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Preface

Over the past few years, our understanding of the molecular pathogenesis of 
malignant lymphomas has led to the improvement in the diagnostic precision 
and to the identification of a variety of molecular therapeutic targets. 
Furthermore, new drugs have been approved by the United States and 
European agencies, resulting in a change of the standard of care of several 
types of lymphoid malignancies. To provide a timely update on the most 
important advances in the biology, diagnosis, and therapy of lymphomas, we 
invited our internationally renowned colleagues to write 23 chapters covering 
clinically relevant topics. We hope that this book will provide valuable infor-
mation to our readers.

Houston, Texas Anas Younes, MD
Pierre Bénite, France Bertrand Coiffier, MD
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   Introduction 

 The World Health Organization (WHO) 
classi fi cation of tumors of hematopoietic and 
 lymphoid tissues is based on the Revised European-
American Classi fi cation of Lymphoid Neoplasms 
(REAL), published by the International Lymphoma 
Study Group (ILSG) in 1994. The validation of this 
proposal in large series of tumors and the 
 publication of the third edition of the WHO 
classi fi cation in 2001 closed a long-lasting history 
of controversies that surrounded the classi fi cation 
of lymphomas. 
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  Abstract 

 The World Health Organization (WHO) classi fi cation of the lymphoid 
neoplasms updated in 2008 represents a worldwide consensus on lym-
phoma diagnosis and is based in two major principles: the strati fi cation of 
neoplasms according to their cell lineage and their derivation of precursor 
or mature cells and the de fi nition of non-overlapping distinct diseases that 
are clinically relevant. The identi fi cation of these diseases is based on a 
combination of morphology, immunophenotype, genetic, molecular, and 
clinical features. In addition to well-de fi ned entities, the classi fi cation 
addresses open issues, such as provisional entities that correspond to cat-
egories for which there were insuf fi cient evidence to support its recogni-
tion as distinct diseases at the time of publication and borderline categories 
with overlapping features between large B-cell lymphomas and Burkitt or 
Hodgkin lymphoma.  

  Keywords 

 WHO classi fi cation  •  B-cell lymphoma  •  T-cell lymphoma  •  Hodgkin 
lymphoma      

      The World Health Organization 
Classi fi cation of Lymphoid 
Neoplasms       

     Alejandra   Carvajal-Cuenca   ,       Stefano   A.   Pileri   , 
and    Elias   Campo           
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 The WHO classi fi cation of the lymphoid 
 neoplasms updated in 2008 represents a world-
wide consensus on lymphoma diagnosis and 
is based in two major principles: the strati fi cation 
of neoplasms according to their cell lineage and 
their derivation of precursor or mature cells 
and the de fi nition of non-overlapping dis-
tinct  diseases that are clinically relevant. The 
identi fi cation of these diseases is based on a com-
bination of  morphology, immunophenotype, 
genetic, molecular, and clinical features  [  1  ] . 

 The fourth edition of the WHO classi fi cation 
has integrated new information obtained by 
 different working groups in the last years and has 
re fi ned de fi nitions of well-recognized diseases, 
identi fi ed new entities, and incorporated new 
emerging concepts related to the biology of 
 lymphomas. However, the classi fi cation has still 
open issues, such as the provisional entities, that 
correspond to categories for which there was 
insuf fi cient evidence to support its recognition as 
distinct entities at this time. In addition,  borderline 
categories have been created for cases that do not 
clearly correspond to one well-established entity 
(Table  1.1 )  [  1,   2  ] .   

   Precursor Lymphoid Neoplasm 

 Lymphoblastic leukemia/lymphoma is divided 
by its B- or T-cell lineage and corresponds to a 
neoplastic proliferation of small- to medium-
sized lymphoblasts with scant cytoplasm, 
 dispersed chromatin, and inconspicuous nucle-
oli (Fig.  1.1 ). Patients have bone marrow (BM) 
and peripheral blood (PB) involvement (acute 
 lymphoblastic leukemia, ALL) and/or primary 
nodal or extranodal presentation in some cases 
(lymphoblastic lymphoma, LBL). The term 
 lymphoma is used when a mass lesion is found, 
with no or minimal PB and BM involvement. 
Although arbitrary, 25 % or more blasts are the 
threshold used for the distinction between ALL 
and LBL. However, the distinction between 
ALL and LBL is considered to have little clini-
cal or biological relevance.  

   Table 1.1    WHO Classi fi cation of mature lymphoid 
neoplasms  [  1  ]    

  Precursor lymphoid neoplasms  
  B lymphoblastic leukemia/lymphoma, NOS 
   B lymphoblastic leukemia/lymphoma with recurrent 

genetic abnormalities 
  T lymphoblastic leukemia/lymphoma 
  Mature B-cell neoplasms  
   Chronic lymphocytic leukemia/small lymphocytic 

lymphoma 
  B-cell prolymphocytic leukemia 
  Splenic marginal zone lymphoma 
  Hairy cell leukemia 
  Splenic lymphoma/leukemia unclassi fi able 
   Splenic diffuse red pulp small B-cell lymphoma 
   Hairy cell leukemia variant 
   Lymphoplasmacytic lymphoma/Waldenström 

macroglobulinemia 
  Heavy-chain diseases 
  Plasma cell neoplasms (Table  1.2 ) 
   Extranodal marginal zone lymphoma of mucosa-

associated lymphoid tissue (MALT lymphoma) 
  Nodal marginal zone lymphoma 
   Pediatric nodal marginal zone lymphoma 
  Follicular lymphoma 
   Pediatric follicular lymphoma 
  Primary cutaneous follicle center lymphoma 
  Mantle cell lymphoma 
   Diffuse large B-cell lymphoma (see 

Table  1.3 ), NOS 
  Burkitt lymphoma 
  Mature T-cell and NK-cell neoplasms  
  T-cell prolymphocytic leukemia 
  T-cell large granular lymphocytic leukemia 
  Chronic lymphoproliferative disorder of NK cell 
  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 
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   B-Lymphoblastic Leukemia
/Lymphoma, NOS 

 Patients with B-ALL are usually children, most 
of them showing bone marrow failure and 
 frequent extramedullary involvement of the 
 central nervous system, lymph nodes, spleen, 
liver, and testis as common sites  [  3  ] . Burkitt 
 leukemia/lymphoma should be excluded from 
this diagnosis. B-LBL correspond approximately 
to 10 % of lymphoblastic lymphomas, the 
remainder are of T-cell lineage  [  4  ] . B-LBL is 
generally asymptomatic frequently presenting in 
the head and neck. Most commonly involved 
sites are the skin, soft tissue, bone, and lymph 
nodes. Contrary to T-LBL, mediastinal 
 involvement is rare. B-ALL/B-LBL express 
B-cell markers (PAX-5, CD19, cytoplasmic 
CD22, and cytoplasmic CD79a), CD10, and TdT 
(Fig.  1.1 ). Clonal  IGH  gene rearrangements are 
found in most cases, but  TCR  rearrangements are 
also commonly seen (up to 70 %), and therefore, 
lineage assignment cannot be  established by 

rearrangement studies only  [  5  ] . Cytogenetic 
abnormalities are frequent and may de fi ne 
speci fi c entities with characteristic  phenotypic 
and prognostic features that are  considered sepa-
rately in the WHO classi fi cation. In children, 
cure rates for B-ALL are high (approximately 
80 %), while in adults less than 50 % of patients 
are cured. Similarly, B-LBL has better prognosis 
in children than in adults  [  6  ] .  

   T- L ymphoblastic Leukemia/Lymphoma 

 Only 15 % of childhood ALL are of T-cell 
 lineage, but 85–90 % of all lymphoblastic 
 lymphomas are T-LBL. T-ALL presents with a 
high leukocyte count, often with a large medi-
astinal mass, lymphadenopathy, and hepatos-
plenomegaly. T-LBL frequently shows an 
anterior mediastinal mass (thymic) and may 
involve any nodal or extranodal site. Involved 
lymph nodes and thymus generally show 
 extensive effacement of their architecture with 
a starry-sky pattern resembling Burkitt lym-
phoma. T-ALL/LBL lymphoblasts are TdT 
 positive, with variable expression of T-cell 
markers. CD7 and cytoplasmic CD3 are most 
often positive. Frequent coexpression of CD4 
and CD8 is seen in blasts as well as CD10 
 positivity. Markers that indicate precursor 
 origin are CD99, CD34 and CD1a. Clonal 
 rearrangements of the  TCR  genes are seen 
nearly in all cases, but 20 % also show clonal 
 IGH  gene rearrangements  [  7  ] . More than half 
of the cases show cytogenetic abnormalities, 
most frequently involving the  TCR  loci.   

   Mature B-Cell Neoplasms 

   Chronic Lymphocytic Leukemia/Small 
Lymphocytic Lymphoma (CLL/SLL) 

 Chronic lymphocytic leukemia/small lympho-
cytic lymphoma (CLL/SLL) is a neoplasm 
 composed of mature small B cells that usually 

Table 1.1 (continued)

   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 small/medium 

T-cell lymphoma 
  Peripheral T-cell lymphoma, NOS 
  Angioimmunoblastic T-cell lymphoma 
  Anaplastic large-cell lymphoma, ALK positive 
   Anaplastic large-cell lymphoma (ALCL), ALK 

negative 
  Hodgkin lymphoma  
   Nodular lymphocyte-predominant Hodgkin 

lymphoma 
  Classical Hodgkin lymphoma 
   Nodular sclerosis classical Hodgkin lymphoma 
   Lymphocyte-rich classical Hodgkin lymphoma 
   Mixed cellularity classical Hodgkin lymphoma 
    Lymphocyte-depleted classical Hodgkin 

lymphoma 



4 A. Carvajal-Cuenca et al.

involves the bone marrow, peripheral blood, 
lymph nodes, spleen, and liver; but other extran-
odal sites may occasionally be in fi ltrated. The 
presence of 5 × 10 9 /L monoclonal B-lymphocytes 
with a CLL phenotype in the peripheral blood in 
the absence of extramedullary tissue involvement 
is required for diagnosis  [  8  ] . The term monoclo-
nal B-cell lymphocytosis (MBL) is used when 
lower counts of clonal B cells are found in the 
blood  [  9  ] . The diagnosis of CLL may be estab-
lished with lower lymphocyte counts in patients 

with cytopenias or disease-related symptoms. 
The term SLL refers to non-leukemic cases with 
the same  morphology and immunophenotype 
as CLL. 

 The tumor cells express B-cell markers with 
dim CD20 and surface IG and coexpress CD5 
and CD23. Atypical cases may have a certain 
variation in the phenotype with strong IG or 
CD20 and lack of CD23 or CD5. ZAP-70 is an 
important prognostic marker of the disease 
 usually associated with an  IGHV -unmutated CLL 

  Fig. 1.1    B-lymphoblastic 
leukemia/lymphoma, NOS. 
( a ) Bone marrow diffusely 
in fi ltrated by small- to 
medium-sized lymphoblasts 
with scant cytoplasm, 
dispersed chromatin, and 
inconspicuous nucleoli 
(H&E, ×400). ( b ) Neoplastic 
cells show nuclear positivity 
for TdT (immunoperoxidase 
staining, 400 × )       
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genotype  [  10  ] . Expression of CD38 is also 
 considered an adverse prognostic marker. 

 Bone marrow in fi ltration is present in almost 
all cases, with an interstitial, nodular, or diffuse 
pattern. Involved lymph nodes show usually a 
diffuse effacement of the architecture. A charac-
teristic feature is the almost constant presence 
of proliferation centers composed of aggregates 
of prolymphocytes and paraimmunoblasts 
(Fig.  1.2 ). The  fi nding of proliferative tumor 

cells in these areas together with the presence of 
follicular  dendritic cells and an increased num-
ber of CD4+ T cells suggests that these areas 
have an important role in the pathogenesis of the 
disease.  

 Two major CLL subtypes can be recognized 
based on the mutational status of the IG genes; 
40–50 % of the cases show unmutated IG genes 
(>98 % germline homology), whereas 50–60 % 
show somatic hypermutations. Patients with 

  Fig. 1.2    Chronic lympho-
cytic leukemia/small 
lymphocytic lymphoma 
(CLL/SLL). ( a ) Lymph node 
showing a diffuse effacement 
of the architecture with 
vaguely nodular pale areas 
that correspond to the 
proliferation centers (H&E; 
×12.5). ( b ) At higher 
magni fi cation, proliferation 
centers are composed of large 
cells that correspond to 
prolymphocytes and 
paraimmunoblasts (H&E, 
×400)       
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unmutated CLL have a more aggressive clinical 
course. Common cytogenetic alterations in CLL 
are deletions of chromosome 13q (50 %), trisomy 
12 (20 %), 11q deletions (15 %), and 17p deletions 
(3–7 %). In mutated CLL, 13q deletions are more 
common, whereas 11q and 17p deletions are more 
frequently found in unmutated CLL and are asso-
ciated with worse prognosis. A recent study of 
whole-genome sequencing of CLL identi fi ed 
recurrent mutations in four genes,  NOTCH1, 
MYD88, XPO1 , and  KLHL6.  Mutations of 
 NOTCH1  and  XPO1  were more frequently found 
in cases of CLL with unmutated  IGHV,  whereas 
 MYD88  and  KLHL6  mutations were predomi-
nantly found in cases of  IGHV- mutated CLL  [  11  ] . 

 Patients may develop clinical symptoms asso-
ciated with an aggressive evolution of the disease, 
but the morphological substrate underlying this 
condition is heterogeneous. Some patients may 
have expanded proliferation centers with high 
number of proliferative cells. This situation has 
been called “accelerated” CLL and seems to have 
a worse prognosis compared to patients with 
classical lymph node morphology  [  12  ] . 
Transformation to diffuse large B-cell lymphoma 
(DLBCL) occurs in 2–8 % of patients (Richter’s 
syndrome) and to classical Hodgkin lymphoma 
(HL) in <1 %. DLBCL arising in unmutated CLL 
are usually clonally related to the CLL, whereas 
DLBCL associated with mutated CLL frequently 
corresponds to a clonally different lymphoid 
 neoplasm. The prognosis of the clonally related 
DLBCL is worse with a rapid clinical evolution  [  1  ] .  

   B-Cell Prolymphocytic Leukemia 

 B-cell prolymphocytic leukemia (B-PLL) is 
de fi ned by the presence of more than 55 % 
 prolymphocytes in PB. The bone marrow (BM) 
and spleen are frequently involved. Transformed 
CLL, CLL with increased prolymphocytes, and 
blastoid MCL carrying t(11;14)(q13;q32) should 
be excluded from this entity. B-PLL is a very rare 
disease of elderly patients (median age of 65–69) 
with a similar male to female distribution  [  13  ] . 
Patients usually show B-symptoms and massive 
splenomegaly; lymphadenopathy is absent or 

minimal. A rapidly rising lymphocyte count is 
seen, usually over 100 × 10 9 /L. Anemia and throm-
bocytopenias are present in 50 % of patients  [  14  ] . 

 Strong surface IgM± IgD and mature B-cell 
antigens are expressed by B-PLL cells. CD5 and 
CD23 are positive in only 20–30 % and 10–20 % 
of cases, respectively. Complex karyotypes are 
common. Presence of the 17p deletion is found in 
50 % of cases and is associated with TP53 gene 
mutation. 

 Patients respond poorly to therapies for CLL 
and have a median survival of 30–50 months. 
 IgVH  mutations, ZAP-70, and CD38 expression 
are heterogeneous and, contrary to CLL, cannot 
be correlated with survival  [  15  ] .  

   Splenic Marginal Zone Lymphoma 

 Splenic marginal zone lymphoma (SMZL) is a 
B-cell neoplasm composed of small lympho-
cytes which expand the white pulp, grow around 
and replace the germinal centers and mantle 
zones of reactive follicles, and may merge with 
the  neoplastic marginal zones of other follicles 
(Fig.  1.3 ). Scattered transformed blasts are 
 present. The red pulp is in fi ltrated by both small 
and large cells. Patients usually have a leukemic 
presentation with splenomegaly and villous 
lymphocytes in peripheral blood. Splenic hilar 
lymph nodes and bone marrow are often 
involved, but extension to peripheral lymph 
nodes is uncommon  [  16  ] .  

 The diagnosis of SMZL requires the exclusion 
of other lymphoma types, as there are no distinc-
tive phenotypic markers for this entity. Most of 
the cases show a mature B-cell phenotype and 
IgM/IgD expression, but other markers more 
speci fi c of other entities such as CD5, CD23, and 
CD10 are usually negative. Approximately half 
of the cases have unmutated IG genes and tend to 
have deletions of chromosome 7q31–32 and a 
more unfavorable clinical evolution. Some cases 
are HCV positive and may respond to antiviral 
treatment. Clinical course is usually indolent, 
although some patients may have progressive 
disease and transformation to a large B-cell 
 lymphoma. Lymphomas with a diffuse in fi ltrate 
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of the red pulp and the hairy cell leukemia variant 
(HCLv) are included in a provisional category 
called splenic B-cell lymphoma/leukemia, 
unclassi fi able  [  1  ] .  

