ALCL. The putative
cell of origin of ALCL is the CD30þ lymphoblast, present in
small quantity in normal lymphoid tissues, which tends to
share cytologic and immunophenotypic characteristics with
the malignant lymphocytes of ALCL as well as having similar
architectural distribution, largely residing in perifollicular and
intrasinusoidal regions of normal lymph nodes.59 Immuno-
phenotypically, ALCL will frequently express mature activated
T-cell markers, including CD25 and HLA-DR. Approximately
60% will express one or more T-cell antigens, including CD3,
CD43, and CD45RO. One-third of cases will express neither
T-cell nor B-cell markers, and will harbor neither TCR
rearrangement nor immunoglobulin heavy chain (IgH)
rearrangement, and are labeled as indeterminate or null lin-
eage ALCL. Additionally, cytogenetic studies have demon-
strated a unique translocation t(2;5)(p23;35) in a subset of
cases, fusing the ALK gene from chromosome 2 with the
nucleophosmin (NPM) gene from chromosome 5, resulting
in expression of a constitutively active tyrosine kinase. Add-
itional, less common translocations can similarly lead to over-
expression of ALK, and in sum analysis, between 50% and 85%
of cases of systemic ALCL demonstrate ALK expression. In
addition to the dichotomy between ALKþ and ALK� ALCL,
there is significant morphologic heterogeneity among cases of
ALCL, with variants predominated by small cells or histiocytic
infiltration reported, as well as neutrophil-rich, eosinophil-
rich, sarcomatoid, and signet-cell variants; a previously
described entity of Hodgkin-like ALCL has been reclassified
as a variant of classical Hodgkin lymphoma based upon pro-
tein expression patterns, and this entity is not recognized in
the most recent iteration of the WHO nomenclature. Lastly,
while CD30þ is uniformly present in both ALKþ ALCL and
ALK� ALCL, it can also be seen in a subset of cases of PTCL,
NOS. Indeed, 32% of cases of PTCL, NOS may demonstrate
expression of CD30 on at least a fraction of malignant lympho-
cytes, and in 5% of cases this will be seen in over 80% of cells.60

Although the entity of CD30þ PTCL, NOS is difficult to

Table 21.4. Laboratory abnormalities in angioimmunoblastic T-cell
lymphoma

Finding Frequency (% of patients)

Anemia 40–57

Other cytopenia(s) 20

Eosinophilia 39

Hypergammaglobulinemia 50–83

Hypogammaglobulinemia 9–27

Elevated LDHa 60–74

Elevated ESRb 45

Notes: aLactate dehydrogenase.
bErythrocyte sedimentation rate.
Source: Adapted from Dogan A et al.54
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distinguish reliably from ALK� ALCL, patients with this diag-
nosis suffer a prognosis significantly worse than ALK� ALCL,
ALKþ ALCL, or PTCL, NOS not highly expressing CD30,
with a 5-year FFS of 9%, and a 5-year OS of 19%.

Despite the varied morphology which ALCL can present,
the clinical significance of the variant patterns remains
unclear, although some feel that the small-cell variant is best
considered a type of PTCL, NOS.61 Nonetheless, independent
of this morphologic variety, there exists a broad spectrum of
clinical presentations of ALCL, with distinct prognoses, nat-
ural history, and optimal management strategies. ALCL can
present as primary cutaneous disease, defined as disease pre-
senting in skin without evidence of systemic involvement and
without a history of an underlying lymphoproliferative dis-
order. Although disease can disseminate beyond the skin or
regional lymph nodes in as many as 16% of patients with this
diagnosis, when the disease remains limited to the skin only, it
has not been shown to adversely impact OS.62 Primary cuta-
neous ALCL, which is almost uniformly ALK-1 negative, lies at
one end of a spectrum of CD30þ cutaneous lymphoprolifera-
tive disorders, and the discussion of these diseases is beyond
the scope of this chapter.

Clinical features
This stands in contrast to systemic ALCL (hereon, ALCL),
which, similar to other intermediate- or high-grade NHLs, is
an aggressive but potentially curable disease. ALCL carries a
bimodal age distribution, with a peak in adolescence and a
second peak in late adulthood, resulting in an overall mean age
of 34 years. It has long been recognized that expression of ALK
confers a more favorable prognosis than does its absence, and
appears to do so independently of IPI or PIT.60 Patients with
ALK-positive disease are more likely to be younger, but a
similar distribution of patients across both IPI and PIT risk
groups exists for both ALK-positive and ALK-negative disease.
Clinical features for ALK-positive and ALK-negative disease
are depicted in Table 21.5.

In the largest published series of ALCL to date, consisting of
87 cases of ALK-positive ALCL and 72 cases of ALK-negative
ALCL, collected from multiple centers across North America,
Europe, and Asia, the majority of patients were treated with
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) or CHOP-like regimens regardless of ALK expression
(95% of ALK-positive, and 93% of ALK-negative). Fewer than
10% of patients from each cohort received HDT/ASCR, and
allogeneic stem cell transplantation was not used in consoli-
dation of first remission. Response to anthracycline-based
induction therapy was 88% and 76% for ALK-positive and
ALK-negative disease, respectively, and 5-year FFS was 60%
for ALK-positive, but only 36% for ALK-negative, ALCL. IPI
(and PIT) contributed prognostic value; with an IPI of 3 or
greater, fewer than 25% of ALK-positive, and fewer than 15%
of ALK-negative, patients remained alive without recurrent
disease at 5 years. Both ALK-positive and ALK-negative ALCL

carried a prognosis that was superior to that associated with
PTCL, NOS. Of note, despite the superior prognosis of
patients with ALK-positive disease in comparison to those
with ALK-negative, this may be at least in part due to a
significant difference in median age for the two diseases.
Although small numbers limit power to detect meaningful
differences, when outcomes for the two diseases were com-
pared within age groups, no differences were seen in OS and
FFS for patients over 40 years of age. How to incorporate this
observation into the management of ALK-positive ALCL
remains unclear and will benefit from clinical investigation.

Management
No consensual standard of care exists for the management of
the nodal PTCL (PTCL, NOS, AITL, and ALCL), either at
diagnosis or for relapsed or refractory disease. The single most
common therapeutic approach in newly diagnosed patients is
treatment with combination anthracycline-based cytotoxic
chemotherapy such as CHOP or similar regimens. While
CHOP and CHOP-like regimens are commonly used for
untreated PTCL, there exist no prospective data that establish
this as the optimal clinical strategy. CHOP and CHOP-like
regimens were defined in sequential randomized studies and
the subsequent high-priority multi-regimen randomized trial
as active in aggressive lymphomas, but the majority of patients
in these trials were treated for DLBCL. Unfortunately, com-
parable work has not yet been carried out specifically for
patients with nodal PTCL.

Current insights into optimal management of the newly
diagnosed are largely informed, therefore, by retrospective
data. One attempt at determining whether inclusion of anthra-
cyclines in first-line therapy were as important for PTCL as it
has proven to be for DLBCL emerged from the International
T-cell Lymphoma Clinical/Pathological Project.39 In contrast
to aggressive B-cell disease, however, no significant difference
in OS was seen in this retrospective review between patients
who received anthracycline-based regimens and those receiv-
ing alternative regimens. Interpretation of these findings
clearly is difficult due to the potential for confounding factors
in the decision of whether or not to administer anthracycline-
based therapy. Nonetheless, in part due to a lack of established
regimens that are associated with outcomes superior to those
achieved by CHOP or CHOP-like regimens, such treatment
remains common in clinical practice. The clearest character-
ization of the effectiveness of CHOP in PTCL has emerged
from the population-based registry maintained by the British
Columbia Cancer Agency (BCCA);63 the use of province-wide
registry data allows for minimization of selection bias and
captures “real-world” conditions more accurately than does
extrapolation of results from clinical trials. Of the 199 patients
in the BCCA report, the majority received either CHOP alone
or CHOP followed by intensified consolidation. Of patients
with PTCL, 64% achieved a CR to initial therapy, but 5-year
OS and progression-free survival (PFS) were 35% and 29%,
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respectively. Among patients with intermediate- or high-risk
disease based upon the IPI (see below), 5-year OS was 22%.
Outcomes were worse yet for patients with AITL, of whom
only 13% were free from progression at 5 years. While CHOP

alone may be adequate for a subset of patients with favorable
risk features, the majority of patients will not enjoy durable
remissions or outright cure. Indeed, for certain subtypes of
extranodal T-cell lymphoma (such as hepatosplenic T-cell

Table 21.5. Clinical features of ALK-positive versus ALK-negative ALCL, systemic type

Clinical feature ALK-pos n (%) ALK-neg n (%) p-valuea PTCL, NOS n (%) p-valueb

Total number of cases 87 (55) 72 (45) - 331 -

Median age (years) 34 58 .0001 57 .30

Age < 60 years 74 (86) 42 (58) <.0001 170 (50) .21

Male:female 1.7:1 15:1 .74 1.9:1 .41

Stage

l or II 30 (35) 30 (42) .38 102 (31) .18

III 25 (29) 15 (21) 87 (26)

IV 31 (36) 27 (37) 145 (43)

Elevated LDH 31 (37) 31 (46) .28 158 (49) .62

Performance status > 2 30 (35) 21 (30) .56 60 (18) .02

Nodal only disease 39 (54) 38 (49) .52 124 (42) .07

Extranodal sites > 1 17 (19.5) 15 (21) .84 99 (29) .15

Bulky disease > 10 cm 17 (21) 6 (11) .17 19 (7) .25

B-symptoms 52 (60) 41 (57) .72 118 (35) .0004

Hemoglobin < 110 g/L 17 (27) 18 (32) .54 61 (22) .11

Platelets < 150 � 109/L 6 (10) 6 (11) .83 64 (24) .03

IPI 0,1 40 (49) 27 (41) .50 88 (28) .066

2 18 (22) 13 (20) 111 (35)

3 12 (15) 16 (24) 71 (22)

4,5 12 (14) 10 (15) 48 (15)

5 y FFS % 60 36 .015 20 .012

5 y OS % 70 49 .016 32 .032

5 y FFS by IPI %

0,1 80 62 35

2 61 p<001c 44 p ¼ .0015c 16 p<.001c

3 23 16 13

4,5 25 13 8

5 y OS by IPI % 13

0,1 90 74 52

2 68 p<001c 62 p<.001c 33 p<.001c

3 23 31 16

4,5 33 13 13

Notes: aALK-pos vs. ALK-neg.
bALK-neg vs. PTCL-NOS.
cComparison of IPI risk groups within specified subtype.
FFS: failure-free survival; OS: overall survival; IPI: International Prognostic Index; PS: performance status; LDH : lactate dehydrogenase.
Source: Reproduced with permission from Savage et al.60
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lymphoma and enteropathy-associated T-cell lymphoma), it
appears that CHOP alone is virtually never curative.64,65

Unfortunately, it is easier to identify the shortcomings of
CHOP as first-line therapy for PTCL than it is to demonstrate
an alternative approach proven superior. Generally, attempts
at improving outcomes for previously untreated patients have
either intensified induction therapy or followed induction with
intensified consolidative therapy. Attempts at intensifying
induction therapy without consolidation have not yielded
results that are demonstrably better than those with CHOP
alone.66,67 Ongoing investigations into intensified induction
therapy are exploring strategies of dose-intensification
(double-CHOP, dose-escalated CHOP plus etoposide [mega-
CHOEP]) and drug addition (CHOP plus etoposide and
gemcitabine, alemtuzumab, denileukin diftitox, or bevacizu-
mab, to name but four such regimens).

Drawing from the experience with HDT-ASCT in poor-
risk DLBCL, many have explored the potential for consolida-
tive HDT to improve outcomes in PTCL. Individual series
often suffer from retrospective methodology, limited power,
and heterogeneous patient populations with multiple histolo-
gies; both selection and publication bias may further com-
promise the ability to interpret published case series. Two
prospective studies allow for an assessment of the impact of
consolidative HDT with intention-to-treat populations. The
Nordic Lymphoma Group reported the results of a prospective
study of CHOEP given every 14 days (CHOEP-14) and con-
solidative HDT-ASCT in responding patients.68 The majority
of treated patients had one of the three predominant nodal
PTCLs, and patients with ALK-1-positive ALCL were
excluded. The patient population was not atypical for these
diseases, with a median age of 55 and with 54% classified as
high-intermediate or high-risk disease based upon the IPI. Of
evaluable patients, 73% (77/105) responded to CHOEP-14 and
subsequently received consolidative HDT. At a median follow-
up of 24 months, 67% of patients were alive. Corradini et al.
reported results of two phase II studies in which patients were
assigned to one of two treatments: multiagent high-dose
sequential chemotherapy, or MACOP-B (high-dose metho-
trexate with leucovorin rescue, doxorubicin, cyclophospha-
mide, vincristine, prednisone, and bleomycin) induction
followed by consolidative HDT-ASCT.69 Among poor-risk
PTCL patients, only 21% were alive 10 years after treatment,
and only 18% were event free at the same time point.

The German experience with HDT-ASCT as consolidation
of first-line therapy in either CR or PR for the treatment of
T-cell lymphoma (predominantly PTCL, NOS and AITL) has
recently been reported in abstract form.70 In this prospective
multicenter study, eligible patients received CHOP for four to
six cycles, treatment with ESHAP (etoposide, methylpredniso-
lone, cytarabine, and cisplastin) or DexaBEAM (dexametha-
sone, carmustine, etoposide, cytarabine, and melphalan) with
stem cell mobilization, and subsequent HDT with hyperfrac-
tionated total body irradiation (TBI) and high-dose cyclopho-
sphamide. While only 66% of newly diagnosed patients were

able to proceed to HDT, the 3-year OS for the entire cohort (in
an intention-to-treat analysis) was 48%, which compared
favorably to their historical controls. Whereas this study did
not identify prognostic factors predictive of outcome other
than the PIT, the reported Spanish experience with consolida-
tive HDT for previously untreated PTCL emphasizes the pre-
dictive power of the quality of the response to first-line
therapy. Among those achieving a CR with first-line therapy
and subsequently receiving consolidative therapy, 68% were
alive at 5 years, and 63% were alive without evidence of new or
recurrent disease. Although these numbers may be somewhat
inflated by the inclusion and treatment of ALCL (regardless of
ALK-1 expression), even after exclusion of more favorable
ALCL patients, 5-year OS and PFS rates were 61% and 55%,
respectively. The question that these and others’ similar find-
ings cannot address is whether consolidative HDT significantly
alters the course of illness, or whether the “ability” to receive
consolidation – or, put differently, chemotherapy-sensitive
disease and good performance status – inherently confers a
more favorable prognosis regardless of consolidation.

Additional experience with HDT-ASCT has been reported
in the management of AITL. A retrospective review of 146
patients with AITL included patients both in first CR as well as
with chemotherapy-sensitive relapsed disease, and the con-
stituent patients received heterogeneous HDT regimens.
Nonetheless, for the entire group, OS at median follow-up of
31 months was 65%; provocatively, the subset of patients
transplanted in first CR enjoyed a 4-year PFS rate of 56%.
Perhaps equally noteworthy is the observation that, of those
patients with chemotherapy-refractory disease at HDT, only
23% were without evidence of progression at 4 years.71 Clearly,
however, none of these (or other) investigators have random-
ized responding patients to consolidative therapy or observa-
tion. Thus, it is difficult to offer evidence-based guidance
to patients regarding the benefits of consolidative HDT.
Nonetheless, the risks (at least in the selected patients reported
in the literature) appear modest, as additional toxicity of HDT
in this patient population is modest and reported treatment-
related mortality rates are low. At the present time, in the
absence of persuasive data, the decision of whether or not to
embark upon consolidative HDT-ASCT for patients with poor-
risk PTCL in first CR is best made on a case-by-case basis.

Relapsed/refractory disease
Historically, therapeutic decisions at time of relapse or in the
management of primary refractory disease have largely
borrowed from the more extensive investigational literature
in the management of aggressive B-cell lymphomas. This can
be seen perhaps most clearly in the application of consolidative
HDT-ASCT following non-crossresistant second-line therapy,
although results with this management strategy have been at
best mixed. Many studies have yielded results similar to those
for relapsed B-cell lymphoma, with a subset of patients experi-
encing long-term benefit. Of course, the published experience
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with this approach is limited to case series data, and thus the
above concerns regarding selection and publication bias are
all the more relevant here. Data reporting on consecutive-
patient series reduce (but do not eliminate) such biases; one
series reported the experience of 40 consecutive patients with
relapsed or refractory nodal PTCL treated with the combin-
ation ifosfamide, carboplatin, and etoposide (ICE) with intent
to consolidate responses with HDT-ASCT.72 Following ICE
chemotherapy, 70% of patients were deemed to be in a
minimal disease state permitting consolidation, and all
received planned HDT. At a median follow-up of 3 years,
only 17% remained free of progression, with the majority of
relapses occurring less than 6 months after HDT. Somewhat
less disheartening results have been reported by the Cleveland
Clinic, where 32 patients received HDT-ASCT for either
PTCL, NOS or ALCL (both ALKþ and ALK�) between
1996 and 2005, the majority of which was in the relapsed
setting.73 Five-year OS and PFS were 34% and 18%, although
4 of the 5 patients (13% of cohort) with ALKþ ALCL were
alive at last follow-up, potentially both identifying a subset of
patients who may benefit from such therapy as well as in part
explaining the difference in outcomes. Similar results have
been reported by other groups, allowing for heterogeneity of
treated patient populations and ranges in frequency of ALKþ
ALCL across reports.74

Given suboptimal results of consolidative HDT in second
CR, there has been interest in exploring whether a graft-
versus-lymphoma effect may be achievable with allogeneic
stem cell transplantation (SCT), and if so whether such
treatment could provide clinical benefit as consolidative
therapy for relapsed or refractory PTCL. A retrospective
analysis of 77 patients receiving allogeneic SCT for PTCL
of mixed histologies has been reported by Le Gouill et al;75

the majority of patients had PTCL, NOS, AILT, or ALCL,
the median previous lines of therapy was two (range, one to
five), and 25% had progressed despite previous HDT-ASCT.
Five-year OS and PFS for this cohort of patients were 57%
and 53%, respectively, and treatment-related mortality was
34%. Of pretransplant characteristics, only chemoresistant
disease was associated with worse event-free survival. Two
patients received donor lymphocyte infusion for relapse
following SCT, and both subsequently achieved durable
remissions. The possible role for reduced-intensity condi-
tioning regimens for PTCL was highlighted by a 17-patient
pilot study by the Italian group.76 Although the patients
were young (median age 41 years), 15 of the 17 had relapsed
disease, and half had previously received HDT-ASCT. Des-
pite this, however, 14 of the 17 patients were alive at the
median follow-up of 28 months, and 12 remained in a CR at
that time point. Two-year non-relapse mortality was only
6%, while 3-year OS and PFS were 81% and 64%. In each
series, several relapsing patients responded to donor
lymphocyte infusions suggesting the presence of a graft-
versus-lymphoma effect. While in sum, the modest literature
addressing allogeneic SCT for PTCL is encouraging, the

nature of the data – retrospective reviews and/or highly
selected patients – does not permit adoption of allogeneic
SCT as a standard of care for relapsed disease. Nonetheless,
formal investigation of this strategy for patients with
relapsed or refractory PTCL is warranted.

Rare subtypes
Adult T-cell leukemia/lymphoma
While epidemiologic studies in Japan during the 1970s
first suggested an infectious etiology for ATLL, it was not
until 1982 – after the discovery of interleukin-2 enabled
researchers to culture T-cell lines in vitro – that the trans-
forming retrovirus was first identified. The term “human
T-lymphotropic virus-1,” or HTLV-1, was given to this
newly identified virus.

The incidence of ATLL is intimately associated with the
variable geographical prevalence of HTLV-1 exposure. While
ATLL is an uncommon diagnosis in those native to Western
countries, accounting for < 1% of lymphomas in the United
States, in Japan ATLL accounts for one in four lymphomas and
is six times more common than Hodgkin lymphoma.77–79

HTLV-1 is a blood-borne pathogen with a disease latency
period that can be from 10 to 40 years and can be transmitted
by intravenous, sexual, breast-milk, or vertical routes. Of note,
the intravenous route is limited to exposure to cellular blood
products (and specifically infected T lymphocytes), due to the
low-titer viremia experienced by actively infected patients.
Patients exposed to HTLV-1 by the intravenous route have a
greater risk of developing tropical spastic paraparesis/HTLV-
1-associated myelopathy (TSP/HAM), potentially due to
higher viral dose and an associated polyclonal expansion of
infected cells.80 And while the majority of the 20–30 million
people worldwide believed to be infected with HTLV-1 will
remain asymptomatic throughout the course of their lives,
between 1% and 5% will at some time develop ATLL.81,82

Pathology
The diagnosis of ATLL is made based upon a combination
of morphologic, immunophenotypic, and at times supp-
orting molecular analyses in conjunction with serologic
evaluation. Light microscopy will typically demonstrate
infiltration of the affected organ by “flower cells,” which
represent activated lymphocytes with indented or lobulated
nuclei. These lymphocytes are believed to be helper T cell in
origin, as indicated by the predominant immunophenotype
observed in ATLL: CD3þ, CD4þ/CD8�, CD7�, CD25þ,
HLA-DRþ. No karyotypic abnormalities are unique to
ATLL, although loss of heterozygosity of chromosome 6q
has been reported in up to 50% of cases, suggesting the
possibility of the presence of a relevant tumor-suppressor
in the frequently deleted region. Other abnormalities can
vary, and may include trisomies of chromosomes 3, 8, 9,
or 21, gain of 14q32, 17p deletion, or complex cytogenet-
ics.83 Definitive evaluation can include demonstration of
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integration of HTLV-1 proviral sequences into the host
genome, a technique that is far more sensitive than
enzyme-linked immunosorbent assays (ELISA) for anti-
bodies against structural components of HTLV-1, which
are frequently absent (particularly from patients with pre-
dominant cutaneous manifestations of their disease, see
below).84

Clinical features
ATLL can manifest along a broad spectrum of clinical
disease, and is commonly divided into four separate categories
(acute, chronic, lymphomatous, and smoldering) with non-
overlapping signs and symptoms, natural histories, and
responses to therapy. Acute ATLL typically manifests with
constitutional symptoms, marked lymphocytosis, hepatosple-
nomegaly, diffuse lymphadenopathy, and cutaneous involve-
ment. Metabolic disarray is common, most notably
hypercalcemia, which will be present in approximately 70%
of patients, due to the production of parathyroid hormone-
related protein (PTHrp). Chronic ATLL presents without con-
stitutional symptoms and manifests lesser degrees of lympho-
cytosis (typically less than 10% of circulating cells),
organomegaly, and lymphadenopathy. Hypercalcemia is not
a feature of chronic ATLL. Lymphomatous ATLL presents
with symptoms indistinguishable from acute ATLL with the
exception of an absence of hypercalcemia, but lacks a signifi-
cant leukemic burden (by convention, less than 1% of circulat-
ing malignant lymphocytes). Smoldering ATLL describes the
presence of a modest leukemic phase of disease in an asymp-
tomatic individual, typically with malignant lymphocytes
consisting of less than 5% of circulating cells; up to 50% of
such patients will experience a spontaneous and durable remis-
sion, while the remainder will have persistent lymphocytosis.
Many, although not all, such patients’ diseases will subse-
quently progress to acute ATLL.

A significant complication of ATLL common to all sub-
types is profound underlying immunodeficiency, leading to
typical and atypical infections. Frequently identified pathogens
include parasites (most commonly Strongyloides stercoralis),
viruses (including cytomegalovirus [CMV]), and other organ-
isms (such as Candida species and Pneumocystis jiroveci).
Other virally mediated malignancies, including EBV-related
lymphoma, akin to post-transplant lymphoproliferative dis-
order, and Kaposi’s sarcoma, have been reported in patients
with ATLL.85,86

Management
There exists no single standard of care for patients with ATLL,
due largely to the inability of multiagent systemic cytotoxic
chemotherapy to induce durable remission. General consensus
recommendations on approaches to disease management have
recently been published, although a lack of rigorous data from
clinical trials limits the ability to offer definitive treatment
recommendations.87 Although anthracycline-based regimens
(CHOP or CHOP-like regimens, including MACOP-B) can

be associated with rates of complete response of up to 40%,
these responses are short lived, and relapse is universal;
primary refractory disease is not uncommon. Median survivals
for acute, lymphomatous, and chronic types of ATLL are
8 months, 10 months, and 24 months, respectively. Treatment
can be further compromised by both the immunodeficiency
experienced by patients as well as the frequency of underlying
organ dysfunction (particularly hepatic failure) that can limit the
ability to safely administer systemic therapy. A randomized clin-
ical trial comparing the sequenced regimen VCAP-AMP-VECP
(sequentially: vincristine, cyclophosphamide, doxorubicin,
and prednisone; doxorubicin, ranimustine, and prednisone;
vindesine, etoposide, carboplatin, and prednisone) to CHOP
given every 14 days (CHOP-14) found that the more intensi-
fied induction therapy was associated with superior rates
of complete response (40% vs. 25%), but the survival benefit
did not achieve statistical significance and outcomes in both
arms (3-year OS of 24 and 13 months, respectively) were
disappointing.88

Given the viral mediation of lymphomagenesis, investi-
gators have explored the potential impact of antiviral ther-
apy on the course of illness. Anecdotes of systemic response
to treatment of CMV retinitis with foscarnet seemed a
proof of principle, and ongoing work using interferon alpha
(IFN-a) in combination with the antiretroviral zidovudine
(AZT) has been promising. In one study that included 12
previously untreated patients, the combination yielded 7
complete responses and 4 partial responses.89 It appears,
however, that this clinical benefit is only enjoyed by patients
with wild-type p53.90 A worldwide meta-analysis of 100
patients has been reported in abstract form, documenting
an overall response rate of 66%, including a 43% CR rate.91

Patients with acute-type ATLL experienced a median sur-
vival of 12 months with this treatment, as opposed to only
9 months for those receiving chemotherapy. For those patients
achieving a CR with AZT/IFN-a, however, 70% went on to
live over 10 years. For patients with smoldering or chronic
types of ATLL, AZT/IFN-a resulted in a 100% OS at a
median follow-up of 5 years. Unfortunately, the one subtype
of ATLL that AZT/IFN-a has shown the least activity in is
lymphoma-type, in which it was associated with a 12-month
median OS, compared to 15 months for chemotherapy.
Other therapeutic agents that have been shown to have some
degree of activity have included arsenic trioxide, all-trans
retinoic acid, denileukin diftitox, alemtuzumab, and borte-
zomib. Although HDT-ASCT has not been shown to be of
benefit for ATLL, interest in consolidative allogeneic SCT
exists. Groups have reported long-term disease-free survival
rates in excess of 30% in (highly selected) patients achieving
a CR after allogeneic SCT.92,93 Whether reduced-intensity or
fully myeloablative preparative regimens should be preferred
for the treatment of ATLL remains an open question,
although only fully ablative transplants could be considered
for chemotherapy-refractory disease. It is possible that
incorporation of antiviral therapy or antibody-based therapy
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in induction and/or consolidation phases in conjunction
with allogeneic SCT could further improve outcomes, and
clinical trials employing such approaches are needed.

Extranodal natural killer/T-cell lymphoma,
nasal type
Extranodal natural killer/T-cell (NK/T) lymphoma, nasal type
(NK/T-NT) is a recently recognized diagnosis, but the first
observation of destructive lesions of the face and nose was
made in 1897. A series of ten patients with locally destructive
central facial lesions led to the eponymous name of Stewart
syndrome, but the disease was variably renamed as granuloma
gangraenescens, idiopathic midline destructive disease, poly-
morphic reticulosis, and lethal midline granuloma. Modern
pathology techniques applied retrospectively on archived
biopsy material have made it clear that the majority of histor-
ical cases of the syndrome indeed represent what is now
understood as NK/T-NT.94

NK/T-NT is rare in Western countries, although more
prevalent in portions of Asia, including China, Japan, and
the Koreas, and Central and South America, most notably
among individuals of indigenous ancestry.95 As with naso-
pharyngeal carcinoma, which shares some epidemiologic fea-
tures with NK/T-NT, malignant lymphocytes can frequently
be shown to be infected by EBV, and express viral proteins in
patterns similar to that seen in EBVþ Hodgkin lymphoma and
nasopharyngeal carcinoma.96 It is felt that EBV is likely
involved in the process of lymphomagenesis, although the
literature is clouded somewhat by inclusion in some reports
of historical patients with lethal midline granuloma that
may not indeed have had NK/T-NT, but rather may have
had other conditions that can rarely manifest similarly (such
as Wegener’s granulomatosis).

Pathology
Frequently, multiple biopsies will be needed before definitive
pathologic diagnosis can be achieved. Morphologically,
typical tumors arising in the nasal cavity will consist of a
pleomorphic infiltrate, with constituent cells ranging from
small mature-appearing lymphocytes to large transformed
cells that can be seen invading and destroying small blood
vessels. Similarly, necrosis can either be absent or extensive,
which when present can further obfuscate the diagnosis.
Support for the diagnosis can be derived from IHC and
molecular pathology; tumor cells are characteristically posi-
tive for CD2, cytoplasmic CD3 (CD3e), and CD45RO. CD56
is typically positive, supporting a NK cell origin, and T-cell-
restricted intracellular antigen (TIA-1) is frequently
expressed, suggesting a cytotoxic lymphocyte (either of NK
or T lineage) as the cell of origin. As discussed, EBER posi-
tivity can be detected in many – if not all – specimens via
in situ hybridization.97–99 Clonal rearrangements of the
TCRgd can be detected via PCR in the majority of cases.100

Clinical features
NK/T-NT ismost frequently diagnosed during the fifth decade of
life, although it can be seen in pediatric and geriatric populations
as well. A strong male preponderance has been consistently
reported, with reported ratios ranging from1.7:1 to 2.8:1. Disease
most often arises in the nasal cavity, and tends to be rapidly
progressive, leading to symptoms over a period of months.
Common presenting symptoms include nasal obstruction, epi-
staxis, and facial or preorbital swelling. B symptoms are present
in approximately half of patients. Laboratory analysis tends to be
less informative, although the LDH can be elevated, and cytope-
nias would prompt greater attention to the possibility of bone
marrow infiltration by the lymphoma (present in only a small
minority of patients). The cervical lymph nodes are the regional
nodes for the nasal cavity and paranasal sinuses, and can be
demonstrated to harbor lymphoma in between 14% and 38% of
individuals. Possible extranodal sites of disease beyond the nasal
cavity and sinuses, either at diagnosis or relapse, include skin and
central nervous system, among others.

Patients with NK/T-NT are staged according to a modified
Ann Arbor system, with stage I(E) representing a single nodal
or extranodal site, stage II(E) representing multiple nodal sites
ipsilateral to the diaphragm or a single extranodal site with
ipsilateral nodal involvement, stage III(E) involvement of
lymph nodes above and below the diaphragm, with or without
extranodal disease, and stage IV diffuse or disseminated disease
with more than one extranodal site involved. Ann Arbor stage
and the IPI score are of limited prognostic value, and fail to
discriminate among risk groups as successfully for NK/T-NT as
they do for other types of NHL. Other pathologic features,
including expression of cytotoxic lymphocyte proteins and
measures of local tumor invasion of bone or skin, appear to
add prognostic value; how best to incorporate superior risk
stratification into management decisions remains unclear.

Management
The optimal management of newly diagnosed NK/T-NT is
unknown, and no data from randomized clinical trials are
available to inform the decision. Groups have published
experience with three general classes of treatment:
chemotherapy only, radiation therapy only, and combined-
modality therapy (CMT) programs. Chemotherapy, when
given alone or within the context of CMT, has typically con-
sisted of CHOP or CHOP-like regimens (including EPOCH
[etoposide, vincristine, doxorubicin, cyclophosphamide, and
prednisone], COP-BLAM-V [cyclophosphamide, vincristine,
prednisolone, bleomycin, doxorubicin, and procarbazine],
and ProMACE/CytaBOM [cyclophosphamide, doxorubicin,
etoposide, cytarabine, bleomycin, vincristine, methotrexate,
and prednisone]), although ifosfamide/etoposide-based regi-
mens also appear to be active.101–106 Radiation therapy (RT)
doses in the literature range from 22Gy to 65Gy, and have
been given alone, prior to chemotherapy, early in the course of
CMT, or following completion of chemotherapy.
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Assessing responses to different therapeutic approaches
is challenging, as many patients reported were treated prior
to modern immunophenotyping, and most reports do not
offer important prognostic information that could help
inform cross-trial comparisons. With these important
caveats, some lessons emerge from the reported experiences
treating NK/T-NT. Of 67 patients treated at the Queen Mary
Hospital in Hong Kong, 51 patients had stage I disease, and
were treated with one of a variety of chemotherapy regimens
and consolidative RT to a dose of 40–50 Gy for patients
achieving a CR. The reported 10-year disease-free survival
was 52%, and the 10-year OS 42%.107 The hypothesis
emerging from these data that earlier RT may afford better
local control, and thus better outcomes, was supported by
the reported Chinese experience; among 105 patients treated
with either RT or CMT, stratified, non-randomized results
suggested that up-front RT was preferable to up-front
chemotherapy: 83% of patients receiving up-front RT
achieved a CR, as compared to only 20% of patients receiv-
ing up-front chemotherapy.108 Among patients receiving
up-front RT, there was a statistically insignificant benefit
to subsequent chemotherapy (which was anthracycline-
based for the majority of patients). Further experience from
Sichuan University confirmed this finding, and additionally
assessed dose of RT and impact on outcomes, finding that
patients receiving 54 Gy or greater had significantly better
DFS and OS than patients receiving 22–53Gy.109 Based
upon this series of reports, administration of RT as the first
therapy or early in the course of CMT is considered
by many as the current standard of care for localized NK/
T-NT lymphoma. Less of a consensus exists regarding the
optimal treatment of widely disseminated disease, with
many investigators electing to administer six to eight cycles
of anthracycline-based chemotherapy and subsequent irradi-
ation of sites of initially bulky disease; despite such treat-
ment, outcomes remain poor, and such treatment is not
likely to be curative. Other than transplant-based strategies,
no standard of care for relapsed or refractory disease has
emerged.

Given the relatively poor outcomes, even for patients with
early-stage disease, and the relative chemotherapy resistance of
the disease, investigation into the role for consolidative ther-
apy, either HDT-ASCT or allogeneic SCT, would seem war-
ranted. The literature on the role for these therapeutic
modalities in NK/T-NT, unfortunately, is scarce. One report
of 20 patients receiving HDT – 15 with autologous and 5 with
allogeneic stem cell support – after one or two courses of
systemic therapy documented some activity in poor-prognosis
patients. Among the 15 patients receiving HDT-ASCT,
7 remained alive without recurrence at a median follow-up of
48 months. For the five patients receiving allogeneic trans-
plants, there were two treatment-related mortalities and one
death due to rapidly progressive disease; two patients with
primary refractory disease remained alive and without evi-
dence of recurrence at 56 and 78 months post-transplant.110

The Japanese experience with allogeneic SCT for NK/T-NT
has been reported, with 28 patients undergoing transplant-
ation; of these, 10 remained in a CR at a median follow-up
of 34 months, and no late relapses (after 10 months) were seen.
Clarification of the optimal use and sequencing of these thera-
peutic approaches, using modern prognostic variables for
stratification, is clearly needed.

Hepatosplenic T-cell lymphoma
Hepatosplenic T-cell lymphoma (HSTCL) is a rare form of
PTCL, accounting for 1.4% of all T-cell lymphomas in the
International T-cell NHL study.39 Originally described in
1990 as the entity hepatosplenic gd T-cell lymphoma, the
disease emerged as clinically distinct based upon unique
aspects of clinical presentation, histologic pattern, and expres-
sion of clonally restricted gd T-cell receptor (TCR) by tumor
cells.111 The expression of the gd TCR has subsequently been
shown not to be a prerequisite, as rare cases of otherwise
clinically and pathologically stereotypical HSTCL have been
reported with expression of the ab TCR.112,113 The rarity of
this disease results in the fact that the majority of our under-
standing of the natural history and optimal management of
HSTCL is based upon small series or individual case reports.
There is also significant overlap in published series, with many
individual cases being reported more than once.