   Lymphoplasmacytic Lymphoma/
Waldenström Macroglobulinemia 

 Lymphoplasmacytic lymphoma (LPL) and 
Waldenström macroglobulinemia (WM) have 
been rede fi ned in the new classi fi cation. LPL is a 

B-cell neoplasm composed of small lympho-
cytes, plasmacytoid lymphocytes, and plasma 
cells. The bone marrow (BM) and sometimes 
lymph nodes and spleen are involved. Although 
the detection of a paraprotein usually of IgM type 
is common, it is not required for diagnosis. WM 
is de fi ned as LPL with BM involvement and an 
IgM monoclonal gammopathy of any concentra-
tion  [  17  ] . As these entities do not have speci fi c 
markers, it is mandatory to rule out the presence 
of any other B-cell neoplasm with plasmacytic 
differentiation.  

  Fig. 1.3    Splenic marginal 
zone lymphoma. ( a ) The 
spleen shows a nodular 
neoplastic in fi ltration that 
expands the  white pulp  (H&E, 
×12.5). ( b ) At higher 
magni fi cation, small 
lymphocytes with abundant 
pale cytoplasm surround and 
replace the germinal center 
(H&E, ×200)       
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   Plasma Cell Neoplasms 

 Plasma cell neoplasms comprise a spectrum of 
lesions characterized by clonal expansion of ter-
minally differentiated B cells, usually heavy-
chain class switched, that commonly secrete a 
single monoclonal immunoglobulin called para-
protein or M-protein (Table  1.2 ).  

 The de fi nition of monoclonal gammopathy of 
undetermined signi fi cance (MGUS) includes the 
presence of <10 % of clonal plasma cells in the 
bone marrow and <30 g/L of an M-protein and 
absence of end-organ damage. This process is 
considered a pre-neoplastic disease since it does 
not always progress to overt plasma cell neo-
plasm  [  1  ] . 

 Plasma cell myeloma is a bone marrow neo-
plasm characterized by a multifocal proliferation 
of plasma cells associated with a seric and/or 
urine M-protein. Plasma cells in the bone marrow 
show an interstitial, nodular, or diffuse pattern of 
in fi ltration (Fig.  1.4 ). Some cases may have an 
asymptomatic presentation, whereas others 
 present with end-organ damage (CRAB: hyper-
calcemia, renal insuf fi ciency, anemia, bone 
lesions)  [  18  ] . Plasma cell myeloma is positive for 
plasma cell markers (CD79a, strong CD38, and 
CD138), but CD19 is nearly always negative. 
Monotypic cytoplasmic Ig expression and lack of 
surface Ig is typical. Aberrant expression of 
CD56 is seen in 75 % of cases (Fig.  1.4 ), and 
other markers such as CD117, CD20, CD52, and 
CD10 can be found in decreasing order of 
 frequency, as well as occasional positivity for 
myeloid and monocytic markers. Chromosomal 

abnormalities are seen in >90 % of cases, the 
most frequent of which is the translocation 
involving the heavy-chain locus ( IGH ) on chro-
mosome 14q32 and one of the following partners: 
 cyclin D1  at 11q13,  C-MAF  at 16q23,  FGFR3  at 
4p16.3,  cyclin D3  at 6p21, and  MAFB  at 20q11. 
Together these  fi ve translocations are found in 
40 % of cases; the remaining cases that lack these 
alterations are usually hyperdiploid  [  1  ] .  

 Plasmacytoma is composed of clonal plasma 
cells that may occur as a solitary bone lesion or 
as extraosseous (extramedullary) tissue involve-
ment. Solitary plasmacytoma of bone evolve 
eventually to plasma cell myeloma or additional 
solitary or multiple plasmocytomas in two thirds 
of the patients. On the contrary, extraosseous 
plasmocytoma follows a relatively indolent 
 clinical course without bone marrow involve-
ment  [  18  ] . This suggests a closer relationship to 
MALT lymphomas than bone marrow plasma 
cell neoplasms.  

   Extranodal Marginal Zone Lymphoma 
of Mucosa-Associated Lymphoid Tissue 
(MALT Lymphoma) 

 MALT lymphoma is an extranodal B-cell 
 neoplasm characterized by a heterogeneous 
 population composed of small lymphocytes, 
 marginal zone lymphocytes with cleaved nuclei 
(centrocyte-like), cells with clear cytoplasm 
resembling monocytoid B cells, cells with 
 plasmacytic differentiation, and scattered large 
transformed blasts. This lymphoma expands the 
marginal zone of reactive follicles and may 
 colonize the germinal centers, but the mantle 
zones are preserved although they may be attenu-
ated. In most mucosas and glandular organs, the 
neoplastic cells in fi ltrate and destroy the epithe-
lium forming lymphoepithelial lesions (Fig.  1.5 ) 
 [  19  ] . The most common sites of involvement are 
the gastrointestinal tract, salivary gland, lung, 
head and neck, ocular adnexa, skin and less 
 frequently thyroid and breast  [  20  ] .  

 The lymphoma cells express CD20, CD79a, 
IgM and less often IgG or IgA; CD5, CD10 and 
CD23 are negative, although rare cases may be 

   Table 1.2    Plasma cell disorders   

 Monoclonal gammopathy of undetermined 
signi fi cance (MGUS) 
 Plasma cell myeloma 
  Asymptomatic (smoldering) myeloma 
  Nonsecretory myeloma 
  Plasma cell leukemia 
 Plasmacytoma 
  Solitary plasmacytoma of bone 
  Extraosseous (extramedullary) plasmacytoma 
 Immunoglobulin deposition diseases 
 Osteosclerotic myeloma (POEMS syndrome) 
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CD5 positive. Four major translocations have 
been associated with these lymphomas, t(11;18), 
t(1;14), t(14;18) and t(3;14), leading to the pro-
duction of a chimeric protein API2-MLT1 or acti-
vating  BCL10 ,  MLT1  and  FOXP1 , respectively. 
The t(11;18) translocation is more frequently 
found in gastric and lung lymphomas, whereas 
the t(14;18) is more often present in salivary 
gland and ocular adnexa tumors  [  1  ] . 

 MALT lymphomas arise in tissues with 
a preexisting chronic in fl ammatory lesion 
that results in increased extranodal lymphoid 

 reaction induced by infectious, immunologic, 
or unknown stimuli. Thus, Helicobacter pylori 
is present in the stomach, Campylobacter 
jejuni in the immunoproliferative small intes-
tine disease, Chlamydia psitacci in ocular 
 adnexa tumors of certain geographic regions, 
and Borrelia burgdorferi in some cutaneous 
MALT lymphomas. Autoimmune disorders 
of the thyroid gland (Hashimoto disease) 
and  salivary gland (Sjögren syndrome) are 
 preceding lesions of MALT lymphoma in these 
 topographic sites  [  1  ] . 

  Fig. 1.4    Plasma cell 
neoplasm. ( a ) Bone marrow 
with atypical plasma cells 
with frequent presence of 
Russell bodies (H&E; ×400). 
( b ) Neoplastic plasma cells 
with aberrant expression for 
CD56 (immunoperoxidase 
staining, 400 × )       
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 MALT lymphoma is an indolent tumor that 
disseminates at a very low rate; it responds to 
antibiotics for the underlying infectious disease 
and is sensitive to radiation therapy and local 
treatment. Recurrences appear after long periods 
of time and may involve other extranodal sites. 
Nodal dissemination may induce clinical suspi-
cion of lymphoma and precede the diagnosis of 
the initial extranodal lesion. Tumors with the 
t(11;18) appear to be resistant to antibiotic ther-
apy for H. pylori. Transformation to diffuse large 
B-cell lymphomas may be seen  [  1  ] .  

   Nodal Marginal Zone B-Cell Lymphoma 

 Nodal marginal zone lymphoma (NMZL) is a 
primary nodal lymphoma that resembles lymph 
node involvement by extranodal or splenic 
MZL. Exclusion of an extranodal or splenic 
lymphoma is required before diagnosis of this 
entity. The morphology and phenotype is  similar 
to MALT lymphoma, but primary NMZL do not 
carry the typical translocations of these tumors. 
Patients may show disseminated disease, and 
60–80 % have a survival of more than 5 years 

  Fig. 1.5    Gastric marginal 
zone lymphoma of the 
mucosa-associated lymphoid 
tissue (MALT lymphoma). 
( a ) Gastric mucosa shows 
neoplastic cells that in fi ltrate 
and destroy the glandular 
epithelium leading to 
lymphoepithelial lesions 
(H&E, ×200), observed 
clearly with cytokeratin 
staining (Cam 5.2 immu-
noperoxidase staining, 
×200) ( b )       
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 [  21  ] . Some cases may transform to large B-cell 
lymphomas. 

 Pediatric nodal marginal zone lymphoma seems 
to have distinctive clinical and morphological 
 features with a striking male predilection and 
 presenting as an asymptomatic localized tumor. 
Morphologically, this lymphoma resembles its adult 
counterpart, but the mantle zones are frequently 
 disrupted by the tumor cell in fi ltration resembling 
progressive transformation of the germinal centers. 
The prognosis of these patients is excellent, and 
conservative therapy is advised  [  22  ] .  

   Follicular Lymphoma 

 Follicular lymphoma (FL) is composed of germi-
nal center B cells with different proportion of 
small centrocytes and large centroblasts, which 
usually has a follicular growth pattern (Fig.  1.6 ). 
In western countries, FL is a common lymphoid 
neoplasm accounting for around 20–30 % of all 
lymphomas.  

 FL is graded according to the number of large 
cells per high power  fi eld (hpf): grade 1 has 0–5 
large cells, grade 2 has 6–15, and grade 3 has 

  Fig. 1.6    Follicular 
 lymphoma. ( a ) Lymph node 
in fi ltrated by tumor cells with 
a follicular growth pattern. 
Neoplastic follicles are 
homogeneous in size and 
morphology, tend to fusion, 
and show absence of 
macrophages (H&E, ×40). 
( b ) Neoplastic cells are CD10 
positive (immunoperoxidase 
staining, 40 × )       
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more than 15. The new WHO classi fi cation 
 considers grades 1 and 2 as a morphological 
 continuum that does not show relevant clinical or 
biological differences; this distinction is there-
fore not mandatory. However, grade 3 tumors are 
further divided into 3a and 3b according to the 
presence or absence of small centrocytes; grade 
3a shows presence centrocytes, while grade 3b is 
composed only of large cells. When analyzing 
the genetic and phenotypic features, FL grade 3a 
seems more closely related to FL grades 1–2, 
whereas FL grade 3b to diffuse large B-cell lym-
phoma (DLBCL). Any diffuse area composed of 
more than 15 large cells per hpf should be reported 
as a DLBCL and the percentage of the respective 
DLBCL and FL component indicated  [  23  ] . 

 FL has a mature B-cell immunophenotype 
with expression of the germinal center markers 
CD10 (Fig.  1.6 ) and BCL-6. CD5, CD43, and 
CD23 are usually negative. IRF4/MUM1, an 
antigen related to plasma cell differentiation, is 
also frequently negative in FL grades 1–2. BCL-2 
positivity is seen in 85–90 % of grades 1–2 FL 
but only in 50 % of grade 3 FL. BCL-2 is a very 
useful marker, as reactive germinal centers are 
negative. BCL-2 expression re fl ects the presence 
of the t(14;18) translocation, the genetic hallmark 
of this lymphoma that targets the  BCL2  gene. FL 
grade 3b is less frequently positive for CD10 and 
BCL-2, and the t(14;18) is only found in 5–40 % 
of these cases. Furthermore, 40 % of these 
 lymphomas show IRF4/MUM1 expression and 
carry 3q27 and BCL6 rearrangements in 30–50 % 
of cases, whereas these aberrations are rare in FL 
grades 1–3a  [  1  ] . 

 Tumor cells are accompanied by a rich 
microenvironment of different types of T cells 
and histiocytes that seem to play a major role in 
determining the biological behavior of FL. 

 “In situ” FL/intrafollicular neoplasia cases 
show tumor cells restricted to the germinal 
 centers of the follicles. Only a limited number of 
the follicles are involved, and usually the atypi-
cal cells do not substitute the germinal center 
completely. The tumor cells are recognized by 
their strong BCL-2 expression inside the 
 germinal centers and are positive for CD10 and 
BCL-6. Some of these cases may correspond to 

an early lymph node involvement by a dissemi-
nated FL; another group of patients may develop 
an overt FL during their follow-up but most 
patients remain with no evidence of lymphoma. 
This last group may represent a tissue counter-
part of the circulating clonal B cells carrying the 
t(14;18) translocation commonly detected in 
healthy individuals. This circulating t(14;18)-
positive clone appears to lack additional 
 oncogenic events that are necessary for the 
development of an overt lymphoma. In the 
absence of overt FL, patients with these lesions 
should not be treated for FL  [  24,   25  ] . 

 Pediatric follicular lymphoma occurs in 
 children and young adults. A high proportion 
of these patients show a localized disease, 
 usually involving the head and neck region but 
also peripheral lymph nodes and extranodal 
sites such as the testis. Pediatric FL, usually 
BCL-2 negative, do not carry the t(14;18) and 
are grade 3. These cases appear to have a good 
prognosis  [  26  ] . 

 Primary intestinal follicular lymphoma occurs 
in the GI tract, frequently involving the duode-
num, and is usually found as an incidental 
 fi nding. These cases have a conventional mor-
phology, immunophenotype, and genetic fea-
tures. However, primary intestinal FL expresses 
IgA, remains localized, and has an excellent 
prognosis even without treatment  [  27  ] .  

   Primary Cutaneous Follicle 
Center Lymphoma 

 Primary cutaneous follicle center lymphoma 
(PCFCL) generally presents in the head and 
trunk. The tumor has a follicular, follicular and 
diffuse, or diffuse growth pattern, and the neo-
plastic cells have a B-cell immunophenotype 
with BCL-6 expression. CD10 is positive in cases 
with a follicular pattern but tend to be lost in the 
diffuse component. BCL-2 expression and the 
t(14;18) are usually negative. Cutaneous relapses 
may be seen, but do not indicate progressive 
 disease. PCFCL has an excellent prognosis either 
in localized or in multifocal skin lesions even 
with localized therapy  [  28  ] .  
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   Mantle Cell Lymphoma 

 Mantle cell lymphoma (MCL) is a B-cell 
 neoplasm generally composed of a monomor-
phous proliferation of small- to medium-sized 
cells with irregular nuclear contours (Fig.  1.7 ). 
The genetic hallmark of MCL is the t(11;14) that 
leads to cyclin D1 overexpression (Fig.  1.7 ). 
MCL comprises 5–10 % of non-Hodgkin 
 lymphomas and occurs more frequently in males 
with a median age of 60 years. Most MCL have a 
disseminated nodal presentation. Although a 

subgroup of MCL shows exclusive extranodal 
presentation with leukemic disease, bone  marrow 
and usually spleen involvement. Extranodal 
involvement is a common  fi nding. Some MCL 
may have a blastoid or pleomorphic cytology 
resembling lymphoblasts or DLBCL, respec-
tively. These morphological variants are associ-
ated with a higher proliferation rate,  complex 
karyotypes, and worse prognosis. MCL has a 
vaguely nodular, diffuse, or mantle zone growth 
pattern. MCL cells express mature B-cell mark-
ers with intense CD20 and surface Ig being CD5 

  Fig. 1.7    Mantle cell 
lymphoma, classic type. 
( a ) Small- to medium-sized 
cells with irregular nuclei and 
dense chromatin (H&E, 
×400). ( b ) Neoplastic cells 
express cyclin D1 and SOX11 
( c ) (immunoperoxidase 
staining, 400 × )         
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and CD43 positive. CD23 and germinal center 
markers are negative. SOX11, a transcription 
factor, is positive in 90 % of the cases (Fig.  1.7 ), 
whereas most other mature B- and T-cell lym-
phomas are negative  [  29–  31  ] .  

 Some cases may show a restricted in fi ltration 
of the cyclin D1-positive cells to the inner  mantle 
zones of otherwise reactive follicles. These cells 
carry the t(11;14) translocation, but they seem to 
have a limited lymphomagenic potential since 
most patients do not develop an overt lymphoma 
after several years of  follow-up. This condition 
has been called “in situ” MCL, but the low, if any, 
malignant potential has  suggested that these 
lesions should be diagnosed as in situ involve-
ment by mantle cell lymphoma-like cells 
 [  32–  34  ] . 

 MCL carries the t(11;14) translocation that 
 targets  CCND1 . Complex karyotypes with many 
secondary aberrations are common. Cyclin 
D1-negative cases are rare, and their diagnosis 
requires a strict morphological and immunophe-
notypic evaluation. These cases show frequent 
CCND2 rearrangements with high expression of 
cyclin D2. SOX11, a transcription factor usually 
expressed in MCL, is also positive in cyclin 
D1-negative tumors and is therefore very useful 
for the recognition of this variant  [  35  ] . 

 In general, MCL has poor response to chemo-
therapy, an aggressive clinical course, and a 
median survival of 3–5 years. The proliferation 
rate is considered the best prognostic parameter. 
Patients presenting with peripheral blood, bone 
marrow, and sometimes spleen involvement, but 
without lymphadenopathy, have been reported to 
have an indolent clinical course even without 
treatment  [  29,   36  ] .  