Pathology
Diagnosis of HSTCL is typically made based upon evaluation
of splenectomy specimens or liver core-needle biopsy.
Lymphomatous infiltrates in these tissues are typically made
up of monomorphic, small- to medium-sized cells with pale
cytoplasm. Typically, these cells demonstrate either sinusal or
sinusoidal tropism, and spare the white pulp and portal
triads, respectively. To date, no association with viral agents
(including EBV and HHV) has been identified (despite the
association with immunodeficiency). Malignant lymphocytes
routinely share a specific immunophenotype: CD2þ, CD3þ,
and gd TCRþ; CD4, CD5, and CD8 are not expressed, and
CD7 expression is variable. Of note, CD8 can be detected at
low levels with more sensitive techniques, including flow
cytometry, although immunoperoxidase stains on fresh or
paraffin-embedded tissue will be negative.114 It is not uncom-
mon to see aberrant coexpression of NK markers, including
CD56 and the NK cell immunoglobulin-like receptor
CD94.121,116 Typically, malignant lymphocytes will retain
expression of TIA-1, belying their putative development from
a cytotoxic T-cell precursor, although granzyme B expression
is rarely retained. T-lymphoblastic lymphomas may be
excluded from the pathologic differential, as HSTCL does
not express terminal deoxynucleotidyl transferase (TdT).

Cytogenetic evaluations have found a recurrent abnormal-
ity of isochromosome 7q, either alone or in association with
other chromosomal abnormalities, including trisomy 8. While
these abnormalities are individually seen in many hematologic
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neoplasms, the combination of the two (while far from
universally present in HSTCL) appears to be most specific
for HSTCL.65,117,118

Clinical features
HSTCL is a disease that can occur at any age but is most
often seen in teenagers or young adults, with a strong male
predominance. Immunocompromised patients are overrepre-
sented, with reports of HSTCL developing many years
after solid organ transplantation. Other immune dysregulation
that has antedated a diagnosis of HSTCL include Hodgkin
lymphoma, acute myeloid leukemia, systemic lupus erythema-
tosus, inflammatory bowel disease (IBD), and malarial infec-
tion.119–121 The importance of immunosuppression as a
contributor to lymphomagenesis has become particularly rele-
vant in the light of a series of eight patients developing HSTCL
following treatment with infliximab, a chimeric antibody
against TNF-a approved for the treatment of IBD.122 Although
previous cases had been reported following treatment with
azathioprine, and while all patients were using concomitant
immunosuppressants (including azathioprine, mercaptopur-
ine, and corticosteroids), these cases strongly suggest a signifi-
cant increase in the risk of developing HSTCL in this patient
population. Patients typically present with significant or dra-
matic hepatosplenomegaly, cytopenias, and constitutional
symptoms; lymphadenopathy is modest, and may be absent.
In the two largest series of HSTCL, the presenting features
included splenomegaly in all but one case, and over 80% had
hepatomegaly.123,124 Spontaneous splenic rupture has been
reported. The clinical course leading to diagnosis is typically
aggressive, although reports exist of cases presenting far more
indolently, with symptoms present for years.65 Cytopenias are
usually present, with over 85% of patients presenting with
thrombocytopenia and with a majority of patients demonstrat-
ing anemia and leucopenia as well. The etiology of peripheral
cytopenias is often multifactorial, with components of splenic
sequestration and marrow failure due to lymphomatous infil-
tration frequently observed; the hemophagocytic syndrome
can be present and contribute as well to both cytopenias as
well as symptom burden, and autoimmune cytopenias (includ-
ing immune thrombocytopenic purpura and autoimmune
hemolytic anemia) can present simultaneously or precede the
ultimate diagnosis of HSTCL.125,126

Computed tomography typically demonstrates marked
hepatosplenomegaly out of proportion to adenopathy. Perhaps
due in part to this pattern of distribution, FDG-PET has been
of limited utility. Corresponding to liver involvement and
aggressive growth rates, laboratory analyses will typically
include an elevated LDH, alkaline phosphatase, and hepatic
transaminases in addition to peripheral cytopenias.

Management
To date, no prospective study of optimal treatment of HSTCL,
either at diagnosis or relapse, has been reported. Typically,
patients will be treated with combination cytotoxic

chemotherapy that is anthracycline-based (e.g., CHOP or
CHOP-like regimens), albeit with disappointing results. In the
two largest series, reporting on 66 patients (although at least 5
cases are reported in both series), only 6 patients survived at
time of reporting. Of these, one had only achieved 3 months of
follow-up, and four had received consolidative HDT (and
either autologous or allogeneic SCT). Thus, conventional
first-line chemotherapy alone has historically been unlikely to
lead to a durable disease-free state. Primary refractory disease is
common, and even for responders, duration of response or
remission is typically brief. Other agents, including purine
analogs and alemtuzumab, have shown activity.124,127–129

Given the poor prognosis for patients receiving routine
multiagent chemotherapy alone, interest in consolidative ther-
apy has emerged. In one series of six patients receiving con-
solidative HDT-ASCT, two patients achieved remissions of 42
and 52 months.65 Of note, both patients received a first-line
regimen that was platinum-cytarabine based, as opposed to a
CHOP-like regimen, and both received consolidation immedi-
ately following induction of remission. There are no reports
of durable remission with HDT-ASCT for relapsed disease.
Allogeneic SCT appears to have clinical utility, with 7 of 17
patients (reported in 13 case reports) alive without relapse at
times of publication, with follow-up ranging from 3 to 86
months.130 All patients were treated following first-line induc-
tion chemotherapy; of the ten treatment failures, there were
five treatment-related deaths and five relapses (all of which
were within the first 18 months following SCT). More research
is needed into optimization of induction therapy, conditioning
regimen, and selection of cellular therapy for appropriate
candidates.

Enteropathy-associated T-cell lymphoma
Enteropathy-associated T-cell lymphoma (EATL) is a rare
form of peripheral T-cell lymphoma, accounting for 4.7% of
all T-cell lymphomas. Originally named malignant histiocyto-
sis of the intestine in the first reported series in 1978, 16 years
after it was first hypothesized that celiac sprue could cause
lymphoma and a full 133 years after Gull first suggested an
association between lymphoma and steatorrhea, EATL was
subsequently shown to be a lymphoproliferative disorder of
the intraepithelial T lymphocyte (IEL) of the gastrointestinal
tract.131–133 EATL is intimately associated with celiac sprue
and its associated enteropathy; the clinical entity of T-cell
lymphoma of the intestine without associated enteropathy is
even less common. A predominantly extranodal lymphoma,
EATL demonstrates unique pathologic and clinical character-
istics that contribute to the poor prognosis associated with the
disease.

The association between EATL and celiac sprue has been
well established, with investigators reporting relative risks of
between 40 and 100, although the absolute risk for patients
with celiac disease is low, with incidence rates of EATL
estimated at 1 in 5684 person-years.134–137 The multistage
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development of EATL has been reviewed by Isaacson and Du,
with the process beginning with the development of celiac
disease among susceptible individuals, particularly those with
HLA-DQA1 and-DQB1.138 This subsequently progresses to
refractory celiac disease, and then to EATL. It is believed that
in many patients, EATL arises from a progressive clonal
expansion of IELs in these patients with refractory, or
advanced and untreated or undiagnosed, celiac disease. Homo-
zygosity for HLA-DQ2 in particular has been associated with
increased risk of refractory celiac disease type II and subse-
quent development of EATL.139 In biopsy specimens from
patients with refractory celiac disease, early changes with
clonal T-cell populations without overt lymphoma can fre-
quently be identified, and “refractory sprue with clonal IELs”
has become recognized as a true precursor lesion in these at-
risk patients, although progression to EATL is not universal.
Furthermore, this risk may be modifiable through early inter-
vention, as will be discussed below.

Pathology
Given the predominant bowel involvement of EATL, a pre-
dominance of signs and symptoms referable to the gastro-
intestinal tract, the pathologic characteristics of EATL stand
in relation to lymphocyte biology and bowel architecture and
microenvironment. Grossly, the most typical enteroscopic
findings are circumferential ulcers either restricted to the
jejunum or with multiple synchronous lesions throughout
the small bowel including the jejunum, with bulky luminal
masses being the exception rather than the rule, and with
spontaneous perforation frequently noted.140 Microscopically,
tumor histology can be variable, with a population of large or
blastic lymphocytes often seen, classically with rounded nuclei
and a single nucleolus, but significant pleomorphism can be
observed, with malignant lymphocytes varying from small and
mature to large and anaplastic.141 Immunophenotypically, the
IEL is an aberrant cytotoxic mucosal T cell that expresses CD3
cytoplasmically but has lost surface CD3, is dual CD4�/
CD8�, but maintains expression of CD103, an E-cadherin
ligand characteristically expressed by mucosal lymphocytes.
The clonal IELs may express cytotoxic T-cell-associated pro-
teins, including TIA-1, granzyme B, and perforin.142,143 Ana-
plastic cells may coexpress CD30, and a subset of small or
medium cells aberrantly can less commonly express CD56.
EBV has been detected in some; of note, the proportion of
EBV-positive patients was 100% among people of Mexican
descent, in comparison to only 10% of European ancestry, in
one series.144 Whether this EBVþ disease truly represents
EATL or more likely rather reflects bowel involvement by
NK/T-NT, which can (in direct contrast with its name) present
in the gastrointestinal tract, remains unclear.145

Molecularly, EATL will nearly universally express a clonal
rearrangement of TCRb, and will not typically undergo clonal
TCRg rearrangement.146 Although pathognomonic cytogen-
etic abnormalities have not yet been defined in EATL, it is

clear that recurrent genetic alterations are common. In one
series of 75 cases, recurrent gains and losses of genetic material
were found in 65 (87%), including gain at 5q (18%), 1q (16%),
7q (24%), and 9q (58%) and loss from chromosomes 8p and
13q (24% each) or 9p (18%).153

Clinical features
EATL is a disease of adulthood, with a median age of 50 years.
Common symptoms at presentation include diarrhea, abdominal
pain, andweight loss; B symptomsmay be reported in asmany as
one-third of patients, although fevers and night sweats may also
be precipitated by occult small bowel perforation or small bowel
obstruction, each present in approximately 25% of patients at
time of diagnosis. Frank abdominal masses are rare, and signifi-
cant peripheral adenopathy is not typically seen. Cavitating mes-
enteric adenopathy has been described, although this can be
either reactive or malignant in etiology. Disease, even when
advanced, is typically restricted to the abdominal cavity, with
extraintestinal sites of disease including lymph nodes, omentum,
liver, and spleen. Laboratory abnormalities can include an
elevated LDH and a microcytic anemia, due in part to iron
deficiency related to malabsorption secondary to celiac disease.

Despite the strong epidemiologic association with celiac
disease, EATL may be diagnosed in patients without a known
history of gluten sensitivity or malabsorption. Accordingly, in
patients presenting with small bowel (particularly jejeunal)
lymphoma, evaluation for serologic evidence of celiac disease
(e.g., antibodies to tissue transglutaminase) should be con-
sidered. Among patients with celiac disease who do not
respond clinically to a gluten-free diet, a high index of suspi-
cion for EATL must be maintained.

Following diagnosis of EATL, clinical staging routinely
consists of physical examination; CT scans of the chest, abdo-
men, and pelvis; routine laboratory analyses; and bone marrow
biopsy. The necessity of bone marrow biopsy has been called
into question given the low rates of involvement reported
(< 10%), but nonetheless remains a standard of care, particu-
larly in patients for whom SCT may be a consideration. None-
theless, with the predominant site of disease being the small
bowel, significant clinical attention must be paid to evaluating
the length of the bowel for multifocal disease prior to treat-
ment planning. The contribution of FDG-PET to the staging
process has been evaluated, with investigators finding that
FDG-PET may be superior to CT for identification of involved
regions of bowel.148 Additionally, given the difficulty of radio-
graphic diagnosis of EATL, it is possible that FDG-PET scan-
ning may offer unique advantages for surveillance in patients
at high risk or in post-treatment monitoring. Additional radio-
graphic options include capsule endoscopy, which has been
found to be of clinical utility in the diagnostic evaluation for
EATL.149

Due in part to the rarity of this disease, prospective data
addressing optimal management of EATL are lacking. Most
patients are either diagnosed at time of, or subsequently will
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undergo, small bowel resection; unfortunately, complete surgical
resection, even when disease is limited to the small bowel (CSIE),
is not considered curative. Treatments that have been reported
have most often been anthracycline-based multiagent che-
motherapeutic regimens, including CHOP, VAMP (vincristine,
doxorubicin, high-dose methotrexate, and prednisolone), and
PEACE-BOM (prednisolone, etoposide, doxorubicin, cyclopho-
sphamide, bleomycin, vincristine, and high-dose methotrexate).
Systemic therapy alone infrequently leads to durable remissions;
in a single-institution series of 31 patients, the 1-year and 5-year
failure-free survival rates were 19.4% and 3.2%, respectively,
and OS was poor (1-year OS was 38.7%, 5-year OS 19.7%, and
median OS was 7.5 months). These poor outcomes may in
part be due to the underlying physiologic compromise often
seen at diagnosis of EATL, with surgical emergencies and signifi-
cant malnutrition often complicating both diagnostic evaluation
and subsequent therapy; as many as 50% of patients historically
have been unable to complete a full course of planned systemic
therapy due to these and other factors. In a multicenter prospect-
ive, non-randomized study of intestinal NHL of all types,
28 patients with EATL were treated with CHOP every 21 days;
these patients experienced a 2-year OS of only 28%.150 Others
have reported treatment with alemtuzumab as a single agent
or in combination with low-dose gemcitabine, HyperCVAD
(cyclophosphamide, vincristine, infusional doxorubicin, and
dexamethasone alternating with high-dose methotrexate
and cytarabine), ProMACE-CytaBOM, and CHOEP (cyclo-
phosphamide, doxorubicin, etoposide, vincristine, and
prednisone).151,152

The inadequacy of available first-line therapy for EATL has
prompted consideration of further intensification of induction
therapy and attempts to offer consolidation therapy to
responding patients. Published reports of either standard
(CHOP or CHOP-like) or intensified induction chemotherapy
with consolidative HDT-ASCT have included small numbers
of patients, but one series of six patients treated with ifosfa-
mide, etoposide, and epirubicin, then with high-dose metho-
trexate, and subsequently consolidated with HDT-ASCT
reported complete responses in four patients lasting up to
4 years at last follow-up.153 As the patient with refractory celiac
disease with atypical IELs is known to be at high risk of
subsequent progression to EATL, treatment of patients in this
phase of disease has been proposed as one possible way to
improve outcomes. Seven such patients received HDT-ASCT
without prior induction chemotherapy in one published report
receiving fludarabine and melphalan conditioning following
granulocyte colony-stimulating factor (G-CSF)mobilization.154

At a median follow-up of 15 months, there was one death
attributed to progressive neuroceliac disease. All three of the
patients with follow-up beyond 12months demonstrated partial
responses as measured by flow cytometric analysis of the IEL
population at repeat duodenal biopsy. The feasibility and utility
of allogeneic SCT in treatment of EATL is unknown, with
reports limited to individual cases.

Future directions
The combination of unfortunately poor outcomes with
current therapy, a lack of consensus standard-of-care for
relapsed or refractory disease in particular, and a relative
dearth of compounds approved for (and effective in) the
treatment of T-cell lymphomas has made these diseases
increasingly popular foci of clinical investigation. Significant
promise can be found both in the use of agents approved by
the United States Food and Drug Administration (FDA) for
the treatment of other malignancies as well as investigation
agents that have shown some evidence of activity against
peripheral T-cell lymphomas.

Many agents currently available in the treatment of other
diseases – including cutaneous T-cell lymphoma – have been
evaluated in patients with relapsed disease, including denileu-
kin diftitox, alemtuzumab, and gemcitabine. Use of the diph-
theria/interleukin-2 fusion protein, denileukin diftitox, was
associated with a 48% response rate when given as a single
agent to patients with relapsed PTCL, and treated patients
experienced a median PFS of 6 months.155 Alemtuzumab,
a monoclonal antibody against the surface glycoprotein
CD52, has also demonstrated single-agent activity in relapsed
PTCL, with an overall response rate of 60% and with man-
ageable toxicity, including a rate of reactivation of CMV of
10%.156 Based in part on such results, on the non-overlapping
toxicity of monoclonal antibody-based immunotherapy and
cytotoxic chemotherapy, and on the profound success of the
combination of CHOP and rituximab, investigators are pur-
suing whether inclusion of alemtuzumab in first-line anthra-
cycline-based therapy may improve outcomes. In a study by
the Gruppo Italiano Terapie Innovative nei Linfomie
(GITIL), CHOP plus subcutaneous alemtuzumab for previ-
ously untreated PTCL (predominantly PTCL, NOS) was asso-
ciated with a CR rate of 71%, although the median duration
of response was only 11 months and significant infectious
sequelae (including CMV reactivation and Jacob–Creutzfeldt
viral reactivation, among others) were reported.157 Others
continue to investigate the application of alemtuzumab as
consolidative therapy following anthracycline-based treat-
ment.158 As for cytotoxic therapies, gemcitabine – a pyrimidine
analog with structural similarities to cytarabine with activity in
multiple solid tumors – has shown promise in both Hodgkin
lymphoma and NHLs. An initial report of ten patients with
relapsed or refractory T-cell lymphomas reported an overall
response rate of 60%,159 and subsequent investigations have
used gemcitabine in combination with other FDA-approved
or novel agents. The combination of gemcitabine, cisplatin,
and methylprednisolone was associated with a 69% overall
response rate and a 19% CR rate in relapsed or refractory
disease, with a suggestion that EATL and AITL in particular
may be sensitive to this combination. Investigations into
incorporation of gemcitabine into anthracycline-based regi-
mens for previously untreated disease are ongoing.160
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In addition to evaluation of currently available agents,
active investigation worldwide is ongoing into the identifica-
tion and development of novel agents in the treatment of
PTCL. Two agents that have shown particular promise are
pralatrexate and depsipeptide. Pralatrexate is a novel antifolate
that was designed for higher affinity for reduced folate carrier
type I and increased polyglutamation, resulting in increased
internalization of the drug in tumor tissues and more pro-
longed intracellular retention once internalized. Promising
activity was reported in early clinical trials treating patients
with relapsed or refractory disease, with a 45% overall response
rate and a 40% CR rate – the highest CR rate with single-agent
therapy in this patient population reported to date.161 Depsi-
peptide is an inhibitor of histone deacetylase (HDAC) that was
initially found to have activity in cutaneous T-cell lymphoma
and was subsequently shown to have activity in PTCL.
In a National Cancer Institute-sponsored multicenter phase
II study, depsipeptide was associated with a 30% response rate
in relapsed or refractory PTCL.162 Both agents are undergoing
formal investigation with international registration trials, and
would be, if approved, the first agent(s) specifically indicated
for non-cutaneous PTCL. Numerous other drugs are the

subjects of earlier-phase investigation and may hold promise,
including monoclonal antibodies other than alemtuzumab
(including antibodies against CD4, CD2, and CD30, among
others); other agents in the class of HDAC inhibitors; purine
analogs, including clofarabine and nelarabine; and proteosome
inhibitors such as bortezomib.

With an increasing interest in T-cell lymphomas and so
many new agents with at least anecdotal activity, the problem
of the lack of effective therapies to offer patients with PTCL is
being replaced by new issues such as efficient evaluation of new
therapies for these uncommon and heterogeneous lymphomas.
Fortunately, physicians and patients are becoming aware of the
unique challenges of PTCL and increasingly understand that the
only way to make progress is to move beyond the anecdotes and
participate in well-designed prospective trials. Whether utiliz-
ing new upfront combination regimens, HDT-ASCT, or novel
drugs for the still too common relapsed patients, it is only
through these well-designed trials that we can move forward
in an understandable way. These trials will allow us to identify
the most active of the new agents and/or combinations of
therapies, and ultimately move beyond CHOP as the primary
therapy for patients with PTCL.
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Chapter

22 Mycosis fungoides and Sézary syndrome

Christiane Querfeld and Steven T. Rosen

Introduction
Cutaneous T-cell lymphomas (CTCL) represent a clinically
and biologically heterogeneous group of non-Hodgkin lymph-
omas with clonal proliferation of malignant T lymphocytes
homing into the skin according to the new revised World
Health Organization and European Organization for Research
and Treatment of Cancer (WHO–EORTC) consensus classifi-
cation for cutaneous lymphomas.1 Mycosis fungoides (MF)
and the aggressive and leukemic variant Sézary syndrome
(SS), collectively referred to as CTCL, are the most common
and best studied entities. CTCL include other entities such as
lymphomatoid papulosis (LyP) and primary cutaneous ana-
plastic large T-cell lymphoma (ALCL), which belong to the
CD30þ lymphoproliferative disorders and other rare diseases
with distinct clinical features (Table 22.1).

MF disease is characterized by a chronic, slowly progress-
ing course.2 The clinical manifestations typically include
erythematous patches, evolving into plaques and/or tumors
(Figure 22.1a–c). Patients usually present with a prolonged
history of a skin rash in sun-protected areas such as lower
abdomen, upper thighs, buttocks, and breasts in women.
Patients with cutaneous patch/plaque disease have an excellent
prognosis and a normal life expectancy compared with age-
matched individuals. However, 20% of patients progress into
more aggressive and advanced disease with either cutaneous or
extracutaneous tumor manifestations. Three major variants
have been recognized in the new WHO–EORTC classification
including granulomatous slack skin, clinically characterized by
the development of erythematous lax skin folds and histologi-
cally by a granulomatous T-cell infiltrate and loss of elastic
fibers, folliculotropic MF, characterized by involvement of hair
follicles with or without mucin deposition often leading to
alopecia, and pagetoid reticulosis (Woringer–Kolopp disease),
presenting as a slowly enlarging, solitary psoriasiform patch
with intraepidermal involvement of atypical (pagetoid) T cells
expressing a CD4�CD8þ phenotype.

SS is an aggressive variant of CTCL with a leukemic com-
ponent. SS represents approximately 3–5% of newly diagnosed

patients with CTCL.1,3 It is characterized by circulating, atyp-
ical, malignant T lymphocytes with cerebriform nuclei (Sézary
cells), the presence of erythroderma, and often lymphaden-
opathy. Severe pruritus, ectropion, alopecia, dystrophic nails,
and palmoplantar keratoderma with fissures are common
associated features (Figure 22.2). Patients with MF may
develop erythroderma, leading to a disorder termed erythro-
dermic MF. In contrast to patients with SS, there is low if any
blood involvement.3

Epidemiology
Cutaneous lymphomas are a group of rare diseases that repre-
sent 3.9% of all non-Hodgkin lymphoma. MF represents the
most common type of CTCL comprising 50% of all cutaneous
lymphomas. The incidence of CTCL has risen consistently
since 1973 with an overall annual age-adjusted incidence
of 6.4 cases per million population.4,5 Incidence was higher
among males and blacks and increases with age. A substantial
geographic variation in incidence is seen in the United States
based on 13 cancer registries (SEER-13). Data suggest an
interesting association with higher physician density and
higher socioeconomic status. Patients with MF and SS are at
significantly increased risk of developing a second primary
lymphoma, in particular Hodgkin lymphoma.6

Etiology
Several groups have proposed microbiologic, environmental,
and occupational factors in the etiology of CTCL, but none
have yet been verified. It has been suggested that the condition
results from persistent antigen stimulation with an increased
risk for the development of CTCL in patients exposed to
chemicals or pesticides; however, recent studies on the subject
produced controversial results.7,8 Unlike adult T-cell leukemia/
lymphoma (ATLL), which is etiologically associated with human
T-lymphocyte virus 1 (HTLV-1), most patients with CTCL are
serologically negative for HTLV-1.9 Other investigators have
found serologic evidence for Epstein–Barr virus (EBV)
and cytomegalovirus (CMV), but evidence is scarce.10,11
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Immunosuppression and/or immunosuppressive therapy might
be a risk factor for the development of CTCL, as documen-
ted in patients following organ transplant or treatment of
Hodgkin lymphoma, and in human immunodeficiency virus
(HIV)-positive patients.12–14

Molecular and biologic characteristics
The pathogenesis of MF/SS is characterized by an altered
immune biology and the accumulation of cytogenetic abnor-
malities during disease progression.15 Immunophenotyping
studies revealed that the neoplastic T cells in MF/SS typically
bear a CD4þ T-helper/memory antigenic profile with frequent
loss of the CD7 and/or CD26 antigen in advanced stages.16

Absence of CD26 expression on atypical circulating CD4þ
T cells is a highly sensitive marker for diagnosis and thera-
peutic monitoring of patients with SS.16 The malignant cells
show clonal rearrangements for the gene that encodes the
T-cell receptor (TCR).17 Persistent activation of the neoplastic
T cells is demonstrated by the constitutive phosphorylation of
intracellular signaling protein Stat3.18 These cells may express
the activation markers CD45RO and the interleukin 2 (IL-2)
alpha receptor (CD25).19

Microarray studies have been performed to reveal unique
gene expression patterns of CTCL. Several genes involved in
the pathogenesis of CTCL have been identified. Expression
profiles showed upregulation of genes involved in the tumor
necrosis factor (TNF)-signaling pathway and decreased expres-
sion of tumor suppressor genes such as transforming growth
factor beta (TGF-b) receptor II while EPHA4 and TWIST were
overexpressed.20,21 Aberrant expression of STAT4, GATA3,
T-plastin, CD1D, TRAIL, CDO1, and DNM3 were also found
and may serve as potential targets for novel treatment strat-
egies.22,23 Patients with large cell transformation show
chromosomal clonal evolution with changes in ploidy levels
and structural aberrations.24 Evidence of epigenetic silencing
of hypermethylation of individual genes or gene-specific pro-
moters and microsatellite instability is associated with tumor
progression in advanced stages of CTCL.25,26

The skin-homing mechanism of malignant T cells is not
completely elucidated, but may be partially explained by their
expression of specific chemokine receptors and adhesion mol-
ecules. Data have shown that skin homing T cells isolated from
patients with MF/SS express cutaneous lymphocyte antigen
(CLA), chemokine receptor (CCR)-4, and CCR-10, which bind
to their corresponding skin-derived ligands on endothelial
cells, keratinocytes, and/or Langerhans cells, thereby facilitat-
ing migration into the dermis and epidermis.27 The CXCR4
chemokine receptor might also have a role in skin homing of
Sézary cells. Furthermore, loss of CD26 has been shown to
enhance migration of cell lines derived from patients with SS.28

The clinical course is accompanied by dysregulated synthe-
sis of Th-1/Th-2 cytokines. The skewed ratio of T-helper
cell type 1 (Th-1) and type 2 (Th-2) has been hypothesized to
be critical for disease progression.29 In advanced stages there
is a dominant Th-2 cytokine profile leading to an impaired
cell-mediated immune response. The number of reactive cyto-
toxic CD8þ T cells and dendritic cells, which are character-
istic in early patch stage cutaneous lesions, tend to decrease
with increase of neoplastic CD4þ T cells and correlate with
disease progression.30,31 Disease progression has also been

Table 22.1. The new WHO–EORTC consensus classification for primary
cutaneous lymphomas with relative frequency and 5-year survival

WHO–EORTC Frequency
(%)

5-year
survival
(%)

Cutaneous T-cell and NK-cell
lymphoma

Indolent

Mycosis fungoides 44 88

� Follicular MF 4 80

� Pagetoid reticulosis < 1 100

� Granulomatous slack skin < 1 100

CD30þ lymphoprolif. diseases

� Anaplastic large cell lymphoma 8 95

� Lymphomatoid papulosis 12 100

Subcutaneous panniculitis-like
T-cell lymphoma

1 82

CD4þ small/medium
pleomorphic T-cell lymphoma

2 72

Aggressive

Sézary syndrome 3 24

Cutaneous peripheral T-cell
lymphoma, unspecified

2 16

� Cutaneous aggressive CD8þ
T-cell lymphoma

< 1 18

� Cutaneous γ/δ T-cell lymphoma < 1 –

Cutaneous NK/T-cell lymphoma,
nasal type

< 1 –

Cutaneous B-cell lymphoma

Indolent

Follicle center cell lymphoma 11 95

Marginal zone lymphoma 7 99

Intermediate clinical behavior

Large B-cell lymphoma of the leg 4 55

Cutaneous diffuse large B-cell
lymphoma, other

< 1 50

Intravascular large B-cell
lymphoma

< 1 65

Source: Produced from Willemze et al.1
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associated with a substantial reduction in the normal T-cell
receptor repertoire. In addition, recent data suggest that MF/
SS may be associated with alterations in regulatory T cells
(Tregs) that contribute to the immune suppression seen with
these disorders.

Clinical manifestation
Early stages of MF can typically present with patches. The early
patch stage may resemble eczema, psoriasis, secondary syph-
ilis, atopic dermatitis, or “pre-mycotic” parapsoriasis. Diagno-
sis is often delayed or missed in early-stage patients pretreated

(a)

(c)

(b)

Figure 22.1 Clinical presentation of patients with mycosis fungoides, patch (a), plaque (b), and tumor stage (c).
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with topical corticosteroids. Most patients have multiple biop-
sies before being diagnosed. The interval between the onset of
skin lesions to the definitive diagnosis ranges from 4 to 10
years, with a mean of 6 years. To further complicate diagnosis,
observations about invisible MF cases with recalcitrant prur-
itus have been reported and documented MF variants mimick-
ing a plethora of benign disorders. With progressive invasion
and infiltration of the skin by the malignant T cells patches
evolve into plaques and/or tumors. In advanced stages of MF
the patients show a combination of patches, plaques, and
nodular/tumor lesions or diffuse erythroderma.

Patients with SS mostly present with severe disabling prur-
itus. The skin appearance may vary from mild erythema to
generalized exfoliative erythroderma with keratoderma and
fissures on palms and soles. Other problems include electrolyte
imbalance, hypothermia, hair loss, and eye changes (ectropion).
Lymphadenopathy is often but not always present. Diagnosis
may be missed in the elderly whose symptoms of dry skin and
pruritus are attributed to advanced age. Cutaneous drug reac-
tions, infectious conditions, generalized seborrheic dermatitis,
psoriasis, and chronic photosensitivity reactions may resemble
erythrodermic MF.

Diagnosis
Several histologic features are useful in establishing a diagnosis
of MF/SS.32 In most cases, it consists of an upper-dermal band-
like lymphocytic infiltrate with atypical lymphocytes with cere-
briform nuclei, variable findings of inflammatory cells, and
epidermal involvement with solitary cells or clusters of malig-
nant lymphocytes (Pautrier’s microabscesses). Tumor lesions
express more diffuse and deep infiltrates with diminished epi-
dermotropism. A large cell phenotype is not an uncommon
feature in tumor stage MF. Biopsies from erythrodermic MF
or SS often lack epidermotropism or Pautrier’s microabscesses

and may show a mild perivascular or superficial dermal infil-
trate of atypical lymphocytes and minimal exocytosis of these
cells into the epidermis. As MF has numerous variants histo-
pathologymay also show involvement of hair follicles and other
skin adnexae, granulomatous changes, or vascular and subcuta-
neous tissue infiltration.

Immunophenotyping by immunohistochemistry on skin
biopsies or flow cytometry on skin and blood samples has an
important role in the evaluation of CTCL. Studies have dem-
onstrated an increased CD4/CD8 ratio, loss of subset markers
such as CD26 and CD7, and aberrant expression or loss of
pan-T-cell markers such as CD2, CD3, and CD5 in many
affected patients.16

In its earliest stages, MF is often diagnosed as dermatitis
and a definitive diagnosis may be difficult to establish, there-
fore the presence of a dominant T-cell clone is an important
diagnostic criterion. Clonal rearrangements can be detected
both by Southern blotting or by using the polymerase chain
reaction (PCR) single-strand conformational polymorphism
analysis, which is the most sensitive technique to detect clon-
ality.33,34 These molecular studies represent an important
adjuvant procedure, in association with histopathology and
immunophenotyping, to support the clinical diagnosis.

All patients with MF/SS should initially be seen and
co-managed by a multidisciplinary cutaneous lymphoma team
consisting of members from dermatology and oncology with
the support of other health professionals such as radiation
oncologists, pathologists, and clinical psychologists. Routine
evaluation should include complete physical examination,
complete blood count with differential and peripheral blood
smear for Sézary cell count, chemistry panel with lactate dehy-
drogenase (LDH), skin biopsy for histology, immunopheno-
typing, and gene rearrangement studies, and lymph node
biopsies in cases with enlarged nodes at presentation to estab-
lish the diagnosis and staging. Baseline and serial photographs

(a) (b)

Figure 22.2 Patient with Sézary syndrome with generalized exfoliative erythroderma (a) and palmar keratoderma (b).
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of the skin are of great value. Serologic tests for HIV and
HTLV-1 should be considered in certain patients. Diagnosis
in early stages of MF has been improved due to advances in T-
cell receptor (TCR) gene rearrangement analyses with
increased sensitivity and specificity.17,35 Imaging studies
should be reserved for patients with clinical and laboratory
findings suggestive of systemic disease or prominent lymph-
adenopathy. Bone marrow biopsy is a consideration in
advanced-stage disease. Histopathologic and molecular results
should be correlated with clinical findings and patients classi-
fied according to the WHO–EORTC consensus classification.

Staging and prognosis
Accurate staging of patients with MF/SS is essential both for its
prognostic value and for treatment decisions. In contrast to the
staging system that is traditionally used for other lymphomas,
the widely used and recommended staging system for CTCL
relies on the TNMB (tumor, node, metastasis, blood) classifi-
cation adopted by Bunn and Lamberg in 197936 that has been
revised to include blood stage (Tables 22.2 and 22.3). It con-
siders the extent of skin involvement (T), presence of lymph
node (N) and visceral disease (M), and detection of Sézary cells
in the peripheral blood (B).

Patients with stage IA disease (T1, N0, M0) have limited
patch/plaque disease with less than 10% of body surface area
involvement. Patients are usually asymptomatic and may
remain at this stage for years. As patches and plaques involve
more than 10% of the body surface area, patients are classified
as stage IB disease (T2, N0, M0). Stage IIA disease (T1–2, N1,
M0) includes the skin findings of stage IA or IB disease with
the additional presence of lymphadenopathy. Stage IIB (T3,
N0/1, M0) is associated with the development of skin tumors,
which may arise de novo or in preexisting patches or plaques
with or without associated lymphadenopathy. Patients with
erythroderma have stage III disease (IIIA: T4, N0, M0; IIIB:
T4, N1, M0). Involvement of nodes by tumor cells (LN3, LN4)
without visceral involvement is classified as stage IVA (T1–4,
NP1, M0), and with visceral and/or bone marrow involvement
classified as stage IVB (T1–4, N0–NP1, M1). The International
Society for Lymphoma (ISCL) has recommended definitions
based on the degree of blood involvement for subsets of
erythrodermic CTCL (E-CTCL) to address the differences
among E-CTCL.3 B1-rating would be defined as Sézary cell
count of less than 1000 cells/m3 or less than 20% Sézary cells
on peripheral smear. B2-rating would bemore than 1000 cells/m3

or greater than 20% Sézary cells on peripheral smear.
Histologic classification of lymph node (LN) involvement

is also used as prognostic value and for treatment decisions in
patients diagnosed with MF/SS.38 It was found that the LN
class correlates with disease progression and survival.38,39

Moreover, detection of a monoclonal T-cell population within
nodes is associated with an inferior survival and outcome
regardless of the LN class.40 LN1-rating defines reactive
changes, LN2 and LN3 nodes describe small or large clusters

Table 22.2. Revised TNMB classification for patients with mycosis
fungoides and Sézary syndrome

T (skin)

T1 Limited patch/plaque (< 10% of BSA)

T2 Generalized patch/plaque (> 10% of BSA)

T3 Tumors

T4 Generalized erythroderma

N (nodes)

N0 No clinically abnormal peripheral
lymph nodes

N1 Clinically abnormal peripheral lymph nodes

NP0 Biopsy performed, not CTCL

NP1 Biopsy performed, CTCL

LNO Uninvolved

LN1 Reactive lymph node

LN2 Dermatopathic node, small clusters of convoluted
cells (< 6 cells per cluster)

LN3a Dermatopathic node, large clusters of convoluted
cells (> 6 cells per cluster)

LN4a Lymph node effacement

M (viscera)

M0 No visceral metastasis

M1 Visceral metastasis

B (blood)

B0 Atypical circulating cells not present (< 5%)

B1 Atypical circulating cells present (> 5%)

Note: aPathologically involved lymph nodes.
TNMB: tumor, node, metastasis, blood; BSA: body surface area.
Source: Olsen et al.37

Table 22.3. Stage classification for patients with mycosis fungoides and
Sézary syndrome

Stage T N NP M

IA 1 0 0 0

IB 2 0 0 0

IIA 1/2 1 0 0

IIB 3 0/1 0 0

III 4 0/1 0 0

IVA 1–4 0/1 1 0

IVB 1–4 0/1 0/1 1

Source: Olsen et al.37
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of atypical cells in paracortical T-cell regions, while LN4 nodes
define frank effacement.

The Stanford experience with MF/SS demonstrates the
impact of stage on overall survival (Figure 22.3). The risk for
disease progression correlates with the severity of the initial
skin presentation.

Prognostic markers
The most important predictive factors for survival remain
the T classification, extracutaneous manifestation, and patient
age.41 In addition, several independent adverse prognostic
factors have been identified including large cell transform-
ation, follicular mucinosis, thickness of tumor infiltrate, and
increased LDH and b2-microglobulin.42,43 Patients with large
circulating Sézary cells were also found to have a worse prog-
nosis. A high Sézary cell count, loss of T-cell subset markers
such as CD5 and CD7, and chromosomal abnormalities in
T cells are also independently associated with a poor out-
come.44 The existence of a blood clonal T-cell population,
detected by PCR, was of poor predictive survival value inde-
pendent of the T stage and lymph node involvement.45 The
increased number of cytotoxic CD8þ T lymphocytes in the
dermal infiltrate, as well as the density of epidermal Langer-
hans cells greater than 90 cells/mm2 is associated with a better
prognosis.30,46

Treatment options
The development of treatment strategies for patients with
CTCL is influenced by the extent of disease (TNMB stage)
and its impact on the patient’s quality of life. Prolonged
complete remissions have been obtained in patients with
limited disease, though it is not clear that the disease has
been cured. A trial randomizing patients to sequential top-
ical and subsequent single-agent chemotherapy versus an
intervention with multiagent chemotherapies combined with
electron beam radiation failed to show a survival benefit.47

Early stage (IA to IIA) MF has a favorable prognosis. The
disease is mostly limited to the upper dermis and epidermis,
which makes skin-directed therapies appealing. Current top-
ical therapies include corticosteroids, nitrogen mustard
(mechlorethamine), carmustine (1,3-bis(2-chloroethyl)-I-
nitrosourea, BCNU), bexarotene, phototherapy with psora-
lens and ultraviolet light A (PUVA), UVB or narrowband
(NB)-UVB, and total skin electron beam therapy (TSEBT).48

Refractory patients in early stages benefit from combination
therapies such as PUVA or NB-UVB with low-dose systemic
bexarotene or interferon alpha (IFN-a). Treatment goals in
advanced stages of MF/SS should be to reduce tumor
burden, to relieve symptoms, to delay disease progression,
and to preserve quality of life. In particular, SS is known to
be refractory to most therapies and historically no treat-
ment has been demonstrated to modify significantly the
natural course of this disease. Current approaches focus
upon biologic agents and reconstitution of the immune function
using interferons, IL-12, extracorporeal photopheresis (ECP),
oral bexarotene, monoclonal antibodies, recombinant toxins,
and combinations of the aforementioned for disease control.
Single or localized skin tumors are ideally treated with spot-
radiation. Mono- or polychemotherapies are best reserved for
patients with rapidly progressing disease that needs immediate
palliation. High-dose chemotherapy followed by allogeneic stem
cell transplantation (SCT) might be an option for younger
patients with advanced disease refractory to multiple regimens.
A representative treatment algorithm amended from the EORTC
therapeutic recommendations is presented in Figure 22.4.

Topical treatments
Phototherapy
Phototherapy is one of the traditional treatment modalities in
CTCL. Of the available phototherapies PUVA therapy has
been widely used with established benefit in early-stage MF
for more than 25 years. It involves treatment with orally
administered 8-methoxypsoralen (8-MOP [UVADEX]) that
sensitizes the skin to UVA irradiation. The initial UVA dosage
is approximately 0.5 J/cm2 and will be increased per treatment
as tolerated or up to the minimal erythema dose. Patients are
required to use proper eye protection for 12–24 hours after a
PUVA treatment to prevent the formation of cataracts. PUVA
has been successfully utilized since 1976 in the treatment of
early-stage MF, but was also found to moderately affect skin
lesions of patients with advanced MF/SS.49 Therapy is typically
given three times a week until complete remission (CR) is
achieved. Additional maintenance therapy can be administered
while gradually reducing PUVA to once every 4–6 weeks, to
maintain longer remission times. Several studies confirmed
high remission rates in early stages of MF with reported CR
in up to 71.4% of patients.50,51 PUVA has also been success-
fully applied in the treatment of hypopigmented MF.52

Although being effective in clearing superficial lesions, PUVA
has its limitations in clearing deeply infiltrated lesions. Still,
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Figure 22.3 An update of the Stanford experience shows the actuarial
overall survival of 525 patients with mycosis fungoides and Sézary syndrome
according to their T-classification at diagnosis (T1–T4).41 The risk for disease
progression correlates with the severity of the initial skin presentation.
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the Scandinavian Mycosis Fungoides Study Group reported an
overall response rate of 82% with CR in 8 (47%) and partial
remission (PR) in 6 of 17 (35%) patients with cutaneous tumor
stage. Most of these patients, however, had concomitant ther-
apy with topical nitrogen mustard or systemic chemotherapy.
Long-term remissions of more than 8 years have been reported
in patients with early-stage MF.53 Disease-free survival rates
for stage IA at 5 and 10 years were 56% and 30%, respectively
and for stage IB/IIA 74% and 50%. The most common
reported acute side effects were erythema, pruritus, and
nausea, which were usually mild at presentation and generally
manageable with dose adjustments of UVA or 8-MOP or dose
interruptions. Long-term exposure was associated with an
increased risk for developing chronic photodamage and non-
melanoma skin cancer in about one-third of patients. Two
multicenter, dose-randomized evaluations of oral low-dose
bexarotene (75mg or 150mg daily for 24 weeks) and PUVA
in patients with stage IB–IIA CTCL are ongoing in the USA
and Europe. Preliminary results have shown a similar response
rate as PUVA monotherapy, but the results were achieved with
lower cumulative Joules (J. Guitart, personal communication,
2008). Folliculotropic MF is often less responsive to PUVA.
Combined treatment with low-dose bexarotene or IFN-a may
be considered in such cases.

The efficacy of broadband UVB is more limited to patch
stage, while PUVA is also effective in clearing plaques. The
effects of UVB phototherapy were retrospectively evaluated in
37 patients with MF limited to patch/plaque disease.54 Seventy-
one percent achieved CR with a median duration of 22
months. Eighty-three percent of patients with disease limited

to patches achieved remission, whereas none of the patients
with plaque disease achieved remission. NB-UVB is considered
to be less carcinogenic and may offer an alternative treatment
option in early-stage MF, but randomized clinical trials are
needed to confirm its efficacy and long-term remission rates.
In three small retrospective analyses patients with clinical stage
IA/IB and parapsoriasis and treated with NB-UVB showed CR
rates between 54.2% and 83%.55,56 However, remission times
were short and a maintenance schedule has been difficult to
establish. Patients with darker skin may still not respond as
well as light-skinned patients.56

Corticosteroids
Topical corticosteroids are easy to apply and frequently pre-
scribed for patients with limited patches (stage IA). In an
investigational trial, 79 patients were treated daily with topical
class I–III corticosteroids.57 Thirty-two (63%) of stage T1
patients and seven (25%) of stage T2 patients achieved com-
plete clearing. Thirteen patients (40%) with stage T1 and two
patients (29%) with stage T2 relapsed; however, the median
observation time was only 9 months. Reported side effects
were minor skin irritation in two patients, reversible skin
atrophy in one patient, and reversible depression of serum
cortisol levels in ten patients. A more recent clinical observa-
tion from the same treatment center reported similar efficacy
in about 100 patients with T1 and 50 patients with T2 stage
when treated with a topical class I corticosteroid (clobetasol
0.05% ointment) as first-line treatment.58 Treatment was
applied twice daily and generally well tolerated with no signs
of adrenal insufficiency detected.

MF/SS
TREATMENT ALGORITHM
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Figure 22.4 Treatment algorithm for mycosis
fungoides/Sézary syndrome according to Zic and
Pinter-Brown. CTX, chemotherapy; TBEBRT, total
body external beam radiation therapy.
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Nitrogen mustard
Nitrogen mustard (mechlorethamine) is a classic alkylating
agent. The topical formulation has been widely used as a
first-line treatment of early-stage MF since 1959. It may be
applied locally or to the entire skin once daily. Nitrogen
mustard-induced DNA damage has been the primary mechan-
ism responsible for its systemic anticancer effects, but the
mechanism of action of the topical formulation remains elu-
sive. It does not appear to act through its alkylating properties,
but rather induces cell-mediated antitumor responses via
delayed hypersensitivity reactions.59,60

Many investigators have demonstrated the efficacy of top-
ical nitrogen mustard at a concentration of 0.1–0.2% in an
aqueous or ointment base (Aquaphor) with reported CR in up
to 72% of early-stage MF patients and occasional long-term
remissions of more than 8 years.61 Updates on 203 patients
with MF (clinical stage I–III) treated with topical nitrogen
mustard demonstrated its efficacy with reported CR rates of
76–80% for patients with stage IA, and 35–68% for those with
stage IB disease.62 Skin clearance may require 6 months or
longer and is followed by maintenance therapy; however, there
is no evidence that prolonged maintenance is beneficial.
Only 11% of patients maintain CR after 10 years. The most
common side effect was irritant contact dermatitis and hyper-
sensitivity reaction. No secondary malignancies related to ther-
apy were reported. New formulations that are better tolerated
are currently under investigation.

Carmustine
Another type of topical chemotherapy that has been employed
for MF is the nitrosourea alkylating agent BCNU. Like nitro-
gen mustard it interferes with DNA synthesis through alkyla-
tion. Topical BCNU can be used daily in either solution or
ointment form.63 Five milliliters of a 0.2% BCNU alcoholic
stock solution will be diluted in 60mL of water and applied to
the total skin once daily. Clearance rates in 44 (86%) of 51 T1
and 18 (47%) of 38 T2 patients appear to be similar to those
with nitrogen mustard.64 Patients almost always develop ery-
thema at site of application. Although irritant and/or allergic
reactions occur less frequently, the cutaneous toxicity may be
greater with the development of progressing teleangiectasias
and reported bone marrow suppression from systemic absorp-
tion. Mild leukopenia occurred in 3.7% of patients. At North-
western we have abandoned the use of this compound because
of its skin toxicity.

Retinoids
Bexarotene 1% gel (Targretin) was approved by the US Food
and Drug Administration (FDA) for early-stage MF in 2000
and has become an important addition to skin-directed ther-
apies in limited disease, but it is extremely expensive and
causes frequent skin irritation, which makes it unlikely that
bexarotene gel would be used in patients with more than 10%
of skin involvement.62 Bexarotene gel is applied slightly to

patches or plaques and is most effective and best tolerated
when used twice daily. Topical bexarotene has been evaluated
in a dose-escalating trial with concentrations ranging from
0.1% to 1.0%.65 Median treatment duration with bexarotene
gel was 10.5 months. The CR rate was 21% with a 63% overall
response rate and a 75% response rate in treatment-naïve
patients. The median duration of remission was 24 months.
A multinational phase III study of patients with refractory
and/or persistent early-stage MF, treated with 1% bexarotene
gel in a dose frequency escalating fashion, demonstrated an
overall response rate of 44% with CR in 8%.66 The median
duration was less favorable at 7 months. A pilot study with
0.1% tazarotene gel, a widely used retinoic acid receptor
(RAR)-selective retinoid for psoriasis, was conducted in 20
patients with early-stage MF.67 Daily application for 6 months
resulted in similar responses compared to bexarotene gel and
may be an alternative approach to topical bexarotene.

Radiation
Patients with localized tumors (stage IIB) respond very well to
localized orthovoltage radiation. Granulomatous slack skin
may also benefit from radiation, although experiences are very
limited.1 TSEBT may be used in patients with more dissemin-
ated cutaneous disease. It is a treatment in which ionizing
radiation is administered to the entire skin surface penetrating
to the dermis. The standard total dose is 36Gy delivered with
electrons of at least 4MeV energy and fractionated over 8–10
weeks. Reported CR rates range from 40% to 98% among
patients with T1 and T2 stage; however, relapse rates are
high.68,69 These results were confirmed by a recent update
on 57 patients with T1/T2 stage.70 Twenty-one patients
(87.5%) with T1 and 28 patients with T2 (84.5%) achieved
CR. The median duration of remission was 26 months.
Long-term analysis revealed that 75% T1 patients and 25%
with T2 were disease-free after 5 years. Nearly all patients
developed skin-related side effects including erythema, telean-
giectasia, xerosis, nail dystrophy, and/or reversible alopecia.
An increased risk of non-melanoma skin cancer was not
observed. TSEBT may be repeated for palliative effects,
although at reduced doses. Adjuvant therapy including PUVA,
ECP, and IFN-a may improve the duration of response.
Improvement in disease-free survival, but not in overall sur-
vival, has been reported in T1/T2 patients treated with adju-
vant PUVA therapy.71

Systemic treatments
Interferon
IFN-a is one of the most effective single agents in the treat-
ment of CTCL. The available subtypes IFN-a2a (Roferon A)
and IFN-a2b (Intron A) do not differ in their activity and have
shown a wide range of biologic effects, including antiviral,
antiproliferative, and immunomodulatory. The exact mechan-
ism with which they exert their antitumor effects remains
unknown. Th-1 cytokines support cytotoxic T-cell-mediated
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immunity and it has been speculated that IFN-a maintains or
enhances a Th-1-cell population balance for an effective cell-
mediated response to malignant T lymphocytes. IFN-a was
first reported in 1986 by Bunn et al. for the treatment of
advanced and heavily pretreated MF/SS with an overall
response rate of 45%.72 Subsequent reported overall response
rates ranged from 29% to 74% of patients with median dur-
ations from 4 to 42 months.73–75 Higher response rates were
seen in early-stage MF patients.

IFN-a is generally given as long-term therapy, although the
optimal dose and duration in CTCL has not been established.
Various dosages and treatment schedules have been used. The
initial trials used very high doses, but significant toxicities in
nearly all patients have defined the limits of its clinical appli-
cation. Therapy should be initiated at low doses between 1 and
3million units (MU) three times weekly with gradual escalation to
9–12MU daily or as tolerated. The combination therapy IFN-a
and PUVA, first reported by Kuzel et al. in 1995, resulted in
very high response rates and showed superiority to other
combinations with retinoids or ECP.76 Thirty-nine patients
with advanced disease (IB–IVB) were treated with IFN-a2a
(12MU 3� weekly) and PUVA (3� weekly) with an overall
response rate of 92% and CR in 62% of patients. The median
duration was 28 months. The development of neutralizing
antibodies has been associated with IFN-a therapy with vari-
able impact on response rates. The IFN-a/PUVA combination
has been shown to inhibit the development of neutralizing
antibodies.77 Side effects are based on dosage and schedule
and can be divided into acute and chronic. Initially, almost
all patients develop temporary flu-like symptoms. Chronic side
effects can be anorexia, fatigue, depression, alopecia, cytope-
nia, and impaired liver function. Pegylated IFN-a, with the
advantage of once weekly injection, is more convenient to
administer than standard IFN-a, and has demonstrated similar
if not improved efficacy and tolerability in other malignancies.
A pilot study is currently being performed to investigate its
effects in patients with CTCL.

Retinoids/rexinoids
Retinoids are vitamin A derivatives that have important effects
on cell growth, terminal differentiation, and apoptosis and
have been used to treat CTCL since the early 1980s with
reported benefits in several small studies.62 Response rates
ranged from 44% to 67% with CR rates from 21% to 35%
and median response duration around 8 months. Common
effects consisted of skin and mucous membrane dryness. Bex-
arotene, a new retinoid X receptor (RXR)-selective retinoid,
was approved in 1999 for the treatment of relapsed/refractory
CTCL at early and advanced stages. In vitro studies have
shown that bexarotene treatment induces apoptosis in CTCL
cell lines and tumor regression in animal models, although its
precise mechanisms are unknown.78 The approval of bexaro-
tene capsules was based on two multicenter open-label phase
II–III clinical trials in 152 patients with early and advanced
stages of CTCL who had failed or were refractory to two or

more standard therapies.79,80 In the early-stage trial, 58
patients randomized to doses of 6.5, 300, or 650-mg/m2 daily
achieved response rates (defined as a greater than 50%
improvement in skin lesions) of 20%, 54%, and 67%, respect-
ively.79 Median time to response was 8 weeks. In the advanced-
stage trial with 94 patients, response rates of 45% and 55%
have been observed with daily doses of 300 or 650mg/m2,
respectively, and an overall response rate of 48%.80 However,
only 6% (6/94) of patients achieved a CR. Median duration of
response was short at 10 months. A significantly higher clinical
response to oral bexarotene was achieved in patients by control-
ling dose-limiting hypertriglyceridemia with two concomi-
tantly administered lipid-lowering agents compared to those
taking one or no lipid-lowering agents. Retrospectively col-
lected comparison data suggest that there may be little
difference in efficacy between the RXR-selective retinoid
bexarotene and the RAR-specific retinoid all-trans retinoic
acid (ATRA). The bexarotene-treated group had an overall
response rate of 21% compared to the ATRA-treated group
with 12%.81 Compared to previously published data, bexar-
otene achieved significantly lower response rates possibly
related to differences in response criteria and patient inclu-
sion criteria.

Bexarotene has been combined with other therapies such as
PUVA, IFN-a, IFN-γ, and extracorporal photopheresis (ECP)
in patients with advanced disease or refractory to prior treat-
ments.82 Bexarotene induces upregulation of the high-affinity
IL-2 receptor on T cells in vitro and provided the rationale for
combining bexarotene with IL-2 fusion protein (denileukin
diftitox, Ontak) to enhance susceptibility of malignant cells.83

In a phase I study using this combination approach in 14
patients with MF, 57% (8) of patients achieved a response,
with CR in 4 patients (28%).84

The most common significant side effects experienced in
both early- and advanced-stage trials were hypertriglyceride-
mia, hypercholesterolemia, central hypothyroidism, and leuko-
penia requiring additional treatment with lipid-lowering agents
such as statins, 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA)
reductase inhibitors, or fenofibrates, and thyroid hormone
replacement.79,80 The concomitant use of gemfibrozil (Gemcor)
is contraindicated as it increases plasma concentration of bexar-
otene and triglyceride levels, possibly related to cytochrome P450
3A4 isoenzyme inhibition. Oral bexarotene can be considered as
first-line treatment for patients with stage IB and higher as a
single agent or at reduced dose in combination with PUVA with
serum lipids and thyroid parameters carefully monitored. The
combined regimen may not increase response rates, but has the
advantage of decreased dose requirements for both PUVA and
bexarotene.

Extracorporeal photopheresis
Extracorporeal photopheresis (ECP)was approved in 1988 by the
FDA for the palliative treatment of patients with CTCL. It also
has been effective in the treatment of graft-versus-host disease
(GVHD) and autoimmune diseases. Circulating mononuclear
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cells are separated by a leukapheresis-based method, mixed with
8-MOP, exposed to UVA light (1–2 J/cm2) that activates the 8-
MOP causing cross-linking of DNA, and reinfused to the patient.
One suggested mechanism of action is induction of apoptosis
in circulating malignant T lymphocytes with subsequent
release of tumor antigens leading to a systemic antitumor
response against the malignant T-cell clone. Quite recently,
immunomodulatory effects via the induction of antigen-spe-
cific regulatory T cells have been suggested.85 Still, the rela-
tive importance of these findings for the treatment of CTCL
is not clear. Treatment is empirically given on two consecu-
tive days every 14–28 days. It usually takes several months to
see an improvement and is especially of benefit for both
erythrodermic MF and SS with circulating neoplastic T cells.
In 1987 Edelson et al. reported on preliminary results of the
first multicenter trial for ECP in CTCL with a PR or CR in
27 of 37 patients (73%).86 Of the responding patients 24
had exfoliative erythroderma. Mean time to response was
22 weeks. Subsequently performed studies on ECP have shown
various degrees of overall response rates ranging from 31% to
73% of patients when used as monotherapy.87 ECP has not
been found to be as effective in patients with cutaneous patch,
plaque, or tumor stages (IA to IIB).88 Optimal candidates for
ECP are patients with SS with less than 2 years of disease onset,
modest tumor burden and circulating neoplastic cells, and
almost normal counts of circulating CD8þ T cells and
natural killer (NK) cells. Prolonged response rates have been
reported when combined with IFN-a, bexarotene, granulo-
cyte colony-stimulating factor (G-CSF), or TESBT.87,89,90

Fludarabine with subsequent treatment with ECP seemed
to increase the response rate, although no survival benefit
was seen.91 In this non-randomized trial, overall response
rate was 63.2% versus 29.5% in patients with fludarabine
monotherapy. There have been few adverse events related to
ECP treatment including catheter-related infection and
hypotension caused by volume shifts.

Alemtuzumab
Monoclonal antibodies (mAb) can mediate antitumor effects
through three major mechanisms including intrinsic cyto-
toxic activity, antibody-dependent cellular cytotoxicity
(ADCC), and activation of complement-dependent cytolysis.
Alemtuzumab (Campath) is a humanized IgG1 mAb that
targets the CD52 antigen abundantly expressed on normal
and malignant B and T cells, but not on hematopoietic stem
cells. It is FDA-approved for the treatment of chronic
lymphoid leukemia (CLL). An update on alemtuzumab
reported more than 50% response rates with 32% CR in
two studies conducted with heavily pretreated relapsed/
refractory MF/SS patients.92 Results were most promising
in patients with SS. Median response duration was 12
months. The compound, however, can be associated with
significant hematologic toxicities and infectious complica-
tions consisting of reactivation of CMV, herpes zoster, mil-
iary tuberculosis, and pulmonary aspergillosis. In particular,

this can be a problem when used in heavily pretreated
patients. Cytopenias and prolonged immunosuppression
require prophylactic antibiotic, antiviral, and antifungal
treatment, and potential support with G-CSF. One group
observed adverse cardiac events such as congestive heart
failure, arrhythmia, and left ventricular dysfunction associ-
ated with alemtuzumab therapy. The availability of a sub-
cutaneous preparation has been of great value for patients
with SS with a favorable toxicity profile.

Denileukin diftitox
Denileukin diftitox (Ontak) is a recombinant fusion protein
that contains the portion of IL-2 that interacts with the IL-2R,
coupled to a component of diphtheria toxin. After binding to
the IL-2R on neoplastic T cells it is internalized and induces
apoptosis. The IL-2R consists of three subunits, the a-chain
(CD25), b-chain (CD122), and γ-chain (CD132). Denileukin
diftitox targets preferentially the intermediate-(b/γ-chain) and
high-affinity IL-2R (a/b/γ-chain) on malignant T lymphocytes.
The degree of CD25 expression is highly variable and dependent
on the tissue site. Current anti-CD25 antibodies only recognize
one component of the receptor and therefore can be inaccurate
in predicting response although investigators have recently
found evidence that the baseline level of CD25 expression on
skin biopsies in CTCL patients correlated with their clinical
response to denileukin diftitox.93 Denileukin diftitox has been
approved by the FDA in 1999 for the treatment of patients with
CTCL refractory to standard treatment options. In general,
response rates in patients with relapsed and refractory MF/SS
range from 30% to 37%.19 Adverse effects include acute infu-
sion-related events such as fever, rash, chills, dyspnea, and
hypotension, and later effects such as myalgias, elevated serum
transaminases, and vascular leak syndrome (VLS). The inci-
dence of acute infusion-related events and VLS was significantly
decreased with premedication of 8mg dexamethasone, in add-
ition to a significantly improved overall response rate of 57%
(8 of 14 patients). In vitro, bexarotene is known to upregulate
the expression of the high-affinity form of IL-2R in malignant
T cells enhancing their susceptibility to denileukin diftitox,
which prompted a phase II study with bexarotene combined
with denileukin diftitox using escalating doses of bexarotene up
to 300mg/m2. An overall response rate of 57% was seen in
mostly relapsed and refractoryMF/SS patients withmanageable
toxicities.84 However, all patients had been premedicated with
dexamethasone.

Histone deacetylase inhibitors
The degree of histone acetylation correlates with open chro-
matin, which allows various transcription factors access to the
promoters of target genes. These genes are silenced by histone
deacetylases, which remove acetyl groups from histones, which
form complexes with DNA (nucleosome). HDAC inhibitors
may restore the expression of tumor suppressor and/or cell
cycle regulatory genes by increasing the acetylation of histones.
Vorinostat (suberoylanilide hydroxamic acid or SAHA),
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romidepsin (depsipeptide, FK228), and LBH589 are potent
class I and II HDAC inhibitors and have shown in vitro and
in vivo cytotoxic activity against CTCL and various hemato-
logic malignancies and solid tumors.94–96

Vorinostat (Zolinza) is an oral inhibitor of histone acety-
lase and histone deacetylase regulatory enzymes and was
approved in 2006 by the FDA for the treatment of patients
with CTCL with stage IB and higher who had progressive,
persistent, or recurrent disease following two systemic therap-
ies. The recommended vorinostat dose is 400mg orally once
daily with food. Phase I trials supporting approval were con-
ducted at academic centers in the USA and Canada that
enrolled 74 patients with CTCL with stage IB and higher
who had failed two systemic therapies, one of which must have
been bexarotene.97 The overall response rate was modest with
PR seen in 22 of 74 patients (29.7%) with only one complete
responder observed. All patients received vorinostat at a dose
of 400mg once daily which could be reduced for toxicity to
300mg orally daily or 300mg orally five days a week. Median
duration of response was 168 days and median time to pro-
gression was 202 days.

A phase II trial assessed several dosing regimens. When
given to 33 heavily pretreated CTCL patients, vorinostat pro-
duced an overall response rate of 24.2% (8 patients).98 Inter-
mittent dosing was less effective than sustained dosing at
400mg/day. The 300mg twice-daily regimen had higher tox-
icity with no additional clinical benefit over the 400mg once-
daily regimen. No CR was observed.

Intriguingly, this study showed that nearly half of the patients
with CTCL also experienced significant pruritus relief with vor-
inostat therapy and, hence, a marked improvement in their
quality of life. The most common serious toxicities (grade 3
and 4) were thrombocytopenia, anemia, dehydration, vomiting,
hypotension, infection, sepsis, pulmonary embolism, and deep
venous thrombosis. These toxicities were reversible upon discon-
tinuation of the drug.

The mechanism of action of vorinostat in CTCL has not
been fully elucidated. Laboratory investigations have demon-
strated that vorinostat causes apoptosis in CTCL lines and in
malignant T cells of patients with CTCL.94 Furthermore, skin
biopsies of CTCL patients at baseline and during treatment
showed decreased vessel density, a decreased number of
dermal lymphocytes, and changes in p-STAT3 localization
after treatment.98 It is conceivable that vorinostat has pleio-
tropic effects affecting multiple pathways in CTCL and thus
may provide an advantage for advanced and/or refractory
stages with inactivation of several tumor suppressor genes
involved in DNA repair, cell cycle, and apoptosis signaling
pathways.99

Romidepsin is an HDAC inhibitor that is in phase II trials
for MF/SS after demonstrating activity in phase I studies. As
a single agent, it has achieved a reported overall and durable
response rate of 36% in patients with CTCL.100,101 In com-
bination with denileukin diftitox, romidepsin has shown
increased expression of the IL-2 receptor and cumulative

toxicity. LBH589 is another HDAC inhibitor currently in
phase II/III clinical development in patients with CTCL.
LBH589 has inhibited cell proliferation and induced apoptosis
in preclinical models and exhibited efficacy in advanced-
stage patients in phase I studies.96 Other HDAC inhibitors
such as LAQ824 and PXD101 (belinostat) are also under
investigation.

Single-agent chemotherapy
Oral chlorambucil, methotrexate, or etoposide have all been
used as single-agent chemotherapy with similar efficacy pro-
ducing complete responses of 25–35% in patients with
advanced stages IIB–IVB with a median response duration of
3–22 months. Among single-agent chemotherapies, pegylated
doxorubicin (Doxil) and the nucleoside analogs pentostatin
(deoxycoformycin, Nipent) and gemcitabine (20, 20-difluoro-
deoxycytidine, Gemzar) are reported to be particularly
effective.

Pegylated doxorubicin
The pegylated liposomal encapsulated anthracycline doxorubi-
cin was developed to decrease the risk of cardiotoxicity experi-
enced with conventional doxorubicin while preserving the
antitumor efficacy. Anthracyclines work by deforming the
DNA structure of tumor cells and terminating their biologic
function. Pegylated doxorubicin was empirically tested in MF/
SS patients and showed an overall response rate of 80% with
CR in six of ten patients (60%).102 More recent published
multicenter data of pegylated doxorubicin in 34 patients with
recurrent or recalcitrant CTCL revealed a response rate of
88.2%.103 Twenty-seven patients (79.4%) achieved CR with a
median duration of 12 months ranging from 9.5 to 44 months.
The drug is usually well tolerated and not associated with
alopecia.

Nucleoside analogs

The pyrimidine nucleoside analog gemcitabine is metabolized
intracellularly to its active metabolites gemcitabine diphos-
phate and triphosphate with the latter incorporated into
DNA resulting in inhibition of DNA synthesis and induction
of apoptosis. Gemcitabine has shown clinical activity in
patients with advanced CTCL with a low toxicity profile.104,105

It was investigated at two centers in a phase II trial at a dosage
of 1200mg/m2 (using traditional 3-weekly dosing every 28
days over 30 minutes) in 44 patients with clinical stage IIB–
IV MF/SS.104 Twelve percent of patients achieved CR and 26%
of patients achieved PR, with a median duration of 15 months
and 10 months, respectively. Gemcitabine at a similar dose
schedule achieved higher response rates in 32 patients with
untreated MF, peripheral T-cell lymphoma (unclassified), and
SS.105 The overall response rate was 75% with CR in 22% and
PR in 53% of patients. The reported median duration was 10
months.

Pentostatin is an FDA-approved purine analog for hairy
cell leukemia that inhibits adenosine deaminase. Adenosine
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deaminase deficiency, an inherited disorder that has been
found in patients with severe combined immunodeficiency
characterized by a deficiency of both B and T cells, provided
the rationale to use pentostatin in clinical trials for CTCL and
other non-Hodgkin lymphoma. The efficacy and toxicity of
pentostatin was evaluated in several non-randomized trials for
patients with T-cell malignancies. Only a limited number of
CTCL patients (3 to 18 patients) were included. The reported
median response rate was 41% (range 33–67%) with CR in 6%
(4) of patients.107 Various dosing regimens were applied
ranging from 4mg/m2 per week or biweekly, 5mg/m2� 3 days
every 28 days, or at 35- to 71-day intervals. More recently, the
MD Anderson experience in 32 MF/SS patients with stage IIB–
IV was presented. Patients were treated with 5mg/m2� 3 days
every 3 weeks with an overall response rate of 31% and 2/32
CR.106 Durations were usually short ranging from 1.3 to 16þ
months. Reported common side effects of pentostatin were
myelosuppression, infection, gastrointestinal, and elevated
liver function tests.

Fludarabine (9-b-D-arabinosyl-2-fluoroadenine) and cla-
dribine (2-chlorodeoxyadenosine, 2-CdA, Leustatin) are halo-
genated purine analogs that are resistant to degradation by
adenosine deaminase. Both are metabolized to their triphos-
phate forms, which lead to the inhibition of ribonucleotide
reductase, DNA polymerases, and DNA repair. Experience with
fludarabine as monotherapy is limited. Results of a multicenter
study with 31 patients with advanced disease showed a modest
response rate of 19% with CR in 3% of patients.108 Fludarabine
is associated with significant and long-lasting myelosuppres-
sion. Two studies with 2-CdA in refractory advanced-stage
disease conducted by Kuzel et al. and Saven et al. showed an
overall response rate in 28% and 47% of patients with CR in 14%
and 20% of patients with short duration.109,110 The most
significant toxicities encountered were prolonged myelosup-
pression and infectious complications.

Two non-randomized studies have evaluated IFN-a com-
bined with fludarabine or pentostatin. Response rates have not
shown to be superior to single-agent or IFN-a therapy.111 As
aforementioned, fludarabine with sequential ECP has
increased response rates, but did not affect overall survival.91

Temozolomide

Temozolomide, an oral analog of dacarbazine (DTIC) that is
used for metastasized melanoma, exerts its main cytotoxic
effects by the alkylation of DNA. It has shown activity in a small
number of patients with relapsed MF and SS.112 Temozolomide
is currently being evaluated in a phase II trial for patients with
refractory advanced stages of MF/SS.113 Patients with MF/SS
have been shown to have low levels of DNA repair enzyme O6

alkylguanine DNA alkyltransferase (AGT) and may be particu-
larly sensitive to this alkylator.114 Preliminary data have been
reported with amore than 50% decrease in tumor burden in 5 of
19 evaluable patients withMF/SS (26%) with a median duration
of 4 months. Twelve of 16 patients tested did not express AGT.
Patients with AGT expression did not respond to treatment.

Multiagent chemotherapy
There were no randomized trials comparing combined regimens
with single-agent regimens. However, combination approaches
with anthracycline-based therapies have been shown to achieve
higher response rates, although a prolonged relapse-free or over-
all survival has not been seen. A retrospective study on 81
patients with primary cutaneous lymphomas (46 primary
cutaneous B-cell lymphomas and 35 CTCL) treated with
cyclophosphamide, vincristine, and prednisone (COP) or
cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) regimens reported an overall response rate of 40% in
CTCL patients with CR in 23% of patients. The median
response duration was 5.7 months and median survival was
19 months.115 A phase II trial with the etoposide, vincristine,
doxorubicin, cyclophosphamide, and oral prednisolone
(EPOCH) regimen in 15 patients with refractory CTCL
resulted in an overall response rate of 80%.116 Twenty-seven
percent (4) of patients achieved a CR, and 53% (8) of patients
achieved a PR with a median duration of 8 months and overall
survival of 13.5 months. Significant hematologic toxicity
occurred in eight patients (53%). A more recently published
combination approach with ESHAP (etoposide, cisplatin,
high-dose cytarabine, prednisolone) showed no advantage in
patients with advanced CTCL compared to previously
reported results. ESHAP resulted in a CR in 2 patients of 11
treated, with short duration of PR in 7 patients, while severe
toxicity was observed in 90% of patients, especially myelosup-
pression and infectious complications.

Stem cell transplantation
The concept of high-dose combined chemotherapy followed
by autologous SCT (ASCT) or peripheral blood stem cell
support has curative potential in various non-Hodgkin
lymphomas, but experience in CTCL is limited. ASCT has
yielded disappointing results. Despite reported effective
responses with CR in most patients treated, relapses are
frequent and may occur rapidly.117,118 Allogeneic transplants
are known to achieve much more durable CR, most likely
due to an immune-mediated graft-versus-lymphoma (GVL)
effect. Response durations as far as 6 years post-transplant
have been reported suggesting that it may be a curative
option.119 It does, however, carry a higher risk of treat-
ment-related mortality including life-threatening infections
and GVHD. Reduced-intensity non-myeloablative (mini)
allogeneic SCT potentially offers a GVL effect with lesser
toxicities related to the conditioning regimen. A recent
series of three young patients with advanced, refractory
CTCL, who underwent non-myeloablative allogeneic trans-
plantation, demonstrated only brief periods of disease remis-
sion, despite the evidence of GVL effects, indicating that
there was insufficient GVL effect to control the disease.120

Allogeneic SCT should be a consideration in younger
patients with aggressive and advanced disease resistant to
standard treatment options as a potentially curative option.
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Investigational treatments
Monoclonal antibodies
Therapeutic effects of a chimeric (mouse/human) anti-CD4 anti-
body had been observed as an active agent inMF/SS as early as in
1991. Zanolimumab is a fully human anti-CD4 (IgG1k) mAb
that targets the CD4 receptor expressed on T-helper/memory
cells. The major mechanism of action for zanolimumab is
believed to be through antibody-dependent cellular cytotoxicity.
In vivo analyses have indicated that zanolimumab depletes the
activated CD4þ CD45ROþ T-cell memory subset. The efficacy
and safety of zanolimumab in patients with refractory CTCL has
been assessed in two multicenter, open-label phase II trials.121

Forty-seven patients with treatment refractoryCTCL (38 patients
with MF, 9 with SS) were included. Patients received 17 weekly
infusions of zanolimumab (early-stage patients, 280 or 560mg;
advanced-stage patients, 280 or 980mg). A clinical response
according to the Composite Assessment of Index Lesion Disease
Activity Score and Physician’s Global Assessment was reported
in 13 patients with early and advancedMF and 2 patients with SS.
A higher response rate of 56% with a median duration of
81 weeks was achieved with greater doses in early and advanced
stages. In general, treatment was well-tolerated with no dose-
related toxicities. The most frequently reported adverse events
included low-grade infections and eczematous dermatitis similar
to erythroderma and seborrhea seen in patients with advanced
HIV. A pivotal phase III study is ongoing.