   Diffuse Large B-Cell Lymphoma, 
Not Otherwise Speci fi ed 

 Diffuse large B-cell lymphoma (DLBCL) is a 
very common type of lymphoid neoplasm 
accounting for 25–30 % of adult non-Hodgkin 
lymphomas. These lymphomas are very hetero-
geneous in their clinical, morphological, pheno-
typic, and molecular aspects. Some particular 
clinicopathological entities have been identi fi ed, 
but the vast majority of these tumors are still 
diagnosed in the category of not otherwise 
speci fi ed (NOS) (Table  1.3 )  [  1  ] .  

 These tumors are composed of large 
B-lymphocytes that in fi ltrate the tissues with a 
diffuse growth pattern. DLBCL, NOS may show 
a centroblastic, immunoblastic, or anaplastic 

Fig. 1.7 (continued)
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cytology (Fig.  1.8 ). These variants are well 
 recognized and several studies have observed a 
relationship to different biological, genetic, or 
clinical features, but they have poor reproduc-
ibility among pathologists and a broad overlap 
that do not permit their use as major classi fi ers. 
The tumor cells have a mature B-cell pheno-
type. CD5 is usually negative, but a subset of 
DLBCL that express CD5, found particularly 
in eastern countries, seem to have a more 
aggressive behavior. Expression of the  germinal 

 center markers CD10 and BCL6 has been 
related to a germinal center (GC) origin, 
whereas expression of the IRF4/MUM1  antigen 
has been associated with a non-germinal center 
activated B-cell (ABC) derivation. Gene 
expression studies have identi fi ed these two 
subgroups of DLBCL and a more aggressive 
behavior of the ABC group. However, 
 correlation of gene expression pro fi les with 
immunohistochemistry is controversial and 
makes dif fi cult the use of the latter as a reliable 
prognostic parameter  [  1  ] .  

 Genetically, 20–30 % of DLBCL, NOS carry 
the t(14;18) translocation with the  BCL2  gene 
rearrangement. These cases are of the molecular 
germinal center type and usually express CD10. 
Translocation of the 3q27 region and  BCL6  rear-
rangements are found up to 30 % of the cases. 
 MYC  translocations have been found in up to 
10 % of DLBCL and are associated with complex 
karyotypes and poor outcome. Around 40 % of 
these  MYC  translocations have a non- IG  gene as 
partner, contrary to Burkitt lymphoma in which 
 MYC  is rearranged with  IG  genes in almost all 
cases  [  37  ] . 

 Gene expression pro fi ling of DLBCL, NOS 
has identi fi ed two major subtypes, the germinal 
center B-cell-like (GCB) and activated B-cell-
like (ABC) DLBCL that express genes related 
to germinal center cells or activated B cells with 
secretory function, respectively  [  37  ] . The ABC 
subtype, but not the GCB DLBCL, has a consti-
tutive activation of the NF k [kappa]B pathway 
associated with frequent mutations in genes 
upstream of this pathway such as  CARD11 , 
 CD79b ,  MYD88,  and  A20 . Differences in 
genetic and molecular aspects between the GCB 
and ABC subtypes of DLBCL suggest that they 
may correspond to distinct clinical entities. 
Outcome of patients is also different in the two 
molecular subtypes with 5-year survival rates of 
59 % in GCB and 30 % in ABC DLBCL. In 
addition, late relapses or relapses as FL occur in 
patients with GCB DLBCL. The prognostic 
value of these molecular subtypes has been 
con fi rmed in patients treated with rituximab-
containing regimens.  

   Table 1.3    Diffuse large B-cell lymphoma (DLBCL): 
variants, subgroups, subtypes, and entities  [  1  ]    

  DLBCL, not otherwise speci fi ed (DLBCL, NOS)  
  Common morphological variants 
   Centroblastic 
   Immunoblastic 
   Anaplastic 
  Rare morphological variants 
  Molecular subgroups 
   Germinal center B-cell-like (GCB) 
   Activated B-cell-like (ABC) 
  Immunohistochemical subgroups 
   CD5-positive DLBCL 
   Germinal center B-cell-like (GCB) 
   Non-germinal center B-cell-like (non-GCB) 
  DLBCL subtypes  
  T-cell-/histiocyte-rich large B-cell lymphoma 
  Primary DLBCL of the central nervous system 
  Primary cutaneous DLBCL, leg type 
  EBV-positive DLBCL of the elderly 
  Other lymphomas of large B-cells  
  Primary mediastinal (thymic) large B-cell lymphoma 
  Intravascular large B-cell lymphoma 
  DLBCL associated with chronic in fl ammation 
  Lymphomatoid granulomatosis 
  ALK-positive LBCL 
  Plasmablastic lymphoma 
   Large B-cell lymphoma arising in HHV8-associated 

multicentric Castleman disease 
  Primary effusion lymphoma 
  Borderline cases  
   B-cell lymphoma, unclassi fi able, with features 

intermediate between DLBCL and Burkitt 
lymphoma 

   B-cell lymphoma, unclassi fi able, with features 
intermediate between DLBCL and classical Hodgkin 
lymphoma 
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   T-Cell-/Histiocyte-Rich Large 
B-Cell Lymphoma 

 T-cell-/histiocyte-rich large B-cell lymphoma 
(THRLBCL) is characterized by scattered large 
B cells immersed in a T-cell-rich background 
with frequent presence of histiocytes. Tumor 
cells express mature B-cell markers and 
 commonly BCL-2 and EMA, but CD30, CD15, 
and CD138 are negative. The background shows 

abundant CD3+/CD4+ T cells and CD68-positive 
histiocytes. T-cell rosettes surrounding tumor B 
cells are absent. Cases with a similar  morphology, 
but positivity for EBV should be classi fi ed as 
EBV + DLBCL, and patients should be investi-
gated for an immunode fi cient status. THRLBCL 
presents with disseminated disease at diagnosis 
involving the lymph nodes, spleen, liver, and 
bone marrow. Therapeutic failure and IPI score 
are predictors of survival  [  1  ] .  

  Fig. 1.8    Diffuse large B-cell 
lymphoma. ( a ) Centroblastic 
morphology. Note that the 
neoplastic cells have large 
nuclei with dispersed 
chromatin and multiple 
peripheral nucleoli (H&E, 
×400). ( b ) Immunoblastic 
morphology. Neoplastic cells 
are large, with round nuclei, 
central prominent nucleoli, 
and abundant eccentric 
cytoplasm (H&E, ×400)       
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   DLBCL with a Predominant 
Extranodal Location 

 The WHO classi fi cation recognizes several 
DLBCL subtypes and entities characterized by a 
predominant extranodal presentation (Table  1.3 ). 

   Primary Mediastinal (Thymic) Large 
B-Cell Lymphoma 
 Primary mediastinal (thymic) large B-cell lym-
phoma (PMBL) seems to originate from a thymic 
B cell. It occurs predominantly in young women 
presenting with a large mediastinal mass that fre-
quently invades adjacent structures  [  38  ] . A sys-
temic DLBCL with secondary mediastinal 
involvement has to be excluded. Dissemination 
outside the mediastinum commonly involves 
extranodal sites such as the kidney, liver, adrenal, 
or central nervous system. PMBL is morphologi-
cally heterogeneous mainly composed of large 
cells with abundant pale cytoplasm and round to 
ovoid nuclei. Reed-Sternberg-like cells are occa-
sionally found, raising the suspicion of Hodgkin 
lymphoma. Compartmentalizing  fi brosis is a 
common feature in some tumors  [  39  ] . PMBL 
expresses mature B-cell markers, but frequently 
lacks surface Ig. CD30 positivity is seen in 80 % 
of cases, although not as uniform and strong as in 
Hodgkin lymphoma. CD15 is usually negative. 
Genetically, PMBL has frequent gains of 9p24 
and inactivating mutations of SOCS1. PMBL has 
a distinctive gene expression signature, but has 
some similarities with Hodgkin lymphoma (HL). 
In fact, some patients may have a composite HL 
and PMBL at diagnosis or at relapse or a tumor 
with intermediate features between both of them 
(see below). The clinical outcome of PMBL is 
more favorable than DLBCL, NOS, showing a 
5-year survival of 65 %.  

   Intravascular Large B-Cell Lymphoma 
 Intravascular large B-cell lymphoma (IVLBCL) 
is characterized by the selective growth of large 
B cells within the lumina of capillaries and 
small- to medium-sized vessels. IVLBCL is rare 
in western countries, but more common in  eastern 
populations. IVLBCL has a very aggressive 

 clinical course and is frequently diagnosed only 
at autopsy. Cases with disease limited to the skin 
have a better prognosis  [  40  ] .  

   Primary Cutaneous DLBCL, Leg Type 
 Primary cutaneous DLBCL, leg type (PCLBCL, 
leg type), is composed almost exclusively by 
atypical large B cells and arises most frequently 
in the skin of lower extremities. These tumors 
express an activated B-cell phenotype with posi-
tivity for IRF4/MUM1 and negativity for CD10. 
BCL-2 is strongly positive. Genetic features are 
similar to those found in DLBCL arising at other 
sites, particularly of the ABC type, but clearly 
different from those of the PCFCL. Five-year 
survival is of 50 %, and frequent dissemination to 
extracutaneous sites is seen  [  41  ] .   

   Large-Cell Lymphomas of Terminally 
Differentiated B Cells 

 The new WHO classi fi cation has included differ-
ent lymphoma entities that have as a common fea-
ture the proliferation of large lymphoid cells with 
terminally differentiated B-cell phenotype. These 
cells are characterized by a variable or total lack 
of CD20 expression and less frequently of CD79a, 
but express plasma cell-associated antigens such 
as CD38 and CD138. Most of these tumors are 
associated with EBV or HHV-8 infection and 
occur usually in immunosuppressed patients. 

   ALK-Positive Large B-Cell Lymphoma 
 ALK-positive large B-cell lymphoma is character-
ized by a proliferation of large monomorphic immu-
noblast-like B cells, sometimes with  plasmablastic 
differentiation, that expresses ALK but not CD30 
and is EBV negative. These rare tumors pres-
ent more frequently in young immunocompetent 
males, usually with nodal involvement and highly 
aggressive behavior. ALK expression is due to 
 ALK  rearrangements, particularly with the clathrin 
( CLTC ) gene, t(2;17), or less frequently with the 
nucleophosmin ( NPM ) gene, t(2;5). In contrast to 
other lymphomas of this group, viral infection and 
immunode fi ciency are not seen  [  42,   43  ] .  
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   Plasmablastic Lymphoma 
 Plasmablastic lymphoma (PBL) is a large B-cell 
neoplasm with immunoblastic morphology and 
plasma cell immunophenotype. PBL presents 
in immunosuppressed patients mainly  involving 
extranodal sites such as the oral mucosa and 
gastrointestinal tract. Most PBL are EBV+ with 
latency type I (LMP-1 protein negative). HIV 
infection is the main cause of immunode fi ciency, 
but post-transplant or immunosuppressive 
 treatments are also common. The clinical 
behavior is very aggressive with poor response 
to therapy  [  44,   45  ] .  

   Primary Effusion Lymphoma 
 Primary effusion lymphoma (PEL) occurs mainly 
in immunosuppressed patients. The tumor is 
composed of large immunoblastic, plasmablastic, 
or pleomorphic B cells that lack expression of 
B-cell markers and immunoglobulin but express 
plasma cell-associated antigens and CD30. These 
tumors are constantly positive for HHV-8 and 
also frequently for EBV. PEL usually present as 
serous effusions without tissue involvement. 
However, rare cases show extracavitary involve-
ment as extranodal solid tumor masses  [  46,   47  ] .   

   Burkitt Lymphoma 

 Burkitt lymphoma (BL) is a tumor mainly of 
children and young adults characterized by a 
 diffuse monomorphic proliferation of medium-
sized B cells with a mature germinal center B-cell 
phenotype, negative or very weak BCL-2 expres-
sion, high proliferation rate (Ki-67 > 95 %), and 
presence of the t(8;14) translocation with  MYC  
rearrangement. High proliferation is typically 
associated with a “starry-sky” pattern due to the 
high number of histiocytes phagocyting apoptotic 
bodies (Fig.  1.9 )  [  48,   49  ] .  

 BL is endemic in equatorial Africa and other 
geographic areas, where BL is associated with 
EBV infection in almost all cases. Sporadic BL is 
seen throughout the world, and, in this variant, 
EBV is detected in 30 % of cases. BL is also seen 
associated with immunode fi ciency, particularly 
HIV infection. BL mainly involves extranodal 

sites, particularly as abdominal masses in the 
ileocecal region, involving jaws and facial bones 
in endemic areas. A leukemic phase may be seen 
in patients with bulky disease, and rarely patients 
may present with a pure leukemic disease (Burkitt 
leukemia variant), in which CNS tends to be 
in fi ltrated. BL is clinically very aggressive but 
potentially curable with current protocols  [  1  ] . 

 Genetically, the t(8;14) is found in the context 
of a simple karyotype. However, up to 10 % of 
BL with typical morphology and phenotype may 
lack this translocation by FISH. On the other 
hand, DLBCL may also have high proliferation 
and may carry  MYC  rearrangements, which 
 complicates the diagnosis. Gene expression 
 studies have been useful in establishing differ-
ences between BL and DLBCL at molecular 
level. BL gene expression signature is composed 
by a group of genes that are targets of the  MYC  
gene, high expression of germinal center-related 
genes, and low expression of NFk[kappa]B target 
genes and MHC class I genes  [  37,   50  ] .  

   B-Cell Lymphoma, Unclassi fi able, with 
Features Intermediate Between DLBCL 
and Burkitt Lymphoma 

 Borderline cases between DLBCL and BL com-
prise rare tumors, occurring predominantly in 
adults, with a germinal center B-cell phenotype 
(CD20+, CD10+, BCL6+), presence of  MYC  
rearrangements (sometimes with a non- IG  part-
ner), and high proliferation rate (>90 %). Most of 
them are aggressive lymphomas with “double-
hit” translocations, t(14;18) or less frequently 
BCL6 rearrangements associated with the t(8;14), 
and complex karyotypes  [  51  ] . 

 Morphologically, these tumors may resemble 
BL but have an atypical phenotype, such as strong 
BCL-2 expression, or a typical BL phenotype but 
an atypical morphology, like blastic nuclear  features 
in the context of negativity for TdT or cyclin D1 
negativity. Some of these cases were diagnosed 
previously as Burkitt-like lymphomas  [  51,   52  ] . 

 Gene expression studies have identi fi ed a true 
biologic gray zone between DLBCL and BL. 
 MYC  rearrangements may occur with an  IG -gene 
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or a non- IG -gene partner, and complex karyo-
types are common. A strong expression of BCL-2 
protein should suggest the presence of a t(14;18) 
in addition to a t(8;14) (“double hit”)  [  37  ] . 

 Borderline cases are not considered a speci fi c 
entity but a working category, because further stud-
ies are needed for their precise recognition and 
clinical management. Lymphomas with typical 
morphology of DLBCL, high-proliferative activity, 
and/or presence of t(8;14) should not be included 
in this category. These lymphomas are very aggres-
sive with poor response to therapy  [  51  ] .  

   B-Cell Lymphoma, Unclassi fi able, 
with Features Intermediate 
Between DLBCL and Classical 
Hodgkin Lymphoma 

 This category refers to B-cell lymphomas that 
have overlapping clinical, morphological, and/or 
phenotypic features between DLBCL, particu-
larly PMBL, and CHL. These lymphomas pre-
dominate in young men presenting with a large 
mediastinal mass associated in some cases with 
supraclavicular lymph nodes. Morphologically, 

  Fig. 1.9    Burkitt lymphoma. 
( a ) Diffuse in fi ltration of 
medium cells with a 
starry-sky pattern due to the 
abundant macrophages with 
apoptotic bodies (H&E, 
×200). ( b ) Monotonous 
neoplastic in fi ltrate composed 
of medium-sized cells with 
high proliferation (H&E, 
×400)       
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sheets of large, pleomorphic cells in a  fi brotic 
stroma are seen. Lacunar and Hodgkin cells pre-
dominate and are associated with sparse 
in fl ammatory in fi ltrate. Strong expression of the 
complete B-cell program (CD20, CD79a, BOB-1, 
OCT2, PAX-5) combined with CD30 and CD15 
positivity is characteristic. Cases resembling 
nodular sclerosis classical HL but with uniform 
expression of CD20 and other B-cell markers and 
lack of CD15 expression may also be included in 
this category. Likewise, cases resembling PMBL 
that lack CD20 and are CD15 positive may favor 
this diagnosis as well. Sequentially and compos-
ite cases of both neoplasms should not be included 
in this group. The morphological and phenotypic 
overlapping features of these tumors have been 
validated by the microarray expression pro fi ling 
studies as a real biological situation that has simi-
larities and overlapping molecular features 
between PMBL and HL. Probably, these tumors 
represent an evidence of plasticity in the differen-
tiation pathways of B cells  [  53–  55  ] .   

   Mature NK-Cell/T-Cell Neoplasms 

 Tumors that arise from NK and T cells of 
peripheral lymphoid organs can be roughly 
 subdivided into three groups: leukemic, extran-
odal, and nodal. 