Cytokines
Immunomodulatory cytokines are thought to enhance cyto-
toxic cell-mediated activity. Human recombinant IL-2 (rIL-2)
has raised interest because of its ability to induce regression in
a minority of patients with CTCL. Recent results of a phase II
study with subcutaneous rIL-2-based therapy could not repro-
duce similar efficacy compared to previous reports.122 Overall
response rate of 18% and median response duration of 3
months suggest that subcutaneously administered rIL-2 is
largely ineffective as therapy in patients with relapsed and
refractory CTCL. Treatment with IL-12 achieved higher
response rates of 43% in 23 patients.123 An increased level of
CD8þ and/or TIA-1þ T cells in regressing cutaneous lesions
suggested induction of a cytotoxic-T-cell antitumor response.

Immunomodulatory agents
Host immune function appears to play an integral role in
mediating responses in MF. Toll-like receptor (TLR) agonists
such as imiquimod (Aldara) and CpG-7909 enhance immune
responses via activation of TLR-7, 8, and/or 9. CpG-7909 (CpG
oligonucleotide) is a TLR-9 agonist known to induce Th-1-
induced immune responses via dendritic cell activation.
Preliminary results demonstrate that the cytotoxic CD8þ
T-cell population increased within tumor infiltrates after
systemic administration.124 Due to the small number of
patients, results are inconclusive without frank evidence
of efficacy. Lenalidomide (CC-5013, Revlimid), an oral

immunomodulatory thalidomide analog, is currently being
used in clinical trials to treat various hematologic malignancies
and solid tumors. The immunomodulatory properties such as
T-cell co-stimulation with induction of Th-1 cytokine produc-
tion and cytotoxic activity along with antiangiogenic, antipro-
liferative, and proapoptotic properties provided the rationale
to use this agent in patients with MF/SS. Preliminary data from
an ongoing phase II trial have shown efficacy in heavily pre-
treated patients with advanced MF/SS with mild toxicities.125

Proteosome inhibitors
The proteosome inhibitor bortezomib has been approved by the
FDA for the treatment of multiple myeloma and mantle cell
lymphoma. A phase II trial of bortezomib has demonstrated
activity in previously treated patients with CTCL.126 Patients
received a traditional dose of 1.3mg/m2 intravenously on days
1, 4, 8, and 11, every 21 days for a total of six cycles. The ten
patients with MF had an overall response rate of 70% (one CR
and six PR). The CR has exceeded 12 months and three of the
PRs remained in remission at 14, 4, and 7 months at the time of
the report. The most common side effect included grade 3
neutropenia, thrombocytopenia, and sensory neuropathy.

Survival and outcome
The prognosis of patients with MF is excellent in early stages
with a low mortality risk. Patients with early stage (IA–IIA)
MF should be treated with skin-targeted modalities to achieve
CR. In most instances therapies are not curative and recur-
rences of disease occur frequently; however, the long-term
survival is not affected by relapse status. At later stages,
patients have a decreased survival, with most deaths caused
by infections due to the impaired immune system. Stage-
dependent therapies are thought to decrease the risk of further
disease progression and transformation into aggressive large-
cell lymphoma. In the past, most investigational and standard
treatment strategies have focused on physical measures for the
primary end point of efficacy. CTCL is a disease with visible
manifestations commonly accompanied by pruritus, burning
sensations, and pain with a significant detriment to patients’
quality of life.127

Patients with clinical stage IB have a higher chance (20%)
of disease progression compared to patients with clinical stage
IA disease (10%). Patients with advanced-stage (IIB–IVB) MF/
SS have a significantly decreased survival. Data published in
the literature show a 5-year survival of 40% for stage IIB and
25% for stage III. Treatment goals should be disease palliation,
improvement of survival, and improvement of quality of life.
No regimen has been proven to prolong survival in advanced
stages; therefore, immunomodulatory regimens should be
used initially to reduce the need for cytotoxic therapies with
more damaging side effects. Treatment-associated toxicities
can be pronounced particularly in elderly patients with comor-
bid medical conditions, poor performance status, and/or
severe skin disease or in patients whose life expectancy is short.
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Dose adjustments in those patients are often required to pre-
serve quality of life as treatment is always regarded to be
palliative and greater disease elimination does not outweigh
the increased risk for toxicities.

The development of new biologic therapies, chemothera-
pies, and combinations thereof and the participation in
national and international studies offers patients with CTCL
various treatment options.
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Chapter

23 Central nervous system lymphoma

Elizabeth R. Gerstner and Tracy T. Batchelor

Introduction
Central nervous system (CNS) lymphoma may be isolated to
the brain or leptomeninges in the absence of systemic disease
(primary CNS lymphoma) or may occur as a neurologic com-
plication of systemic lymphoma (secondary CNS lymphoma),
usually in the form of leptomeningeal dissemination.

Primary CNS lymphoma
Primary central nervous system lymphoma (PCNSL) is an
uncommon variant of extranodal non-Hodgkin lymphoma
(NHL) that can affect multiple parts of the neuraxis including
the eyes, brain, leptomeninges, or spinal cord. PCNSL
accounts for approximately 3% of all the primary CNS tumors
diagnosed each year in the United States and approximately
2–3% of all cases of NHL diagnosed each year. The incidence
of PCNSL has increased over the past three decades, largely
because of the human immunodeficiency virus (HIV) pan-
demic, but recent data suggest that the incidence has stabilized
or is decreasing.1 Acquired or congenital immunodeficiency is
the only established risk factor for PCNSL.

Since PCNSL is a rare malignancy, it has been challenging
to study, which partially explains why it has been difficult to
establish an effective standard of care for this type of lymph-
oma. In PCNSL, remission may be achieved for a few years but
the tumor relapses in most cases. This chapter will focus on
non-HIV-related CNS lymphoma since HIV-associated
lymphomas are covered elsewhere.

Pathology and biology
Approximately 90% of non-HIV-associated PCNSL cases are
diffuse large B-cell type with the remaining 10% consisting of
poorly characterized low-grade lymphomas, Burkitt lymph-
omas, or T-cell lymphomas.2 Less is known about these latter,
rare forms of PCNSL. Low-grade lymphomas are typically
B cell as well and are analogous to systemic low-grade lymph-
omas. Prognosis is more favorable for low-grade CNS lymph-
oma.3 T-cell lymphomas are pathologically heterogeneous and

most appear to arise subcortically leading to a greater inci-
dence of seizures in these patients.4 A single patient has been
reported with natural killer/T-cell CNS lymphoma.5 Burkitt
lymphoma with or without Epstein–Barr virus (EBV) infection
and neurolymphomatosis are very rare variants of CNS
lymphoma.

The more common diffuse large B-cell type of PCNSL is
angiocentric and composed of immunoblasts or centroblasts
that cluster around small cerebral vessels (Figure 23.1). Reactive
T-cell infiltrates can also be present in varying degrees, some-
times making it difficult for a pathologist to discriminate
between PCNSL and a reactive process. The presence of T-cell
infiltrates is associated with a better prognosis for PCNSL
patients.6 PCNSL likely arises from late germinal center or
post-germinal center extraneural lymphoid cells and may local-
ize to the CNS because of a poorly understood neurotropism.7

Few systematic studies of the molecular pathology of
PCNSL have been performed largely due to the lack of adequate
tumor specimens for research purposes. The vast majority of
PCNSL patients are diagnosed by stereotactic needle biopsy so
that most of the tissue specimen is consumed by the diagnostic
evaluation. Nevertheless, sharing of tissue specimens across
multiple institutions has led to some preliminary observations
highlighting the unique biologic properties of PCNSL as com-
pared to systemic NHL. Immunophenotyping demonstrated
that the majority of PCNSLs express BCL6, a germinal center
marker, and MUM-1, a marker of activated B cells. Gene
expression studies have demonstrated three gene “signatures”
associated with PCNSL analogous to the signatures identified
in systemic diffuse large B-cell lymphomas: germinal center
B-cell (GCB), activated B-cell (ABC), and type 3 large B-cell
lymphoma.8 Brain lymphoma is distinguished from nodal large
B-cell lymphoma by expression of regulators of the unfolded
protein response (UPR) signaling pathway, by the oncogenes
c-MYC and Pim-1, and by distinct regulators of apoptosis.
Interleukin-4 (IL-4), a B-cell growth factor, is expressed by both
tumor vessels and tumor cells in PCNSL but not in normal
brain endothelia. Several IL-4-associated genes are highly
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expressed in PCNSL including X-box binding protein 1
(XBP-1), a regulator of the UPR. The expression of UPR-related
genes is important for cell survival under stressful conditions
such as hypoxia so activation of this pathway may promote
tumor cell survival as well. There is also expression of STAT6,
a mediator of IL-4 signaling, by tumor cells and tumor endo-
thelia in PCNSL. High expression levels of STAT6 are associ-
ated with short survival in PCNSL patients treated with high-
dose methotrexate.8 In addition, extracellular matrix genes,
particularly those involved in cell adhesion, were found to be
upregulated.9

Clinical features
As in most CNS disorders, the presentation of PCNSL tends to
reflect the location of the tumor. A single brain mass is
observed in 70% of patients at the time of diagnosis.10,11

In 248 immunocompetent patients diagnosed with PCNSL,
43% had neuropsychiatric signs, 33% had symptoms or signs
of increased intracranial pressure, 14% had seizures, and
4% had ocular symptoms.10 Seizures tend to be less common
than with other types of brain tumors probably because the
disease involves predominantly subcortical white matter rather
than epileptogenic gray matter. Typically, patients do not
present with B symptoms such as fever, weight loss, or night
sweats.

Primary intraocular lymphoma (PIOL) of the retina, vitre-
ous, and optic nerve without other CNS or systemic involve-
ment is a rare subtype of PCNSL. In addition, 10–20% of
patients with PCNSL are found to have concurrent ocular
involvement. Patients with ocular lymphoma often complain
of non-specific symptoms like floaters and blurred vision. As
many as 80% of patients with PIOL have bilateral disease and
approximately 56–80% of patients eventually develop leptome-
ningeal or brain parenchymal disease.12–15 However, in the
largest published series of PIOL cases aggressive treatments
including whole brain radiation or systemic chemotherapy did

not improve progression-free survival (PFS) or overall survival
(OS) over ocular-focused treatment alone.14

Diagnostic evaluation
The International PCNSL Collaborative Group (IPCG) has
established guidelines for the diagnostic evaluation of a patient
with suspected PCNSL (Table 23.1).16 These guidelines are
important for establishing the extent of disease for PCNSL
patients and for confirming that disease is limited to the
CNS. Contrast-enhanced MRI (contrast-enhanced CT if MRI
is not obtainable), lumbar puncture if not contraindicated,
complete ophthalmologic examination, CT of the chest/abdo-
men/pelvis, and bone marrow biopsy should be done in all
newly diagnosed patients. The cerebrospinal fluid (CSF) speci-
men should be analyzed for cell count, protein, glucose,
cytology, flow cytometry, and immunoglobulin heavy chain
(IGH) gene rearrangement. IGH gene rearrangement has been
reported to have a specificity of 97% but a sensitivity of only
54% for detecting the presence of B-cell clonality.17 Blood tests
for HIV, complete blood count, basic metabolic panel, and
lactate dehydrogenase (LDH) level are also recommended.
Testicular examination should be performed in all male
patients and testicular ultrasound should be considered. The
role of body positron emission tomography (PET) imaging has
not been defined but may offer another important tool to
screen for the possibility of asymptomatic systemic lymphoma.

The search for occult systemic lymphoma has become
increasingly important as disease may not be restricted to
the nervous system in a subpopulation of patients with CNS
lymphoma. In a study of 24 “primary” CNS lymphoma
patients, Jahnke et al. used polymerase chain reaction (PCR)
for analysis of clonally rearranged IGH genes. Identical dom-
inant PCR products were identified in the bone marrow aspir-
ates, blood samples, and tumor biopsy specimens in 2/24
patients. In one of these patients, follow-up IGHPCR24months
after diagnosis yielded a persistent monoclonal blood product
despite a complete response in the CNS. In addition, an oligo-
clonal pattern of IGH rearrangement was identified in the
tumor biopsy specimen, bone marrow aspirate, and peripheral
blood from an additional two patients.18 These studies suggest
that a subset of patients with “primary” CNS lymphoma actu-
ally harbor occult systemic lymphoma. Prospective, long-term
follow-up studies will be necessary to further elucidate the
frequency and importance of subclinical systemic disease in
CNS lymphoma patients and whether the presence of these
monoclonal cell populations increases the risk of systemic
relapse.

Neuroimaging
Contrast-enhanced cranial MRI is the imaging modality of
choice in evaluating a patient for the diagnosis of PCNSL
(Figure 23.2). If MRI is not possible or is contraindicated, a
contrast-enhanced cranial CT scan is recommended. PCNSL
tends to enhance homogeneously on both MRI and CT, is

Figure 23.1 Microscopic section from a tumor specimen in a patient with
PCNSL. The tumor cells are pleomorphic with large nuclei and a coarse
chromatin pattern. Tumor cells are clustered around a cerebral blood vessel
in a pattern typical for PCNSL. (Hematoxylin and eosin stain.)
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iso- or hyperintense on T2 images, and may be bright on
diffusion-weighted images. In immunocompetent patients,
lesions are solitary in 65% of cases and are located in the
hemisphere (38%), thalamus/basal ganglia (16%), corpus cal-
losum (14%), periventricular region (12%), and cerebellum
(9%).20 Isolated spinal cord involvement is rare and observed
in < 1% of cases so spinal imaging is only needed if warranted
based on clinical suspicion or to screen for leptomeningeal
involvement if lumbar puncture cannot be performed.

Prognostic markers
The identification of prognostic markers in PCNSL enables
physicians to discuss prognosis with individual patients and
may eventually allow the application of risk-adjusted thera-
peutic strategies. In addition, knowledge of important prog-
nostic markers is critical for the design and analysis of clinical
trials.

In one review, the International Extranodal Lymphoma
Study Group (IELSG) identified age older than 60, Eastern
Cooperative Oncology Group (ECOG) performance status
greater than 1, elevated serum LDH level, high CSF protein
concentration, and involvement of deep regions of the brain as
independent predictors of worse prognosis.21 The 2-year sur-
vival rates were 80%, 48%, and 15% in patients with 0–1
factors, 2–3 factors, and 4–5 factors, respectively.

In another study, investigators divided patients with
PCNSL into three groups: those < 50 years of age, those
� 50 years of age with a Karnofsky performance status (KPS)
� 70, and those � 50 years of age with a KPS < 70.22 Based on
these divisions, significant differences in OS and failure-free
survival were observed. As these variables are easily obtained
in virtually all subjects (patients often do not have all the
IELSG prognostic markers at diagnosis), this model may prove
useful in future clinical trials for risk stratification.

The search for biomarkers of prognosis for patients with
PCNSL is an active area of investigation. BCL6, a tumor
suppressor gene expressed in 22–100% of patients,23–25 has

been associated with improved prognosis. Both PFS (20.5
months vs. 10.1 months)26 and OS (101 months vs. 14.7
months)23,27 are longer in PCNSL patients with BCL6 expres-
sion. These findings are consistent with the observation
that BCL6 expression is a favorable prognostic marker in
patients with systemic NHL.25,28,29 As noted above, expression
of STAT6 was associated with shorter survival in PCNSL
patients.

Treatment
As with systemic forms of NHL, the available treatment
options for PCNSL include corticosteroids, chemotherapy,
and radiation. Resection of PCNSL is not a viable treatment
option except in the atypical patient experiencing acute brain
herniation due to increased intracranial pressure. The relative
rarity of PCNSL makes studying the disease difficult so the
optimal treatment is still debated. The IPCG has recom-
mended guidelines for assessing response to treatment in an
attempt to standardize the study of the disease and allow
comparison across individual phase II trials (Table 23.2).16

The “IPCG criteria” should be adopted in prospective clinical
trials for this rare disease.

Corticosteroids
Corticosteroids alone produce tumor regression on neuroima-
ging studies in 40% of patients likely through direct tumor cell
lysis and reduction of tumor-associated edema.30 Moreover,
initial radiographic response to corticosteroids in newly diag-
nosed PCNSL patients is a significant favorable prognostic
marker with survival of 117 months in responders versus
5.5 months in non-responders.31 However, despite this initial
response to corticosteroids, patients typically relapse quickly
and require alternate treatment strategies. Moreover, cortico-
steroids should be withheld if possible prior to a diagnostic
biopsy since these drugs may cause significant tumor lysis
leading to diagnostic inaccuracy at the time of microscopic
analysis.

Table 23.1. International Primary CNS Lymphoma Collaborative Group (IPCG) guidelines for baseline evaluation for clinical trials

Pathology Clinical Laboratory Imaging

Centralized review of
pathology

Complete medical and neurologic
examination

HIV serology Contrast-enhanced cranial
MRIa

Immunophenotyping Dilated eye examination including slit
lamp evaluation

Serum LDH level CT of chest, abdomen, and
pelvis

Record prognostic factors (age,
performance status)

CSF cytology, flow cytometry, IGH
PCR

Bone marrow biopsy with
aspirate

Serial evaluation of cognitive functionb 24-hour urine collection for
creatinine clearancec

Testicular ultrasound in
elderly males

Note: aContrast-enhanced cranial CT should be obtained in patients who have a contraindication for MRI or who cannot tolerate MRI.
bMini-mental status examination is used commonly although improved instruments are being developed.
cFor patients who will receive high-dose methotrexate.
Source: Adapted from Abrey et al.16
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Surgery
Attempts at gross total resection have been unsuccessful in
improving survival in patients with PCNSL mostly because of
the infiltrative nature of the tumor.32 In addition, PCNSL is a
multifocal cancer involving the leptomeninges, the eyes, or
the deep regions of the brain making total tumor resection
impossible. Median survival following surgery alone is only
1–4 months.33 Consequently, once the diagnosis is achieved
with stereotactic biopsy, surgery has little role in the manage-
ment of PCNSL.

Radiation
Whole brain radiation therapy (WBRT) was historically the
modality of choice to treat PCNSL given the multifocal and
infiltrative nature of the tumor. However, WBRT alone is

inadequate therapy in PCNSL patients with CSF dissemination
of their tumor. Initial radiographic response to WBRT is
achieved in 90% of PCNSL patients but relapse usually occurs
within a few months.34 In studies of patients receiving WBRT
alone, the median OS varied from 13 to 18 months and 5-year
OS was 18–35%.35,36 A radiation dose–response relationship
exists for PCNSL as dose reduction from 45Gy to 30Gy might
increase the risk of relapse.37 Considering the significant neu-
rotoxicity associated with WBRT, especially in persons over
the age of 60, hyperfractionated WBRT (in addition to chemo-
therapy) has been proposed as a method to reduce radiation-
associated toxicity to the brain. Unfortunately, this approach
does not eliminate neurotoxicity but does delay the onset of
neurotoxicity.38 Consequently, while WBRT is effective for the
initial control of disease, it produces delayed neurotoxicity,

(a) (b)

(c) (d)

Figure 23.2 Axial CT images in a patient with
PCNSL (a and b). The first CT image without
contrast (a) shows an infiltrative mass that
expands the splenium of the corpus callosum
(asterisk) and spreads into the right parietal lobe
(single arrow), which is isodense with respect to
gray matter. After administration of contrast (b),
the masses enhance homogeneously. Mild low
attenuation edema surrounds the lesions (double
arrows). Reprinted with permission from Batchelor
et al. N Engl J Med 2005; 352:185–94.19 Figures 23.2
(c) and (d) show axial MR images of the same
patient in (a) and (b). An axial T2-weighted MR
image (c) shows that the splenial (asterisk) and right
parietal (single thick arrow) lesions are isointense
with respect to gray matter. Right parietal edema
is T2-hyperintense (double arrows). An axial
T1-weighted MR image after contrast (d) shows
that the lesions enhance intensely. Linear
enhancing structures emanating from the corpus
callosum indicate tumor spread through the
Virchow–Robin perivascular spaces in a pattern
characteristic for PCNSL (single thin arrows).
Adjacent edema is T1-hypointense (double arrows).
Permission from NEJM.

Chapter 23: Central nervous system lymphoma

452



especially in those older than 60, causing cognitive deficits and
diminishing quality of life. For this reason, WBRT is often
deferred in patients > 60 with newly diagnosed PCNSL.

Combined modality therapy
Considering the disappointing outcomes with surgery or radi-
ation alone, chemotherapy was added to WBRT in an attempt
to improve survival. Numerous studies with various chemo-
therapy drugs have been reported in PCNSL and there is no
compelling evidence for the superiority of any one regimen
(Table 23.3). Typical agents used to treat systemic NHL
(ex. cyclophosphamide, doxorubicin, vincristine as components
of CHOP) are associated with limited blood–brain barrier (BBB)
penetration so have limited efficacy in PCNSL. Methotrexate
(MTX), a folate antagonist that interferes with DNA synthesis,
is the most effective agent for PCNSL but has limited penetra-
tion into the CNS because of its high degree of ionization at
physiologic pH. Using microdialysis catheters, investigators
measured the penetration of 12 g/m2 of IV methotrexate into
brain tumor tissue.54 The ratio of brain extracellular fluid MTX
to plasma MTX was only 0.13. This low penetration is an
important reason that high-dose MTX (HD-MTX, � 3.5 g/m2)
is necessary to achieve cytotoxic intratumoral concentrations.
In addition to dose, infusion duration appears to be important;
a 3-hour infusion of 100mg/kg of MTX resulted in greater
tumor shrinkage than a 6-hour infusion.55

Combination regimens involving MTX andWBRT are asso-
ciated with a radiographic response in > 50% of patients and a
2-year survival of 43–73%.30 In a retrospective study, Shenkier
et al. reviewed the response to three different treatment strategies
over 13 years:WBRTwith orwithoutCHOP(cyclophosphamide,
doxorubicin, vincristine, and prednisone); combined modality
treatment with MTX (1 g/m2) andWBRT; or HD-MTX (8 g/m2)
alone. Only age> 60, elevated LDH, and omission of MTX were

associated with a worse outcome – otherwise OS was similar
across the different strategies.56

Because of this demonstrated efficacy, MTX forms the
backbone of most combined modality regimens and most are
associated with similar survival rates, but it is the toxicity that
varies among the different regimens. There is no consensus on
which specific combination is superior. One commonly used
combination regimen involving MTX, vincristine, procarba-
zine, cytarabine, and WBRT was associated with an overall
response rate (ORR) of 91%, a PFS of 24 months, and an OS of
36.9 months.41 Toxicity was notable for 8 patient deaths and
12 cases of clinically significant neurotoxicity in the 98 patients
studied. A subsequent study administered a lower dose of post-
chemotherapy WBRT (23.4Gy) to patients who achieved a
complete response (CR) to chemotherapy and full-dose WBRT
(45Gy) to those who did not.45 Overall 2-year survival was
estimated to be 67% and no treatment-related neurotoxicity
was observed. In a multicenter trial using MTX, teniposide,
carmustine, methylprednisolone, intrathecal (IT) MTX, IT
cytarabine, and WBRT an ORR of 81% and median OS of
46 months was observed, but 10% of patients died from treat-
ment-related complications.42 Toxicity was deemed excessive
when MTX (3.5 g/m2) was combined with IDHAP (idarubicin,
dexamethasone, cytarabine [cytosine arabinoside; Ara-C], cis-
platin) and bromodeoxyuridine, an agent to enhance the lytic
effects of WBRT.57 While the ORR reported in these studies is
encouraging, the high frequency of treatment-related toxicity
is a significant concern.

A common finding in these trials is that patients who
respond to initial chemotherapy have improved outcomes. In
a review of 55 consecutive PCNSL patients treated at a single
center, patients who could not tolerate MTX had a median
survival of 46 days while those < 60 years old who achieved a
CR with MTX-based treatment had a median survival of

Table 23.2. International Primary CNS Lymphoma Collaborative Group (IPCG) guidelines for response assessment for clinical trials

Response Brain imaging Corticosteroid dose Eye exam CSF cytology

CR No enhancing disease None Normal Negative

CRu No enhancing disease Any Normal Negative

Minimal enhancing disease Any Minor RPE abnormality Negative

PR 50% decrease in
enhancement

NA Minor RPE abnormality or normal Negative

No enhancing disease NA Decrease in vitreous cells or retinal
infiltrate

Persistent or
suspicious

PD 25% increase in enhancement NA Recurrent or new disease Recurrent or positive

Any new site of disease

SD All scenarios not covered by responses above

Notes: CR: complete response; CRu: unconfirmed complete response; PR: partial response; PD: progressive disease; RPE: retinal pigment; SD: stable disease; NA: not
available.
Source: Adapted from Abrey et al.16
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Table 23.3. Selected treatment studies

Chemotherapy regimen n IT chemo WBRT CR PR OS (mo) PFS (mo)

Chemotherapy with RT

Abrey et al.,
200039

MTX (3.5 g/m2),
procarbazine, vincristine,
cytarabine

52 MTX 45Gy 87%
(45/52)

8%
(4/52)

60 NA

Ferreri et al.,
200140

MTX (3 g/m2), procarbazine,
vincristine

13 None 36–45 Gy 77%a

(10/13)
15%a

(2/13)
2-yr survival
80%

25þ

DeAngelis
et al., 200241

MTX (2.5 g/m2),
procarbazine, vincristine,
dexamethasone, cytarabine

102 MTX 45Gy 58%a

(29/50)
36%a

(18/50)
36.9 24

Poortsmans
et al., 200342

MTX (3 g/m2), teniposide,
carmustine

52 Cytarabine,
MTX

30Gy with
10Gy boost

69%
(36/52)

12%
(6/52)

46 NA

Omuro
et al., 200543

MTX (1 g/m2), thiotepa,
procarbazine

17 MTX 41.4 Gy with
14.4 Gy boost

76%
(13/17)

12%
(2/17)

18 32

Gavrilovic
et al.,
200639,44b

MTX (3.5 g/m2),
procarbazine, vincristine,
cytarabine

57 MTX 45Gy in those
< 60 yo

56%
(27/48)

33%
(16/48)

51 129

Shah et al.,
200745

MTX (3.5 g/m2), rituximab,
procarbazine, vincristine,
cytarabine

30 None 23.4 Gy if CR,
45 Gy if not CR

77%
(23/30)

NA 2-yr survival
67%

40c

Yamanaka
et al., 200746

MTX (1 g/m2), rituximab,
pirarubicin, procarbazine,
prednisone

11 None Deferred if
> 60 yo, 20 Gy
given for CR
after chemo

55%a

(6/11)
36%a

(4/11)
NA (54þ/�
40% at 2 yrs)

NA

Chemotherapy without RT

Pels et al.,
200347

MTX (5 g/m2), vincristine,
ifosfamide,
dexamethasone,
cyclophosphamide,
cytarabine, vindesine

65 Prednisolone,
MTX,
cytarabine

None 61%
(37/61)

10%
(6/65)

50 21

Hoang-
Xuan et al.,
200348

MTX (1 g/m2), lomustine,
procarbazine,
methylprednisolone

50 Cytarabine,
MTX

None 42%
(21/50)

6%
(3/50)

14.3 10.6

Gerstner
et al.,
200849,50b

MTX (8 g/m2) 25 None None 48%
(12/25)

NA 55.4 12.8

Intra-arterial chemotherapy

McAllister
et al., 200051

IA MTX after BBBD with
mannitol, IV
cyclophosphamide,
etoposide

74 None None 65%
(48/74)

19%
(14/74)

40.7 NA

Doolittle
et al., 200052

IA MTX (5 g total dose),
cyclophosphamide,
etoposide after BBBD
mannitol

53 None None 75%
(40/53)

15%
(8/53)

NA NA

Sonoda
et al., 200753

IA ACNU 63 None 36–50 Gy 75%
(43/57)

25%
(14/57)

39 26

Note: aPrior to RT – post-RT results not available.
bThis study is an update of a previous study.
cEstimated.
RT: radiation therapy; MTX: methotrexate; IT: intrathecal; IA: intra-arterial; IV: intravenous; BBBD: blood–brain barrier disruption; ACNU: nimustine; NA: not available.
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56 months. However, 40% of the patients did not complete
chemotherapy because of toxicity or disease progression.58

Chemotherapy alone
The combined modality protocols enumerated above are often
associated with delayed neurotoxicity, particularly in those
patients older than 60 years who received WBRT. Because of
this high frequency of neurotoxicity, there has been interest in
studies of chemotherapy alone, reserving WBRT for patients
who relapse.

In a phase II, multicenter study of 25 patients using IV
MTX (8 g/m2), the outcomes included a CR proportion of
52%, PFS of 12.8 months, OS of 55.4 months and median
disease-specific survival of 73.2þ months.49,50 These results
suggest that up to 25% of patients with PCNSL may be cured
with MTX alone. In a study of ten elderly patients with PCNSL
treated with MTX alone (8 g/m2 followed by 3.5 g/m2) the ORR
was 90% with a median OS of 36 months.59 In addition,
toxicity was acceptable, demonstrating that MTX can be both
safe and effective in an elderly patient population if used
without adjuvant radiation. MTX combined with temozolo-
mide may also be beneficial in elderly patients.60

Methotrexate-based, multiagent chemotherapy regimens
without WBRT have received considerable attention. A regi-
men consisting of MTX, lomustine (CCNU), procarbazine,
methylprednisolone, IT MTX, and IT cytarabine in patients
> 60 was associated with a median OS of 14.3 months and a
decreased risk of neurotoxicity.48 Another multiagent regimen
consisting of MTX, cytarabine, vincristine, ifosfamide, cyclo-
phosphamide, and IT MTX/cytarabine/prednisolone was stud-
ied in a phase II trial of 65 patients and was associated with a
71% ORR and a median OS of 50 months. Despite these
promising results 6 patients died from treatment-related
complications and 12 patients experienced Ommaya reservoir
infections.47

Blood–brain barrier disruption (BBBD) is a strategy aimed
at circumventing the BBB in order to deliver higher concen-
trations of chemotherapeutic agents to the CNS. Doolittle et al.
reported complete radiographic responses in 40/53 patients
with PCNSL treated with intra-arterial (IA) MTX, IV cyclo-
phosphamide, and etoposide following BBBD with IA manni-
tol.51 Moreover, long-term follow-up of the patients treated
with IA MTX demonstrated maintenance of cognitive func-
tion.53 However, BBBD is technically complex and should only
be performed in centers with expertise and experience in the
technique.

Intrathecal chemotherapy
A controversial issue in the management of PCNSL is the role
of IT chemotherapy. Historical comparisons have determined
that there appears to be no difference in OS when IT MTX is
added to regimens that already include high doses of IV
MTX.61 By giving IV MTX in lieu of IT chemotherapy, the
risk of Ommaya placement, IT-related chemical meningitis,
and infection can be avoided. As mentioned above, the IV dose
must be high enough, though, and administered over a rapid
enough time interval for MTX to penetrate into the CSF and
tumor. However, patients with concurrent brain and leptome-
ningeal lymphoma will often require IT chemotherapy.

High-dose chemotherapy with stem cell rescue
Initial studies of autologous stem cell transplantation (ASCT)
for patients with newly diagnosed PCNSL have yielded mixed
results (Table 23.4). Brevet et al. achieved an initial CR in 6/6
patients following completion of induction (4 patients) and
ASCT (remaining 2 patients); two died from relapse after
9 and 23 months while the other four remained disease-free
at a median follow up of 41.5 months.62 In a study of induction
chemotherapy (MTX 3.5 g/m2 for five cycles and cytarabine
3 g/m2 for two cycles) followed by BEAM (carmustine,

Table 23.4. Studies of high-dose chemotherapy and ASCT in newly diagnosed PCNSL

No. of pts entered
into study

No. of pts who
underwent ASCT

No. of pts with PR/CR
following ASCT

OS

Brevet et al.62 6 6 6 35.5 months

Abrey et al.63 28 14 10 3-year survival:
60%

Cheng et al.64 7 7 6 NAa

Illerhaus et al.65 30 23 21 5-year survival:
87%

Montemurro et al.66 23 16 13 2-year survival:
61%b

Illerhaus et al.67 13 11 11 3-year survival:
76.9%

Notes: a5 patients still relapse free at end of study at 5, 8, 24, 36, and 42 months.
bEstimated.
pts: patients; ASCT: autologous stem cell transplantation, OS: overall survival; PR: partial response; CR: complete response; NA: not available.
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etoposide, cytarabine, melphalan) and ASCT in 28 patients
with newly diagnosed PCNSL, 14 achieved at least a partial
response to induction chemotherapy and then received BEAM
and ASCT. Among these 14 transplanted patients, 8 pro-
gressed at a median of 2.3 months following ASCT.63 In a
multicenter study of 30 newly diagnosed PCNSL patients
under the age of 65, Illerhaus et al. reported on the subset of
23 patients who received high-dose chemotherapy plus ASCT
followed by hyperfractionated WBRT.65 All 21 patients who
were assessed after WBRT had achieved CR. After a median
follow-up of 63 months the 5-year OS was 87% in those who
received ASCT and 69% for all 30 patients initially enrolled
into the study. ASCT may be effective in patients with poor
prognostic features as well.64 Neurotoxicity was low in patients
< 60 years old in these studies but aggressive induction
chemotherapy seems to be necessary. It is likely that high-dose
chemotherapy and ASCT will assume an increasingly import-
ant role in younger patients with PCNSL in the newly diag-
nosed or relapsed setting.

Salvage therapy
Despite aggressive treatment, the majority of patients with
PCNSL progress or relapse and require salvage therapy. The
best management of relapsed or refractory PCNSL has yet to
be determined and has only been studied in small patient
series. In general, the prognosis for patients with relapsed or
progressive PCNSL is poor with a median survival of approxi-
mately 4 months.68 For patients who initially experienced a CR
to a chemotherapy regimen that included MTX, retreatment
with MTX alone may be effective. Twenty-two patients who
previously responded to MTX were treated at relapse with
MTX (8 g/m2); the ORR was 91% and the median OS was
61.9 months.69

Temozolomide, an alkylating agent with good CSF pene-
tration, was associated with a 26% radiographic response pro-
portion in 23 patients previously treated with MTX-containing
chemotherapy with or without WBRT.70 Rituximab, a mono-
clonal antibody to CD20, has been added to temozolomide in
two studies of relapsed or progressive PCNSL, yielding a
median survival of 8 and 14 months.71,72 Intraventricular
rituximab (10–25mg) was determined to be feasible in a
phase I study of patients with relapsed or refractory lympho-
matous meningitis (LM) but further testing is needed.73 An
unexpected observation in this study was a radiographic
response of brain parenchymal lymphoma in one case and
two patients with intraocular lymphoma who experienced
disease resolution and/or clinical improvement in vision.

Topotecan, a topoisomerase I inhibitor, was administered
to 27 patients with relapsed or refractory PCNSL. The ORR was
33% with 9 patients achieving a CR or partial response, and the
OS was 8.4 months.74 However, 8 of 12 patients still alive at
6 months exhibited symptoms of neurotoxicity. Other chemo-
therapy regimens studied have included etoposide (VP-16),
ifosfamide, and cytarabine (cytosine arabinoside [Ara-C])
(VIA) and procarbazine, lomustine (CCNU), and vincristine

(PCV).75,76 Using VIA, the 12-month OS was 41% and with
PCV, it was 57%. These results are summarized in Table 23.5.

In a study of 20 refractory or relapsed PCNSL and ocular
lymphoma patients using thiotepa, busulfan, and cyclopho-
sphamide as induction chemotherapy followed by ASCT, there
was an 80% CR proportion (16/20) and a 3-year probability of
survival of 63.7%.79 Although this study included a highly
selected salvage patient population, these results are encour-
aging and should be confirmed in other studies of this
approach in relapsed or refractory PCNSL patients.

Radiation as a salvage therapy has also been explored.
Following WBRT, 74–79% of patients with relapsed or refrac-
tory PCNSL can achieve a radiographic response.77,78 Median
survival after radiation treatment is 10.9–16 months, with
those less than 60 years old faring better. Stereotactic radio-
surgery (SRS) was studied in nine patients as salvage therapy
for relapse and was given with chemotherapy in seven of the
nine patients.80 Patients had a 1-year survival of 58% and a
1-year intracranial relapse-free rate of 22% suggesting that
perhaps SRS may palliate local symptoms but does not affect
distant spread.