   T-Cell Prolymphocytic Leukemia 

 T-cell prolymphocytic leukemia (T-PLL) is a rare 
proliferation of small- to medium-sized 
T-prolymphocytes (Fig.  1.10a ). Patients present 
with a leukemic picture, usually with hepatosple-
nomegaly, generalized lymphadenopathy, and 
BM involvement. Cutaneous in fi ltration is seen 
in 20 % of cases. Peripheral blood  fi lms show 
small- to medium-sized lymphoid cells with 
round to markedly irregular nuclei with visible 
nucleolus and basophilic non-granular cytoplasm. 
T-prolymphocytes have a mature T-cell pheno-
type, with expression of CD2, CD3, CD7, CD52, 

  Fig. 1.10    ( a ) T-prolymphocytic leukemia. Neoplastic cells 
are small- to medium-sized with distinct nucleoli and a nar-
row rim of cytoplasm grayish at Giemsa (×400). ( b ) 

Aggressive NK-cell leukemia. Neoplastic cells show exten-
sive interstitial in fi ltration of the bone marrow as well as 
clear-cut EBV positivity (EBER in situ hybridization, ×100)       
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CD4+/CD8− (60 %), CD4+/CD8+ (25 %), and 
CD4−/CD8+ (15 %). Chromosome abnormali-
ties are seen, with inversion of chromosome 14 
being the most common (80 %). Oncogenes 
 TCL1A  and  TCL1B  are thereby activated, the 
overexpression of TCL1 representing a poor 
prognostic marker. Abnormalities in chromo-
some 8 are also frequently found by FISH studies 
(70–80 %) as are deletions at 12p13. Clinical 
course is aggressive, with a median survival of 
less than a year  [  1,   56  ] .   

   Aggressive NK-Cell Leukemia 

 Aggressive NK-cell leukemia is a rare systemic 
neoplasm of NK cells associated in most if not all 
cases with EBV (Fig.  1.10b ) and observed mainly 
in eastern population. Middle-aged individuals 
are usually affected, with no sex predilection. 
Commonly involved sites are the PB, BM, liver, 
and spleen. Complications like coagulopathy, 
hemophagocytic syndrome (HPS), or multi-organ 
failure (MOF) are frequent  fi ndings. A certain 
overlap with extranodal NK-/T-cell lymphoma 
may exist. Leukemic cells show a morphological 
spectrum from normal large granular lympho-
cytes to lymphocytes with atypical infolded 
nuclei, open chromatin, distinct nucleoli, and 
basophilic cytoplasm. Expression of CD2, 
CD3 e [epsilon], CD56, and cytotoxic molecules, 
without surface CD3, is typical, a phenotype 
identical to that of extranodal NK-/T-cell lym-
phoma, except that CD16 is frequently positive. 
T-cell receptor ( TCR ) genes show a germline 
con fi guration. Deletions of 6q and 11q have been 
reported. The majority of cases have a fulminant 
clinical course  [  57  ] .  

   EBV+ T-Cell Lymphoproliferative 
Disorders of Childhood 

 Systemic EBV+ T-cell lymphoproliferative 
 disease (LPD) of childhood and hydroa vaccini-
forme-like lymphoma are the two major types of 
this disorder. Both occur more frequently in Asia, 
Mexico, and Central and South America with no 

sex predilection. In both conditions, there is 
strong suggestion of a genetic defect in the host 
immune response to EBV  [  1  ] . 

 Systemic EBV+ T-cell LPD of childhood can 
appear shortly after primary acute EBV infection 
or in relation with chronic active EBV infection, 
characterized by a clonal cytotoxic T-cell expan-
sion (Fig.  1.11a ). It has rapid evolution, multiple-
organ failure, and generally fatal outcome  [  58  ] .  

 Hydroa vacciniforme-like lymphoma is a 
pediatric EBV-positive cutaneous T-cell lym-
phoma with cytotoxic or less commonly NK-cell 
phenotype, associated with sensitivity to insect 
bites and sun exposure. Patients present with a 
papulovesicular eruption that may be accompa-
nied by systemic symptoms. Recurrent skin 
lesions may be seen, and systemic involvement is 
associated with a more aggressive clinical course. 
Most cases show clonal rearrangements of the 
 TCR  genes  [  58  ] .  

   Adult T-Cell Leukemia
/Lymphoma (ATLL) 

 The distribution of ATLL parallels that of the 
human T-cell leukemia virus type 1 (HTLV-1), 
being endemic in southwestern Japan, the 
Caribbean Basin, and parts of Central Africa. 
ATLL has a long latency period with exposure to 
the virus by affected individuals very early in life. 
Although causally linked to ATLL, HTLV-1 itself 
is insuf fi cient to cause neoplastic transformation, 
and additional genetic events are necessary. 
Patients usually present with multiple lymphade-
nopathy and PB involvement, the skin being 
affected in more than half of the cases. Clinical 
behavior varies from an acute presentation, with 
usual hypercalcemia and possible lytic bone 
lesions, to lymphomatous, chronic, or smoldering 
presentations. The neoplastic proliferation may 
be of small- to large-sized pleomorphic cells or 
display anaplastic or even angioimmunoblastic-
like morphology (Fig.  1.11b ). ATLL-cells are 
usually positive for CD2, CD3, and CD5 and neg-
ative for CD7. Most cases are CD4+/CD8−, but a 
subset is CD4−/CD8+ or CD4+/CD8+. CD25 is 
strongly expressed in almost all cases, and FOXP3 
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and CCR4 are frequently positive, all three char-
acteristic markers of regulatory T cells. CD30 
may be positive and cytotoxic molecules are 
absent. TCR genes are clonally rearranged. ATLL 
has a high proliferative rate, showed by Ki-67 
positivity by the neoplastic cells (Fig.  1.11b ). 
Clinical subtypes, age, performance status, seric 
calcium, and LDH levels are major prognostic 
indicators. Acute and lymphomatous variants are 
associated with short survivals, while the chronic 
and smoldering forms have an indolent course but 
can progress to an acute phase  [  1,   59  ] .  

   Extranodal NK-/T-Cell Lymphoma, 
Nasal Type (ENK/TCL, NT) 

 ENK/TCL, NT occurs more frequently in adult 
males from Asia, Mexico, and Central and South 
America and is associated with EBV infection, 
with a type II latency pattern. ENK/TCL, NT 
typically involves the nasal cavity, nasopharynx, 

paranasal sinuses, and palate. Most patients show 
nasal obstruction, epistaxis, or extensive mid-
facial destruction (the so-called lethal midline 
granuloma). Extra-nasal sites, including the skin, 
soft tissue, gastrointestinal tract, and testis may 
also be involved, while BM involvement is 
uncommon. Mucosal sites generally have exten-
sive ulceration. The neoplastic in fi ltrate is diffuse 
with angiocentric and angiodestructive features 
with frequent necrosis and apoptotic bodies 
(Fig.  1.12a ). Neoplastic cells may be small, 
medium-sized, large, or anaplastic with numer-
ous mitotic  fi gures. Phenotypically, they are posi-
tive for CD2, CD56 (Fig.  1.12a ), CD3 e [epsilon]+, 
and cytotoxic markers and negative for surface 
CD3. Occasional cases are CD7+ or CD30+. 
Noteworthy, CD56 is not speci fi c for ENK/TCL, 
NT and may be positive in other peripheral T-cell 
lymphomas (PTCLs), mainly carrying 
 g [gamma] d [delta]-TCR. In situ hybridization for 
EBV-encoded RNA (EBER) is virtually positive 
in all ENK/TCL, NT, and a diagnosis of ENK/

  Fig. 1.11    ( a ) EBV+ lymphoproliferative disorder of 
childhood. Please, note the pleomorphism of the 
lymphoid proliferation that is admixed with some 
epithelioid  elements (H&E, ×400) and turns EBV 
positive (inset: EBER in situ hybridization, ×400). 

( b ) Adult T-cell  lymphoma/leukemia. Neoplastic cells 
remarkably vary in size and shape, frequently showing 
a  fl oret-like  appearance (H&E, ×400) and Ki-67 
expression (inset:  immunoalkaline  phosphatase tech-
nique, ×400)       

 



231 The World Health Organization Classi fi cation of Lymphoid Neoplasms

TCL, NT should be made with great caution if 
EBER is negative. LMP-1 expression is variable. 
 TCR  and  IgVH  genes are usually in germline 
con fi guration, the former being clonally rear-
ranged in a few cases. The prognosis of ENK/
TCL, NT is variable, but generally very poor in 
cases occurring outside the nasal cavity. Among 
nasal cases, both IPI and Korean index are pro-
vided with predictive value  [  60  ] . Notably, sur-
vival rates have recently been improved with 
more intensive regimes including upfront radio-
therapy and L-asparaginase  [  1,   61  ] .   

   Enteropathy-Associated 
T-Cell Lymphoma (EATL) 

 EATL is an intestinal tumor of intraepithelial T 
lymphocytes. Patients are usually adults pre-
senting with abdominal pain and frequent intes-
tinal perforation. EATL is associated with celiac 

disease and occurs more often in areas with a 
high prevalence of this disease, especially in 
Northern Europe. The tumor usually presents as 
multiple ulcerating raised mucosal masses with 
in fi ltration of the intestinal wall. The jejunum or 
ileum are the most common involved sites. 
EATL is usually composed of large lymphoid 
cells with an in fl ammatory background of histi-
ocytes and eosinophils and associated with 
necrosis. The adjacent small intestinal mucosa 
shows villous atrophy, crypt hyperplasia, 
increased number of lymphocytes and plasma 
cells in fi ltrating the lamina propria, and intra-
epithelial lymphocytosis. In 10–20 % of cases, 
EATL is composed of monomorphic medium-
sized cells without in fl ammatory background 
and rare necrosis (Fig.  1.12b ). This monomor-
phic variant (type II EATL) may occur sporadi-
cally and has a broader geographic distribution 
and no proven relationship with celiac disease. 
Neoplastic cells are CD3+, CD5−, CD7+, 

  Fig. 1.12    ( a ) Extranodal NK-/T-cell lymphoma, nasal 
type. The lymphomatous population displays angio-
centricity and angioinvasiveness, causing extensive 
necrosis (Giemsa; ×100), and strong CD56 expression 
(inset: immunoalkaline phosphatase technique, ×400). 

( b ) Enteropathy-associated T-cell lymphoma, type II: 
 neoplastic elements, medium-sized and monotonous 
(Giemsa; ×400), express TCR  g [gamma]-chain (inset: 
immunoalkaline phosphatase technique, ×400)       
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CD8−/+, CD4−, CD103+, and TCR ß[beta]+ 
and positive for cytotoxic markers, with hetero-
geneous expression for CD30. Type II EATL 
has a distinctive immunophenotype (CD3+, 
CD4−, CD8+, CD56+, and TCRß[beta]+, 
although TCR g + cases have recently been 
reported (Fig.  1.12b ))  [  62  ] .  TCR  b  [ beta ] and 
 TCR  g  [ gamma ] genes are clonally rearranged. 
Poor prognosis with death frequently resulting 
from abdominal complications is usual  [  1,   63  ] .  

   Hepatosplenic T-Cell Lymphoma (HSTL) 

 HSTL is a rare cytotoxic T-cell neoplasm mostly 
of the  g [gamma] d [delta] type seen mainly in ado-
lescents and young males. Up to 20 % of HSTL 
associates chronic immune suppression, usually 
in the setting of solid organ transplantation or pro-
longed antigenic stimulation. It may also occur in 
patients treated with azathioprine and in fl iximab for 
Crohn’s disease. Clinical presentation includes sys-
temic symptoms, hepatosplenomegaly, and marked 
thrombocytopenia. HSTL shows a monotonous 
in fi ltrate composed of cells with medium-sized 
nuclei, dispersed chromatin, inconspicuous nucle-
oli, and a rim of pale cytoplasm (Fig.  1.13a ). In the 
spleen, the in fi ltrate involves the red pulp cords and 
sinuses with atrophy of the white pulp, while the 
liver and BM show an intra-sinusoidal in fi ltration 
pattern. Phenotypically, most cases are CD3+, 
TCR g [gamma] d [delta]1+ (Fig.  1.13a ), CD56±, 
and CD8  and negative for TCR a [alpha] b [beta], 
CD4, and CD5. Few cases are of  a [alpha] b [beta]-
type. TIA1 and granzyme-M are expressed, but 
granzyme-B and perforin are negative. They 
have clonally rearranged  TCR g  [ gamma ] genes. 
Isochromosome 7q is frequently present. Trisomy 
8 and loss of a sex chromosome may also be found. 
The course is aggressive, with a median survival of 
less than 2 years  [  1,   64  ] .   

   Subcutaneous Panniculitis-Like T-Cell 
Lymphoma (SPTCL) 

 SPTCL is a rare lymphoma composed of cyto-
toxic T cell that preferentially in fi ltrates subcuta-
neous tissue and has a slightly predominance in 

females and a broad age spectrum. According to 
the new WHO classi fi cation, cases expressing 
 g [gamma] d [delta]TCR should be excluded from 
this entity and classi fi ed as primary cutaneous 
 g [gamma] d [delta] T-cell lymphoma. Approxi-
mately 20 % of patients have an associated autoim-
mune disease, frequently systemic lupus 
erythematosus. Generally, patients present with 
multiple subcutaneous nodules in the absence of 
other involved sites. More than 50 % of patients 
show systemic symptoms. Cytopenias and abnor-
mal liver function tests are frequent  fi ndings, and a 
hemophagocytic syndrome (HPS) is seen in 
15–20 % of cases. Fat lobules are involved with 
rimming of individual fat cells by neoplastic cells, 
usually sparing  fi brous septa and the overlying der-
mis and epidermis (Fig.  1.13b ). Necrosis and kary-
orrhexis are common and vascular invasion may 
be seen. SPTCL-cells have a mature  a [alpha] b [beta] 
T-cell phenotype ( b [beta]F1+), usually express 
CD8+, cytotoxic molecules, and are negative for 
CD56. Clonal rearrangements of  TCR  genes are 
present, and EBV sequences are negative. 
Involvement of lymph nodes and other organs is 
rare. Five-year overall survival is of 80 %, but 
patients with HPS have poor prognosis  [  1,   65  ] .  

   Mycosis Fungoides (MF) 
and Sézary Syndrome (SS) 

 MF is the most frequent primary cutaneous T-cell 
lymphoma (CTCL) characterized by epidermo-
tropic in fi ltration of small- to medium-sized T 
cells with cerebriform nuclei (Fig.  1.14a ). Patients 
are usually male adults/elderly, but it may also be 
seen in children and adolescents. MF is limited to 
the skin, with classical evolution of patches, 
plaques, and tumors. Dissemination to extracuta-
neous tissues occurs in advanced stages, and pro-
gression is slow, over years or sometimes decades. 
Histological transformation (>25 % blasts in the 
dermal in fi ltrates) is found mainly in tumor 
stages. Neoplastic cells are CD2+, CD3+, 
TCRß[beta]+, CD5+, CD4+, CD8−, and CD7−. 
 TCR  genes are clonally rearranged in a variable 
number of cases. Clinical stage is the single most 
important prognostic factor. In advanced stages 
and in cases with histological transformation, the 
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prognosis is poor. Rare variants are folliculotro-
pic MF, pagetoid reticulosis, and granulomatous 
slack skin  [  28  ] .  

 Sézary syndrome (SS) is a rare disease of adult 
males accounting for less than 5 % of CTCLs. SS 
is de fi ned by the triad of erythroderma, general-
ized lymphadenopathy, and presence of a clonal 
expansion of neoplastic T cells with cerebriform 
nuclei (Sézary cells) in the skin, lymph nodes, 
and blood. Histological and phenotypic features 
of SS are similar to those of MF. The clinical 
course is aggressive with a 5-year overall survival 
of 10–20 %  [  28  ] .  

   Primary Cutaneous CD30-Positive 
T-Cell Lymphoproliferative Disorders 
(PCTLPD-CD30+) 

 These lesions include primary cutaneous anaplas-
tic large-cell lymphoma (C-ALCL) and lympho-
matoid papulosis (LyP), which have a spectrum 

of overlapping histopathologic and phenotypic 
features between them. Final diagnosis must be 
established considering clinical appearance and 
course  [  1  ] . 

 C-ALCL is composed of a diffuse, usually 
non-epidermotropic in fi ltrate of large cells with 
an anaplastic, pleomorphic, or immunoblastic 
morphology, the vast majority of which (>75 %) 
expresses CD30 (Fig.  1.14b ). By de fi nition, 
C-ALCL should not be preceded or have clinical 
evidence of MF. Cases of systemic ALCL should 
also be excluded, as they correspond to a differ-
ent entity. The most frequent clinical presentation 
is a solitary nodule, but some patients may have 
papules located in the trunk, face, extremities, or 
buttocks that often show ulceration and partial or 
complete spontaneous regression as seen in LyP. 
Besides CD30-positivity, C-ALCL cells have an 
activated CD4+ T-cell phenotype with variable 
loss of CD2, CD5, and/or CD3 and frequent 
expression of cytotoxic markers. Contrary to 
 systemic ALCL, C-ALCL expresses CLA, but is 

  Fig. 1.13    ( a ) Hepatosplenic T-cell lymphoma. 
Lymphomatous elements diffuse through the liver sinu-
soids (Giemsa, ×200) and express TCR  g [gamma]-chain 
in the spleen (inset: immunoalkaline phosphatase tech-
nique, ×400). ( b ). Subcutaneous panniculitis-like T-cell 

lymphoma. Neoplastic cells—often apoptotic—in fi ltrate 
the subcutaneous tissue, producing rims around fat lob-
ules (H&E, ×400); riming is underlined by the staining for 
CD3 (inset: immunoalkaline phosphatase technique, 
×200)       
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negative for EMA and ALK. Unlike Hodgkin and 
Reed-Sternberg cells, CD15 is generally negative 
in C-ALCL.  TCR  genes are clonally rearranged 
in most cases. Patients with C-ALCL have usu-
ally good prognosis, with a 10-year overall sur-
vival rate of approximately 90 %, although 
frequent local relapses occur  [  28  ] . 