Neurotoxicity
Neurotoxicity is a well-known, delayed consequence of treat-
ment of PCNSL with chemoradiation (WBRTþ chemother-
apy) or WBRT alone. It is more common in patients older

Table 23.5. Selected salvage therapy trials in PCNSL

Treatment n Pts with
PR/CR

OS
(months)

WBRT77 27 20 10.9

WBRT78 48 38 16

MTX69 22 20 61.9

HDT/ASCT79 22 16 63.7% at
36 months

PCV76 7 6 >16

TMZ70 23 6 3.5

TMZ þ
rituximab72

15 8 14

TMZ þ
rituximab71

7 7 8

Topotecan74 27 9 8.4

VIA75 16 6 41% at
12 months

Stereotactic
radiosurgery80

9 with 17
tumors

13/17
tumors

58% at
12 months

Notes: Pts: patients; HDT: high-dose chemotherapy; ASCT: autologous stem cell
transplantation; PCV: procarbazine, lomustine, vincristine; TMZ: temozolomide;
VIA: etoposide, ifosfamide, cytarabine; OS: overall survival; PR: partial response;
CR: complete response; MTX: methotrexate; WBRT: whole brain radiation
therapy.
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than 60 and may present as a subcortical dementia with gait
ataxia and incontinence. MRI typically reveals periventricular
white matter abnormalities, cortical atrophy, and ventricular
enlargement (Figure 23.3). These changes typically appear
6–12 months following WBRT but it is important to note that
radiographic changes do not always correlate with clinical
symptoms. Pathologic studies have demonstrated demyelina-
tion, neuronal loss, gliosis, and rarefaction of the white
matter.81 Large vessel atherosclerosis has been observed as
well, implicating vascular injury and resultant tissue ischemia
as one possible mechanism for neurotoxicity. Although the
pathophysiology of treatment-related neurotoxicity is multi-
factorial, toxicity to neural progenitor cells is likely to play a
pivotal role.82

Studies examining neurotoxicity have several methodologic
limitations including lack of baseline evaluations, different
definitions of cognitive impairment, and small numbers.83 In
one study of PCNSL patients, the 5-year cumulative incidence
of neurotoxicity was 24% and the use of WBRT was the only
significant predictor of development of neurotoxicity on
multivariate analysis.84 This is in contrast to chemotherapy
alone in which less decline in cognitive function is observed
despite evidence of white matter changes on MRI.83,85,86 Atten-
tion, executive function, memory (particularly verbal), and
psychomotor speed are the cognitive domains typically
affected. Unfortunately, there is no effective treatment for
neurotoxicity, and patients often die from complications of
neurotoxicity without evidence of recurrent lymphoma. In
order to better assess these changes, the IPCG has proposed a
battery of cognitive and quality-of-life tests to be included in
all prospective PCNSL trials.83

Secondary CNS lymphoma
CNS dissemination of NHL is much more common than in
Hodgkin lymphoma. More than 60% of secondary lymphoma
cases involve the leptomeninges while isolated brain parenchy-
mal lesions are rare.87 Specific groups of patients with NHL
who are at higher risk of CNS dissemination have been identi-
fied. Extranodal lymphoma such as testicular lymphoma has a
higher predisposition to involve the CNS than other forms of
NHL. Burkitt lymphoma also has a high risk of CNS dissemin-
ation. The role of prophylactic IT chemotherapy for these
high-risk cases remains controversial but is recommended by
some authorities.88

Lymphoma cells may reach the leptomeninges by direct
extension from local metastases, by hematologic dissemin-
ation, or by perineural tracking along cranial or peripheral
nerves. Once cancer cells gain access to the CSF, they can
disseminate throughout CSF pathways by bulk flow. Tumor
cells typically settle in the basal cisterns, posterior fossa, and
cauda equina because of slower CSF flow in these areas. These
deposits may then become sources for continuous shedding of
malignant cells into the CSF.

Diagnosis
Patients with LM can present with signs of obstructed CSF
flow, multifocal neurologic signs, or altered mental status. CSF
obstruction occurs when tumor cells block flow or reabsorp-
tion of CSF leading to signs and symptoms of increased intra-
cranial pressure and communicating hydrocephalus. The
clinical hallmark of LM is multifocal neurologic signs and
symptoms along the neuraxis. Any new occurrence of focal
numbness/weakness, headache, back/radicular pain, or incon-
tinence in a patient with lymphoma should prompt consider-
ation of LM. Following a history and physical examination
searching for the multifocal signs and symptoms mentioned
above, contrast-enhanced MRI or CT should be done. Imaging
should focus on the suspected source of the symptoms but
scanning the brain and entire spine often identifies asymptom-
atic lesions, and brain imaging is recommended prior to diag-
nostic lumbar puncture. Radiographic findings suggestive of
LM include enhancement of the leptomeninges or communi-
cating hydrocephalus and is observed in 43–52% of patients.
However, leptomeningeal enhancement is non-specific and
can also be seen in patients with infection, inflammation,
trauma, or following lumbar puncture. CSF examination is
the most informative investigation to confirm LM with a
sensitivity of 67–93%. CSF studies that should be obtained
are similar to the diagnostic evaluation in patients with
PCNSL – cell count, protein, glucose, cytology, flow cytometry,
and IGH gene rearrangement. The lumbar puncture may need
to be repeated since the yield of CSF cytology increases from
50% to 85% from the first lumbar puncture to the third.
Rarely, a biopsy is necessary if MRI and CSF examination
are non-diagnostic.

Figure 23.3 Neurotoxicity. Cranial FLAIR MR images from a 67-year-old patient
with PCNSL 1 year after achieving a CR to WBRT. The patient
developed memory failure, gait ataxia, and incontinence in the post-radiation
setting. There is increased signal throughout the cerebral white matter,
cortical atrophy, and ventricular enlargement.
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Treatment
Unfortunately, the prognosis for patients with LM or paren-
chymal disease is poor with a survival of less than 5 months
if the patient presents with relapsed disease. Consequently,
treatment is often palliative although some patients do
respond and have a sustained survival with therapy, espe-
cially those < 60 or those who receive MTX-based chemo-
therapy.87 Radiation has a limited role in LM with minimal
impact on OS unless there is bulky disease that chemother-
apy cannot penetrate. Intrathecal chemotherapy by Ommaya
reservoir with MTX, thiotepa, or cytarabine has traditionally
been the mainstay of treatment. The liposomal formulation
of cytarabine extends the half-life of the drug from 3 hours
to 141 hours allowing for treatment every 2 weeks versus
twice a week with MTX, thiotepa, or non-liposomal cytar-
abine. In one small study, liposomal cytarabine had an
improved cytologic response rate when compared with
standard cytarabine.89 As mentioned above, intraventricular
rituximab is currently under evaluation as a potential treat-
ment for LM in NHL patients.73 Systemic chemotherapies
that incorporate IV MTX therapy may result in cytologic
responses.90,91 MTX-based chemotherapy and/or WBRT are
typically used in patients with brain parenchymal relapses.
Myeloablative therapies with SCT have been studied in small
trials and show some promise with CR rates ranging from
23% to 61%.92,93

CNS post-transplant lymphoproliferative
disorder
Post-transplant lymphoproliferative disorder (PTLD) of the
CNS (CNS-PTLD) arises in the setting of immunosuppres-
sion and is similar to PCNSL in that it is typically an
aggressive, angiocentric B-cell tumor. More often than not,

the tumor is associated with EBV infection. CNS-PTLD
occurs in < 7% of transplant patients and can develop
months to years following transplant.94 Neuroimaging typic-
ally reveals multifocal, heterogeneously enhancing brain
masses with extensive tumor-associated edema. Treatment
consists of reduced immunosuppression, radiation, chemo-
therapy, antivirals, or rituximab.95 Survival is poor in
patients who do not respond to reduction of immunosup-
pression or are older than 40 years old. Some patients with
isolated CNS involvement may respond to rituximab, radi-
ation, or MTX-based chemotherapy.95,96

Conclusions
PCNSL is a distinct and rare type of NHL. Evaluation requires
proper assessment of the brain, eyes, CSF, and body in order to
confirm that the tumor is restricted to the CNS. The rarity of
PCNSL and the difficulty in obtaining tissue for molecular
studies has limited development of effective treatments. As a
result, there is no consensus on the optimal management
strategy for patients with PCNSL. It appears reasonable, par-
ticularly in those patients older than 60 years, to withhold
WBRT until relapse in order to avoid neurotoxicity. MTX is
clearly the backbone of chemotherapy for PCNSL but it is
unclear which drugs should be added to MTX to improve
survival and whether or not low-dose radiation with chemo-
therapy can avoid delayed neurotoxicity.

Secondary CNS lymphoma, typically NHL, most often
presents with leptomeningeal dissemination but brain paren-
chymal disease can occur as well. Diagnostic evaluation con-
sists of history, physical examination, contrast-enhanced
cranial and spine MRI, and CSF examination. Treatment is
primarily palliative but therapeutic benefit may be achieved
with IT chemotherapy or with systemic chemotherapy regi-
mens that include MTX or ASCT.
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Chapter

24 HIV-related lymphomas

Caroline M. Behler and Lawrence D. Kaplan

Epidemiology/etiology
Ever since the beginning of the HIV/AIDS pandemic, it has
been recognized that in addition to the increased risk of
opportunistic and other infections, the incidence of malig-
nancy is much greater in people with HIV/AIDS (PWHA)
than that of the general population. This risk is likely a direct
result of the immune dysfunction from chronic HIV infection,
though concomitant viral infections including Epstein–Barr
virus (EBV), human herpesvirus 8 (HHV-8), and human pap-
illoma virus (HPV) also play a role. While the incidence of
cancers is increased both for PWHA and immunosuppressed
organ transplant patients, the risk of non-Hodgkin (NHL) and
Hodgkin (HL) lymphomas appears to be significantly greater
in the setting of HIV/AIDS compared to the transplant
population.1,2

This risk of NHL is 25- to 200-fold increased in PWHA
compared to those without HIV,3–6 and risk appears to
increase with duration of HIV infection3,7 as well as with lower
CD4 counts.8,9 The risk of HL, while not considered an AIDS-
defining illness (ADI) by the Centers for Disease Control, is
increased by about 5- to 15-fold in PWHA;4–6,10–12 however,
its incidence is decreased with lower CD4 counts.13 Since the
widespread introduction of highly active antiretroviral therapy
(HAART) in the mid-1990s, the incidence of ADIs and mor-
tality among PWHA has decreased dramatically14 and many
studies have reported an increase in the proportion of ADIs
attributable to HIV-related lymphomas (HRL).15–18 The most
recent epidemiologic data demonstrate a clear decrease in the
risk of NHL associated with HAART,9,19–22 with sharp decline
in the hazard ratio for NHL incidence within the first 5
months after initiation of HAART.22 The incidence of HL,
however, appears to have risen since the institution of
HAART,13,23,24 with a higher risk in patients using HAART24

and in those with higher CD4 counts.13 In the SMART (Strat-
egies for Management of Antiretroviral Therapy) study, in
which patients with a CD4 count greater than 350 cells/μL
were randomized to either receive continuous antiretroviral
therapy (viral suppression, VS arm) or no antiretroviral

therapy unless CD4 count fell to less than 250 cells/μL (drug
conservation, DC arm), the rates of both Kaposi’s sarcoma
(KS) and lymphoma were increased in patients who had inter-
rupted antiretroviral therapy. While the difference in lymph-
oma incidence (1.1/1000 person-years in the DC arm versus
0.3/1000 person-years in the VS arm) did not reach statistical
significance, and neither CD4 count nor viral load predicted
development of malignancy, the numbers were small.25

The widespread use of HAART also appears to have
changed the distribution of lymphoma subtypes. Data from
the San Diego County cancer and AIDS registry showed that,
while the incidence of all grades of lymphoma decreased from
pre- to post-HAART era, the proportion of HRL attributable
to intermediate-grade lymphoma (primarily diffuse large
B-cell lymphoma [DLBCL]) increased from 33% to 49% and
the proportion of high-grade lymphoma (primarily high-grade
immunoblastic DLBCL) decreased from 38% to 19%. The
proportion of Burkitt lymphoma (BL) increased from 4% to
9%. Primary CNS lymphoma (PCNSL) decreased from 28%
to 17%.21 A different study from Los Angeles County showed a
lower prevalence of small non-cleaved lymphoma (BL) but a
higher prevalence of DLBCL in the HAART era. While the
median CD4 count at HRL diagnosis had declined, median
survival remained unchanged.26 Among patients with HL, the
annual incidence of mixed cellularity HL is higher than that of
nodular sclerosing and lymphocyte-depleted HL. The inci-
dence of all HL subtypes declines with lower CD4 counts, an
effect that is more pronounced in nodular sclerosing. Thus,
mixed cellularity is more prevalent than other subtypes of HL
in PWHA.13 HIV-related lymphomas have been categorized by
the World Health Organization (WHO) into three main cat-
egories: those arising in immunocompetent patients, those
arising specifically in HIV-positive patients, and those occur-
ring in other immunodeficiency states (Table 24.1).27

Prognosis
Prior to the introduction of HAART, outcomes of therapy
for HRL were poor, due to poor tolerance of therapy from
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impaired bone marrow reserve related to advanced HIV infec-
tion and involvement with lymphoma, and advanced immune
dysfunction with infectious complications. Complete remis-
sion (CR) was achieved in 30–60% and median overall survival
(OS) was only 5–8 months.28–31 Poor prognostic factors
included patient/HIV-related factors such as a history of AIDS,
CD4 count < 100 cells/µL, Karnofsky performance status
(KPS) of less than 70%, injection drug use and age of 35 years
or older, and disease factors such as advanced stage (III or IV)
and elevated lactate dehydrogenase (LDH) level.30,32–34 Several
studies have suggested that the International Prognostic
Index (IPI) developed for aggressive NHL in 199335 is also
applicable to patients with HIV-related NHL (HIV-NHL) both
in the pre-HAART34,36 and HAART37 eras. Since the introduc-
tion of HAART in the mid-1990s, prognosis has improved
remarkably, and response rates and survival now approach
those of HIV-negative patients with lymphoma.38–41 Out-
comes of patients with HIV-related HL (HIV-HL) appear to
be most significantly impacted by successful therapy for
HIV.42–44 One study demonstrated that the mortality rate at
3 years for patients with HIV-HL who did not receive HAART
was 5.6 times that of those who did. Two-year OS was signifi-
cantly improved in those who received HAART (74% versus
30%, p< 0.001) and HAART-responders had overwhelmingly
better survival compared to those without response (88%
versus 19%, p¼ 0.0002).44

While CD4 count < 100 cells/μL is clearly associated with
worse outcomes in HRL,37,45,46 and HAART use is associated
with improved prognosis in HRL,47 many studies examining
prognostic factors for HRL since the introduction of HAART
have shown that HIV-specific factors (prior AIDS diagnosis,
CD4 count) are not associated with outcomes by multivariate

analysis.39,48 On the other hand, both lower IPI score39,48 and
histologic subtype (DLBCL versus BL or T-cell NHL)48,49 are
independently associated with both response rate and survival,
and lack of CR achievement is associated with significantly
worse survival.39,48,49 Prognosis for patients with HIV-related
Burkitt and Burkitt-like lymphoma (HIV-BL) appears to be
worse than for HIV-negative patients with BL/BLL, though
this can largely be attributed to the use of the same chemo-
therapy regimens as for HIV-related DLBCL (HIV-DLBCL)
rather than the more effective shorter-course, intensive regi-
mens designed for BL.49,50

Diagnosis and staging
As in lymphoma occurring in HIV-negative individuals, exci-
sional biopsy of a lymph node or other involved site is prefer-
able to establish an accurate diagnosis, although a generous
core biopsy may be adequate. Fine needle aspiration with flow
cytometry should only be used if this is impossible. In certain
cases, evaluation of cytogenetics or fluorescence in situ hybrid-
ization (FISH) can be useful, for example, in distinguishing
DLBCL from BLL (by evaluating for lack or presence of c-MYC
rearrangement). Physical examination should include evalu-
ation of all nodal sites.

Use of antiretrovirals with chemotherapy
Because of its clear impact on HIV-specific survival and
improved tolerance of and outcomes from chemotherapy,
HAART has become an integral part of therapy for HRL.
Not only does effective HAART therapy lead to improved
immune function and fewer infectious complications, but it
may improve lymphoma control independently of these
effects.

However, chemotherapy can lead to depletion of predom-
inantly T- but also B-lymphocyte and natural killer cells
even in immunocompetent patients.51,52 The decline of the
CD4þ T-cell subset may be more pronounced than that
of CD8þ T-cells and take months to a year to recover, as
illustrated by a study in patients treated for breast cancer.53

Significant changes in T-, B-, and natural killer cell subsets but
no change in HIV viral load were observed in patients treated
with chemotherapy and HAART for HRL. Median CD4 count
fell from a pretreatment level of 138 to 77 cells/μL after
3 months, then increased back to 139 cells/μL at 1 month
and 187 cells/μL at 3 months after completion of chemother-
apy; however, the percentage of CD4þ T cells did not change
significantly during the study period. B lymphocytes also fell
significantly with chemotherapy and took longer to recover,
but returned to pretreatment levels by 3 months after comple-
tion of therapy.54

A different study comparing HAART therapy (stavudine,
lamivudine, and indinavir) with either reduced-dose CHOP
(cyclophosphamide, doxorubicin, vincristine, prednisone) or
full-dose CHOP with granulocyte colony-stimulating factor
(G-CSF) for patients with HIV-NHL, 49% of whom had

Table 24.1. WHO classification of lymphoid neoplasms

I. Lymphoma also occurring in immunocompetent patients

(a) Burkitt and Burkitt-like lymphoma

(b) Diffuse large B-cell lymphoma

(i) Centroblastic

(ii) Immunoblastic (including primary CNS lymphoma)

(c) Extranodal marginal zone lymphoma of mucosa-
associated lymphoid tissue type (MALT lymphoma) (rare)

(d) Peripheral T-cell lymphoma (rare)

(e) Classical Hodgkin lymphoma

II. Lymphoma occurring more specifically in HIV-positive patients

(a) Primary effusion lymphoma

(b) Plasmablastic lymphoma of the oral cavity

III. Lymphoma also occurring in other immunodeficiency states

(a) Polymorphic B-cell lymphoma (PTLD-like) (rare)

Note: PTLD: post-transplant lymphoproliferative disorder.

Source: Adapted from Raphael et al.27
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received prior three-drug antiretroviral therapy, showed a sig-
nificant increase in median CD4 count during the study.55

Individual effects can vary considerably; it is safest to assume
CD4 count will decline with chemotherapy, and to use oppor-
tunistic infection (OI) prophylaxis accordingly.

Antiretrovirals can interfere with cytotoxic drug metabol-
ism, and the HAART regimen and/or chemotherapy dosage
may need adjustment. While zidovudine (AZT) may have
antineoplastic activity and has been studied in combination
with methotrexate for HRL,56 its use during chemotherapy is
in most cases not recommended due to myelosuppressive
effects. Non-nucleoside reverse transcriptase inhibitors
(NNRTIs) and protease inhibitors (PIs) can inhibit drug
metabolism through the cytochrome P450 and CYP3A4 path-
ways.57,58 A study investigating efficacy, toxicity, and pharma-
cokinetics of HAART with chemotherapy for HIV-NHL
showed a significant 1.5-fold decrease in cyclophosphamide
clearance, but no difference in doxorubicin clearance and no
excess hematologic toxicity in comparison to historical con-
trols.55 A prospective analysis of patients with HIV-NHL
treated with CDE (infusional cyclophosphamide, doxorubicin,
and etoposide) showed a significantly lower median day 10
neutrophil count in patients treated with PIs compared to the
non-PI group (0.2 versus 0.7� 106/L, p¼ 0.012), and a higher
rate of grade 3/4 infections requiring hospitalization (48%
versus 25%, p¼ 0.0025) but no difference in disease-free sur-
vival (DFS), relapse-free survival (RFS), or OS.59 While
HAART has been associated with improved prognosis in
HIV-HL,38–44 patients with advancedHIV and/or bonemarrow
involvement may have less tolerance for standard HL regimens,
and pharmacokinetic interactions resulting in severe neutrope-
nia have been reported with Stanford V (doxorubicin, vinblas-
tine, mechlorethamine, etoposide, vincristine, bleomycin,
prednisone)60 andABVD (doxorubicin, bleomycin, vinblastine,
dacarbazine).61 In the latter report, severe neutropenia with
fever followed three courses of ABVD despite dose-reduction
of vinblastine and increased G-CSF dosing. Metabolism of
vinblastine occurs predominantly by the cytochrome P450
3A4 isoenzyme, which is inhibited by ritonavir. Once lopina-
vir-ritonavir were interrupted 48 hours before and after chemo-
therapy, neutropenia resolved, even with resumption of
full-dose vinblastine. Future studies of HRL treatment with
HAART and chemotherapy should include careful pharmaco-
kinetic and pharmacodynamic monitoring, and the concept of
temporary interruption of PI-boosted antiretroviral therapy
should be studied prospectively before any formal recommen-
dations can be made. Until more prospective data are available
to support the interruption of HAART therapy during chemo-
therapy, HAART should not be held; chemotherapy doses
should be modified as necessary based on toxicity.

Even in the HAART era, CD4 counts less than 100 or
50 cells/µL have been shown to predict lower rates of CR.45,46,62

Patients presenting with extremely low CD4 counts are typically
those without a prior known HIV diagnosis or who have not
received routine HIV care.With continued improvement inHIV

screening, this situation will hopefully become much less
common. Treatment of HRL should begin as soon as the staging
workup is complete; it is not advisable to postpone treatment of
HRL until HIV parameters improve on HAART. For patients
with a new diagnosis of HIV, it is advisable to initiate HAART
after the first course of chemotherapy is administered.

Aggressive B-cell non-Hodgkin lymphoma
Clinical features
DLBCL, the most common subtype of HRL, accounts for about
60–80% of subjects enrolled in clinical trials for aggressive HRL.
As in HIV-negative DLBCL, HIV-DLBCL can present variably,
but most commonly presents with advanced disease. Sixty per-
cent to 80% present with stage III/IV disease with bone marrow
involvement in approximately 15–25%, and 40–70% with ele-
vated LDH. Thirty percent to 70% have an IPI of 2 or greater.
Median CD4 count at presentation is usually about 130 cells/μL,
and about 30% have CD4 count < 200 cells/μL.45,60,63–65

Pathology
The morphologic and immunophenotypic features of HIV-
DLBCL are identical to those of HIV-negative DLBCL; how-
ever, the immunoblastic variant occurs with higher frequency,
up to 50% of HIV-DLBCL, especially in advanced HIV.66

Figure 24.1 shows the characteristic morphology of centroblas-
tic DLBCL, with a predominance of centroblasts with vesicular
chromatin, prominent nucleoli, and abundant cytoplasm.
Immunoblastic DLBCL shares features of centroblastic and
plasmablastic lymphoma, and probably represents a stage
between the two along the spectrum from lymphoid to plas-
macytoid differentiation. Immunophenotyping shows DLBCL
to be positive for pan-B-cell markers such as CD19, CD20, and

Figure 24.1 Diffuse large B-cell lymphoma. Hematoxylin and eosin (H&E)
stain of lymph node biopsy shows a predominance of centroblasts with
abundant cytoplasm, vesicular chromatin, and prominent nucleoli (original
magnification � 1000). Courtesy of Patrick Treseler, MD, Department of
Pathology, University of California, San Francisco.

Chapter 24: HIV-related lymphomas

464



CD22; centroblastic DLBCL tends to be CD10 and BCL6
positive (consistent with germinal center differentiation) while
immunoblastic DLBCL tends to be negative for these markers.
On the contrary, immunoblastic DLBCL (post-germinal
center) is usually positive for the plasma cell markers CD138
and MUM1.66,67 EBV expression has been shown in about 30–
50% of DLBCL,68,69 and evidence of EBV infection has been
shown to correlate with the immunoblastic phenotype.67,70,71

Incidence of immunoblastic lymphoma is increased about 1.5-
fold in PWHA with KS even when adjusted for gender, age,
HIV risk group, calendar year, and CD4 count.72 While HHV-
8 has been associated with some cases of plasmablastic lymph-
oma,73–76 it has not been established whether HHV-8 infection
plays a role in immunoblastic DLBCL. DLBCL with plasma-
blastic differentiation has been associated with TP53 deletion
in 85% of cases analyzed by FISH.77 (Table 24.2.)

Treatment
Chemotherapy trials
Due to poor outcomes earlier in the HIV/AIDS pandemic,
investigators hypothesized that reduced-intensity chemo-
therapy regimens might improve treatment outcomes.
A randomized trial of standard-dosem-BACOD (methotrexate,
bleomycin, doxorubicin, cyclophosphamide, vincristine, and
dexamethasone) with granulocyte–macrophage-colony stimu-
lating factor (GM-CSF) versus low-dose m-BACOD with GM-
CSF as indicated showed that while the low-dose armweremore
likely to die from recurrent HRL, the standard-dose arm had
increased mortality from infectious complications, resulting in
similarly poor median survival (35 versus 31 weeks in the
standard-dose and low-dose arms, respectively) in this group
treated before the HAART era.29 The French–Italian coopera-
tive group began a trial in 1993 randomizing 485 patients to one
of two high-, intermediate-, or low-intensity chemotherapy
regimens based on HIV risk score, determined by performance
status, prior AIDS, and CD4 counts below 100 cells/μL. After
1996 the protocol was modified to include HAART therapy.
Good-risk patients received ACVBP (doxorubicin, cyclopho-
sphamide, vindesine, bleomycin, and prednisolone) or CHOP,
intermediate-risk patients received CHOP or low-dose CHOP,
and poor-risk patients received low-dose CHOP or VS (vincris-
tine, steroid). While 5-year OS dropped from about 50% in the
good-risk to 24% in the intermediate-risk group and 3–11% in
the poor-risk group, similar OS rates were seen within each risk
group regardless of chemotherapy randomization. However, as
the study was not powered to detect differences within risk
groups, this result should be interpreted with caution. Multi-
variate analysis did show an impact on OS according to
HAART therapy, HIV score, and IPI score in this pre- and
post-HAART era group.64 As the majority of patients in this
study were treated in the pre-HAART era, it is not clear if the
results are generalizable to the current population of patients
with HRL. CHOP has also been investigated with the

substitution of liposomal doxorubicin for standard doxorubicin
in escalating doses of 50–80mg/m2. CR rate was 75% and
median duration of response 15.6 months.79 A comparison of
modified CHOP (m-CHOP) to full-dose CHOP combined with
G-CSF showed lower CR rate (30% versus 40%) andmore grade
3/4 neutropenia (25% versus 12%) in the m-CHOP arm,55

supporting dose intensity with G-CSF support in patients
treated for HRL.

Given preclinical data suggesting possible superiority of
infusional over bolus administration of chemotherapy and
clinical evidence showing high efficacy of infusional regi-
mens,80 several groups have investigated the use of infusional
chemotherapy regimens for HRL. Investigators at the National
Cancer Institute reported favorable results with the EPOCH
regimen, which combines dose-adjusted etoposide, doxorubi-
cin, and vincristine, given as a 96-hour infusion, with cyclo-
phosphamide and prednisone. Seventy-four percent of the
39 patients treated achieved CR, DFS was 92%, and OS was
60% with 53 months median follow-up. Notably, the majority
of patients had a high- or high-intermediate risk IPI score, and
41% had a CD4 count of 100 cells/μL or fewer. Despite the
relatively poor-risk group, severe neutropenia occurred in 30%
of cycles, febrile neutropenia in 13%, and no deaths occurred
during treatment.46 It is noteworthy that patients with CD4
< 100/μL had OS of only 16%.

Another infusional regimen, CDE, resulted in a 45% CR
rate, and 2-year OS and FFS rates of 43% and 36%, respectively,
in 55 patients treated in both the pre- and post-HAART era.
Grade 4 neutropenia occurred in 75% of patients treated, but
while treatment-related mortality was 10% in the pre-HAART
patients, none died during treatment in the post-HAART
group.81 A summary of the major trials of chemotherapy for
HIV-related aggressive NHL is shown in Table 24.3.

Chemolmmunotherapy
The use of rituximab, a humanized anti-CD20 antibody, in the
treatment of CD20þ lymphomas has become nearly ubiqui-
tous since the initial report of improved OS in elderly patients
with CD20þ lymphoma treated with rituximab and CHOP
compared to CHOP alone.83 Several clinical trials have been
conducted to explore the use of rituximab in HRL, as summar-
ized in Table 24.4.

A pooled analysis of 74 patients receiving rituximab with
CDE (R-CDE) from three phase II trials showed a CR rate of
70% and 2-year OS of 64%,84 an apparent improvement over
previously reported results of CDE alone.81 However, the rate
of infectious complications was significant, with 14% oppor-
tunistic infections and 23% non-opportunistic infections
attributed to therapy, and 8% infection-related death.

A randomized trial performed by the AMC (Academisch
Medisch Centum Universiteit van Amsterdam) comparing
rituximab with CHOP (R-CHOP) to CHOP for patients with
aggressive B-cell HRL showed no statistically significant differ-
ence in CR/CRu (CR, unspecified) (58% and 47%, p¼ 0.147)
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Table 24.2. HIV-associated B-cell NHL

Pathology CD4 count Clinical features Morphology Immunophenotype EBV HHV-8 Genetics

Diffuse large
B-cell
lymphoma

Low> high Aggressive, often advanced
stage, extranodal
involvement common

Diffuse infiltrate replacing normal
lymph node architecture, large cells
with large nuclei, prominent nucleoli,
vesicular chromatin
centroblastic: irregular nuclear contour;
2–4 nucleoli close to nuclear
membrane; scant cytoplasm; may have
interspersed immunoblasts (up to 90%)
immunoblastic: > 90% immunoblasts;
round to oval nuclei; large, centrally
located nucleoli; more abundant,
basophilic cytoplasm

(þ) CD19, 20, 22, 79a;
some (þ) CD5 or 10,
BCL6; (�) CD138, MUM1

Centroblastic:
30–40%
Immunoblastic:
80–90%

No BCL2 (t(14;18))
20–30%, BCL6
30%

Primary
central
nervous
system
lymphoma

CD4< 100 Aggressive, localized to CNS Usually immunoblastic DLBCL (þ) CD19, 20, 22, 79a;
some (þ) CD5 or 10,
BCL6; (�) CD138, MUM1

> 90% No

Burkitt
lymphoma

High> low Highly aggressive,
extranodal site involvement
very common, high risk for
CNS involvement, bulky
disease

Classical: intermediate-size cells, deeply
basophilic cytoplasm with prominent
vacuoles, frequent mitoses and
apoptoses with interspersed
macrophages (“starry-sky” appearance)
Atypical/Burkitt-like: intermediate-size
cells, more pleiomorphism in nuclear
and cellular size and shape, fewer/
more prominent nucleoli

(þ) CD19, 20, 22, CD10,
BCL6; (�) CD5, 23,
surface IgM

Burkitt
(classical) 30%
Burkitt-like:
30–50%
Plasmacytoid
Burkitt: 50–70%

No 100% C-MYC
(8q24)
translocation:
t(8;14), t(2;8),
t(8;22)

Plasmablastic
lymphoma

Low Classically involves oral
cavity but also nodal and
other extranodal sites,
aggressive

Intermediate-large cells; round to oval,
eccentric nuclei; prominent nucleoli;
basophilic cytoplasm with paranuclear
hof, frequent “starry-sky” pattern

(þ) CD138, VS38c,
CD38, EMA, MUM1, cIg;
(�) CD20, CD45; weak-
variable CD 79a, (�)
BCL6

> 50% No p53 deletion
in 75%

Primary
effusion
lymphoma

CD4< 100 < 5% HIV Large cells with large, irregular nuclei,
prominent nucleoli, abundant
basophilic cytoplasm, may have
cytoplasmic vacuoles

(þ) EMA, CD71, CD38,
MUM1, CD138; (�)
CD19, CD20, CD79a, sIg;
occasionally (þ)

100% 100% Trisomy 12,
trisomy 7
1q21-q25
aberrations,
BCL6
mutations

Note: EMA: epithelial membrane antigen; cIg: cytoplasmic immunoglobulin; sIg: surface immunoglobulin.

Sources: Grogg et al.,66 Carbone et al.,67 MacMahon et al.,68 Jaffe et al.,69 Simonitsch-Klupp et al.,77 Gaidano et al.78
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or median OS (139 and 110 weeks) in the two arms. Inferior
lymphoma control in the CHOP arm appeared to be offset
by the increase in infection-related mortality in the R-CHOP
arm, which was most pronounced in patients with CD4 count
< 50 cells/μL, with 60% of such deaths occurring in this sub-
group.45 In contrast, a subsequent phase II trial of R-CHOP in
61 patients with good- or intermediate-risk HRL showed 77%
CR/CRu and 75% estimated 2-year overall survival. Twenty-
five percent of patients had neutropenic fever, there were two
occurrences of sepsis and one opportunistic infection, and the
only death occurred in a patient with infection and progressive
lymphoma.65 Only four patients had CD4 counts < 50 cells/μL
in this study. Another phase II study of R-CHOP included 20%
patients with poor-risk IPI scores, and demonstrated 69% CR,
56% 3-year OS; IPI score and response to HAART were pre-
dictive of response and survival. However, infection-related
death occurred in 9% of patients.85

The AMC 034 randomized phase II trial compared
EPOCH given with concurrent rituximab (R-EPOCH) to

EPOCH followed by sequential weekly rituximab (EPOCH-R)
for 6 weeks for HRL. Toxicity was similar between the two arms
(15–16% grade 3/4 febrile neutropenia, 7–10% death), but CR/
CRu rate was 69% in the concurrent arm and 53% in the
sequential arm. Multivariate analysis including treatment arm
(concurrent versus sequential rituximab administration), CD4
count < 100 cells/μL, elevated LDH, performance status, and
antiretroviral therapy showed that concurrent administration
of rituximab was significantly associated with achievement of
CR/CRu.86 In addition to Pneumocystis carinii pneumonia
prophylaxis, all patients in this trial receivedquinoloneneutropenic
prophylaxis. A randomized phase III trial comparing R-EPOCH
and R-CHOP in HIV-negative patients with intermediate-grade
lymphoma is currently underway through the Cancer and
Leukemia Group B (CALGB) cooperative group.

Some of the differences in outcomes among these trials of
chemotherapy with rituximab may have been due to patient
selection; however, HIV-infected individuals appear to be at an
increased risk of infectious complications, especially those with

Table 24.3. Chemotherapy for HIV-related aggressive NHL

Reference n DLBCL/
BL (%)

Stage III/
IV (%)

aaIPI
�2 (%)

Median CD4
(cells/μL)

CD4 count
(cells/μL)

Regimen CR, PR
(%)

Survival

Kaplan
et al.29

198 62/26 65 NR 100–107 79% < 200 m-BACOD 52, 26 7-mo
median OS

reduced
m-BACOD

41, 28 8-mo
median OS

Sparano
et al.82

14 64/36 64 NR 87 55% < 100 CDE 71, 21 17-mo
median OS

Ratner
et al.55

65 52/28 60 NR 138 NR m-CHOP (n¼ 40) 30, 30 NR
CHOP þ G-CSF
(n¼ 25)

48, 9 NR

Little
et al.46

39 78/18 67 59 198 41% < 100 EPOCH 74, 13 60% (53-
mo median
follow-up)

Levine
et al.79

24 79/8 67 112 54% < 100 CHOPa 75, 13 58% at
1 year

Sparano
et al.81

98 78/22 76 67 160 37% < 100 CDE 45, 12 13-mo
median OS

Mounier
et al.64

485 54/20 62 47 129 39% < 200 ACVBP (good risk) 61, 16 51% est.
5-yr OS

CHOP (good risk) 51, 15 47%
CHOP (int risk) 49, 9 28%
Ld-CHOP (int risk) 32, 16 24%
Ld-CHOP (poor
risk)

20, 12 11%

VS (poor risk) 5, 15 3%

Notes: aWith liposomal doxorubicin.
aaIPI: age-adjusted International Prognostic Index; NR: not recorded; Ld: low dose.
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severe AIDS. Hypogammaglobulinemia after the use of
rituximab has also been reported in the setting of other
immunosuppressive treatments,87 after autologous stem cell
transplantation,88,89 and in a patient with HIV-related DLBCL
treated with R-CHOP.90 Prolonged neutropenia is an uncom-
mon but well-documented complication of rituximab that
has been described in both immunocompetent and post-
autologous transplant patients,91–93 and CD4 lymphopenia
has been shown to be an independent risk factor for febrile
neutropenia and death in patients receiving cytotoxic chemo-
therapy for cancer.94 Although concern about increased infec-
tious complications with the use of rituximab in HRL remains,
its use is still strongly encouraged. Caution is advised in those
with severe immunosuppression, and antibiotic prophylaxis
against bacterial and Pneumocystis carinii infections is strongly
recommended regardless of CD4 count.

Burkitt and Burkitt-like lymphoma
Clinical features
BL and a morphologic variant, BLL, comprises the
second most common HRL after DLBCL, and accounts for
approximately 30–40% of all HIV-NHL.69,95 Commonly pre-
senting with rapidly progressive symptoms and extranodal
disease, involvement of the gastrointestinal tract, bone
marrow, liver, and spleen are relatively common. Meningeal
involvement is also relatively common, up to approximately
10–20% in most published reports,49,95–99 requiring both
assessment of cerebrospinal fluid (CSF) and intrathecal
prophylaxis in all patients presenting with BL/BLL. One series
reported a similar proportion of BL patients with stage IV
disease among HIV-positive and -negative patients (74% and
66%, respectively).95

Pathologic features
Classical BL features monomorphic, medium-size lymphoid
cells with interspersed apoptotic figures and histiocytes,
imparting a “starry-sky” pattern on low-power light micro-
scopy (Figure 24.2a). Nuclei are round and uniform with
several small nucleoli, and cytoplasm is intensely basophilic
with numerous vacuoles (Figure 24.2b). Immunophenotyping
reveals surface expression of CD20 and CD10, and prolifera-
tive rate is typically very high. The hallmark finding is the
translocation t(8;14) or a variant resulting in rearrangement
of c-MYC. BLL shares all of these features but has more
cellular pleiomorphism, with interspersed larger cells and cells
with abundant cytoplasm, and nuclei with more prominent
nucleoli.69,100 A plasmacytoid variant of BL has also been
described specifically in association with AIDS, with eccentric
nuclei and abundant, immunoglobulin-containing cyto-
plasm.66 Evidence of EBV expression is present in 30% of
classical BL, 30–50% of BLL, and 50–70% of BL with plasma-
cytoid differentiation.66,69 (Table 24.2.)

Treatment
Since the introduction of HAART, the difference in survival
between HIV-DLBCL and HIV-BL has increased significantly
due to improvements in survival of HIV-DLBCL and increased
intensity of chemotherapy for HIV-BL, which was previously
inadequate.49,50 For example, R-CDE resulted in lower
CR rates (52% versus 77%, p¼ 0.05) and higher risk of death
(hazard ratio [HR]¼ 2.24; 95% confidence intervals [CI]¼
1.01–4.97) for patients with HIV-BL compared to HIV-
DLBCL.50

A retrospective analysis of outcomes in HIV-BL compared
to HIV-negative BL patients showed a significantly lower

Table 24.4. Immunochemotherapy for HIV-related aggressive NHL

Reference n DLBCL/BL
(%)

Stage III/IV
(%)

IPI� 2
(%)

Median CD4
(cells/μL)

CD4 count
(cells/μL)

Regimen CR, PR
(%)

Survival

Spina et al.84 74 65/28 70 58 161 NR R-CDE 70, 5 64% 2-yr OS

Kaplan et al.45 150 80/9 79 47 133 67% < 200 R-CHOP 58, 8 32-mo
median OS

CHOP 47, 8 25-mo
median OS

Boue et al.65 61 69/26 42 29 172 20% < 100 R-CHOP 77, 10 75% 2-yr OS

Ribera et al.85 81 100/0 70 68 158 NR R-CHOP 69, 9 56% 3-yr OS

Levine et al.86 51 69/25 84% 69 181 31% < 100 R-EPOCHa 69, 14 80% 1-yr OS

55 78/15 75 64 194 31% < 100 EPOCH-Rb 53, 22 78% 1-yr OS

Notes: aRituximab administration with each cycle of EPOCH.
bRituximab weekly� 6 after completion of EPOCH chemotherapy.
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response to therapy for HIV-BL (CR 40% versus 65%,
p¼ 0.03), which most likely reflected the less intensive chemo-
therapy regimens used in the HIV-BL group (CHOP or modi-
fied CHOP-like) compared to the HIV-negative BL group.
There was no difference in CR rate among PWHA who had
AIDS prior to the diagnosis of BL compared to those without a
prior AIDS diagnosis. Median OS was also significantly
shorter for those with HIV-BL (7 months versus median not
reached in HIV-negative BL, p¼ 0.0001).95

The use of short-course, intensive chemotherapy regimens
for BL in immunocompetent individuals has shown promising
results for patients with HIV-BL (Table 24.5). HyperCVAD

alternating with high-dose methotrexate and cytarabine
resulted in 92% CR lasting a median of 31 months and 12
months median OS; best outcomes were in those who received
HAART concurrently. The protocol was amended in the last
year of accrual to include rituximab; however, it was not
reported how many patients actually received this.96 A non-
randomized comparison of outcomes with CODOX-M/IVAC
(cyclophosphamide, doxorubicin, vincristine, methotrexate/
ifosfamide, etoposide, cytarabine) versus less-intensive regi-
mens in HIV-BL has shown similar efficacy with 63–67%
CR and 60% 2-year event-free survival (EFS) regardless of
type of therapy. However, among high-risk patients (both

(a) (b)

Figure 24.2 Burkitt lymphoma: (a) A� 500 view of a bone marrow core biopsy from a patient with HIV-BL, showing a dense population of monomorphic, medium-
size lymphoid cells with interspersed apoptotic figures and histiocytes, imparting a “starry-sky” pattern. (b) A� 1000 view of the touch prep, showing round and
uniform nuclei, and basophilic cytoplasm with numerous vacuoles. Courtesy of Mark Lu, MD, PhD, Department of Pathology, San Francisco Veterans Affairs Medical
Center.

Table 24.5. Chemotherapy for HIV-related Burkitt or Burkitt-like NHL

Reference n Stage IV (%) Median CD4
(cells/μL)

CD4 count
(cells/μL)

Regimen CR (%) 2-year OS (%)

Cortes et al.96 13 31 77 38% < 100 HyperCVAD 92 52% 2-yr OS

Astrow et al.101 23 83 III/IV 240 McMaster 39 49% OS at 4.5 months
med follow-up

21 81 III/IV 140 Conventionala 38

Wang et al.98 8 88 149 CODOX-M/IVAC 63 60% 2-yr EFS

14 33 other 67 60% 2-yr EFS

Oriol et al.97 14 57 III/IV 420 21% < 200 PETHEMA LAL3/97 77 51% 2-yr OS

Hoffmann et al.99 20 55 254 GMALL 75 55% 2-yr OS

31 64 CHOP 40 34% 2-yr OS

Galicier et al.102 63 100 239 LMB86 70 47% 2-yr OS

Note: aCHOP, CDE, COMP, ProMACE-CytaBOM
COMP: cyclophosphamide, vincristine, methotrexate, prednisone; ProMACE-CytaBOM: cyclophosphamide, doxorubicin, etoposide, cytarabine, bleomycin, vincristine,
methotrexate, and prednisone; EFS: event-free survival.
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HIV-negative and -positive patients), CR and EFS rates were
substantially better after CODOX-M/IVAC, without a signifi-
cant difference in myelosuppression and infectious complica-
tions.98 However, given further clinical experience with this
regimen, excessive myelosuppression has been seen with high-
dose methotrexate given on day 10 of CODOX-M in patients
with HIV-BL, especially those with bone marrow involvement
or baseline cytopenias. For this reason, the AMC phase II trial
of R-CODOX-M/IVAC in HIV-associated BL and atypical BL
has moved the methotrexate from day 10 to day 15 and
reduced the dose from 5520 to 3000mg/m2. Additionally, this
trial investigates the use of rituximab with each cycle, infu-
sional rather than bolus ifosfamide and etoposide, and vincris-
tine dose capped at 2mg/m2. Patients with BL treated with the
PETHEMA-LAL3/97 regimen had similar outcomes regardless
of HIV status. CR rates were not significantly different, 71% in
HIV-BL and 77% in HIV-negative BL cases, and the estimated
2-year OS was 51% for the group as a whole.97 Another study,
however, showed similarly poor outcomes in HIV-BL patients
treated with either high-intensity (the McMaster protocol,
which involves two month-long induction regimens) or less
intensive chemotherapy, with 39% CR and only 36% long-term
lymphoma-free survival. Of the 23 patients treated with the
McMaster regimen, 100% had grade 4 hematologic toxicity
and 30% of patients died during treatment; however, all
of the nine patients achieving CR were cured. Seventy-five
percent of stage I patients were alive and in CR with only
4.5 months median follow-up, half of whom received con-
ventional chemotherapy.101 Given excessive treatment-related
toxicity and mortality, the McMaster approach cannot be
recommended for treatment of HIV-BL.

A retrospective study of the GMALL (German Multicenter
Study Group for Adult ALL) protocol versus CHOP-like
chemotherapy for patients with HIV-BL/BLL showed that the
GMALL protocol resulted in a significantly higher rate of CR
(75% versus 40%, p¼ 0.02) and a non-significant difference in
2-year OS (55% versus 34%, p¼ 0.17), though the study may
not have had enough statistical power to detect an OS differ-
ence. Of note, 65% of GMALL patients and only 32% of the
CHOP patients received HAART after the diagnosis of BL/BLL
and a higher proportion of the GMALL patients had a CD4
count > 200 cells/μL (78% versus 43% in the CHOP group,
p¼ 0.03). Thirteen of 20 patients treated with the GMALL
protocol suffered from infectious complications (neutropenic
fever, sepsis, aspergillosis), but none of these were fatal and 9
of these 13 patients were able to receive at least four cycles.99

One prospective study of therapy for HIV-BL was con-
ducted by Galicier and colleagues, who examined the effects
of the LMB86 regimen in 63 patients with HIV infection and
stage IV BL. CR was achieved in 70%, almost all patients experi-
enced grade 4 bone marrow toxicity, and seven patients died as
a result of treatment. Two-year OS was 47% and DFS 68%.102

Given the poor outcomes of HIV-BL treated with CHOP or
similar regimens, all patients with adequate organ function
and performance status should be treated with intensive,

shorter-course therapy designed for highly aggressive
lymphoma with a high growth fraction, such as CODOX-M/
IVAC, HyperCVAD, GMALL, or LMB86. It is not yet clear if
the addition of rituximab improves outcomes in HIV-BL;
however, its use should be considered in patients with CD4
count > 50 cells/μL.

Plasmablastic lymphoma
Clinical features
While plasmablastic lymphoma (PBL) has been described in
HIV-negative individuals, it appears to be more common in
those who are immunosuppressed due to solid organ trans-
plant,103,104 or receiving immunosuppressive treatment for
other diseases.105,106 In PWHA, PBL classically occurs in the
oral cavity but also with extra-oral involvement in a substantial
number of cases.76,107–109 A review of all PBL case reports and
case series showed that 66% of cases were oral, 34% were extra-
oral, including those with skin, gastrointestinal tract, lymph
node, and bone marrow involvement. Seventy-nine percent of
these cases were in PWHA, and an additional 10% had
immunosuppression from other causes. In PWHA median
CD4 count at presentation was 120 cells/µL.76 Another review
of HIV-associated PBL showed that median age was 38 years,
49% presented with stage I and 34% with stage IV disease, and
65% of cases presented in the oral cavity.75 Compared to
patients with DLBCL (either centroblastic or immunoblastic),
patients with PBL tend to present with more extranodal
disease, B symptoms, and a higher IPI.77

Pathologic features
PBL is distinguished from DLBCL by its morphologic and
immunophenotypic plasmacytoid differentiation. Histology
usually shows a diffuse infiltrate of large lymphoid cells with
central or eccentric round to oval nuclei, prominent nucleolus
or nucleoli, abundant basophilic cytoplasm, and often apop-
totic and mitotic figures indicative of a high proliferative
rate (Figure 24.3).76,77,110,111 PBL typically lacks expression of
B- and T-cell markers such as CD20 and PAX5 and does not
express BCL6, but usually shows expression of CD79a, the
plasma cell markers CD138 and VS38c, epithelial membrane
antigen (EMA), MUM-1, and immunoglobulin light
chains73,75,76,78,110–114 (Table 24.2). PBL can be distinguished
from immunoblastic DLBCL by lack of CD20 expression and
greater morphologic plasmacytoid differentiation, and from
multiple myeloma by large cell/plasmablastic appearance, as
well as the lack of other findings consistent with multiple
myeloma (lytic bone lesions, paraprotein, renal failure, and
hypercalcemia).

As with other types of HIV-related lymphoma, many inves-
tigators have sought evidence for EBV and HHV-8 infection in
PBL. According to a review of published PBL cases, EBV is
present in about 75% of cases tested75,76 and 17% are positive
for HHV-8.76 While one group of investigators failed to find
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evidence of HHV-8 by both immunohistochemistry and DNA-
based polymerase chain reaction (PCR) in nine cases of oral
cavity PBL,111 HHV-8 expression has been demonstrated in
many cases of PBL by reverse transcriptase-PCR (RT-
PCR),73,74,110 and also in non-oral cavity PBL.115

Treatment and prognosis
While there are case reports of HIV-positive PBL (HIV-PBL)
patients treated effectively with HAART alone,116–118 the
standard approach has been to use a CHOP-like regimen with
or without radiation therapy. There are no prospective data on
response rates to any one therapeutic strategy. CHOP is the
most commonly used chemotherapy regimen, used in 30% of
reported cases, followed by EPOCH or CODOX-M/IVAC in
25%, and radiation therapy alone or in combination has been
used in 29%.75 Among cases that reported response to therapy,
66% achieved a CR to initial therapy but 29% had progressive
disease, and 25% eventually relapsed.75

PBL tends to be more resistant to standard chemotherapy
than DLBCL: one study reported 47% CR for PBL, 73% for
centroblastic DLBCL, and 57% for immunoblastic DLBCL,
though these differences were not statistically significant.77

Survival also appears to be shorter, with a median OS of
14 months for PBL, versus estimated 5-year survival of 56%
and 57% for centroblastic and immunoblastic DLBCL, respect-
ively (p< 0.002), a difference that was particularly apparent in
the low and low-intermediate IPI risk groups.77

While responses to therapy are poor, survival with PBL
may be improving: reported median survival used to be
5.5 months earlier in the AIDS epidemic,110 but more recently
approaches 14–15 months.75,77 A case series published in
2004 described six patients with HIV-PBL treated with either

CHOP or CODOX-M/IVAC and one of whom received
therapy for a synchronous diagnosis of anal squamous cell
carcinoma. Five of six were in CR with a median follow-up
of 22 months, and the other patient died of progressive disease
after refusing therapy.113 Given the biologic similarity between
PBL and plasma cells, agents active in multiple myeloma, such
as thalidomide, lenalidomide, or bortezomib, may also be
effective for PBL either alone or in combination with chemo-
therapy; however, this approach remains investigational.

Primary effusion lymphoma
Clinical features
In 1989, Knowles and colleagues reported a case of a highly
aggressive form of lymphoma presenting as malignant pleural
effusions that lacked B- and T-cell lineage-specific antigens but
did express antigens associated with B- and T-cell activation,
showed evidence of antigen receptor gene rearrangement, and
was positive for EBV-DNA by Southern blot analysis.119 Sub-
sequently other investigators described body cavity-based
lymphoma, later named primary effusion lymphoma (PEL),
which manifests as malignant pleural effusions, pericardial
effusions, and/or ascites, without predominant lymph node
involvement or extranodal masses.119–121 PEL comprises
< 5% of all HIV-associated NHL,66,119,122 and occurs only
rarely in HIV-negative individuals. It presents primarily as a
malignant effusion(s) with minimal associated nodal or extra-
nodal involvement; BL or DLBCL with a significant amount of
nodal or solid extranodal involvement also presenting with
malignant effusion(s) is not considered PEL. A “solid variant”
of PEL has been described involving the gastrointestinal tract,
skin, and lymph nodes that has similar immunophenotypic
features and is also associated with HHV-8,66,123 though these
cases may actually represent PBL. The majority of reported
PEL cases are homosexual males with median age in the mid-
30s to mid-40s124–126 with CD4 count < 200 cells/μL,124,126

and often with poor performance status.125

Pathologic features
Morphologic features of PEL bridge those of immunoblastic,
plasmablastic, and anaplastic large cell lymphoma. The cells
are large, with large, round, irregular nuclei, prominent nucle-
oli, and abundant basophilic cytoplasm that may have prom-
inent vacuoles. PEL with more plasmacytoid differentiation
may have a perinuclear hof. Increased mitotic and apoptotic
activity is often described (Figure 24.4).66,69,127–129 Immuno-
phenotyping typically reveals lymphoid and plasmacytoid
markers such as CD30, CD45, EMA, CD71, MUM1, CD38,
and CD138. B-cell antigens such as CD19, CD20, CD79a, and
surface or cytoplasmic immunoglobulins are commonly
absent.66,69,119,124,128 One report of four PEL cases described
two with T-cell phenotype and two with null phenotype,
but all expressing CD30, and variable CD138 and EMA129

Figure 24.3 Plasmablastic lymphoma: H&E stain of lymph node biopsy
shows a diffuse infiltrate of large lymphoid cells with central and eccentric
round to oval nuclei, prominent nucleoli, and abundant eosinophilic-basophilic
cytoplasm. A high proliferative rate is evident, with both apoptotic and mitotic
figures present (original magnification� 1000). Courtesy of Patrick Treseler, MD,
Department of Pathology, University of California, San Francisco.
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(Table 24.2). Gene expression profiling (GEP) has been shown
to distinguish PEL as a separate subtype from other AIDS- and
non-AIDS-related NHL when compared to both cell lines and
primary human lymphoma cells. The PEL GEP is similar to
that of EBV-positive immunoblasts and plasma cells, and
distinct from that of germinal center or memory B cells. This
suggests that PEL may be more closely related to PBL than
other AIDS-related lymphoma subtypes, a finding that is con-
sistent with the PEL immunophenotype.130 GEP has also been
shown to differentiate PEL from other lymphomatous effu-
sions (BL presenting as primary lymphomatous effusions), as
well as EBV-positive and EBV-negative PEL.131

After the discovery of a novel herpesvirus in association
with KS (KS-associated herpesvirus, KSHV, or HHV-8),132 this
same virus was also found to be present almost universally in
PEL.111,122,124,125,128,129,133 EBV infection is present in the
majority of cases.124,125,128,130,131,133

Treatment and prognosis
While PEL is an aggressive lymphoma with an associated
median OS of approximately 6 months or less,122,124–126,128

there are a few reports of spontaneous regression with HAART
alone.125,126,128 Most patients treated with chemotherapy
receive CHOP or a modified, CHOP-like regimen. Simonelli
and colleagues compared outcomes of 11 patients with PEL
with 11 patients with oral cavity PBL, 76 patients with immu-
noblastic DLBCL, and 75 patients with centroblastic DLBCL.
PEL patients presented with worse performance score and
when treated with CHOP-like therapy had a CR rate of 42%
and a significantly worse 2-year OS compared with patients
with centroblastic DLBCL (33% versus 53%, respectively,
p¼ 0.0002).125

Boulanger and colleagues examined 28 cases of HIV-
positive patients with PEL, including one who achieved CR

with HAART alone. Five patients were treated with interferon
alpha, three of whom also received cidofovir. Twelve received
intensive chemotherapy, either ACVBP (doxorubicin, cyclo-
phosphamide, vindesine, bleomycin, and prednisone) or a
CHOP-like regimen (cyclophosphamide, doxorubicin, pred-
nisone, and either vincristine or etoposide) with high-dose
methotrexate (2.5–3 g/m2), and the rest received an anthracy-
cline and/or cyclophosphamide-based regimen, some of these
with methotrexate. In this series, 50% achieved CR, and with
3.8 years median follow-up, 32% of patients were alive. Of the
patients that died, 14 had progressive lymphoma, 4 died of
infection and/or chemotherapy toxicity, and 1 died of dissem-
inated visceral KS. Multivariate analysis showed that only
performance status greater than 2, based on the Eastern
Cooperative Oncology Group (ECOG) scale (HR¼ 5.84; 95%
CI¼ 1.76–19.33), and absence of HAART before PEL diagno-
sis (HR¼ 3.26; 95% CI¼ 1.14–9.34) were associated with
shorter survival.126

A randomized, controlled, crossover trial of valganciclovir
in 26 men (16 HIV-positive and 10 HIV-negative) with HHV-8
infection showed a reduction in HHV-8 replication with
valganciclovir,134 but it is not known if this will be a useful
treatment modality in HHV-8-associated malignancies as no
significant association between HHV-8 viral load and response
to therapy has been demonstrated.135

One group showed that nuclear factor-kappa B (NF-kB)
was constitutively activated in both cell lines and patient
samples of HHV-8-associated lymphoma. Inhibition of NF-kB
in PEL cells resulted in downregulation of interleukin 6 (IL-6)
and a significant increase in apoptosis, only when IkB was
stabilized.136 These data suggest that NF-kB inhibition may be
a useful treatment for PEL. Proteasome inhibitors act at least
in part by inhibition of NF-kB through decreased degradation
of IkB; however, their activity against PEL has not yet been
demonstrated.

Primary central nervous system lymphoma
Epidemiology
Although the relative risk of PCNSL in the pre-HAART era
was reportedly 3600 times that in the general population137 the
risk has dramatically declined since the introduction of
HAART, with a 0.42 relative risk (99% CI¼ 0.26–0.40) of
PCNSL compared to the pre-HAART era.138 According to
Surveillance, Epidemiology, and End Results (SEER) data,
PCNSL incidence declined sharply after 1995 in people
between ages 20 and 59 years, with no change in age-adjusted
incidence for those 60 years and older.139 Incidence of HIV-
PCNSL in the HAART era is now approximately 1 case per
1000 person-years.138,140

Clinical features
During the early AIDS epidemic, PCNSL was the second
most common cerebral mass-lesion in PWHA after

Figure 24.4 Primary Effusion Lymphoma: PEL cells are large, with large,
round, irregular nuclei, prominent nucleoli, and abundant basophilic cytoplasm.
Some of the cells exhibit plasmacytoid differentiation, with a perinuclear hof
(original magnification� 1000). Courtesy of Patrick Treseler, MD, University of
California, Department of Pathology, San Francisco.
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toxoplasmosis.141 PCNSL tends to occur only in patients with
advanced AIDS, with CD4 count at presentation usually
< 50 cells/µL.8,140,142 Patients can present with altered mental
status, lethargy, seizure, ataxia, and/or focal neurologic symp-
toms. Approximately half of patients with PCNSL have an
isolated brain lesion and half present with two or more
lesions.142,143 The majority of PCNSL cases are not associated
with systemic lymphoma; however, ocular involvement can
occur. Staging workup should include magnetic resonance
imaging (MRI) of the brain with gadolinium, lumbar puncture,
and ophthalmologic exam. Positron emission tomography
(PET) and/or computed tomography (CT) scans of the neck,
chest, abdomen, and pelvis and bone marrow biopsy are rela-
tively low-yield tests, and MRI of the spine with gadolinium
should be performed if signs or symptoms warrant it or if there
is evidence of leptomeningeal disease on initial workup.144

Pathology
Most cases of PCNSL are high-grade or immunoblastic
DLBCL,100,142 and more than 95% PCNSL are associated with
latent EBV infection (Table 24.2). The EBV genome is present
in most PCNSL tissue samples tested by FISH. While standard
cytology examination of the CSF often does not reveal malig-
nant cells, the EBV genome can be detected by PCR in most
cases. This was first reported in 1993 by Cinque and colleagues,
who performed nested PCR using probes for EBNA-1 (EBV-
nuclear antigen-1) on CSF samples taken within 180 days
of death from 85 patients with HIV and CNS disorders at
necropsy. Sixteen of 16 PCNSL tissue specimens tested
expressed EBER (EBV-encoded nuclear RNA transcripts) by
FISH, and all 17 patients with PCNSL had evidence of EBV in
their CSF by PCR, as opposed to only 1 of 68 patients without
PCNSL.145

Diagnosis
Radiographic imaging (CT and MRI) usually reveals a well-
circumscribed, enhancing focal brain lesion (or lesions). On
MRI, lesions are iso-intense to gray matter on T2-weighted
images, often with surrounding edema.146 PCNSL involves the
periventricular white matter, frontal lobes, basal ganglia,
corpus callosum, and thalamus; cerebellum and brainstem
involvement are less common.142,146 Nuclear medicine modal-
ities can also be useful for distinguishing PCNSL from non-
malignant brain lesions, including single photon emission
computed tomography (SPECT)147 and PET.148–150 Because
PCNSL are highly proliferative and metabolically active
tumors, they tend to show markedly increased SPECT or
PET uptake compared to background tissue, even though the
metabolic activity of the brain is already quite high. This effect
can be rapidly attenuated, however, in patients that have
started taking CNS-penetrating corticosteroids such as dexa-
methasone, which may lead to a false-negative result.151

Because the radiographic appearance of PCNSL can be
similar to that of cerebral abscess from Toxoplasma gondii,

patients with a positive serum T. gondii IgG not receiving
appropriate prophylaxis may warrant a trial of therapy with
pyrimethamine plus sulfadiazine (or clindamycin in those who
cannot tolerate sulfadiazine); however, a very large or life-
threatening lesion may require immediate biopsy.

CSF should be examined for protein, glucose, cell count,
differential, cytology, and EBV PCR. While CSF examination
is often benign in PCNSL, several studies have indicated that
CSF EBV PCR may be useful diagnostically. A prospective
study of 122 PWHA with focal brain lesions in 1994–6 showed
a sensitivity and specificity for CSF EBV PCR of 80% and
100%, respectively, and a positive predictive value (PPV) and
negative predictive value (NPV) of 100% and 90%, respect-
ively.152 PPV of CSF EBV PCR performed on 26 patients with
clinical CNS disease diagnosed between 1998 and 2002 was
only 29%. Only two patients had PCNSL, for which both had a
positive PCR test. Five patients with non-malignant disease
had a false-positive PCR, yielding a specificity of only 33%.
The different test characteristics in the second study are most
likely due to the fact that subjects were not selected on the
basis of characteristic radiologic findings, as well as reduced
overall incidence of PCNSL in the post-HAART era, both
leading to a lower prevalence of PCNSL in this population.
A subsequent study of 55 patients with similar entry criteria
found positive CSF EBV PCR in both patients with PCNSL as
well as in the 18 patients with other diagnoses. Using a cutoff
of 10 000 copies/mL, specificity was improved to 96% and PPV
to 66%;153 however, this approach has not been validated
prospectively. Caution should also be exercised in using this
test to rule out PCNSL in patients on ganciclovir, as diagnostic
yield in patients with PCNSL may be reduced.154

While tissue biopsy remains the gold standard in diagnosis
of PCNSL, in patients for whom the morbidity of brain biopsy
would be too high, the combination of clinical, radiographic,
and CSF findings, including PCR for EBV, can yield the correct
diagnosis in the majority of cases. For example, Antinori
and colleagues investigated the combination of SPECT and
CSF EBV PCR for distinction of PCNSL and non-malignant
neurologic disorders among 31 patients with HIV and focal
brain lesions. The combination (SPECT) uptake and EBV PCR
had 100% sensitivity, 89% specificity, 87% PPV, and 100%
NPV.147 Future studies of the combination of PET/CT and
other novel imaging modalities with CSF analysis, including
EBV PCR, gene expression profiling, and proteomic analysis
may eliminate the need for brain biopsy in the future.

Treatment and prognosis
As with other HRL, outcomes in HIV-related PCNSL have
improved significantly in the HAART era. Increased OS has
been associated with the use of HAART after diagnosis,142,155

effectiveness of HAART therapy (decrease in viral load by
� 0.5 log10mL and increase in CD4 count by 50 cells/μL or
more),155 and with receipt of radiation therapy (RT).142,155

These results can be difficult to interpret as the numbers of
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subjects tend to be small, studies are not randomized, and
patients who receive cranial radiation are also more likely to
receive HAART and have a higher performance status.
A retrospective study of 111 patients with HIV-PCNSL showed
median OS of 50 days, but 92 days for those who received RT
and 38 days for those who did not. Completion of � 30 Gray
(Gy) RT was associated with improved OS as a continuous
variable, indicative of a dose–response effect, but failure to
complete RT was also associated with an ECOG performance
status � 3 and age > 40 years.142 While RT can result in
50–75% clinical or radiographic response, treatment is rarely
curative and progression usually occurs within weeks to
months.144,156

High-dose methotrexate has been shown to be an effective
treatment for PCNSL in HIV-negative individuals,157–159 and
outcomes appear to be favorable in PWHA as well. One study
reported on ten patients with HIV-PCNSL, all of whom
received methotrexate 3 g/m2. Eight patients also received thio-
tepa and procarbazine, and all received intrathecal or intraven-
tricular methotrexate followed by whole brain RT. Of seven
assessable patients (excluding one early death), 57% had CR
after chemotherapy, 86% at the end of treatment. Median OS
was 3.5 months for the entire cohort, and 7 months for eight
patients who completed therapy.157 Jacomet and colleagues
enrolled 15 patients with HIV-PCNSL in a pilot study, 10 with
confirmed histologic diagnosis (group 1) and 15 with diagno-
sis based on characteristic radiographic findings (group 2) who
did not respond to therapy for toxoplasmosis. Subjects were
treated with methotrexate 3 g/m2 every 14 days for up to six
cycles; achieving CR in seven subjects, but in only three of
the ten with histologic confirmation. Median survival was
290 days overall, 73 days for group 1 and 383 days for
group 2.160 Subjects with newly diagnosed PCNSL should be
initiated on HAART immediately, and treated with curative
intent with high-dose methotrexate on a bi-weekly basis until
two cycles beyond CR or eight cycles. Because of the poor
outcomes of cranial radiotherapy, including its late toxicity, radi-
ation should be reserved for those who are refractory or relapse
after chemotherapy, or who cannot tolerate chemotherapy.

Overall outcome of therapy for PCNSL in the setting of
HIV infection remains suboptimal and efforts should be made
to encourage clinical trial participation.

Leptomeningeal lymphoma
Risk factors
CNS involvement of systemic HRL occurs in up to 17–23% of
cases, 3–14% at diagnosis.161–165 Risk factors for CNS involve-
ment include Burkitt histology, bone marrow involvement,
involvement of more than one extranodal site, increased serum
LDH, paranasal sinus or paraspinal involvement, CD4
count < 100 cells/μL, and EBV infection of the primary
tumor.161–163,166 The risk of CNS involvement at diagnosis
and of CNS relapse appears to have decreased in the HAART

era. A retrospective analysis of 131 patients with HRL
diagnosed between 1986 and 2006 showed that HAART was
associated with a decreased risk of leptomeningeal involve-
ment of HRL, with leptomeningeal involvement in 14% of
subjects not on HAART and none of the subjects on
HAART.163

Diagnosis
In patients who have signs or symptoms or are otherwise at
high risk to have leptomeningeal involvement of lymphoma,
standard tests include CSF examination for cell count and
differential, protein, glucose, and cytologic examination, and
MRI of the brain with gadolinium. However, routine workup
can often miss true leptomeningeal disease in a substantial
number of cases. A series comparing the results of standard
CSF cytology to CSF flow cytometry examined CSF of 51
patients with a new diagnosis of lymphoma considered to be
at high risk of CNS involvement (diagnosis of AIDS-related
lymphoma, BL, or DLBCL with � 2 extranodal sites, and
elevated LDH or bone marrow involvement), 25% of who were
HIV positive. Nine patients with relapsed DLBCL who did not
meet these criteria, but were clinically suspected to have CNS
disease, had CSF examination as well. Eleven (22%) newly
diagnosed and three (33%) relapsed patients were found to
have CNS involvement by positive flow cytometry; only one in
each group would have been detected by CSF cytology alone.
There were no cases with positive CSF cytology that were not
also positive by flow cytometry.166 A subsequent series looked
at CSF cytology and flow cytometry in 42 patients considered
to be at high risk for CNS relapse by elevated LDH plus at least
two extranodal sites, bone marrow involvement, or diagnosis
of BL; HIV status was not mentioned. Eleven had evidence of
leptomeningeal lymphoma by flow cytometry, only four of who
would have been diagnosed by cytologic examination alone.
Three of the four cases with positive cytology had neurologic
symptoms.167 CSF PCR for EBV has been shown to be positive
in most cases of leptomeningeal HRL, with sensitivity and
specificity of 90% and 100% respectively, PPV 100%, and
NPV 98%; however, in that particular study the diagnosis of
leptomeningeal lymphoma was made by standard means: neu-
rologic symptoms, imaging, and/or CSF cytology. Of seven
patients who did not initially have leptomeningeal involvement
but subsequently developed CNS relapse, only one had initially
positive CSF EBV PCR at diagnosis of lymphoma and the
other six were only PCR positive at diagnosis of relapse.164

Thus, this approach is not useful for predicting who may be
high risk for CNS relapse at the initial lymphoma diagnosis.

In patients with a relatively high risk of occult leptomenin-
geal disease (more than one extranodal site of lymphoma,
high-grade histology, paranasal or paraspinous involvement,
and/or bone marrow involvement with elevated LDH but no
neurologic symptoms), CSF should be sent for cytology, cell
count, differential, protein, and glucose. Flow cytometry and
PCR for EBV should be evaluated if the initial workup is
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negative and there is a clinical suspicion of leptomeningeal
disease. Symptomatic patients are likely to have positive cytology,
and in this subset flow cytometry may not be required.

Prophylaxis and treatment
No prospective, randomized trial has demonstrated a proven
benefit of prophylactic therapy to prevent CNS recurrence for
patients with HRL; however, prophylaxis should be considered in
high-risk patients. Desai and colleagues treated 62 patients with
CDE, five of who had lymphomatous meningitis at diagnosis and
were treated with whole brain RT (30Gy) and intrathecal (IT)
chemotherapy (methotrexate and/or cytarabine). Thirty-one sub-
jects were assigned to receive prophylactic IT chemotherapy due
to lymphomatous bone marrow involvement and/or high-grade
histology. Three refused IT therapy, and one of these had paren-
chymal brain recurrence. Of the 28 who received IT chemo-
therapy, three had CNS recurrence, two in the leptomeninges
and one parenchymal.Of the 26 subjects who did notmeet criteria
for IT prophylaxis, none had leptomeningeal recurrence, but one
had a parenchymal relapse. Three of the four CNS recurrences
occurred in the setting of systemic recurrence or progression.165

Thus, the available data do not clearly support the practice of
administering IT prophylaxis to all patients withHIV-NHL.As IT
therapy does not penetrate the brain parenchyma deeply, it may
not provide prophylaxis against parenchymal recurrence. Patients
with a high risk for leptomeningeal involvment include those
with disease involving the paranasal sinuses, epidural space,
testis, and > 2 extranodal sites with elevated LDH. These
patients should undergo IT prophylaxis. However, there is
no standard approach for this. In the AMC and at University
of California, San Francisco (UCSF) we generally administer
four doses (weekly during the first cycle of chemotherapy) of
IT cytarabine or methotrexate. BL/BLL have a very high risk of
leptomeningeal involvement at diagnosis and/or recurrence,
and should all receive IT prophylaxis in addition to intraven-
ous chemotherapy that penetrates the CSF.