 Lymphomatoid papulosis (LyP) has a 
chronic, recurrent, self-healing clinical presen-
tation, with cutaneous involvement of trunk and 
extremities of adult males. LyP is characterized 
by paradoxical eruptions of papular, papulone-
crotic, and/or nodular lesions that tend to disap-
pear within 3–12 weeks leaving a scar in some 
cases. Disease duration is variable, from sev-
eral months to more than 40 years. 
Morphologically the large CD30+ cells may 
have a background of in fl ammatory cells or 
predominate as a monotonous population. The 
phenotype is similar to C-ALCL. About 60 % 

of LyP lesions show clonally rearranged  TCR  
genes. Prognosis of LyP is excellent  [  28  ] . 

 Three rare primary cutaneous peripheral T-cell 
lymphomas with characteristic clinical and histo-
pathologic features have been delineated in the 
new WHO classi fi cation, including primary cuta-
neous  g [gamma] d [delta] T-cell lymphoma, pri-
mary cutaneous aggressive epidermotropic 
CD8-positive cytotoxic T-cell lymphoma and pri-
mary cutaneous CD4-positive small-medium-
sized pleomorphic T-cell lymphoma, the latter 
two being still provisional entities  [  1  ] .  

   Peripheral T-Cell Lymphoma, 
Not Otherwise Speci fi ed (PTCL, NOS) 

 PTCL, NOS is a heterogeneous category that 
includes nodal and extranodal mature T-cell lym-
phomas, which do not ful fi l the criteria to be 

  Fig. 1.14    ( a ) Mycosis fungoides, early phase. 
Lymphomatous elements show evident epidermotropism by 
producing a “chain” at the dermal-epidermal junction and 
forming small micro-abscesses with the epidermis (Giemsa, 
×100); immunohistochemistry underlines their cerebriform 
nuclear pro fi le (inset: immunoalkaline phosphatase 

 technique, ×600). ( b ) CD30+ lymphoproliferative disorder 
of the skin, anaplastic large-cell lymphoma type: the growth 
turns cohesive and consists of large cells that reveal promi-
nent, inclusion-like nucleoli, a wide rim of cytoplasm 
 grayish at Giemsa (×400) and strong CD30-positivity (inset: 
immunoalkaline phosphatase technique, ×250)       
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classi fi ed in one of the speci fi c entities of T-cell 
lymphomas. It represents approximately 30 % of 
PTCLs in western countries. Patients are gener-
ally adults with a slight male predominance, 
showing peripheral lymphadenopathy and 
B-symptoms. Generalized disease includes the 
BM, liver, spleen, and extranodal tissue involve-
ment. Leukemic presentation is uncommon. 
PTCL, NOS has a wide cytological spectrum 
from highly polymorphous to monotonous. Most 
cases show medium-sized cells and/or large cells 
with irregular, pleomorphic nuclei; prominent 
nucleoli; and numerous mitotic  fi gures. Clear 
cells and Reed-Sternberg-like cells may be pres-
ent. Most cases show an in fl ammatory back-
ground (Fig.  1.15a ). The differential diagnosis 
with angioimmunoblastic T-cell lymphoma 
(AITL) must include extensive immunopheno-
typing. PTCL, NOS usually has an aberrant T-cell 
phenotype with frequent loss of T-cell markers 
CD5 and CD7. A CD4+/CD8− phenotype is more 

frequent in nodal cases. CD4/CD8 double posi-
tivity or double negativity is sometimes seen, as 
is CD8, CD30, CD56, and/or cytotoxic granule 
expression. CD52 is negative in 60 % of cases. 
Some cases carry follicular T helper cell (FTH) 
markers:  [  66  ]  they differ from angioimmunoblas-
tic T-cell lymphoma (see below) because of the 
lack of follicular dendritic cell (FDC) and high-
endothelial venule (HEV) hyperplasia  [  67  ] . 
Aberrant CD20 and/or CD79a expression is occa-
sionally found. Proliferation is high and Ki-67 
rates over 70 % are associated with poor progno-
sis.  TCR  genes are clonally rearranged. PTCL, 
NOS is a highly aggressive tumor with poor 
response to therapy, frequent relapses, and a 
5-year overall survival of 20–30 %. IPI is the only 
factor consistently associated with prognosis. 
Recently, new scoring systems have been pro-
posed. Three morphological variants of PTCL, 
NOS are recognized, lymphoepithelioid/Lennert’s 
type (Fig.  1.15b ), follicular, and T-zone  [  1,   68  ] .   

  Fig. 1.15    ( a ) Peripheral T-cell lymphoma, not other-
wise speci fi ed. The lymphomatous population, admixed 
with some reactive elements such as eosinophils, is 
characterized by marked pleomorphism with bean-
shaped to cerebriform nuclei (H&E, ×400; inset: 

Giemsa, ×600). ( b ) Peripheral T-cell lymphoma, not 
otherwise speci fi ed, Lennert’s type. Please, note the 
huge amount of epithelioid elements as well as the more 
monotonous appearance of neoplastic cells with excep-
tional blasts (Giemsa, ×400)       
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   Angioimmunoblastic 
T-Cell Lymphoma (AITL) 

 AITL is characterized by systemic disease and 
nodal involvement by a polymorphous in fi ltrate 
with prominent proliferation of HEV and FDC 
(Fig.  1.16a ). AITL occurs in middle-aged/elderly 
individuals of either sex and represents 15–20 % 
of all PTCLs. Most patients present with advanced 
stage disease, systemic symptoms, generalized 
lymphadenopathy, hepatosplenomegaly, poly-
clonal hypergammaglobulinemia, circulating 
immune complexes, cold agglutinins with hemo-
lytic anemia, positive rheumatoid factor, and anti-
smooth muscle antibodies. Skin rash is frequently 
observed and BM is often involved. Other com-
mon  fi ndings are pleural effusion, arthritis, and 
ascites. Partial effacement of the lymph node archi-
tecture is characteristic, as is sparing of the periph-
eral cortical sinuses. The neoplastic cells are small 
to medium in size, with clear to pale cytoplasm, 
and mild cytological atypia. Small clusters of 

 neoplastic cells are seen around hyperplastic HEV 
and FDC and have a polymorphic background of 
small reactive lymphocytes, eosinophils, plasma 
cells, and histiocytes. EBV+ B-immunoblasts are 
usually present. Neoplastic cells are CD4-positive 
and carry at least three of the FTH-associated 
markers CD10, BCL6, CXCL13, ICOS, PD-1, and 
SAP (Fig.  1.16b )  [  66  ] . Most cases have clonally 
rearranged  TCR  genes. Clonal  IgVH  gene rear-
rangements are present in about 25–30 % of cases 
and correlate with the expanded EBV+ B cells. 
AITL has an aggressive clinical course with a 
median survival of less than 3 years. Large B-cell 
lymphoma (often but not invariably EBV+) devel-
opment may occur  [  1,   69  ] .   

   Anaplastic Large Cell Lymphoma, 
ALK Positive (ALCL, ALK+) 

 ALCL, ALK+ is composed of large neoplastic 
cells with abundant cytoplasm and pleomorphic 

  Fig. 1.16    ( a ) Angioimmunoblastic T-cell lymphoma. At 
low power, the growth shows rather low cellular density 
and abundant branching epithelioid venules (Giemsa, 
×100); at higher magni fi cation, lymphomatous elements 

reveal a slightly irregular nuclear pro fi le and an evident 
rim of clear cytoplasm (H&E, 400). ( b ) On immunohis-
tochemistry, neoplastic cells show strong PD1 positivity 
(immunoalkaline phosphatase technique, ×400)       
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kidney-/horseshoe-shaped nuclei (hallmark 
cells), with a translocation involving the  ALK  
gene and expression of ALK protein (Fig.  1.17a ) 
and CD30. The latter may be the target of the 
humanized monoclonal antibody conjugated 
with monomethyl auristin E, brentuximab vedo-
tin  [  70  ] . ALCL that are morphologically and 
phenotypically similar but lacking the  ALK  rear-
rangement and ALK protein expression are con-
sidered a distinct category (ALCL/ALK−). 
ALCL, ALK+ is more prevalent in the  fi rst three 
decades of life with a male predominance. 
Lymph nodes and extranodal sites are involved. 
Stages III–IV diseases and B-symptoms are 
present in most patients. Morphology may be 
variable, but the “common pattern” that repre-
sents 60 % of cases consists of large tumor cells, 
commonly with hallmark appearance, that tend 
to grow within the sinuses, resembling a meta-
static tumor. Approximately 10 % of cases may 
have a “lymphohistiocytic pattern” characterized 
by few tumor cells accompanied by reactive his-
tiocytes. The “small cell variant” (5–10 %) with 
small- to medium-sized neoplastic cells with 
irregular nuclei and, in some cases, presence of 
small cells with abundant cytoplasm (“fried egg 
cells”) seems to have a worse prognosis. 
“Hodgkin-lymphoma pattern” is described in 
3 % of ALCL, ALK+ cases, resembling nodular 
sclerosis classical Hodgkin lymphoma, in which 
neoplastic cells are ALK positive but CD15 neg-
ative. Relapses may present with different mor-
phological features as seen in the initial tumor. 
Cases with t(2;5)/NPM-ALK translocation show 
cytoplasmic and nuclear ALK staining. In cases 
with variant translocations, ALK staining may 
be membranous or cytoplasmic. ALCL, ALK+ 
cells are CD30+, frequently EMA+ with expres-
sion of cytotoxic markers and one or more T-cell 
antigens, although some may have “null” pheno-
type. EBV is negative.  TCR  gene is clonally 
rearranged. The most frequent translocation is 
t(2;5)(p23;q35) involving  ALK  and nucleophos-
min ( NPM ) genes. Variant translocations show 
fusion of  ALK  gene with other partners on chro-
mosomes 1, 2, 3, 17, 19, 22, and X. All these 
aberrations result in up-regulation of the ALK 
protein that plays a pivotal role in the process of 
lymphomagenesis  [  71  ] . They also cause distinct 

subcellular distribution of the fusion protein as 
shown by immunohistochemistry. However, 
none of them affects the disease behavior. 
Different chromosomal and gene expression 
pro fi les are seen in ALCL, ALK+; ALCL/ALK−; 
and PTCL, NOS. IPI may be used as a prognos-
tic factor. Five-year overall survival is around 
80 %  [  1,   72  ] .   

   Anaplastic Large Cell Lymphoma, 
ALK Negative (ALCL/ALK−) 

 ALCL/ALK− is a provisional entity, composed 
of anaplastic large CD30+ cells (Fig.  1.17b ), 
most of which express both T-cell-associated 
and cytotoxic markers. Differential diagnosis 
must be done with C-ALCL, other CD30+ T- or 
B-cell lymphomas with anaplastic features, and 
CHL. ALCL/ALK− is more common in adults 
with a slight male predominance. Lymph nodes 
are more frequently involved than extranodal 
sites. Most patients have advanced-stage disease, 
with lymphadenopathy and B-symptoms. 
Usually, the architecture of lymph nodes or other 
tissues is effaced by solid, cohesive sheets of 
neoplastic cells. In the lymph node, neoplastic 
cells expand the sinuses or the T-cell areas, mim-
icking metastatic carcinoma. PTCL, NOS and 
CHL must be excluded, but immunophenotypic 
and molecular studies may identify these enti-
ties. In this respect, BSAP/PAX5 staining is a 
useful tool: CHL shows weak positivity in the 
majority of cases, but BSAP/PAX5 is negative in 
ALCL/ALK−. By contrast, the distinction 
between PTCL, NOS and ALCL/ALK− is not 
always straightforward. Diagnosis of ALCL/
ALK- is favored when homogeneous strong 
CD30-staining on the cell membrane and Golgi 
area of all neoplastic cells is seen, as well as 
complete loss of T-cell markers and lack of 
NFATc2 expression  [  73  ] . Most cases have clonal 
 TCR  gene rearrangement and EBV is negative. 
Recently, it has been reported that about one 
third of ALCL/ALK− carry t(6;7)(p25.3;q32.3) 
translocations  [  74  ] . The overall survival rate for 
ALCL/ALK− is shorter than ALCL, ALK+ 
(49 % vs. 80 %), but better than PTCL, NOS 
(49 % vs. 32 %)  [  1,   75  ] .   
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   Hodgkin Lymphoma (HL) 

 HL accounts for approximately 30 % of all lym-
phomas. Irrespectively of the subclassi fi cation, 
HL is characterized by the following features: 
(a) usual onset in lymph nodes, preferentially in 
the cervical region; (b) predilection for young 
adults; (c) small number of mononucleated and 
multinucleated tumor cells (Hodgkin and Reed-
Sternberg cells or HRS cells), within a back-
ground of abundant in fl ammatory cells; and (d   ) 
tumor cells that are often surrounded by rosettes 
of T lymphocytes. Biologically and clinically 
HL are divided in two disease entities: nodular 
lymphocyte-predominant HL (NLPHL) and 
classical HL (CHL)  [  1  ] . 

 NLPHL is a monoclonal B-cell lymphoma 
characterized by a nodular or nodular and dif-
fuse proliferation of scattered large multilobated 

neoplastic cells (“popcorn” or LP cells) 
(Fig.  1.18a ). Tumor cells reside in follicles with 
a large FDC meshwork  fi lled with nonneoplastic 
lymphocytes and histiocytes. Some morphologi-
cal variants of this prototypic pattern have been 
described: serpiginous/interconnected, nodular 
with prevalent extra-nodular LP cells, T-
cell-rich-nodular, and THRBCL-like  [  76  ] . One 
third of the cases diagnosed as NLPHL in the 
past were lymphocyte-rich CHL. It is currently 
unclear whether a diffuse NLPHL exists, and its 
distinction from TCRBCL is not always evident. 
NLPHL represents nearly 5 % of HL. Patients 
are generally males in the fourth decade of life. 
LP cells are most frequently CD20+, CD79a+, 
EMA+, BCL6+, and CD45+. Contrary to HRS 
cells of CHL, tumor cells are positive for Oct-2, 
BOB.1, and Ig light and/or heavy chains but lack 
CD15, CD30, and EBV infection. In more than 

  Fig. 1.17    ( a ) ALK+ anaplastic large cell lymphoma, 
lymphohistiocytic variant. Neoplastic cells with variable 
size and shape (from small to hallmark) are almost 
obscured by a huge histiocytic component (Giemsa, 
×400); the staining for the ALK protein allows their easy 
identi fi cation: please, note that the positivity occurs at 
both the nuclear and cytoplasmic level indicating the 

 presence of t(2;5) (inset: immunoalkaline phosphatase 
technique, ×400). ( b ) ALK- anaplastic large-cell lym-
phoma. The lymphomatous population growths cohe-
sively, has prominent, inclusion-like nucleoli, reveals a 
large rim of cytoplasm  grayish violet  at Giemsa (×400) 
and turns strongly CD30-positive (inset: immunoalkaline 
phosphatase technique, ×250)       
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20 % of cases, LP cells are IgD+ (Fig.  1.18a ), 
IgM− and CD27−: the patients are usually young 
males  [  77  ] . The tumor cells are ringed by follicu-
lar helper T-cells CD3+ CD4+, PD-1+ 
(Fig.  1.18a ), and (to a lesser extent) CD57+. LP 
cells show clonally rearranged  IgVH  genes with a 
high load of somatic mutations that may be ongo-
ing. Aberrant somatic hypermutations of  PAX5 , 
 PIM1 ,  RhoH/TTF,  and  MYC  genes are reported in 
80 % of cases. NLPHL has an indolent clinical 
course despite frequent relapses and usually 
remains responsive to therapy. Patients with 
advanced stages of disease have an unfavorable 
prognosis. Progression to large B-cell lymphoma-
like lesions may occur in 3–5 % of cases  [  78  ] .  