Hodgkin lymphoma
Clinical features
HIV infection clearly increases the risk of HL, and unlike HIV-
NHL the risk may be increased in patients with preserved CD4
counts compared to those with severe immune deficiency.13

PWHA with HL are more likely to present with advanced-
stage disease, B symptoms, and extranodal disease than their
HIV-negative counterparts.168–171 Early on in the HIV/AIDS
epidemic, survival with HL was poor; however, since the wide-
spread use of HAART survival has improved significantly, and
now approaches that of HIV-negative individuals with HL.42,43

While all subtypes can occur in PWHA, the proportion of
mixed cellularity and lymphocyte-depleted subtypes appears to
be greater than in the HIV-negative population, especially in
those with more advanced HIV/AIDS,13,44,168–170,172 although
in one study mixed cellularity and nodular sclerosis occurred

at a similar rate, both making up 60% of the cases in that
series.172

Pathologic features
The Reed–Sternberg (RS) cell in HIV-HL has similar features
as in HL occurring in HIV-negative patients, with expression
of CD15 and CD30, a small subset expressing CD20, and
negative for CD45. EBER and latent membrane protein-1
(LMP-1) expression is also extremely common, indicating a
greater role of EBV infection in HIV-HL.172,173 While one
study showed that the inflammatory background cell compos-
ite of HIV-HL was characterized by a predominance of CD8-
positive T lymphocytes over CD4-positive T lymphocytes,172 it
has also been shown to have a decreased number of activated
cytotoxic cells expressing granzyme B and intratumoral acti-
vated cytotoxic T-lymphocytes.174

Treatment
Prior to HAART, toxicity of chemotherapy and prednisone for
patients with HIV-HL was a considerable concern for treating
physicians. However, a less intensive regimen, EBV (epirubi-
cin, bleomycin, and vinblastine) combined with AZT yielded
only 53% CR and 55% 2-year DFS rates.175 EBVP (epirubicin,
bleomycin, vinblastine, and prednisone) given with both AZT
or dideoxinosyne (ddI) with G-CSF support led to 74% CR, 3-
year OS and DFS of 32% and 53%, respectively.176

The regimen with the most published experience in HIV-
HL is ABVD. The AIDS Clinical Trial Group (ACTG)
reported that ABVD with G-CSF support but no HAART led
to 43% CR, median OS of 18 months, and DFS 13 months.177

A subsequent case series of eight patients with HIV-HL treated
with ABVD (two with HAART) described 100% CR, median
CR duration of 43 months (range 22–90 months), and 44 months
median OS with no relapses reported.178 A retrospective study
reported by the GESIDA (Groupo de Estudia de SIDA) and
GELCAB (Grup per l’Estudi dels Limfomes de Catalunya i
Balears) groups from Spain reported 87% CR with ABVD
and HAART, with 82% of patients completing all planned
cycles of therapy, 76% 5-year OS, and 71% EFS; HAART
response was significantly associated with both OS and EFS.
However, 6 of 62 patients died during induction, two due to
sepsis and three due to HL- and HIV-related events.179

Spina and colleagues postulated that concurrent HAART in
combination with Stanford V (doxorubicin, vinblastine,
meclorethamine, etoposide, vincristine, bleomycin, prednis-
one), a short-term, intensive regimen incorporating RT for
high-risk patients, might yield higher response rates and better
survival. Sixty-nine percent of patients were able to complete
the full planned treatment, and 81% achieved CR. Estimated
OS and DFS were 51% and 68%, respectively. Results were
dramatically different among patients with International Prog-
nostic Score (IPS) < 2 compared to those with IPS > 2, with
freedom from progression (FFP) of 84% and 41% and OS of
76% and 33%, respectively, suggesting that higher-risk patients
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may require more intensive therapy.60 In a small series of
12 patients treated with BEACOPP (bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine,
and prednisone) without concurrent HAART, CR was 100%
but grade 3/4 neutropenia occurred in 75% of patients, and
25% died during the study period.180

As in HIV-NHL, there are many active regimens in HIV-
HL but no randomized controlled trials, as demonstrated by a
recent Cochrane review.181 However, the data to date confirm
that patients with HIV-HL should be treated aggressively up
front, as for their HIV-negative counterparts, and dose adjust-
ments made based on toxicity, especially for those taking
ritonavir, and those with extensive bone marrow involvement
and/or advanced HIV/AIDS.

T-cell lymphoma
Epidemiology
While not considered an AIDS-defining malignancy, the risk
for T-cell NHL (T-NHL) does appear to be increased in
PWHA. This is a more recent finding in the literature, which
may be in part due to improved diagnostic techniques since the
early AIDS epidemic. By linking AIDS and cancer registry data
from 1978 to 1996, Biggar et al. found that, of 120 114 NHL
cases, 9% of NHL occurred in PWHA, and 36% (3804) were
reported to have non-specific histologies. In the early 1980s,
8% of all NHL cases had immunophenotypic data, but in the
1990s this proportion increased to 29%. Of the non-specific
AIDS-NHL cases, 11% (402) had immunophenotypic data,
and of these 11% (45) had T-cell markers. One percent
(96 cases) of HIV-NHL of all AIDS-linked NHLs were classi-
fied specifically as having T-cell histology, and of the 51% with
immunophenotypic data, 94% confirmed T-cell phenotype.5

In this study, the relative risk of T-NHL within the first
4–27 months of AIDS onset was 15.0 (95% CI¼ 10.0–21.7),
compared to the risk in HIV-negative patients, a risk increase
that was seen across all subtypes identified. A report describing
HRL cases in Peru surprisingly found 27% of cases to be
T-NHL.182

Clinical features
Case reports describe a high proportion of stage IV disease
with extranodal involvement, including skin, bone marrow,
liver, lung, nasal cavity, gastrointestinal tract, and peritoneal
cavity.171,183,184 One report showed a statistically significantly
higher proportion of bone marrow (45% vs. 15%, p¼ 0.019)
and skin (36% vs. 2%, p< 0.001) in T- compared to B-NHL,
respectively; while there were trends to a higher rate of pleural
and bone involvement, these were not statistically significant.
CD4 count at diagnosis is typically below 200 cells/μL, and the
majority of cases reported were not on HAART at diagnosis
of T-NHL. A large proportion present with stage IV disease
(44–90%) and B symptoms (38–82%).182,185

Pathologic features
Most T-NHL subtypes have been reported to occur in PWHA.
In the study by Biggar and colleagues, 13 had mycosis
fungoides (MF), 36 peripheral T-cell lymphoma (PTCL),
13 cutaneous, 11 adult T-cell leukemia/lymphoma (ATLL), and
1 angiocentric.5 There have been many case reports and case
series demonstrating the heterogeneity of HIV-related T-NHL
(HIV-T-NHL), though PTCL and anaplastic large cell lymph-
oma (ALCL) appear to be the most common subtypes. Immu-
nophenotyping usually shows expression of CD45, lack of B-cell
markers such as CD19, 20, and 22, and presence of T-cell
markers (CD3, 4, 8), natural killer cell markers (CD56, CD57),
or, in some cases of ALCL, a null phenotype (no T- or B-cell
markers) but expression of CD30.185 A series of three peripheral
T-cell lymphoma, not otherwise specified (PTCL, NOS) cases
described a cytotoxic phenotype (positive for CD3, CD8, TIA-1,
and granzymeB)with clonal rearrangement of the T-cell receptor-
g (TCR-g).186 Evidence of clonal EBV expression can be found
in about half to three-quarters of ALCL cases.183,184,187

Treatment and prognosis
There have been no prospective clinical trials to address the
optimal therapy for HIV-T-NHL. Looking at results reported in
case series, CHOP or CHOP-like regimens are commonly used,
with mixed results. Of eight patients from the University of
Southern California AIDS-Lymphoma registry treated with
CHOP, three of three patients with ALCL achieved CR and
lived 3.6–54.6þ months. Outcomes of CHOP in PTCL, NOS
were poor, with four achieving PR and one PD. Four patients
with relapse were salvaged with ESHAP (etoposide, methyl-
prednisolone, cytarabine, cisplatin), and one PTCL, NOS patient
was alive and in CR at 81.3 months follow-up. The overall
median survival for T-NHL was 10.6 months, and 6.6 months
for B-NHL (p¼ 0.013).185 The Peruvian study described the
treatment of eight patients alive at diagnosis of T-NHL. Two
were treated with HAART without chemotherapy, and one
achieved CR (also received corticosteroids); the other who
was treated with surgery had “non-progressive lymphoma.”
There was no significant difference in survival between
T- and B-NHL, and the only predictors of death bymultivariate
analysis were stage IV disease and lack of CD4 count
availability.182

Multicentric Castleman’s disease
Epidemiology
Castleman’s disease comprises two distinct diseases, unicentric
and multicentric; in HIV infection the most common presenta-
tion is as multicentric Castleman’s disease (MCD). MCD may
present in isolation (primary MCD) or in the setting of other
diseases, such as HIV, plasma-cell dyscrasias, and other lymph-
omas (secondary MCD). It is associated with low CD4 count
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(mean CD4 156 cells/μL in one analysis) and with KS and
KSHV-associated NHL.188,189

Clinical features
MCD presents with generalized lymphadenopathy, constitu-
tional symptoms such as fever and weight loss, varying degrees
of hepatomegaly, respiratory symptoms, and edema, as well as
anemia or pancytopenia.187 Laboratory examination often
reveals polyclonal hypergammaglobulinemia, hypoalbumine-
mia, elevated levels of IL-6, IL-10, and C-reactive protein, and
a measurable KSHV-viral load.188,190–192

Pathologic features
MCD is typically not a clonal disorder, with pathology
revealing hyperplastic germinal centers, germinal center angio-
sclerosis, expansion of plasma cells in interfollicular regions,
and dilatation of the sinuses.193,194 KSHV is present in all HIV-
associated MCD and most cases of HIV-negative MCD.195,196

B-cells in MCD are notable for high levels of viral IL-6 pro-
duction, which may play a role in vascular endothelial growth
factor secretion and B-cell proliferation.192,196 Cases of MCD
with scattered medium to large plasmablastic cells associated
with HIV-infection have been described as a “plasmablastic
variant.” While the cells containing KSHV have plasmablastic
or immunoblastic features, are often IgM-lambda-restricted,
and sometimes found in clusters or sheets,189,196–198 these are
usually found to be polyclonal.199 However, aggressive lymphoma
may arise out of MCD: in a prospective cohort study in which
60 patients with HIV and MCD were followed for a median of 20
months, 14 developed NHL (all KSHV and/or EBV-associated),
suggesting a 15-fold increased incidence of NHL in patients
with HIV-MCD.189 Large cell lymphoma arising from KSHV-
associated MCD is almost always positive for KSHV.196

Treatment and prognosis
An important component of therapy for HIV-associated
MCD is treatment of the underlying HIV infection with
HAART. Some HIV-associated MCD cases have been
reported to regress with HAART therapy alone.200 While
cytotoxic chemotherapy with drugs such as etoposide, vin-
blastine, and liposomal doxorubicin can be effective, most of
the published clinical experience has been with rituximab
monotherapy. One prospective study enrolled five patients
with HIV-associated MCD for treatment with four weekly
infusions of rituximab. CR was achieved in three patients,
who remained free of any evidence of disease with a follow-
up of 4–14 months; the other two patients died shortly after
receiving rituximab without any evidence of response. Both
of these patients were very ill with severe autoimmune
manifestations at the time of treatment.201 A phase II trial
of rituximab treatment for 21 patients with HIV-associated
MCD reported remission of symptoms in 20 patients, and

14 had a radiologic response. Two-year DFS was 79%, OS
95%,202 an improvement over the median survival of
14 months prior to the availability of rituximab.188 Rituximab
has also been evaluated prospectively for maintenance therapy
in patients who have responded to, but cannot be discon-
tinued from, chemotherapy. Twenty-four patients with a
median time on chemotherapy were enrolled, and treated
with four weekly doses of rituximab. Ninety-two percent had
sustained remission of therapy at day 60, and four relapsed
before day 365. Rituximab was well tolerated, though of
12 patients with KS, 8 experienced an exacerbation of KS.203

Case reports describe the successful use of rituximab in com-
bination with cytotoxic chemotherapy for MCD, including
CVP (cyclophosphamide, vincristine, prednisone),204 CHOP,
and liposomal doxorubicin,205 as well as with thalidomide.206

Antiviral therapy has had limited success in MCD, with
sustained clinical improvement in one of three patients given
21 days of daily ganciclovir,207 and five of five patients pro-
gressing during weekly cidofovir for 3 weeks followed by every
other week.208

Splenectomy resulted in improvement of fevers and cyto-
penias in a retrospective analysis of ten patients with MCD;
eight were alive with 41 months median follow-up, though six
of those subsequently received chemotherapy for KS (four)
and progressive MCD (two).209 While there are no published
comparisons of rituximab to rituximab in combination with
other therapies, or cytotoxic chemotherapy alone, rituximab is
the recommended first-line therapy. However, choice of ther-
apy should be guided by clinical judgement, including the
extent of disease and the patient’s organ function and perform-
ance status.

Stem cell transplantation
High-dose chemotherapy followed by autologous stem cell
transplantation (ASCT) should be strongly considered for all
patients with relapsed or refractory HRL. ASCT has been
shown to be the optimal therapy for HIV-negative patients
with relapsed or refractory lymphoma.210,211 Patients with
HIV infection do not appear to experience an increase in
toxicity and infectious complications compared to HIV-
negative patients, and clinical outcomes appear to be similar
(Table 24.6). Patients selected to undergo ASCT for relapsed/
refractory HRL in general must have adequate control of HIV
(stable or undetectable viral load, CD4 count greater than
50 cells/µL) and no active opportunistic infections.218 While
CR or chemosensitivity is also a requirement for ASCT, there
are not many published data on salvage regimens for HRL.
One study reported a 53% overall response rate for patients
with relapsed/refractory HRL treated with high-dose cytarabine
and cisplatin regimens (ESHAP or DHAP [dexamethasone,
cytarabine, cisplatin]).219

The first major prospective ASCT series to be reported
included 20 patients with relapsed or refractory HRL (18 NHL
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and 2 HL). Patients younger than 55 years with bulky or extra-
nodal disease and who had not received prior radiation (n¼ 3)
were treated with fractionated total body irradiation (TBI) with
etoposide and cyclophosphamide. All others (n¼ 17) received
CBV (cylophosphamide, carmustine [BCNU], etoposide) without
TBI. All patients were on HAART and median CD4 count was
175 cells/µL; 11 had to discontinue HAART due to mucositis
and gastrointestinal toxicity. Febrile neutropenia occurred in
eight patients, gram-positive bacteremia in five and grade 3/4
hepatotoxicity, engraftment syndrome in two, and BCNU-
induced pneumonitis in one. One patient died of treatment-
related toxicity and two patients died of disease relapse within
4 months after transplant. With 32 months median follow-up,
OS and PFS were 85% and 81%, respectively. CD4 counts
returned to pretransplant levels by the first year after trans-
plant, and 76% had undetectable viral loads.214 Eleven patients
with relapsed or refractory HRL (seven NHL and four HL)
treated with BEAM or BEAC (carmustine [BCNU], etoposide,
cytarabine, plus melphalan or cyclophosphamide, respectively)
had a median time to neutrophil engraftment of 16 days,
and no treatment-related mortality. With a median follow-up
of 30 months after ASCT, EFS is 65%.215 Re and colleagues
reported another prospective study of BEAM-ASCT for
relapsed or refractory HRL with concurrent HAART. Ten of
16 enrolled patients were able to undergo transplant. Median
time to engraftment was 10 days, and there were no treatment-
related deaths. Eight of nine assessable patients achieved CR
relapse; six were alive and in CR at a median of 8 months after
transplant.212

The AIDS Malignancy Consortium (AMC) studied a dose-
reduced busulfan and cyclophosphamide regimen for ASCT in
27 patients with HRL. All patients received a HAART regimen
that excluded ritonavir and zidovudine, and all received a
single dose of intrathecal cytarabine prior to conditioning. Of
20 patients transplanted, median time to neutrophil recovery
was 11 days. One treatment-related death occurred due to

veno-occlusive disease with multiorgan failure. CR rate at
day 100 after ASCT was 53%.217

A retrospective review by the European Group for Blood
and Marrow Transplantation (EBMT) analyzed outcomes of
44 patients with HIV-NHL undergoing autotransplant.
Twenty-two patients were in CR at the time of transplant,
and 18 were in PR or chemosensitive relapse. Most patients
received BEAM or a similar preparative regimen, and more
than 90% received HAART though this had to be discontinued
in nine patients. Neutrophil engraftment occurred at a median
of 8 days, and platelets reached 20 000/μL by a median of
14 days. Three patients died of bacterial infection, one from
an HIV-related complication, five from complications of ASCT
(including one myelodysplasia), and 11 died from progressive
NHL. OS was 60% at a median follow-up of 36 months.216

No studies have prospectively compared the results of
ASCT among different subtypes of HRL; however, a retro-
spective analysis suggested that patients with PBL do poorly
after ASCT, in comparison to patients with centroblastic or
immunoblastic DLBCL. All three of the PBL patients who
underwent ASCT in this series relapsed within 6 months and
died of progressive lymphoma; seven of the ten patients with
centroblastic DLBCL were still alive and in CR with a median
of 51 months follow-up.77 One case report described a favor-
able outcome of ASCT for PBL.173

There are a variety of conditioning regimens that appear to
be safe and effective for relapsed or refractory HRL; some of
the differences in reported outcomes may be due to variability
in patient selection. The studies to date support the use of
ASCT for patients with relapsed or refractory HRL with
adequate organ function, HIV control, and with chemosensi-
tive disease. Future studies will need to address optimal selec-
tion of patients for ASCT (tumor histology, HIV parameters),
type of HAART and timing with regard to the preparative
regimen and engraftment, and duration and type of post-
transplant antibiotic, antifungal, and antiviral prophylaxis.

Table 24.6. Autologous stem cell transplant for HIV-related lymphoma

Reference Prep n Transplanted CR Engraftment TRM Follow-up (mo) OS

ANC> 0.5 Plt> 20K

Re et al.212 BEAM 20 65% 8/16 10 d 13 d 0 12 55% 9mo

Gabarre et al.213 various 14 100% 10/14 12 d 11 d 0 32 50% 9mo

Krishnan et al.214 CBV 20 100% 17/20 11 d 10 d 5% 32 85%
32mo

Serrano et al.215 BEAM 14 79% 8/14 16 d 20 d 3 prior to
txplt

30 71%
21mo

Balsalobre et al.216 various 44 11 d 14 d 36 60%
36mo

Spitzer et al.217 Bu-Cy 27 74% 10/19 11 d 13 d 4% 6 74% 6mo

Note: BEAM: etoposide, cytarabine, and melphalan; CBV: cyclophosphamide, carmustine (BCNU), and etoposide; Bu-Cy: busulfan and cyclophosphamide; txplt:
transplant; TRM: transplant-related mortality.
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Chapter

25 Lymphoblastic lymphoma

Anuj Mahindra and John W. Sweetenham

Introduction
Lymphoblastic lymphoma (LBL) is a rare disease which
accounts for approximately 2% of all non-Hodgkin lymph-
omas (NHLs).1 Most commonly it is of T-cell immunopheno-
type with about 20% being B cell. LBL is morphologically and
immunophenotypically identical to acute lymphoblastic leuke-
mia (ALL). The World Health Organization (WHO) classifi-
cation of lymphoid neoplasms unifies these entities as
precursor T-cell and B-cell lymphoblastic leukemia/lymph-
oma. In the clinical literature, treatment approaches to LBL
and ALL have been parallel but have developed separately. In
view of the rarity of LBL and the variable (and arbitrary)
clinical distinction between LBL and ALL, reported results
have been variable and the optimal treatment approaches
remain uncertain.

Clinical presentation
In adults, it is usually diagnosed in males (2:1 ratio), with a
peak incidence in the second decade of life. T-cell lymphoblas-
tic lymphoma (T-LBL) typically presents as symptomatic
supradiaphragmatic adenopathy. Cough, shortness of breath,
and B symptoms are common. A large anterior mediastinal
mass can result in respiratory distress and accompanying
pleural and pericardial effusions can lead to tracheal obstruc-
tion or cardiac tamponade. Bone marrow involvement at pre-
sentation is seen in approximately 50% of the patients. Central
nervous system (CNS) involvement is variable ranging from
0% to 26% at presentation in different studies2–11 and is typic-
ally leptomeningeal rather than parenchymal. Hence cytologic
evaluation of spinal fluid is recommended in all patients at the
time of diagnosis. Primary intra-abdominal adenopathy at
presentation is unusual.

B-cell lymphoblastic lymphomas behave differently, fre-
quently involve extranodal sites such as skin, and are not
characterized by male predominance or mediastinal mass. An
aggressive B-cell variant is characterized by a high incidence of
osteolytic bone lesions.

Diagnostic evaluation includes:
� Complete blood count, chemistry profile, and lactate

dehydrogenase (LDH)
� CT of the chest, abdomen, and pelvis
� Bone marrow aspiration and biopsy including testing for

T-cell receptor (TCR) gene rearrangements – bone marrow
evaluation if positive is sufficient for diagnosis

� Lumbar puncture with cytology
� Mediastinal biopsy, if no other easily accessible site of

disease
� MR imaging of the spine or head in case of suspected

epidural or leptomeningeal disease.

The Ann Arbor staging system is commonly used for
staging. Most patients present with stage III or IV disease
and B symptoms. Although the St. Jude staging system is also
used for this disease, reports in the adult literature do not show
this system to have more prognostic value.

Pathologic features and pathogenesis
Lymphoblastic lymphoma is characterized by a diffuse growth
pattern composed of medium-to-large lymphoblasts with
round or convoluted nuclei with very fine chromatin, incon-
spicuous nucleoli, distinct nuclear membranes, and a scant rim
of basophilic cytoplasm (Figure 25.1). Tingible body macro-
phages may at times give a “starry-sky” pattern. Terminal
deoxynucleotidyl transferase (TdT) positivity is seen in 96%
of lymphoblastic lymphoma cases unlike other B- and T-cell
NHL, which are typically TdT negative. In addition, T-cell
markers CD7, CD5, CD2, and cytoplasmic CD3 characterize
T-LBL. The B-cell types express the pan-B-cell markers such as
CD19 and CD79a in addition to TdT.

Morphologically, T-cell ALL (T-ALL) and T-LBL are indis-
tinguishable and both are characterized by expression of cell
surface antigens that correspond to stages of normal T-cell
ontogeny. The similar morphologic, immunophenotypic, and
genotypic features of T-ALL and T-LBL have led to the belief
that they represent different presentations of a single disease
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entity. Gene expression profiling, however, reveals intrinsic
differences between the two entities.12 In this study, the gene
expression profiles of T-ALL and T-LBL samples obtained
from Children’s Oncology Group (COG) tumor banks were
analyzed using DNA arrays. Prediction analysis of microarr-
rays identified a subset of genes, which accurately classified all
19 T-ALL and T-LBL samples with an overall misclassification
error rate of 0. Immunohistochemical validation of protein
expression of selected genes identified by microarray analysis
confirmed overexpression of MLL-1 in T-LBL tumor cells
compared to T-ALL and CD47 in T-ALL tumor cells when
compared to T-LBL. This implies an underlying difference in
the biology of the two entities.

Treatment
Pediatric LBL was treated with radiotherapy alone before 1970,
and the 5-year survival rate was only 10%, with frequent
leukemic transformations in the later course of the disease:
adult survivors beyond 2 years were rare. Initial success with
conventional NHL chemotherapy protocols (CHOP [cyclo-
phosphamide, doxorubicin {hydroxydaunomycin}, vincristine
{Oncovin}, and prednisone] and the similar COMP [cyclopho-
sphamide, vincristine {Oncovin}, methotrexate, and prednis-
one], BACOP [bleomycin, doxorubicin {Adriamycin},
cyclophosphamide, vincristine {Oncovin}, and prednisone],
and m-BACOD [methotrexate, bleomycin, doxorubicin
{Adriamycin}, cyclophosphamide, vincristine {Oncovin}, and
dexamethasone] protocols) was also limited to a complete
remission (CR) rate of 53–71% and a disease-free survival
(DFS) rate of 23–53%.9,13–17 The outcomes in studies using
some of the standard “CHOP”-like induction regimens are
summarized in Table 25.1.

With the addition of an anthracycline, usually daunorubi-
cin or doxorubicin, to the backbone ALL therapy of vincris-
tine, prednisone, and, often, L-asparaginase, CR rates of

72–92% have been achieved in adults.18 Given the high CR
rate in ALL patients observed with these four-drug induction
regimens, it has been difficult to consistently demonstrate
improvement in overall CR rates with the addition of other
drugs, including cyclophosphamide or cytarabine, except in T-
lineage ALL, where they seem to improve CR, DFS, and overall
survival rates.18 Consistent with these findings, improvements
in long-term outcome were achieved with ALL-type regimens
for T-LBL, and in multiple series, CR rates of 55–100% and
DFS rates of 45–65% have been reported.2,10,11,17,19–22

The outcomes in studies using some of the intensive ALL-like
induction regimens are summarized in Table 25.2.

Among the intensive ALL-like induction regimens men-
tioned in Table 25.2, considering the DFS and overall survival,
the HyperCVAD regimen has been one of the more widely
adopted regimens. Thomas et al.2 reported the outcome of 33
adult LBL patients treated at MD Anderson Cancer Center
with intensive chemotherapy using the HyperCVAD regimen
(fractionated cyclophosphamide, vincristine, doxorubicin
[Adriamycin], and dexamethasone) or the modified HyperCVAD
regimen used for ALL. Modifications included the addition
of a postinduction high-dose anthracycline and cytarabine
course consisting of liposomal daunorubicin 150mg/m2

intravenously over 12 hours on days 1 and 2 with cytarabine
1.5 g/m2 by continuous infusion over 24 hours daily on days
1 and 2 (i.e., nine instead of eight induction-consolidation
courses were given). Prednisone (200mg) was given orally
daily for 5 days. Maintenance therapy consisted of mercapto-
purine, methotrexate, monthly vincristine, and prednisone
(POMP) for 24 months. During maintenance two intensifica-
tion courses were administered during months 9 and 12 con-
sisting of etoposide and L-asparaginase. At diagnosis, 80% of
patients had a T-cell immunophenotype, 70% had stage III or
IV disease, 70% had mediastinal involvement, and 9%
had CNS disease. Overall, 91% of patients achieved CR, and
the estimated 3-year overall survival rate with standard
HyperCVAD was 83%, with a progression-free survival rate
of 77%. Modification of the HyperCVAD regimen with
anthracycline intensification did not improve outcome. This
suggests that early consolidation with high-dose methotrexate
and cytarabine may be beneficial for long-term progression-
free survival.

There was no induction mortality reported with the
HyperCVAD regimen. Grades 3–4 infections were observed
in 24% of patients during induction and 56% of patients
during consolidation. While the results of the HyperCVAD
regimen reflect an improvement compared to earlier regimens,
the intensity of the regimen leads to appreciable toxicity and
further clinical trials are needed to delineate dose intensity,
timing of mediastinal radiation, and duration of maintenance
therapy.

An earlier study by the German Multicenter Study Group11

reported the outcome of 45 adult patients with T-LBL (age
range 15–61 years) treated with two protocols designed for
adult ALL. The study included an eight-drug standard

Figure 25.1 Lymphoblastic lymphoma. Courtesy of Eric Hsi, MD, Cleveland
Clinic, Cleveland.
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induction administered over 8 weeks including prophylactic
cranial (24Gy) and mediastinal irradiation (24Gy) followed by
consolidation and reinduction therapy. Seventy-three percent
of the patients had stage III/IV disease and 91% showed a
mediastinal tumor. CR was achieved in 42 patients (93%),
partial remission (PR) in 2 patients (4%), and 1 patient died
during induction. Fifteen patients (36%) relapsed within 12
months with 47% of relapses occurring in the mediastinum
despite mediastinal irradiation. The estimates for overall sur-
vival, continuous CR, and DFS at 7 years are 51%, 65%, and
62%, respectively. The high incidence of mediastinal relapse in
this study argues for appropriate dose consolidation medias-
tinal irradiation. The 7-year estimates indicate the need for
improved consolidation and maintenance treatments.

A potential treatment algorithm for the initial treatment of
lymphoblastic lymphoma is outlined in Figure 25.2.

Management of CNS disease
Involvement of the CNS at presentation occurs in 7–20% of
patients with LBL. The CNS is a frequent site of relapse in the
absence of CNS prophylaxis.2

In the series of Coleman et al.23 early administration of
intrathecal methotrexate and the addition of prophylactic cra-
nial irradiation reduced the incidence of CNS relapse from
29% to 3% when compared with historical controls treated on
an earlier, less intensive regimen, but there was no significant
improvement in survival. Taken as a whole, CNS relapse rates
range from 3% to 42% in studies using intrathecal chemother-
apy prophylaxis alone, from 3% to 15% in studies using a
combination of cranial radiation and intrathecal therapy, and
from 42% to 100% in studies not incorporating any CNS-
directed therapy (usually with NHL programs).24 The Pediatric
Oncology Group study25 found that the CNS relapse rate was
similar whether prophylaxis was intrathecal therapy alone or
was cranial radiation and intrathecal therapy. Many programs
have eliminated irradiation because of concerns about the
long-term neurologic sequelae.24 Despite prophylactic
intrathecal prophylaxis with or without radiation therapy,
leptomeningeal relapses still occur in some patients, thus sug-
gesting that the intensity of systemic chemotherapy (e.g., high-
dose methotrexate) may have a role in the reduction of CNS
recurrence.

Table 25.2. Outcomes with “intensive” induction regimens

Regimen n DFS OS

Anderson et al.17 LSA2L2 124 (pediatric) 64% (5 yr) 67% (5 yr)

Coleman et al.23 ALL-type 44 56% (3-yr FFS) 56% (3 yr)

Slater et al.19 ALL-type 51 NA 45% (5 yr)

Bernasconi et al.22 LBL-type 31 45% (3-yr RFS) 59% (3 yr)

Morel et al.10 ALL-type 80 46% (30mo) 51% (30mo)

Hoelzer et al.11 LBL-type 5 62% (7 yr) 51% (7 yr)

Thomas et al.2 HyperCVAD 33 66% (3 yr) 70% (3 yr)

Jabbour et al.7 LMT-98 27 44% (5-yr FFP) 63% (5 yr)

Song et al.8 Hybrid ALL/NHL 34 68% (4-yr FFS) 72% (4 yr)

Notes: HyperCVAD: hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating with high-dose methotrexate and cytarabine;
DFS: disease-free survival; FFP: freedom from progression; OS; overall survival; NA: not available.

Table 25.1. Outcomes with “standard” induction regimens

Regimen n DFS OS

Anderson et al.17 COMP 40 (pediatric) 34% (5 yr) 45% (5 yr)

Colgan et al.13 CHOP-like 39 49% (6 yr) 51% (6 yr)

Jost et al.14 MACOP-B þ ASCT 20 31% (3 yr) 48% (3 yr)

Kaiser et al.15 CHOP-like 29 38% (3 yr) 41% (3 yr)

Le Gouill et al.9 ACVBP-like 92 22% (3 yr) 32% (3 yr)

van Imhoff et al.16 CHOP-like 15 40% (5-yr EFS) 46% (5 yr)

Notes: COMP: cyclophosphamide, vincristine, methotrexate, prednisone; CHOP: cyclophosphamide, doxorubicin, vincristine, prednisone; MACOP-B: methotrexate with
leucovorin rescue, doxorubicin, cyclophosphamide, vincristine, prednisone, and bleomycin; ASCT: autologous stem cell transplantation; ACVBP: doxorubicin,
cyclophosphamide, vindesine, bleomycin, and prednisone; DFS: disease-free survival; EFS: event-free survival; OS: overall survival.
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Mediastinal radiation
Since the mediastinum is a common site of presentation and
patients may present with bulky disease, adjuvant mediastinal
radiation has been investigated. Since radiation therapy has
not been shown to improve survival in the pediatric popula-
tion and has long-term consequences including risk of second-
ary malignancies and cardiac toxicity, radiation is not
considered standard treatment. However, in adults, the medi-
astinum is a frequent site of recurrence and hence the role of
mediastinal radiation remains debatable.

MD Anderson retrospectively reviewed their data on 47
adult patients with LBL to investigate the role of mediastinal
radiation therapy in patients who achieve a CR to chemother-
apy.26 None of the 19 patients who received mediastinal radi-
ation experienced mediastinal recurrence, whereas 8 of 24
patients who did not get radiation had mediastinal relapse.
Patients who received local radiation therapy had significantly
better local disease control; a 5-year actuarial local control of
100% compared with a rate of 67% in patients who did not
receive local radiation therapy (p¼ 0.01). This did not trans-
late into an improved overall freedom-from-progression rate
or overall survival rate. A major confounding factor was that
16 of 19 patients who received mediastinal radiation therapy
had HyperCVAD, while most of the patients without radiation
(18 of 24) had other forms of chemotherapy. Larger studies are
needed to define the role of local radiation therapy for local
disease control.

Stem cell transplantation
While intensive chemotherapy regimens, based on ALL proto-
cols, have improved outcomes, considering the high relapse
rates, stem cell transplantation (SCT), both autologous and
allogeneic, has been used as consolidation in first remission
in LBL patients (Table 25.3).

A recent retrospective study from British Columbia
reported the outcome in 34 adults with T-LBL diagnosed and
treated from July 1987 to March 2005.8 Treatment, before
planned SCT, consisted of a NHL/acute lymphoblastic leuke-
mia hybrid chemotherapy protocol (28 patients) or a standard
NHL chemotherapy regimen (6 patients). Median follow-up of

the 23 surviving patients was 51 months (range 13–142
months). Twenty-nine proceeded to SCT (4 allogeneic, 25
autologous). For all 34 patients, 4-year overall survival and
event-free survival were 72% and 68%, respectively. For
patients proceeding to SCT, the 4-year overall survival and
event-free survival were 79% and 73%, respectively. All
patients who received allografts are alive without disease at
38–141 months since diagnosis. For patients who received
autografts, the 4-year event-free survival is 69%.

The European Group for Blood and Marrow Transplant-
ation (EBMT) reported outcomes of 214 patients who under-
went autologous transplantation after chemotherapy,
including conventional lymphoma chemotherapy or ALL-like
regimens.5 Of 105 patients undergoing transplantation in first
complete remission (CR1), long-term overall survival was 63%
as compared with only 31% in those undergoing transplant-
ation after initial disease progression. The Dutch–Belgian
Hemato-Oncology Cooperative Group subsequently reported
a phase II study in which 15 patients with LBL underwent two
courses of high-dose induction chemotherapy followed by
autologous transplantation;17 13 of 15 patients responded to
initial chemotherapy and completed the entire treatment
protocol. At 5 years, the estimated overall survival was 46%
and event-free survival was 40%, suggesting that early trans-
plantation might improve outcomes.

Induction
therapy

Initial
response

Complete Maintenance therapy
or
HDT with autologous transplant

Clinical trial
or Best supportive care

All stages

ALL-like
    or
NHL/ALL
hybrid regimen
    or
Clinical trial

Partial

Figure 25.2 Treatment algorithm for initial
therapy of lymphoblastic lymphoma. HDT: high-
dose therapy.

Table 25.3. Stem cell transplantation in first remission

Regimen n DFS OS

Jost et al.14 MACOP-Bþ auto
SCT

20 31% (3 yr) 48%
(3 yr)

Sweetenham
et al.27

Various induction
regimensþ auto
SCT

105 63% (6 yr) 64%
(6 yr)

Bouabdallah
et al.20

ALL-typeþ auto
or allo SCT

62 8%
(5-yr EFS)

60%
(5 yr)

Song et al.8 Hybrid ALL/
NHLþ auto or
allo SCT

34 8%
(4-yr EFS)

72%
(4 yr)
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The EBMT and the United Kingdom Lymphoma Group
conducted a randomized controlled trial in which of the 98
patients eligible for randomization, 65 were randomized, 31 to
autologous SCT (ASCT) and 34 to conventional chemother-
apy.27 Main reasons for failure to randomize included patient
refusal, early progression or death on induction therapy, exces-
sive toxicity of induction regimen, and elective allogeneic SCT.
With a median follow-up of 37 months, the actuarial 3-year
relapse-free survival rate was 24% for the chemotherapy arm
and 55% for the ASCT arm (hazard ratio¼ 0.55 in favor of the
ASCT arm; p¼ 0.065). A difference in overall survival at three
years was not detected (56% vs. 45%; p¼ 0.71). Potential
reasons for lack of difference in overall survival included
insufficient power given the small number of randomized
patients. Slow accrual led to the early termination of the trial.
A post hoc power calculation indicated that a different conclu-
sion would have been unlikely.

The International Bone Marrow Transplant Registry
(IBMTR) and the Autologous Blood and Marrow Transplant
Registry (ABMTR) reported the outcomes of 128 patients who
underwent autologous and 76 patients who underwent HLA-
identical sibling SCT from 1989 to 1998.4 The median age of
autologous transplant patients was 31 years (range, 2–67 years)
and 27 years (range, 5–53 years) for those who received HLA-
identical sibling SCTs. Patients receiving autologous trans-
plants were older, more likely to receive peripheral blood stem
cells, more likely to receive transplants before 1994, and less
likely to receive a total body irradiation (TBI)-containing con-
ditioning regimen than allogeneic transplant recipients. The 5-
year adjusted probabilities of survival were 39% (95% CI¼ 29–
49%) after allogeneic transplantation and 44% (95% CI¼ 36–
52%) after autologous transplantation; p¼ 0.47. Advanced dis-
ease status and poor performance status at transplantation
were predictive of higher mortality. The 5-year cumulative
incidences of transplant-related mortality (TRM) were 25%
(95% CI¼ 16–36%) after allogeneic transplantation and 5%
(95% CI¼ 2–10%) after autologous transplantation; p< 0.001.
The 5-year cumulative incidences of relapse were 34% (95%
CI¼ 23–45%) after allogeneic transplantation and 56% (95%
CI¼ 45–65%) after autologous transplantation; p¼ 0.004.

The EBMT reported a registry matched study of allogeneic
SCT for lymphoma.3 The report included 314 patients with
lymphoblastic lymphoma. Bone marrow involvement was
detected in 52% and CNS involvement in 12% of the patients.
Median progression-free survival after allogeneic transplant-
ation was 7.6 months and median overall survival was 1 year.
The actuarial progression-free survival at 4 years was 38% and
overall survival was 42%. The actuarial procedure-related mor-
tality at 4 years was 33%.

The above data indicate that, as has been seen in other
hematologic malignancies, allogeneic transplant leads to a
lower relapse rate but the increased TRM leads to an inferior
overall survival compared to autologous transplantation. We
do not recommend allogeneic transplantation outside the con-
text of a clinical trial.

The improved outcome in patients receiving intensive
induction2 at diagnosis compared to patients receiving a
non-intensive induction like CHOP followed by autologous
transplantation14 indicates the importance of the induction
regimen in this disease. In the setting of intensive induction,
the role of autologous transplant for consolidation in CR1
remains unclear. A potential treatment algorithm for treat-
ment at the time of diagnosis is outlined in Figure 25.2.

Prognosis
Clinically, CNS disease or bone marrow involvement at pre-
sentation have been reported as adverse prognostic factors.2,8

However, no clinically reproducible risk factors have been
identified. This may be a reflection of the small sample size
in the various studies.

A recent study looking at a retrospective evaluation of 41
cytoplasmic CD3þ T-LBL by assessing stage of maturation
arrest based on TCR immunogenotyping and immunohisto-
chemistry allowed the identification of three subcategories: 11
immature IM0/D-LBL showed no TCR or only incomplete
TCRD DJ rearrangement and corresponded to cytoplasmic
CD3þ precursors of uncertain lineage. Sixteen mature
TCRDdel-LBL showed biallelic TCRD deletion and both TCRG
and TCRB rearrangement, consistent with TCRab lineage
restriction. Fourteen intermediate LBL (Int-LBL) showed com-
plete TCRD VDJ and TCRG VJ rearrangement, with TCRB VDJ
rearrangement in the majority. All Int-LBL expressed HOX11/
TLX1 orHOXA9 transcripts and a proportion of the latter were
associated with CALM-AF10 or NUP214-ABL fusion tran-
scripts. IM0/D-LBL were restricted to adults with extrathymic
disease and bone marrow involvement, whereas Int-LBL and
TCRDdel-LBL were found in children and adults with predom-
inantly thymic disease. In adults, the Int-LBL subgroup was
associated with a significantly superior clinical outcome. This
subgroup can be identified either by TCR immunogenotyping
or HOXA9/TLX1 transcript quantification.6

Future directions
There is evidence for a pro-oncogenic role for Notch-
transduced signals in the development of T-ALL in mice and
humans. A recent study attempted to characterize the down-
stream pathways that transmit pro-oncogenic signals.28 To
identify these pathways, protein microarrays were used to
profile the phosphorylation state of 108 epitopes on 82 distinct
signaling proteins in a panel of 13 T-cell leukemia cell lines
treated with a gamma-secretase inhibitor (GSI) to inhibit
Notch signals. The microarray screen detected GSI-induced
hypophosphorylation of multiple signaling proteins in the
mTOR pathway. Withdrawal of Notch signals prevented
stimulation of the mTOR pathway by mitogenic factors. The
findings collectively suggest that the mTOR pathway is posi-
tively regulated by Notch in T-ALL cells. Simultaneous block-
ade of the mTOR and Notch pathway with small-molecule
inhibitors resulted in synergistic suppression of T-ALL growth.
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Another promising area is the development of drugs that
preferentially target T cells. In a recent study, nelarabine was
administered to 26 patients with T-ALL and 13 with T-LBL on
an alternate day schedule (days 1, 3, and 5) at 1.5 g/m2 per
day.29 Cycles were repeated every 22 days. CR was 31% (95%
CI¼ 17%–48%). Overall response rate was 41% (95% CI
¼ 26%–58%). Principal toxicity was grade 3 or 4 neutropenia
and thrombocytopenia, occurring in 37% and 26% of patients,
respectively. The promising activity merits further study in the
first-line setting.

The optimal management strategy for lymphoblastic
lymphoma remains unclear. Promising and comparable
results, as discussed above, have been reported with intensive
ALL-like chemotherapy regimens alone and with NHL/ALL
hybrid regimens followed by consolidation with ASCT in first
remission. A better understanding of the biology of the disease
and the signaling pathways involved should lead to improved
therapeutic options in the future.
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Chapter

26 Burkitt lymphoma

Julie M. Vose

Introduction
Burkitt lymphoma (BL) is an uncommon B-cell lymphoma
characterized by high proliferation rate and cytogenetic
changes related to c-Myc proto-oncogene overexpression. It
encompasses a heterogeneous group of highly aggressive B-cell
lymphoma. It is seen frequently in children and young adults
in the endemic areas. As the result of the world epidemic of
AIDS, the number of adult BL cases has increased significantly
in the last few decades. In the United States, BL has an inci-
dence of 1200 patients per year.

This lymphoma was first described by Denis Burkitt in
1958 in children in Africa.1 This type of endemic BL was
described in children with jaw tumors with eventual spread
to extranodal sites, particularly the bone marrow and lepto-
meninges. In the USA, BL is more commonly diagnosed in
adult patients over age 40 years. According to the Surveillence,
Epidemiology and End Results (SEER) registry, 59% of the BL
cases in the USA are in patients over the age of 40 years.

The challenge of correctly identifying the BL in an individ-
ual patient becomes particularly critical as BL is rapidly fatal if
not treated rapidly and appropriately with brief intensive
chemotherapy. Initiation of the correct treatment early has
yielded excellent results; however, when patients with BL were
treated with regimens for diffuse large B-cell lymphoma
(DLBCL), the long-term outcomes were inferior.2–4 On the
other hand, the intensive therapy is not the favored choice
for DLBCL, since it is associated with higher toxicity. There-
fore, the need for more advanced modalities to establish the
accurate diagnosis is crucial to avoid under-treatment or over-
treatment of the patients.

Historical background
BL was first described by Dr. Denis Burkitt, an Irish surgeon
who was working for the Colonial Medical Service in Uganda.
He noted a high incidence of rapid-growing tumor affecting
the jaws of African children in the endemic areas of malaria.
At that time, Dr. Burkitt described the tumor as a form of

sarcoma.5 Three years later, the tumor was recognized
histologically as a malignant lymphoma by Burkitt and
O’Connor when they studied a series of cases that involved
extranodal sites in African children that shared the geographi-
cal distribution, histologic features, and high incidence of jaw
involvement.6,7

BL accounts for over half of all childhood cancers in
endemic areas and 40–50% of childhood non-Hodgkin
lymphomas (NHLs) in non-endemic areas (America and
Western Europe).8 In contrast, it is a rare lymphoma in
adults, except in HIV-positive patients; it constitutes 1–2%
of all non-HIV adult lymphomas in Western Europe and
the USA.9

The World Health Organization (WHO) classified BL on
the basis of geographical distribution and clinical presentation
into three subtypes; endemic, sporadic, and immunodeficiency-
associated BL. These subtypes share the same morphologic and
immunohistologic features. The endemic variant is the proto-
type and the most common form; it describes cases that have
been observed in children in equatorial Africa and Papua
New Guinea with a pattern of geographical distribution
corresponding with endemic malaria falciparum. The highest
risk of BL is seen between 10 degrees north and south of the
equator;10 it has a tendency to occur in low, warm, and humid
lands.11 It is also an important disease in areas such as the
Middle East, North Africa, and parts of South America. It is
characterized by high incidence of jaw and other facial bones
involvement. Central nervous system (CNS) and bone marrow
(BM) involvement in children have been reported in 12% and
22% of cases, respectively.12 Nearly all of endemic cases are
associated with Epstein–Barr Virus (EBV) infection.

In contrast, the sporadic form describes cases that occur
outside the endemic distribution of the disease; it is seen in
industrialized nations such as in North America and Europe. It
accounts for a minor percentage of adult lymphoma; it peaks
in the second and third decades. It is a highly aggressive
disease with high propensity to invade BM and CNS; they
are involved in 30–38% and 13–17% of cases, respectively.13
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Lymph nodes are noted to be involved more often in adults
than in children. Whereas the jaw is the most common
affected site in the endemic form, it is infrequently involved
in sporadic Burkitt.14 The abdomen is the most common
site in sporadic cases, particularly terminal ileum, cecum, and
intra-abdominal lymph nodes; however, it occurs in other sites
like ovaries, kidneys, pancreas, liver, omentum, Waldeyer’s
ring, and breast;15 breast involvement is observed almost
exclusively in girls at the onset of puberty and in lactating
women.16 Malignant pleural effusion and ascites were reported
with BL.9 One-third of patients have B symptoms at presenta-
tion (unexplained fever higher than 38�C [100.4�F] in the
prior month, unexplained weight loss greater than 10% in
the past 6 months, and recurrent drenching night sweats in
the prior month). Patients with abdominal disease usually
present with abdominal mass or pain, bowel obstruction
symptoms, gastrointestinal bleeding, or syndrome mimicking
an acute appendicitis.

The third group is immunodeficiency-associated BL
which is seen in HIV-positive patients, to a lesser extent in
post-transplant recipients,17 and in some individuals with
congenital immunodeficiency.18 BL is much more seen in
HIV-positive individuals; it occurs over a thousand times more
often in HIV-positive individuals than in the general popula-
tion in the sporadic areas.19 Now, it accounts for 30–40% of all
HIV-associated NHLs.20 It is a recent expanding variant that
was sharply escalated by the wide spread of HIV and it has
become one of the most devastating complications of AIDS in
industrialized countries. Compared to other AIDS-associated
NHLs, BL occurs in younger patients with higher CD4 count.
Since the prevalence of highly active antiretroviral therapy
(HAART) in 1996, the prognosis of HIV-associated NHL has
improved significantly with the standard chemotherapy proto-
cols, except for Burkitt, which continues to carry an unsatisfied
prognosis with the current chemotherapy. It is usually pre-
sented clinically in more aggressive course, the majority of the
patients diagnosed with stage III and IV disease as well as wide
dissemination and BM involvement.21 Relapse with CNS
involvement tends to occur early in the course of the disease.22

Post-transplant BL was observed to occur after a relatively long
interval after the transplant, with a mean of 4.5 years.17

Pathology and biology
Histologically, classic BL is characterized by a diffuse pattern
of uniform round to ovoid medium-sized cells (12 µm) with
round nuclei that contain coarse chromatin and multiple
nucleoli with a high nuclear-to-cytoplasmic ratio. It has a
moderately abundant basophilic cytoplasm that contains
numerous lipid vacuoles. The hallmark of BL histologically is
the presence of starry-sky appearance seen under low-power
microscope; it is created by numerous macrophages contain-
ing ingested apoptotic tumor cells as a consequence of rapid
proliferation and high rate of apoptosis (Figure 26.1). The rate
of cell division is extremely high as reflected by the presence of

a large number of mitotic figures and high fraction of actively
growing cells demonstrated by Ki-67 which is nearly 100% in
BL. The classic form is seen in almost all endemic cases and in
most pediatric sporadic cases.

The WHO classification identified Burkitt lymphoma and
leukemia as a single entity of peripheral B-cell lymphoma with
two related morphologic variants in addition to the classical
form; BL with plasmacytoid differentiation and atypical BL/
Burkitt-like lymphoma (BLL). Those variants share the genetic
and immunophenotypic criteria, but they have atypical mor-
phologic features.

There are many distinctions between BL and DLBCL
(Table 26.1). However, BLL has morphologic features
intermediate between BL and DLBCL. It is differentiated
by larger nuclear size, greater shape pleomorphism, fewer
numbers of more prominent nucleoli, and the presence of
some admixed large centroblasts; it is seen frequently in spor-
adic adult cases. The revised European–American lymphoma
classification gave BLL a provisional status.23 It had been a
confusing entity for clinicians where they found themselves
reluctant to choose between treating the disease as BL or as
DLBCL, which has a significant impact on the outcome based
on the precise diagnosis. Later on, the Southwest Oncology
Group reported that BLL is an entity of high-grade lymphoma
much closer to BL than DLBCL, and it can be differentiated
based on phenotypical and molecular features; a higher prolif-
eration index (PI) average has been noted in BLL cases com-
pared to DLBCL.24

The WHO classification resolved the dilemma by recogniz-
ing BLL as a morphologic variant of BL that requires intensive
therapy. BLL was defined as lymphoma with morphologic
features intermediate between BL and DLBCL with high
Ki-67 fraction of the neoplastic cells, at least 99%. Cases with
a high proliferation fraction or with t(8;14) and typical morpho-
logic features of DLBCL, and cases that are morphologically

Figure 26.1 Hematoxylin and eosin (H&E) stain of Burkitt lymphoma with the
“starry-sky” appearance.
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intermediate between BL and DLBCL with lower proliferation
fraction, should be considered DLBCL rather than BLL.24,25

BL with plasmacytoid differentiation variant is reported
frequently in HIV-associated cases. It is distinguished by nuclear
pleomorphism, frequent single nucleolus, abundant eccentric
basophilic cytoplasm, and evidence of monotypic intracytoplas-
mic immunoglobulins; in contrast to the uniform appearance
of the classic form, section reveals more heterogeneity in BL
with plasmacytoid differentiation.

BL cell markers are compatible with germinal center origin
based on data from sequence analysis of the somatic mutated
immunoglobulin heavy chain variable-region genes and fre-
quent expression of B-cell surface markers on the cells;26 in
addition, some cases of endemic BL show evidence of ongoing
somatic hypermutation which supports the germinal center
origin as somatic hypermutation is apparently confined to
germinal center B cells.27

Immunophenotyping features
BL cells are derived from mature B-cell lineage and typically
express monotypic surface IgM, CD19, CD20, CD22, CD10,
BCL6, and CD79a, and are negative for CD5, CD23, nuclear
terminal deoxyribonucleotide transferase (TdT), and BCL2.9

Lack of the surface immunoglobulins was reported in few cases
of Burkitt.28 The presence of CD10 and BCL6 expression in
BL cells supports the germinal center origin of Burkitt cells.29

A remarkable feature of BL is high growth fraction demonstrated
by extremely high Ki-67 PI that reaches 100%9 (Figure 26.2).
BL in leukemic phase usually express mature immunopheno-
types that distinguish blast cells from classic precursor B-cell
ALL.30

BLL demonstrates more phenotypical diversity; it exhibits a
lower proliferation rate as measured by Ki-67 compared with
the classic form and more frequent expression of BCL2.31 On
the other hand, some cases of DLBCL were found to exhibit
overlapping immunophenotypes with BL with high prolifer-
ation rate,32 which means distinguishing BLL from DLBCL is
not always feasible based on immunophenotypic characteris-
tics alone. Expression of CD21 is seen in EBV-positive cases
since it is an EBV-viral receptor.33 Therefore, it presents in the
vast majority of endemic cases which correlated with high
incidence of EBV infection in this variant.

Molecular genetics
c-MYC encodes a transcription factor. It normally has an
influence on the cell cycle regulation, cellular differentiation,
and apoptosis.34 Dysregulation of the gene is the key element
in BL pathogenesis at the cellular level. Translocation of c-Myc
oncogene is universal in BL; it juxtaposes the c-Myc oncogene
location at 8q24 and one of the three immunoglobin loci on
chromosome 2, 14, or 22. The commonest translocation is
(8;14), which is observed in 80% of the cases; it occurs between
c-Myc oncogene and Ig heavy chain gene (IGH). Fifteen per-
cent of BL cases have t(2;8), where the translocation occurs
between c-Myc and Kappa light chain gene, and the remaining
5% have (8;22) translocation between c-Myc and Lambda light
chain gene.35 In addition, one-third of the BL cases also have
alterations at the p53 gene at 17p. The detection of transloca-
tions is not always feasible by performing routine cytogenetics;
using fluorescence in situ hybridization (FISH) or long-
segment polymerase chain reaction increases the chance of
identifying the translocations.28

Table 26.1. Differences between Burkitt lymphoma and DLBCL

Burkitt lymphoma DLBCL

Epidemiology 1–2% of NHL 30% of NHL

Morphology Starry-sky
appearance

Large cells

Immunophenotype CD10þ, CD19þ,
CD20þ, CD22þ,
CD79aþ, CD5�,
monotypic sIgþ, TdT

CD19þ, CD20þ,
CD22þ, CD45þ,
CD79aþ, PAX5þ,
monotypic sIg�,
CD5�, CD10�

Ki-67 100% 53%

Genetics c-Mycþ, BCL6þ,
BCL2 neg

BCL2 (30% þ),
BCL6 (30% þ),
c-Myc (10% þ)

Treatment R-CODOX-M/IVAC
or R-HyperCVAD
or R-EPOCH

R-CHOP

Notes: R-CODOX-M/IVAC: rituximab plus cyclophosphamide, vincristine,
doxorubicin, high-dose methotrexate, and intrathecal therapy alternating
with ifosfamide, etoposide, high-dose cytarabine, and intrathecal therapy;
R-CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone; R-Hyper
CVAD: rituximab plus hyperfractionated cyclophosphamide, vincristine,
doxorubicin, and dexamethosone; R-EPOCH: etoposide, prednisone, vincristine,
cyclophosphamide, and doxorubicin with rituximab and intrathecal
methotrexate; TdT: terminal deoxyribonucleotide transferase; sIg: surface
immunoglobulin.

Figure 26.2 Ki-67 stain of Burkitt lymphoma with 100% staining.
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The position of breakpoint in relation to c-Myc gene at
chromosome 8 and IGH at chromosome 14 is not constant and
it was reported to be variable in individuals with BL. Studies
found a correlation between the site of breakpoint at the
chromosomes and the geographical distribution of BL. In the
endemic form, the breakpoint on chromosome 8 tends to
occur upstream of the c-Myc gene, while the breakpoint in
the IGH locus is usually located within the joining segment. In
sporadic and HIV-associated cases, the translocation break-
point falls often within the c-Myc gene on chromosome 8
and in the IGH switch region in chromosome 14.34 This may
suggest a presence of diverse pathogenesis for the different
variants of BL which may reflect the clinical variability
between endemic and sporadic subtypes.

Making BL diagnosis more challenging, c-Myc was found
to be overexpressed in a percentage of DLBCL cases; it is
estimated that 5–15% of DLBCL harbor the c-Myc rearrange-
ment.36 It is also seen infrequently in other malignancies
such as mantle cell lymphoma, follicular lymphoma, and mul-
tiple myeloma; translocation in these tumors is usually a sec-
ondary event in contrast to BL cases that have a de novo
translocation. However, some cases of BLL were found missing
the c-Myc translocation.37,38

The presence of both (8;14)(q24;q32) and (14;18)(q32;q21)
translocations in malignancy cells at the same time is referred
to as the dual hit or translocation; it was found that tumors
harboring this combination have more aggressive disease, pre-
sent in more advanced stages, and have worse prognosis.39 The
t(14;18) causes overexpression of BCL2, and it is seen fre-
quently in follicular lymphoma and to a lesser extent in DLBCL.
It mediates cell survival prolongation through apoptosis inhib-
ition, and when this mutation is present in alliance with c-Myc
overexpression, cell proliferation is enhanced,40 and a synergic
effect is created on the growth speed of tumor and the resist-
ance for chemotherapy. Dual translocation has been reported
in BL cases, especially BLL,41 as well as DLBCL;42 however, it
occurs in transforming follicular lymphoma as well. Patients
with dual transformation usually have a worse outcome com-
pared to simple translocation. More complex cases with triple
translocations in BL were reported,43 and it was also linked to
poor prognosis. Management approach in such complex trans-
location cases is not well defined yet; however, intensive ther-
apy remains the standard of care, and the role of stem cell
transplantation (SCT) in patients with these translocations is
not yet established.

Gene profile studies
Differentiating BL from DLBCL can be extremely difficult in
some cases, yet the distinction has important therapeutic
implications; using molecular technology has imparted new
insights in the accurate diagnosis. Genetic signature was intro-
duced in the past few years to compare the gene expression
based on the differential expression of thousands of genes,
creating a global picture of cell activity. Recent studies

conducted by Dave et al.37 and Hummel et al.38 reported a
more reliable approach in subclassification of mature aggres-
sive B-cell lymphoma by gene expression profiling using DNA
microarrays. They found that 17%37 and 34%38 of cases iden-
tified to have the Burkitt gene expression profile had previ-
ously been called DLBCL or unclassifiable high-grade
lymphoma. On the contrary, 0.5–4% of the cases that had been
called BL or BLL lacked the genetic signature of BL, which
implies that these cases could represent DLBCL or other high-
grade lymphoma rather than BL. Both studies demonstrated
the superiority of using gene signature inBL diagnosis overWHO
criteria. The results showed preferred prognosis for patients
without the molecular signature of BL, but the retrospective
design of the studies couldn’t allow addressing of the accurate
correlation between diagnosis and chemotherapy response.

Clinical evaluation
Most adult patients with BL in the USA present with a large
abdominal mass or less commonly rapidly enlarging neck
or groin nodes. The patients often have “B” symptoms and
evidence for tumor lysis syndrome. BM involvement is present
approximately 70% of the time and leptomeningeal disease is
present about 40% of the time. Extranodal involvement can
occur in a number of different locations including bone,
testes, ovaries, liver, or gastrointestinal tract. After the diag-
nosis has been made by a biopsy, the patient needs to be staged
as quickly as possible with computed tomographic (CT)
imaging of the chest, abdomen, or pelvis, BM biopsy, and
lumbar puncture. Routine lab tests for blood counts, renal
and liver tests, and electrolyte evaluation should also be done
in a timely manner. There is not a lot of published infor-
mation on 18F-fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) in BL; however, it may be helpful in picking
up other extranodal disease such as occult bone disease.
The patients are at very high risk for tumor lysis syndrome
and should be monitored very closely once the diagnosis is
made and treatment is initiated for organ damage due to this
complication.

Treatment of Burkitt lymphoma
Prior to the initiation of treatment, the patients must be given
aggressive bicarbonate hydration, and allopurinol or rasburi-
case to prevent tumor lysis syndrome. The initial trials of BL
treatment by using standard protocols had failed to obtain
acceptable outcomes; when BL was treated with conventional
NHL or acute lymphoblastic leukemia (ALL) regimens, com-
plete response (CR) rate ranged between 30% and 70% with
cure rate between 0% and 30%,2–4 which can be attributed to
the fact that viable cells in Burkitt are able to recover fast and
reenter the cell cycle with rapid growth rate between the
chemotherapy cycles. The introduction of intensive chemo-
therapy given over a relatively short interval provided an ideal
strategy for this obstacle; however, adult patients do not toler-
ate these intensive regimens as well as pediatric patients.
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Most of the adult BL regimens have largely been adopted
from pediatric protocols.44–46 Although intensive chemother-
apy improved the outcome markedly in pediatric BL, increased
age was an independent factor associated with inferior out-
come in most trials. The German Multicenter Study Group for
Adult ALL (GMALL) developed two protocols for adult BL
derived from the pediatric Berlin, Frankfurt, Munster (BFM)
regimen; these protocols are B-NHL 83 and B-NHL 86.46

Those studies reported 4- to 8-year overall survival (OS)
around 50%, which was a significant improvement compared
to earlier dismal outcome. Toxicities were high with these
protocols, including hematologic and neurologic toxicities;
40% of patients could not complete the entire assigned regimen.

After the success that the lymphoma malignant B-cell
(LMB) protocol achieved in pediatrics, a retrospective review
of 65 HIV-negative patients was done to evaluate its efficacy in
the adult population. The study included patients that were
diagnosed with small non-cleaved cell lymphoma (SNCL) or
ALL L3; the majority of the patients had advanced disease. Age
ranged between 17 and 65. They were treated with LMB 84 and
86. CR was 89% and 3-year OS was 74%. Three-year OS was
100% among patients with stage I and II compared to 57%
among patients with stage IV or ALL L3. The LMB protocol
involves cytoreduction phase with COP regimen which
includes low-dose cyclophosphamide, vincristine, and prednis-
one, followed by two induction cycles with COPADM that
includes high dose of methotrexate, cyclophosphamide,
vincristine, doxorubicin, and prednisone; then one to two
consolidation cycles that contain cytarabine, and one to four
maintenance cycles.47

To support the previous results, a prospective trial of LMB
in adults was performed on 51 patients with median age of 33.
A CR of 83% was achieved, with 2-year event-free survival
(EFS) and OS of 61% and 66%, respectively. The multivariate
analysis showed poor survival rate associated with the presence
extranodal involvement and failing to respond to cytoreduc-
tive therapy.48 Subsequently, a more recent prospective study

of the LMB protocol on 72 adult patients with BL was pub-
lished in 2005. The study reported CR of 72% and 2-year EFS
and OS of 65% and 70%, respectively. Worse outcome was
associated with increased lactate dehydrogenase and increased
age; analysis showed 2-year OS of 84% in patients < 33 years
compared to 60% in patients > 33 years.49 The major reported
adverse effect in LMB studies was myelosuppression.47–49

Although the LMB protocol has proved its efficacy in adults,
survival rate didn’t reach the pediatric rate.

The CODOX-M/IVAC protocol has gained the interest of
many oncologists due to the excellent curable potential it has
attained. It consists of alternating therapy between cyclopho-
sphamide, vincristine, doxorubicin, high-dose methotrexate,
and intrathecal therapy and ifosfamide, etoposide, high-dose
cytarabine, and intrathecal therapy (Table 26.2).

The alternating regimen with IVAC was developed by
McGrath. He conducted a trial of four cycles of CODOX/
IVAC on 41 patients, including children and adults, with
SNCL. The study reported 2-year EFS of 92% with identical
survival outcomes obtained in children and adult groups. The
study reported similar prognosis for adults and children when
they were treated with CODOX/IVAC, but young adults were
enrolled in the study with median age of 24. The reported
therapy toxicities were mucositis and neurotoxicity.45

Two years later, Adde, who was a partner in the previous
study, reported updated results of four cycles of alternating
CODOX-M/IVAC protocol in advanced B-cell lymphomas.
The regimen was given to 66 high-risk patients, including
children and young adults; 55 patients had BL/BLL and 11
patients had DLBCL. The EFS was 85% at 1 year and beyond,
and Adde reported that significant improvement in survival
rate is achieved by adding alternating therapy to the previous
CODOX-M regimen. The study confirmed the prior results
seen in children and young adults with a median age of 25.50

To confirm the value of CODOX-M/IVAC protocol in
adults, the United Kingdom Lymphoma Group conducted
an international, prospective phase II study with some

Table 26.2. Treatment results for Burkitt lymphoma

Study Regimen No. Median age (range) CR% DFS% EFS% OS%

Bernstein et al. (83) Stanford 18 25 (15–75) 78 71.3 at 1 y N/A 66.8 at 2 y

Lopez et al. (107) MD Anderson 81-01 and 84-30 44 32 (17–72) 80 60 at 5 y N/A 52 at 5 y

McMaster et al. (108) Vanderbilt 20 44.5 (21–69) 85 60 at 5 y N/A N/A

Hoelzer et al. (81) B-NHL83 24 33 (15–38) 63 50 at 8 y N/A 49 at 8 y

B-NHL86 35 36 (18–65) 74 71 at 4 y 51 at 4 y

Soussain et al. (82) LMP 84 and 86 65 26 (17–65) 89 N/A 71 at 3 y 74 at 3 y

Divine et al. (83) LMB 81, 84, 86, and 89 51 33 83 N/A 61 at 2 y 66 at 2 y

Divine et al. (84) LMB 72 33 (18–76) 72 65 at 2 y 70 at 2 y

McGrath et al. (80) CODOX-M/IVAC 41 24 92

Adde et al. (85) CODOX-M/IVAC 26 25 (18–59) 92.3 N/A 84 at 1 y N/A
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modification in the original protocol of CODOX/IVAC on 52
HIV-negative patients with age ranging between 16 and 60
with median age of 35. Eighty percent of the cases were
considered high risk by International Prognostic Index-based
criteria. Low-risk patients received three cycles of modified
CODOX-M, while the high-risk group was given four cycles
of alternating modified CODOX-M and IVAC. Two-year OS
and EFS for all patients were 73% and 65%, respectively. In the
low-risk group 2-year OS and EFS were 82% and 83%, respect-
ively, versus 70% and 60% for 2-year OS and EFS, respectively,
in high-risk patients. The study revealed a trend of worsening
EFS in older age and advanced disease.51 Reported side effects
were myelosuppression and mucositis. Close outcome was
obtained from a small prospective study using the modified
McGrath regimen performed by the Dana Farber Cancer
Institute. The 2-year EFS was 64% in the entire study, with
100% in the low-risk group versus 60% in the high-risk group;
toxicity was less in this modified regimen compared to
McGrath’s original protocol.52

The MD Anderson Cancer Center developed the HyperC-
VAD protocol which has been used exclusively in adult BL.
The regimen includes hyperfractionated cyclophosphamide,
vincristine, doxorubicin, dexamethasone, and CNS prophy-
laxis. The trial was performed on 28 adult patients with
median age of 58. The CR was 81% and the 3-year OS was
49%. The study was performed in relatively elderly patients
compared to the previously mentioned studies as 46% of
patients were older than 60.53

Since Burkitt cells strongly express CD20 on the surface
and as rituximab is a monoclonal antibody against CD20,
the advent of rituximab to the preexisting regimens was

investigated in anticipation of improving adults’ survival
without adverse impact on toxicity. A trial by Thomas et al.
revealed very promising results in elderly treatment. The study
examined the addition of rituximab to HyperCVAD protocol
in 31 patients; the median age was 46 and 29% of the patients
engaged in the study were older than 60 years. The CR was
86%, and the 3-year OS, EFS, and disease-free survival (DFS)
were 89%, 80%, and 88%, respectively. In patients older than
60 years, 3-year OS was 89%. Survival enhancement without
therapy toxicity worsening was noted in the study, which
represents an evolutionary achievement in the unfavorable
elderly age group. In comparison to HyperCVAD regimen in
adults, HyperCVAD plus rituximab yielded similar CR; on the
other hand, a superior outcome in regard of 3-year OS, EFS,
and DFS was achieved. Presence of CNS disease was not a
prognostic factor in this study.54 The most recent National
Comprehensive Cancer Network (NCCN) guidelines in BL
treatment considered CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) as an inadequate regimen for BL.
However, it recommended using CODOX-M or HyperCVAD
for low-risk patients, and CODOX-M/IVAC � rituximab
or HyperCVAD alternating with methotrexate þ cytarabine
� R for HR patients, and SCT has to be considered for patients
with relapsed disease.55 The results with these regimens are
outlined in Table 26.3.

The role of autologous or allogeneic bone marrow trans-
plant is still controversial. Although some studies reported that
intensive therapy followed by SCT may improve the sur-
vival,55,58 it has not been proved yet as consolidation therapy,
especially after the introduction of chemoimmunotherapy
that has achieved excellent outcomes and if the significant

Table 26.3. Treatment results for Burkitt lymphoma

Study Regimen No. Median age (range) CR% DFS% EFS% OS%

Bernstein et al.44 Stanford 18 25 (15–75) 78 71.3 at 1 yr NA 66.8 at 2 yrs

McMaster et al.56 Vanderbilt 20 44.5 (21–69) 85 60 at 5 yrs NA NA

Hoelzer et al.46 B-NHL83 24 33 (15–38) 63 50 at 8 yrs NA 49 at 8 yrs

B-NHL86 35 36 (18–65) 74 71 at 4 yrs 51 at 4 yrs

Soussain et al.47 LMB 84 and 86 65 26 (17–65) 89 NA 71 at 3 yrs 74 at 3 yrs

Divine et al.48 LMB 81, 84, 86, and 89 51 33 83 NA 61 at 2 yrs 66 at 2 yrs

Divine et al.49 LMB 72 33 (18–76) 72 NA 65 at 2 yrs 70 at 2 yrs

McGrath et al.45 CODOX-M/IVAC 41 24 92

Adde et al.50 CODOX-M/IVAC 26 25 (18–59) 92.3 NA 84 at 1 yr NA

Mead et al.51 CODOX-M/IVAC 52 35 (16–60) 75 NA 64.6 at 2 yrs 72.8 at 2 yrs

Thomas et al.53 HyperCVAD 26 58 (17–79) 81 61 at 3 yrs NA 49 at 3 yrs

Thomas et al.54 R-HyperCVAD 31 46 (17–77) 29% > 60 86 88 at 3 yrs 80 at 3 yrs 88 at 3 yrs

Kujawski et al.57 High-dose CHOP, mid-cycle MTX 11 51 (33–71) 91 73 at 22 mo 82 at 22 mo

Notes: MTX: methotrexate; NA: not available.
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procedure-related mortality risk is considered. In a study
investigating the efficacy of autologous SCT in adults with
BL/BLL, a superior OS was obtained from treating relapsed
chemosensitive disease. Compared to conventional regimens,
the 3-year OS was 72% after the first CR, 37% in relapsed
chemosensitive disease, and 7% in relapsed chemoresistant
BL.59 In a more recent study performed on chemoradiotherapy
and stem cell transplant as primary therapy in sporadic BL,
3-year EFS was 50%.58 The potential benefit of graft-versus-
lymphoma by using allogeneic transplant did not affect the
relapse rate and OS based on the current existing data.60

The place of autologous and allogeneic stem cell transplants
in BL remains uncertain.

CNS prophylaxis is one of the main keys in BL treatment,
since the CNS is a common site for relapse in the absence of
such treatment; relapse had occurred in 30–50% of patients
with BL prior to the introduction of intensive chemotherapy
with CNS prophylaxis. However, it can be skipped in patients
with completely resected disease in the absence of CNS
involvement with the intention to limit therapy toxicity.
CNS prophylaxis and therapy have been used as intrathecal
and systemic therapy in Burkitt protocols; intrathecal metho-
trexate with or without cytarabine and hydrocortisone has
been popular in the current regimens.

Special situations
HIV-positive Burkitt lymphoma
Studies have demonstrated a worse prognosis of Burkitt in
HIV-positive patients compared to HIV-negative patients.
The immunocompromised state of the HIV-positive patients
had precluded the use of intensive chemotherapy in the past;
however, the introduction of HAART in HIV management
supported the immune system and created more capability
to mount the opportunistic infections during the course of

therapy, which has allowed the application of more intense
therapy. Recent successful clinical trials using different inten-
sive regimens were reported, which count as one of the major
advances in HIV-associated BL treatment.61 In contrast to the
encouraging results that rituximab has provided in HIV-nega-
tive adult BL, the role of rituximab in HIV-positive BL remains
controversial as trials revealed increased serious infection in the
rituximab group.62,63 A low CD4 count and poor performance
status predicted for inferior survival. More recently, dose-
adjusted R-EPOCH (etoposide, prednisone, vincristine, cyclo-
phosphamide, doxorubicin, with rituximab and intrathecal
methotrexate) has had very good outcomes but with short
follow-up so far.64

Burkitt lymphoma in the elderly
According to the SEER database, approximately 30% of BL
patients are over the age of 60 years. Patients in this age group
have a very difficult time tolerating the intense high-dose
regimens such as the McGrath regimen or the Hyper-CVAD
regimens. Although R-CHOP is not a very good alternative, the
use of R-EPOCH may be a good alternative in this age group.

Conclusions
Dramatic advances continue to be made in the diagnosis and
treatment of BL. A rapid and accurate diagnosis is needed to
provide the optimal therapy. Therefore, more clear criteria
should be made for diagnosis, and new identification modal-
ities such as gene expression profile need to be involved in
the uncertain cases. Treatment of adult BL has improved
remarkably in the last few years by introducing very intensive
“pediatric” or “acute leukemia” protocols. Delay in therapy
can have tragic results, but with rapid diagnosis and with the
prompt initiation of an appropriate treatment regimen the
majority of adults will be cured.
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