 CHL is a monoclonal lymphoid neoplasm 
(almost always derived from B cells) composed 
of HRS cells within a background of reactive 
lymphocytes, eosinophils, neutrophils, his-
tiocytes, plasma cells,  fi broblasts, and collagen 
 fi bers in variable proportions (Fig.  1.18b ). Four 

histological subtypes are distinguished based 
on the characteristics of the in fl ammatory back-
ground: lymphocyte rich (LRCHL), nodular scle-
rosis (NSCHL), mixed cellularity (MCCHL), and 
lymphocyte depleted (LDCHL). These histologi-
cal subtypes of HRSC have identical immuno-
phenotypic and genetic features, whereas clinical 
features and EBV association may be different. 
NSCHL is characterized by the presence of a dis-
tinctive variant of HRSC, i.e., the lacunar cell. 
CHL represents 95 % of all HLs, presenting a 
bimodal age curve in resource-rich countries, with 
a peak at 15–35 years of age and a second peak 
late in life. Cervical lymph nodes are  frequently 
involved, and in approximately 60 % of patients 
(usually with NSCHL) a mediastinal mass is 
present. HRS cells are few in number, typically 
between 0.1 and 10 % of the cellular in fi ltrate. 
The composition of the reactive milieu varies 
according to the subtype. HRS cells show CD30 
expression in nearly all cases (Fig.  1.18b ) and 

  Fig. 1.18    ( a ) Lymphocyte-predominant Hodgkin lym-
phoma. LP cells express IgD as do most small B 
 lymphocytes that form the nonneoplastic cellular milieu 
along with rosettes of PD1-positive T lymphocytes 
(inset) (immunoalkaline phosphatase technique, ×100). 

( b ) Classical Hodgkin lymphoma, lymphocyte rich. Typical 
Hodgkin and Reed-Sternberg cells are admixed with small 
lymphocytes and some epithelioid elements (H&E, ×250); 
please, note the strong CD30 expression by tumoral cells 
(inset: immunoalkaline phosphatase technique, ×400)       
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CD15 expression in most. The former can rep-
resent the target for the in vivo administration of 
brentuximab vedotin  [  70  ] . CD20 may be detected 
in 30–40 % of cases, but with a heterogeneous 
staining pattern. The B-cell nature of neoplas-
tic cells is corroborated in about 95 % of cases 
by their BSAP/PAX5 expression. BSAP/PAX5 
staining is usually weaker than that of reactive 
B cells. EBV + HRS cells show a type 2 latency 
pattern (LMP-1+, EBNA-2−). Characteristically, 
the transcription factors Oct-2 and BOB.1 are 
absent in the majority of cases (90 %), while 
PU.1 is consistently absent. Great attention has 
recently been paid to the characteristics of tumor 
microenvironment, since this may in fl uence both 
the prognosis and response to therapy  [  79  ] . RS 
cells show clonal  IgVH  gene rearrangements in 
more than 98 % of cases and clonal  TCR  gene 
rearrangements in rare instances. The rearranged 
 IgVH  genes show a high load of somatic hyper-
mutations, generally not ongoing. CHL is curable 
in more 85 % of cases with current treatment pro-
tocols. The response after two ABVD courses at 
FDG-PET imaging is an important prognostic 
indicator  [  1,   80,   81  ] .      
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   Introduction 

 In little more than 10 years, technologies for 
genomic-scale molecular analysis have revolu-
tionized the study of lymphomas as much as in 

any type of cancer. Although this review is orga-
nized by the type of technology involved, some 
familiarity with the technologies (and the subject 
of lymphoma) is assumed, so that the presenta-
tion can focus more on the  fi ndings rather than 
the methods. Special attention will be paid to the 
subject of clinical translation of genomic tech-
nologies and the knowledge they have fostered. 

 Molecular analysis is already a standard in 
lymphoma diagnosis and treatment. Examples 
are tests for speci fi c biomarkers (hemoglobin, 
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  Abstract 

 Technical progress has enabled molecular analysis of lymphoma samples on 
a genomic scale. Research on many fronts is now providing a comprehen-
sive picture of the lymphoma cell’s genomic sequence, identifying its muta-
tions and allelic derangements, and the epigenetic regulation and transcription 
of that genome. Macromolecules of other types are also being pro fi led, 
including noncoding RNA, proteins, and other non-nucleic acid metabolites. 
Furthermore, whether by design or inadvertent inclusion, elements in the 
tumor microenvironment are often included and provide important insights 
into key processes such as angiogenesis, stromal reaction, and interaction 
with the host immune system. The wealth of data generated by these studies 
also brings challenges in interpretation, for which a variety of analytical 
techniques are used. This chapter selectively covers the development and 
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nent  fi ndings, and the prospects for clinical application.  
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lactate dehydrogenase) that are part of prognostic 
indices; immunohistochemistry (IHC) to detect 
individual proteins (CD20, CD30, NPM-ALK) 
for diagnostic strati fi cation or con fi rmation of 
their presence as therapeutic targets; and certain 
genetic tests (e.g., rearrangement of c-myc or 
bcl2  [  1  ] ) with prognostic signi fi cance. For a vari-
ety of reasons (cost, regulatory issues, clinical 
trial design), focused “single-analyte” testing for 
speci fi c biomarkers, as opposed to genomic-scale 
technologies, will likely dominate clinical molec-
ular analysis in the near term, even though the 
latter will surely be the engine of discovery. 
However, this chapter will not discuss limited-
scale testing for speci fi c analytes. 

 Certain neoplasms of B-cell origin are not 
included in this chapter: pre-B acute lymphoblas-
tic leukemia, chronic lymphocytic leukemia/
small lymphocytic lymphoma, and multiple 
myeloma. Finally, apologies are made to those 
whose work has not been included.  

   Gene Expression Pro fi ling of Diffuse 
Large B-Cell Lymphoma 

 Gene expression pro fi ling (GEP) by microarray 
hybridization was the  fi rst analytical technology 
to be applied on a genome-wide scale. The  fi rst 
type of lymphoma to be studied by GEP was  dif-
fuse large B-cell lymphoma  ( DLBCL ), which is 
also presented here  fi rst because it illustrates many 
of the topics relevant to GEP of other types of 
lymphoma. DLBCL was previously considered to 
be a single disease, although doubts were raised 
by the disparity in clinical outcomes between 
patients after standard treatment. Since germinal 
center B (GCB) cells were thought to be the nor-
mal counterpart of DLBCL tumor cells, Alizadeh 
et al. used a custom array enriched for genes 
expressed by GCB cells and found that roughly 
half of DLBCL primary tumors resembled normal 
GCB cells  [  2  ] . This observation has been repeat-
edly veri fi ed and is supported by other genomic 
approaches presented below. The remaining half 
of primary DLBCL tumors resembled normal 
blood B cells activated in vitro by cross-linking of 
their B-cell receptor (BCR) and thus were labeled 

as belonging to an activated B-cell (ABC) type. In 
addition to the biological differences between the 
ABC and GCB DLBCL types implied by their 
different gene expression pro fi les, outcomes with 
standard CHOP chemotherapy are signi fi cantly 
worse for ABC-DLBCL patients, even when 
adjusted for risk according to the International 
Prognostic Index (IPI) score  [  3,   4  ] . 

 It is still uncertain what is the true normal 
counterpart of ABC-DLBCL, but it is nonethe-
less now widely accepted that DLBCL encom-
passes two distinct types of lymphoma, differing 
in apparent cell of origin (COO), biological 
 regulatory programs (such as signaling path-
ways), genetic abnormalities  [  5  ] , and clinical 
outcome with CHOP-based chemotherapy  [  6  ] . 
This illustrates the obvious: genomic analysis 
can see beyond the limitations of morphologic 
analysis and standard IHC and provides addi-
tional information beyond clinical prognostic 
indices such as the IPI. However, these non- 
genomic techniques have proven value in clinical 
practice and should be supplemented rather than 
replaced by genomic-based studies until years of 
experience prove that is safe to do so. 

 The  fi nding that DLBCL encompasses two 
different types of lymphoma was an example of 
 class discovery , in which GEP provides a rational 
basis for subdividing a group of samples. (It 
should be noted that the following discussion 
applies to genomic pro fi ling methods other than 
GEP.) If there are phenotypic differences of 
importance between classes, such as differences 
in clinical outcome or likely susceptibility to a 
proposed novel therapy, it is therefore desirable 
to be able to assign future cases to these classes, 
the exercise known as  class prediction . Class dis-
covery and class prediction are obviously inter-
related, in that features distinguishing groups are 
the basis of class prediction. Such features 
are often referred to simply as  biomarkers , 
because they may be discovered and used for pre-
diction (and other purposes) without understand-
ing their biological role. The high dimensionality 
of the GEP data, in which samples typically 
express more than 10,000 genes at levels above 
the detection threshold, invariably dwarfs the 
number of samples in any research study. There 



372 Genomic Analysis of B-Cell Lymphomas

is thus a high potential for false-positive  fi ndings 
in biomarker identi fi cation and a related risk of 
data over fi tting in class discovery. How best to 
perform class discovery and class prediction con-
tinues to be an active subject of research, and a 
discussion of methods is outside the scope of this 
chapter. The reader is referred elsewhere for 
detailed presentations of solutions such as con-
trolling the false discovery rate  [  7  ] , signi fi cant 
analysis of microarrays  [  8  ] , validation strategies, 
and Bayesian class prediction  [  9  ] . 

  Outcome prediction  is another major goal of 
GEP analysis. This is also interrelated with class 
discovery and class prediction, in that (1) whether 
putative classes have different outcomes is one of 
their important features to determine and helps to 
validate the distinction if present and (2) the clin-
ical utility of class prediction depends heavily on 
having different outcomes. Outcome prediction 
starts with outcome correlation, i.e.,  fi nding 
genes, signatures (groups of genes), or classes 
that correlate with signi fi cant differences in out-
come. There are many different ways to do this, 
and statistical concerns and solutions (e.g., 
over fi tting and cross-validation, respectively) 
apply. In the original study de fi ning ABC and 
GCB types of DLBCL,  fi nding outcome differ-
ences was a secondary goal; i.e., the types were 
 fi rst identi fi ed by COO, then differences in out-
come were found and used to validate the distinc-
tion and its clinical importance and the power of 
GEP to add to the IPI  [  2  ] . However, later studies 
have had outcome prediction as a primary goal. 
Staudt and colleagues have relied heavily on the 
use of signatures of genes that are similarly 
expressed across the spectrum of samples, estab-
lished computationally by hierarchical clustering 
 [  10  ] . It is assumed that genes within a signature 
are coexpressed or similarly regulated and there-
fore re fl ect the activity of only one or a few bio-
logical processes or the proportion within mixed 
samples of a particular cell type. To the extent 
that this is true, using multiple genes to calculate 
a single average value for a signature is prefera-
ble to using values of a few individual genes, 
because (1) few genes are truly speci fi c for one 
process or cell type and (2) it reduces the effect of 
noise. Signatures are also one method to achieve 

dimension reduction in GEP data, reducing the 
number of statistical tests in downstream 
analysis. 

 In addition to their potential as biomarkers of 
class or clinical outcome, genes implicated by 
GEP can serve as indicators or mediators of 
 underlying biological processes . Such processes 
can be targeted therapeutically and ultimately 
constitute another category of biomarkers. 
Biomarkers identi fi ed merely by correlation with 
outcome are nonspeci fi c in their therapeutic 
implications; e.g., a biomarker of poor outcome 
suggests that a different therapy should be tried, 
but may not indicate what that therapy should be. 
Biomarkers of biological processes, although 
more dif fi cult to identify, may ultimately indicate 
the therapy that is best for the patient. This is the 
vision of “personalized medicine,” although it is 
far from being realized. The  fi rst step, perhaps 
the most dif fi cult, is to infer the underlying bio-
logical process from GEP  fi ndings. This has 
become more systematic in recent years, through 
the use of  gene set analysis techniques  such as 
GSEA (gene set enrichment analysis)  [  11  ] . In 
brief, these methods use a statistical test to deter-
mine whether genes belonging to a gene set are 
differentially expressed between two groups of 
samples, greater than expected by chance. In 
GSEA, the entire spectrum of expressed genes is 
employed, after rank ordering for the relative dif-
ferences between two sample groups, and gene 
sets are examined for their nonrandom distribu-
tion across the spectrum; this has the advantage 
of not requiring the establishment of those genes 
which are differentially expressed, based on 
exceeding some threshold of statistical 
signi fi cance. With gene set analysis, researchers 
no longer need to stare at a list of differentially 
expressed genes and hope for inspiration; bioin-
formatic tools like GSEA can formally suggest 
what may be the processes involved. An alterna-
tive approach, exempli fi ed by the Connectivity 
Map project, can even bypass the need to identify 
and validate the processes involved  [  12  ] . In cor-
relating GEP  fi ndings in samples with those 
obtained from cell lines treated with drugs, poten-
tial therapies may emerge from drugs that pro-
duce effects opposite to the GEP features of 
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samples, as has been shown in studies of drug 
resistance. However, the power of gene set analy-
sis and drug response methods is obviously 
dependent on the quality and breadth of gene sets 
and drug response data; although these are already 
extensive, they are frequently limited in their 
ability to provide insight in research investiga-
tions. Continued curation of the world’s output of 
GEP data, and incorporation of new information 
such as target genes determined by chromatin 
immunoprecipitation and high-throughput 
sequencing (ChIP-Seq), is necessary to improve 
the interpretation of GEP data. 

 The  fi rst example of process or pathway 
identi fi cation by GEP in DLBCL sprang from the 
informal observation that many known target 
genes of the NFkB and pathway were highly 
expressed in ABC-DLBCL primary tumors and 
cell lines. Functional investigations con fi rmed 
that what is now known as the classical NFkB 
pathway is constitutively active in ABC-DLBCL 
lines and showed that this is essential for their 
survival in vitro  [  13  ] . Screening based on RNA 
interference found that NFkB activation in ABC-
DLBCL lines relied on the CARD11/MALT1/
BCL10 (CBM) complex, a known mediator of 
antigen receptor signaling in lymphocytes  [  14  ] . 
The discovery that 10 % of primary ABC-DLBCL 
tumors had acquired somatic mutations in a sin-
gle domain of CARD11 and that these mutations 
spontaneously activated or enhanced CARD11’s 
ability to activate NFkB, provided compelling 
evidence that constitutive NFkB activity was not 
an artifact of ABC-DLBCL cell lines, but a pro-
cess that was positively selected in vivo  [  15  ] . 
Further investigations of the NFkB pathway in 
ABC-DLBCL showed that activation originates 
in chronic signaling by the B-cell receptor (BCR) 
 [  16  ] , augmented by MyD88 and Toll-receptor 
pathway signaling  [  17  ] . The obvious therapeutic 
implication of these results is that inhibiting the 
NFkB pathway may be effective against ABC-
DLBCL, which is less often cured by CHOP che-
motherapy. Many groups and companies are 
working toward this end, but clinical translation 
is far from complete. The NFkB pathway is fun-
damental to many normal processes such as 
immunity, so there is considerable potential for 

side effects even with a “targeted” therapy that 
inhibits NFkB. It is possible that inhibiting 
the speci fi c upstream pathway of NFkB  activation 
in ABC-DLBCL will reduce side effects, and tri-
als of speci fi c BTK inhibitors are in progress 
 [  18  ] . As proof of principle, however, it may 
already be cited that inhibition with  bortezomib 
of the proteasome, which includes NFkB inhibi-
tion among its effects, selectively potentiates 
chemotherapy effectiveness in ABC-DLBCL 
 [  19  ] . Several other pathways of therapeutic prom-
ise in DLBCL, implicated by genomic studies, 
are beyond the scope of this chapter but should be 
mentioned: BCL6  [  20  ] , STAT3  [  21  ] , PI3K 
 [  22,   23  ] , and EZH2  [  24  ] . 

 Primary lymphoma samples used for GEP 
typically include the entire tumor, not just the 
neoplastic B cells, and therefore GEP data entail 
a requirement, and provide an opportunity, to 
consider what they may implicate in tumor biol-
ogy besides what concerns neoplastic cells. 
A large study of DLBCL con fi rmed that the out-
come of ABC-DLBCL was still worse after the 
addition of rituximab (anti-CD20) to CHOP, indi-
cating that the ABC-GCB distinction (as 
quanti fi ed by a “germinal-center B-cell” signa-
ture) is predictive  [  4  ] . However, two signatures 
attributable to nonneoplastic tumor elements 
were also found and had independent predictive 
power; together, the 3-signature index added to 
the predictive power of the IPI. The favorable 
“stromal-1” signature re fl ected extracellular 
matrix deposition and histiocytic in fi ltration, 
while the unfavorable “stromal-2” signature 
re fl ected tumor blood-vessel density. These 
results add to the wealth of evidence that out-
comes in lymphoma are in fl uenced by  host fac-
tors , and GEP has indicated those genes which 
appear to be most important as biomarkers or 
mediators of these factors. 

 Should the  ABC-GCB distinction  always be 
made for DLBCL, and how? For clinical trials, it 
seems imperative to make this distinction, so as 
to be able to determine the ef fi cacy in each 
DLBCL type. As shown by the results of combin-
ing bortezomib with chemotherapy  [  19  ] , the 
 relative outcomes for the types depend on the 
therapy. The need to determine DLBCL type is 
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especially great for trials of newer targeted agents, 
which may be effective in only one type, and 
some trials of targeted agents in DLBCL are now 
being restricted to patients with only one of the 
types, based on prospective GEP. However, the 
reality is that many DLBCL trials do not provide 
for making the ABC-GCB distinction, or for 
evaluating or discovering other potential bio-
markers of outcome, even in retrospect. There is 
a “chicken and egg” quality to this omission: 
making the ABC-GCB distinction is unlikely to 
enter routine clinical practice until a choice of 
therapeutic alternatives depends on it and that in 
turn is unlikely to happen until clinical trials 
include this distinction in their analysis of results. 
In the meantime it could be argued that the pre-
dictive signi fi cance of the ABC-GCB distinction 
for CHOP-based chemotherapy is worth know-
ing for complex clinical decision making, but it is 
not routinely available. 

 There is not yet a standard way for making the 
ABC-GCB distinction, but many reasonable 
methods exist. Using multiple genes to make the 
ABC-GCB distinction is preferable because it 
reduces the effect of noise on individual samples 
and may accurately re fl ect the “big picture” 
despite aberrations in individual genes. This 
requires an algorithm to handle the measurements 
made on multiple genes, which is speci fi c for the 
platform and probe sequences employed. Baye-
sian and shrunken centroid approaches have been 
used to address the complexity of multigene 
classi fi cation schemes  [  9,   25  ] . Once created, an 
algorithm is relatively easy to use, but using mul-
tiple genes creates opportunities for hybrid results 
or mixed patterns, confounding the dichotomous 
outcomes that are preferred in clinical decision 
making. Furthermore, microarray technology and 
its interpretation do not conform easily to tradi-
tional regulatory standards applied by the FDA 
and required for CLIA certi fi cation as a clinical 
laboratory test, and there are perceptions that 
they are too complicated and costly for clinical 
application. Therefore, there have been several 
efforts to make the ABC-GCB distinction in 
DLBCL, or even to bypass it altogether for the 
purpose of outcome prediction, using a minimum 
number of genes. Notable examples have used 

six  [  26  ]  and even only two  [  27  ]  genes, with excel-
lent outcome prediction and even validation in 
other datasets than the ones from which the genes 
were originally chosen. 

 For clinical application, COO or outcome pre-
dictors need to be measured by an FDA- and 
CLIA-approved technology, preferably using rou-
tinely preserved formalin- fi xed, paraf fi n-
embedded (FFPE) samples. Most efforts to 
develop such predictors have focused on the mea-
surement of certain gene products, i.e., proteins, 
by IHC. With GEP as the “gold standard” for dis-
tinguishing ABC and GCB DLBCL cases, several 
algorithms have been developed using IHC as a 
surrogate  [  28,   29  ] . Consistency and reproducibil-
ity have been good with these algorithms, and it 
can be argued that IHC has advantages in (1) mea-
suring proteins, which are more proximal effec-
tors of biological processes (and whose expression 
is often affected by posttranslational mechanisms 
not apparent by GEP), and (2) allowing attribu-
tion of expression to the neoplastic cells. However, 
some studies have questioned the reliability of 
IHC algorithms, especially on the basis of their 
performance at predicting outcome  [  30  ] . Another 
technique for measuring individual genes is quan-
titative real-time PCR (qRT-PCR), more analo-
gous to GEP because it quanti fi es transcripts, 
which was used for a 6-gene predictive signature 
 [  26  ] . Other emerging techniques for measuring 
mRNA transcripts, especially suited to FFPE 
samples and not employing ampli fi cation, are the 
quantitative nuclease protection assay (qNPA) 
 [  31  ]  and the Nanostring nCounter  [  32  ] . However, 
of relevance to these and other methods using 
algorithms based on only a small number of genes, 
statistical concerns remain, such as in setting 
“cutoff” values for IHC  [  33  ] . 

 There is no doubt, even from the example of 
DLBCL alone, that GEP is a very powerful 
scienti fi c tool and hypothesis generator. However, 
acceptance of GEP as a clinical decision-making 
tool is made more dif fi cult by the very thing that 
makes it so useful as a research tool: the simulta-
neous measurement of the expression of so many 
genes. This ultimately gives GEP more potential 
for clinical application in lymphoma than just the 
determination of subtype and prediction of 
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response to therapy. Perhaps the prime example is 
the determination of active or aberrant pathways 
that might be targeted by personalized therapy in 
the future, especially if such pathways are not 
highly correlated with lymphoma type or subtype. 
Similar to making the ABC-GCB distinction, 
determination of pathway activity is likely better 
to be based on multiple genes than on only a few. 
However, we are far from having the knowledge 
base or analytical tools to make the interpretation 
of GEP results a de fi nitive basis for clinical deci-
sions, comparable to the con fi dence with which 
radiographic results or histopathologic decisions 
are acted upon. It is also possible that GEP is not 
the best approach for determining pathway activ-
ity; other approaches, such as proteomics and 
metabolomics, are more direct and are discussed 
below. Much work remains to be done on how to 
perform and interpret GEP for it to become a 
comprehensive method for determining the active 
pathways in a lymphoma and the basis for person-
alized therapy.  

   GEP in Other Types of Lymphoma 

   Primary Mediastinal B-Cell Lymphoma 
(PMBL) 

 PMBL was included in some GEP studies of 
DLBCL, despite its distinctive clinical features 
(predominant mediastinal involvement, young 
age, and female predilection) and morphologic 
features (clear cells and sclerosis). One study 
showed that slightly more than half of cases 
diagnosed as PMBL, based on clinical and mor-
phologic features, expressed a signature of 
genes distinct from non-mediastinal cases of 
DLBCL  [  34  ] . In other words, GEP had again 
exceeded the limitations of morphology and 
immunostaining and de fi ned a separate type of 
DLBCL. The PMBL signature was found 
largely to be expressed by cell lines of classical 
Hodgkin’s lymphoma (cHL) and selectively 
con fi rmed in microdissected Reed-Sternberg 
cells from primary cHL tumors. The similarity 
of PMBL to cHL has been con fi rmed by other 
genomic  studies. However, there are also sub-

stantial differences between the gene expres-
sion pro fi les of PMBL and cHL; for example, 
PMBL uniformly expresses B-cell differentia-
tion markers that are characteristically absent in 
cHL. The most likely normal counterpart of 
PMBL is thymic B cells, which highly express 
MAL, a gene also expressed highly by PMBL 
and cHL.  

   Hodgkin’s Lymphoma 

 Both types of Hodgkin’s lymphoma, cHL and 
the nodular lymphocyte predominant type 
(NLPHL), are remarkable for a relative paucity 
of neoplastic cells and a prominent background 
of immune cells. They are included in this chap-
ter because of their derivation from B cells and 
their occasional diagnostic confusion with other 
types of B-cell lymphoma. GEP studies on whole 
tumors have shown that prognostic genes and 
signatures are contributed by both microenvi-
ronmental and neoplastic cells  [  35,   36  ] , and 
insights provided by all types of genomic studies 
of cHL have been recently reviewed  [  37  ] . In one 
study, a macrophage signature by GEP was cor-
related with failure of primary and secondary 
treatment, and this was validated by IHC for a 
macrophage marker (CD68) in a larger, indepen-
dent set of patients with cHL  [  38  ] . Brune et al. 
microdissected the putative neoplastic cells of 
NLPHL, the so-called “L&H” (lymphocytic and 
histiocytic) cells, for GEP after RNA 
ampli fi cation  [  39  ] . This showed that despite the 
consistent preservation of certain B-cell differ-
entiation features often lost in R-S cells, L&H 
cells showed a closer relatedness to R-S cells 
and the putative neoplastic cells of T-cell rich 
B-cell lymphoma, a poorly de fi ned entity, than 
to neoplastic cells of DLBCL, follicular lym-
phoma, or Burkitt’s lymphoma. The pro fi le of 
L&H cells was also notable for reduced likeli-
hood of apoptosis, increased expression of genes 
involved in immunosuppression (galectins, 
cathepsin B, MMP9, CD59, MHC class I genes, 
and annexin A2) or extracellular matrix remod-
eling, and activation of the NFkB and ERK 
pathways.  
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   Follicular Lymphoma (FL) 

 Dave et al. performed a large GEP study of whole 
primary tumor samples of FL patients treated 
with a variety of chemotherapy regimens, none of 
whom received now-standard rituximab  [  10  ] . 
A multistep search for predictive factors in a 
“training set” of half the samples found multiple 
predictive signatures, composed of hierarchically 
clustered genes that alone had at least some pre-
dictive power. Two of these signatures in combi-
nation provided an optimal predictor of survival 
in the remaining half of samples (“test set”). 
A favorable signature (immune response 1, IR-1) 
was attributed to tumor-in fi ltrating T lympho-
cytes, while an unfavorable signature (IR-2) was 
attributed to tumor-associated macrophages. The 
latter  fi nding is reminiscent of  fi ndings in cHL, 
but genes in IR-2 are markers of macrophage 
attributes rather than macrophage number. Genes 
in IR-1 were also markers of the quality of T cells 
rather than the number of total T cells or subsets. 
This study has been followed by numerous IHC 
studies of FL, which continue to underscore the 
importance of the host immune system to out-
come in FL but also show its complexity. For 
example, a follicular pattern of tumor in fi ltration 
by regulatory T cells (T 

regs
 ) is an IPI-independent 

adverse predictor of overall and progression-free 
survival  [  40  ] . Also, macrophages are a favorable 
predictive factor in rituximab-treated patients, in 
contrast to the  fi ndings of  [  41  ] . 

 These  fi ndings on the immune system in FL 
merit considerable discussion. At face value, they 
suggest that variation in characteristics of the 
neoplastic FL cells has no impact on survival, in 
contrast to  fi ndings of GEP studies of all other 
types of non-Hodgkin’s lymphoma (NHL). This 
is very unlikely for two general reasons, the  fi rst 
of which is that other types of genomic studies 
clearly show that tumor cell genotype in fl uences 
outcome in FL. The second is that if outcome in 
FL is indeed entirely determined by the state of 
the host immune response, that state may be in 
turn determined by in fl uences from neoplastic 
cells. However, the nature of those putative 
in fl uences is unknown and not apparent from the 
gene expression pro fi le of the whole tumor, and 

single-nucleotide polymorphism (SNP) studies 
suggest that the contraction and course of FL are 
in part in fl uenced by the germline state of host 
immune response genes  [  42  ] . The failure of the 
study of Dave et al. to detect predictive factors 
attributable to neoplastic FL cells may be due to 
their use of whole tumors, rather than puri fi ed 
tumor cells, since the use of mixed samples 
reduces the ability of GEP to detect changes in a 
particular cell type within the mixture  [  43  ] . This 
was implied by a recent study which performed 
GEP separately on puri fi ed B-cell and non-B-cell 
fractions from FL tumors, with the goal of com-
paring microenvironmental “cross talk” between 
these fractions in FL and that in normal lymph 
nodes  [  44  ] . This was a small study that did not 
perform correlation with clinical outcome, and 
no observations about the neoplastic cells were 
reported, but the study found that tumor-
in fi ltrating T cells in FL were enriched for 
T-follicular helper cells. Since sorting of cells is 
unlikely to become a routine technique for FL 
analysis, it may ultimately be that IHC will be a 
better method for studying expressed genes than 
whole-tumor GEP, because results can be attrib-
uted to individual cell types.  

   Mantle Cell Lymphoma (MCL) 

 MCL differs considerably from other NHL types 
in its gene expression pro fi le, but relatively little 
molecular insight has been gained from GEP 
alone regarding the pathobiology of MCL. 
Nonetheless, Rosenwald et al. did  fi nd that a sig-
nature of genes related to cell proliferation was 
inversely correlated with survival  [  45  ] . At  fi rst 
this may seem intuitive, but it has not been 
observed in many other types of NHL. The most 
distinctive molecular feature of MCL is the 
t(11;14) translocation, juxtaposing cyclin D1 to 
the immunoglobulin heavy chain locus and result-
ing in its upregulation. An effect on proliferation 
is to be expected, because cyclin D1 functions to 
promote the G1/S phase transition, and cyclin D1 
mRNA levels were positively correlated with the 
proliferation signature. It was originally not clear 
why there is such variation in cyclin D1 mRNA 
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levels, given the high frequency of the t(11;14) 
translocation in MCL. Occasional MCL cases 
lack the t(11;14) translocation but are otherwise 
indistinguishable from MCL in general; most of 
these are found to have point mutations or trunca-
tions in the cyclin D1 gene that increase its 
mRNA stability, resulting in increased cyclin D1 
protein similar to translocation  [  46  ] . Further cor-
relations with proliferation (negative) and sur-
vival (positive) were shown with mRNA levels of 
the ARK(p14)/INK4A (p16) gene cluster, largely 
determined by mutation or deletion at the genomic 
locus; this is also to be expected, since these 
genes inhibit the G1/S transition. Still other MCL 
cases lack cyclin D1 protein expression. Many of 
these have upregulation of cyclin D2 or D3, but 
SOX11 expression was found to be the most dis-
tinctive characteristic of these cases  [  47  ] . It was 
also observed that lack of SOX11 expression 
characterizes the minority of MCL patients who 
have much longer survival, independent of the 
proliferation signature  [  48  ] . Recent GEP studies 
of MCL have bene fi ted from correlation with 
DNA copy number arrays, described below  [  49  ] .  

   Burkitt’s Lymphoma (BL) 

 As originally described, “endemic” BL (eBL) is 
associated with a particular translocation involv-
ing c-myc, Epstein-Barr virus in tumor cells, and 
highly characteristic clinical and morphologic 
features. However, tumors with high similarity 
are observed sporadically in the general popula-
tion (sBL) and frequently in immunocompro-
mised patients (HIV-BL), and morphologically 
de fi ned DLBCL may have some of the genetic 
features of BL. A prominent study found that 
“classical” or “atypical” BL, as de fi ned by mor-
phology, c-myc translocation, and IHC features 
(Ki-67 in >90 % of cells, indicative of a high pro-
liferation rate, and expression of CD10 and/or 
Bcl-6), can be consistently distinguished by GEP 
from standard DLBCL types, based on a core sig-
nature including many target genes of c-myc 
 [  50  ] . This signature was also present in a subset 
of cases of DLBCL with atypical features, sug-
gesting a “molecular diagnosis” of BL. Among 

patients with a molecular diagnosis of BL, those 
who received intensive chemotherapy regimens 
had much better outcomes than those treated with 
CHOP or CHOP-like regimens, indicating the 
clinical signi fi cance of this distinction. A later 
study con fi rmed that all types of BL cases have 
GEP features readily distinguishing them from 
other lymphoma types  [  51  ] . The eBL and HIV-BL 
subtypes were nearly identical, but there was a 
small set of consistent differences between eBL 
and sBL. These differences were enriched for tar-
gets of certain miRNAs expressed in BL and for 
genes regulated by RBL2, a tumor suppressor of 
the retinoblastoma family involved in cell cycle 
control.   

   High-Throughput Sequencing (HTS) 

 Also known as “next-generation” or “solid-
phase” sequencing, HTS is producing another 
revolution in understanding lymphomas. It should 
be noted that HTS can be applied to cellular RNA 
corresponding to mRNA, in the technique known 
as RNA-Seq. The enumeration of transcripts pro-
vides a “digital” equivalent to hybridization-
based GEP discussed above and is potentially 
more accurate and sensitive, although the analy-
sis of raw data is far more complicated than from 
arrays  [  52  ] . RNA-Seq has unique advantages 
such as being informative about alternative splic-
ing and detecting mutations and fusion genes 
produced by translocations, but these alone may 
not routinely justify its increased cost and com-
plexity  [  53  ] . HTS also underlies the newest meth-
ods for three genomic approaches discussed 
below: detection of microRNA, DNA methyla-
tion, and genomic alterations. However, here will 
be discussed the unique application of HTS:  the 
detection of genetic mutations . 

 HTS has been more extensively applied to 
nonlymphoid tumors to date, but early results 
from HTS of hematopoietic malignancies sug-
gest that certain observations hold true for can-
cers in general. Distinguishing “driver” from 
“passenger” mutations is a challenge, but not an 
insurmountable one, using principles such as 
recurrence in multiple patients, association with 
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disease subtype (e.g., ABC vs. GCB DLBCL) or 
prognosis, clustering in “hot spots,” favored 
expression of the mutated allele, and predicted 
effect on protein function  [  54  ] . It is important to 
have germline DNA for comparison, so as to be 
able to distinguish deviations from the consensus 
human genome in the tumor that are single- 
nucleotide polymorphisms (SNPs) from those 
which are somatic tumor-speci fi c mutations, 
although SNPs themselves may have important 
roles in disease susceptibility and/or course. 
Mutations are also best interpreted with respect 
to the biological processes, such as signaling 
pathways, that they are likely to affect; in other 
words, in a group of tumors of a given type, muta-
tions may be scattered across multiple genes 
involved in a particular process, to such an extent 
that they may appear sporadic, but are actually 
recurrent for that process due to biological 
 selection. Finally, there are technical aspects to 
consider in the choice of HTS approach (whole-
genome, whole-exome, RNA-Seq, etc.), affecting 
cost, sensitivity, and accuracy of mutation detec-
tion, not discussed here. 

 Two recent articles provided the  fi rst large-
scale HTS-based summaries of the mutation- 
altered “genomic landscape” of DLBCL  [  55,   56  ] . 
As has been observed in other tumors, mutated 
genes with characteristics of being recurrent driv-
ers in DLBCL tend to be  epigenetic regulators . 
Prominent among these was MLL2, one of six 
methyltransferases affecting lysine residue 4 of 
histone H3 (H3K4). Inactivating mutations were 
not found in normal centroblasts, but were pres-
ent in 32 % of DLBCL and 89 % of FL cases. 
MLL2 is one of several epigenetic regulators 
including MLL3, EZH2, and MLL5, mutations 
of which in DLBCL appear to be mutually exclu-
sive. MLL2 is likely a tumor suppressor, because 
it tends to be biallelically inactivated. Another 
mutated epigenetic regulator was MEF2, a 
recruiter of histone deacetylators and trans-
ferases, which has speci fi c loss-of-function muta-
tions in 12 % of FL and 25 % of DLBCL (all 
GCB subtype) cases. Yet another is CREBBP 
(CBP/p300), a transcriptional coactivator and 
histone acetylator. CREBBP has monoallelic 
inactivating mutations in 18 % of DLBCL cases, 

and single-copy loss in others, from both sub-
types. CREBBP is only the most common of sev-
eral histone-modifying genes inactivated in 
DLBCL, the functional and molecular conse-
quences of which are hard to predict. In other 
words, the discovery of mutations in epigenetic 
regulators may have raised more questions than it 
has answered. However, already it is known that 
decreased CBP/p300 leads to increased BCL6 
and decreased p53, and predicts sensitivity to 
HDAC inhibitor therapy. 

 Not to be overlooked is that these studies 
con fi rmed the presence of several,  subtype-asso-
ciated mutations  previously found in DLBCL. 
Although involvement of these genes is therefore 
not a novel  fi nding revealed by HTS, they must 
be included in considering the genomic landscape 
of DLBCL, especially since their mutations have 
already been studied as to functional conse-
quences. Examples include the histone methyl-
transferase EZH2, found to have a heterozygous 
Y641F mutation in 18 % of DLBCL cases and 
lines solely of the GCB-DLBCL subtype  [  57  ] . In 
vitro functional studies show that the heterodi-
meric enzyme, composed of WT and mutant pro-
teins, has greater overall activity in the complete 
trimethylation of the target lysine residue  [  58,   59  ] . 
Highly characteristic NFkB-activating or NFkB-
enhancing mutations are found in ABC-DLBCL 
cases in the BCR signal transducing genes 
CD79A and CD79B  [  16  ]  (24 % overall) and the 
Toll-receptor pathway signal transducer MyD88 
(39 %)  [  17  ] . These promote constitutive NFkB 
activity, as do inactivating mutations in the nega-
tive regulator A20 found in >50 % of ABC-
DLBCL cases  [  60  ] . Various forms of inactivation 
(mutations and loss) affect PRDM1/BLIMP1, a 
master regulator in B-cell maturation to plasma 
cells, exclusively and in a high proportion of 
ABC-DLBCL cases. These changes are particu-
larly signi fi cant in that recent studies in geneti-
cally engineered mice show that the combination 
of NFkB activation and BLIMP inactivation pre-
dictably leads to an ABC-like form of DLBCL in 
mice  [  61  ] . 

 Plans are underway for further HTS to be per-
formed on approximately 500 cases of DLBCL, 
as part of The Cancer Genome Atlas (TCGA) 
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 initiative. Almost by de fi nition, there is a dimin-
ishing marginal utility to the extent to which this 
will reveal new recurrent driver mutations, but it 
will surely provide a more exact picture. However, 
as for other TCGA initiatives, the greater bene fi t 
may come from the concurrent performance of 
other genomic analyses such as GEP, providing a 
more complete and integrated assessment of the 
biology of individual tumors. The power of inte-
grated analysis is discussed in the next section.  

   Array-Based Comparative Genomic 
Hybridization (aCGH) 

 Gene copy number variation (CNV) has been 
detected in several types of lymphomas over the 
past decade, using arrays of increasing precision. 
This technology may ultimately be supplanted by 
HTS, but has already provided much useful infor-
mation, from which a number of conclusions may 
be drawn. First, it is clear that the genome of lym-
phoma cells, even in primary tumors, is exten-
sively altered by CNV. This is consistent with 
abundant evidence of alteration in DNA repair 
mechanisms in lymphoma, e.g., in nonhomolo-
gous end joining  [  62  ] , as well as the mutagenic 
and translocation-promoting effects of activation-
induced cytidine deaminase (AID) in lymphoid 
malignancies  [  63  ] . Second, newer SNP genotyp-
ing arrays that detect particular alleles have 
shown that loss of heterozygosity (LOH) is addi-
tionally extensive in lymphoma, expanding the 
spectrum of copy-neutral genomic abnormalities 
beyond mutations and translocations. Third, 
comparing CNV from different tumors of a given 
type reveals minimal recurrent regions of loss or 
gain, presumably containing critical oncogenes 
or tumor suppressor genes. An aCGH study of 
DLBCL found recurrent regions that were rela-
tively subtype-speci fi c and contained genes of 
interest further implicated by various types of 
evidence  [  5  ] . ABC-speci fi c genes of interest were 
the transcription factor SpiB, highly expressed in 
primary tumors and shown by knockdown stud-
ies to be essential to ABC-DLBCL lines; the cell-
cycle regulatory INK4a/ARF locus, often deleted 
with adverse effects on survival; and the  oncogene 

FOXP1, characteristically highly expressed in 
ABC-DLBCL and often ampli fi ed by trisomy 3 
or smaller gains. Other examples in which recur-
rently altered regions have led to the discovery of 
critical genes include PMBL and 9p24  [  64,   65  ] , 
and FL and TNFRSF14  [  66  ] . 

 Knowledge of recurrent regions of CNV alone 
is not always revealing of critical genes, as even 
relatively small regions may contain many candi-
date genes. Bioinformatic methods for correlat-
ing aCGH results with GEP results have increased 
the likelihood that candidate genes are actually 
critical genes  [  67  ] . Applied to lymphoma, aCGH-
GEP correlation has implicated FOXM1 as a 
critical gene and potential therapeutic target in 
DLBCL, FL, and B-cell chronic lymphocytic 
leukemia  [  68  ] . Applied to MCL alone, aCGH-
GEP correlation found several outcome- predictive 
genes within common altered regions, perhaps 
due to their correlation with proliferation  [  49  ] . 
This study also found that regions of LOH fre-
quently overlap with commonly altered regions, 
suggesting another potential mechanism of dys-
regulation, and that inactivation of the Hippo sig-
naling pathway could contribute to MCL 
pathogenesis.  

   Pro fi ling of Noncoding RNA 

 Regulation by noncoding RNA, chie fl y microRNA 
(miRNA), is important to many aspects of normal 
lymphoid biology and varies according to stages 
of B-cell development  [  69,   70  ] . It is therefore not 
surprising that expression of miRNAs appears to 
distinguish various types of lymphoma and cor-
relates with clinical outcome. One of the earliest 
miRNAs discovered, miR-17–92, was found to 
be recurrently ampli fi ed exclusively in GCB-
DLBCL (12.5 % of cases) and to cooperate with 
myc in expression of myc target genes and trans-
formation of mouse B cells  [  5  ] . Early large-scale 
measurement of miRNAs was performed with 
arrays and by qRT-PCR, assaying for de fi ned 
miRNAs. Zhang et al. were among the  fi rst to 
show that various types of NHL have distinctive 
miRNA pro fi les, largely corresponding to their 
normal counterparts in B-cell differentiation but 



452 Genomic Analysis of B-Cell Lymphomas

with some differences  [  70  ] . Malumbres et al. 
found that miRNA pro fi les of DLBCL could dis-
tinguish the ABC and GCB subtypes and corre-
lated with outcome  [  69  ] , which was con fi rmed in 
a larger study  [  71  ] . Di Lisio et al. found a distinc-
tive pro fi le of increased and decreased miRNAs 
distinguishing MCL from normal lymphoid tis-
sues; the signi fi cance of several of these miRNAs 
was shown by correlation with mRNA levels of 
predicted targets, functional studies in cell lines, 
and correlation with clinical outcome  [  72  ] . 
Genome-scale measurement of miRNAs will 
increasingly be done by HTS, especially since 
not all species have been described. This was 
illustrated by Jima et al., who found 333 known 
miRNAs in a survey of normal and malignant B 
cells but an additional 286 candidate novel miR-
NAs  [  73  ] . 

 Much of the research on miRNAs in lym-
phoma to date has focused on their prognostic 
signi fi cance, but clearly they are more than just 
biomarkers. MiRNAs are attractive therapeutic 
targets because a single miRNA can regulate the 
expression of many proteins; in theory, a single 
miRNA-based therapeutic could accomplish 
what would require many agents at the protein 
level. Dysregulation of miRNA in cancer includes 
both abnormal upregulation of oncogenic miR-
NAs (oncomirs) and decreased expression of 
miRNAs regarded as tumor suppressors. 
Therapeutics are being developed to both oppose 
(antagomirs) and restore miRNAs accordingly 
and have shown promise in animal models at pre-
venting or shrinking metastatic lesions  [  74,   75  ] . 
Therefore, we can expect that miRNA research in 
lymphoma may become increasingly of thera-
peutic relevance.  

   Epigenetic Pro fi ling 

 Epigenetic silencing of certain genes, typically 
ones associated with tumor suppression or dif-
ferentiation, is a hallmark of cancer. Silencing 
is accomplished by a variety of means, such 
as histone modi fi cations, and as noted above, 
HTS of DLBCL was most remarkable for 
mutations in histone-modifying epigenetic 

 regulators. Chromatin immunoprecipitation, 
most  informative when combined with HTS 
(ChIP-Seq), is a powerful tool for studying the 
functions of epigenetic regulators and is already 
being applied to speci fi c instances, e.g., to  fi nd 
genes likely dysregulated through mutated EZH2 
 [  24  ] . DNA methylation of promoter CpG islands, 
the epigenetic modi fi cation that has been most 
studied on a genomic scale, correlates inversely 
with gene expression and is often related to the 
activity of histone modi fi ers. In general, stud-
ies comparing DNA methylation patterns of cell 
lines and primary tumors of NHL to normal B 
cells show extensive differences  [  76,   77  ] . Target 
genes of EZH2 are frequently hypermethylated 
in DLBCL and cHL, in contrast to the exclusive 
patterns of EZH2 activity and cytosine methy-
lation normally found in GCB cells  [  24  ] . DNA 
methylation patterns correlated highly with the 
mRNA-based discrimination between ABC and 
GCB DLBCL primary tumors, and methylation-
based ABC-GCB distinction could be based on 
as few as 16 genes  [  78  ] . DNA methylation pat-
terns also distinguished PMBL, cHL, and “gray 
zone” cases  [  79  ] . Abnormal states of methyla-
tion, particularly hypomethylation, were found 
not only to distinguish MCL cells from normal B 
cells but also to provide bases for rational therapy 
 [  80  ]  and to correlate with outcome; tumor sup-
pressor genes like CDKN2B, HOXD8, MLF1, 
and PCDH8 are hypermethylated in MCL but can 
be derepressed by treatment with demethylating 
agents  [  81  ] .  

   Proteomic Pro fi ling 

 Pro fi ling at the protein level is still dif fi cult to 
accomplish on a genomic scale but will be attrac-
tive if the technical challenges can be overcome. 
As compared to nucleic acids, proteins are more 
proximally the effectors of abnormal physiology 
and exclusively the direct targets of current thera-
peutics. Furthermore, proteins are subject to a 
variety of posttranslational modi fi cations that are 
functionally signi fi cant but often not predictable 
from pro fi ling of nucleic acids. Of particular 
interest is protein phosphorylation at speci fi c 
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residues, indicating the activity of signaling path-
ways. For example, Akt phosphorylation was a 
negative predictor of outcome in DLBCL patients 
treated with R-CHOP, independent of the IPI and 
other molecular markers  [  82  ] . Akt phosphoryla-
tion also illustrates the therapeutic signi fi cance of 
protein studies, because it suggests that Akt 
inhibitor therapy might be bene fi cial. Furthermore, 
protein status (in particular, posttranslational 
modi fi cations) can be very dynamic, and so pro-
tein pro fi ling has been productively used to study 
subjects such as the response to chemotherapy or 
radiation  [  83,   84  ] . 

 IHC is routinely applied in pathology labora-
tories but is semiquantitative at best and limited 
to single analytes. ELISA or similar solution-
based immunodetection methods are quantitative 
and more sensitive, but still limited to small num-
bers of analytes. Antibody-based detection has 
large-scale potential, as evidenced by a report of 
array-based pro fi ling of over 5,000 proteins in 
cell lines  [  85  ] , and can detect speci fi c posttrans-
lational modi fi cations. Batch proteomic pro fi ling 
with reverse-phase protein arrays has been 
insightful in studies of acute myeloid leukemia 
 [  86  ]  and the PI3K signaling pathway  [  87  ] . 
However, immunodetection methods are obvi-
ously dependent on the production and validation 
of antibodies with requisite speci fi city. Mass 
spectrometry (MS) is capable of genomic-scale 
protein detection and identi fi cation, is sensitive 
to posttranslational modi fi cations, and is poten-
tially capable of detecting any type of molecular 
species. MS is expensive and limited in through-
put, in part because of the need to simplify com-
plex mixtures by means such as 2-D gel 
electrophoresis, surface desorption, phosphoty-
rosine enrichment, or liquid chromatography 
(LC). Proteomic pro fi ling is therefore far from 
direct clinical application, but in the research set-
ting, it has been used to make a number of 
signi fi cant observations about lymphoma, many 
of which suggest a clinically feasible role for 
measurement of single proteins  [  88  ] . Examples 
include differences between proteomic signatures 
of MCL, small lymphocytic lymphoma, and mar-
ginal zone lymphoma;  [  89  ]  phosphorylation of 
BCR signaling intermediates in MCL, suggesting 

a role for BCR signaling in this type of lymphoma 
as well;  [  90  ]  identi fi cation of galectin-1 as a pre-
dictive biomarker for relapsed/refractory disease 
in cHL  [  91  ] , consistent with its predicted role as 
a mediator of escape from immune surveillance; 
 [  92  ]  identi fi cation of extracellular matrix proteins 
overexpressed in cHL as compared to reactive 
lymphoid tissues;  [  93  ]  and proteins overexpressed 
by endothelial cells within nodal and extranodal 
sites of B-cell lymphoma in mice as compared 
with their levels in corresponding normal host 
organs, suggesting novel targets for inhibiting 
tumor neovasculature  [  94  ] .  

   Metabolic Pro fi ling 

 Pro fi ling analytes other than genes and their pro-
tein products pushes the boundary of “genomic” 
pro fi ling, but indirectly these are the result of 
abnormalities of genes and their expression and 
are potentially very informative. Altered metabo-
lism is a topic of great interest in cancer, whose 
generality may extend to lymphoma. The utility 
of  18 FDG-PET scanning in lymphoma is due to 
the high rate of aerobic glycolysis by lymphoma, 
known as the Warburg effect, which is actively 
being pursued as a therapeutic target in cancer 
 [  95  ] . Speci fi c examples of potential therapeutic 
bene fi t of targeting glycolysis in lymphoma have 
been identi fi ed in preclinical studies  [  96,   97  ] . The 
presumption may be that  18 FDG-PET scanning 
will be used to monitor glycolysis-targeting ther-
apy, but emerging technologies suggest alterna-
tive ways to monitor tumor metabolism. 
High-resolution proton nuclear magnetic reso-
nance ( 1 H NMR) spectroscopy of fresh lym-
phoma samples ex vivo was able to distinguish 
14 DLBCL samples from 17 FL samples with 
86 % sensitivity and 76 % speci fi city, principally 
based on relatively increased alanine in DLBCL 
and taurine in FL  [  98  ] . Studies in other cancers 
and other diseases have progressed far beyond 
this, principally using NMR and/or MS to iden-
tify and quantify small biomolecules of various 
types other than nucleic acids and proteins: amino 
acids and metabolites, carbohydrates, lipids, etc. 
Pro fi ling of plasma and urine for metabolites is 
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now an active area of epidemiologic research, 
 [  99  ]  and the methods developed for biomarker 
detection in other cancers  [  100  ]  may ultimately 
prove useful in noninvasive studies of lymphoma. 
When  1 H NMR and LC-MS were used to pro fi le 
medium from cultured B cells and BCR-
transfected myeloma cell lines, profound changes 
in secreted metabolites were observed during 
phases of proliferation and antibody secretion, 
associated with BCR stimulation and induced 
plasma cell differentiation  [  101  ] . There is there-
fore reason to believe that metabolic studies will 
be useful for lymphoma diagnosis and treatment 
in the future.  

   Conclusion 

 Genomic pro fi ling of lymphoma samples has 
provided many valuable insights into the biol-
ogy of lymphoma, with considerable thera-
peutic implications. It can be expected that 
this will continue and that it will move more 
closely to clinical applications. Adaptively 
randomized trials guided by biomarker studies 
 [  102,   103  ]  may soon provide opportunities for 
genomic discoveries to impact the develop-
ment of personalized therapy.      
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Abstract

Based on their own experience and knowledge of the literature, the authors 
revise the pathobiological characteristics of peripheral T-cell lymphomas 
(PTCL) by focusing on the most recent data available as far as gene expres-
sion profile (GEP) analyses are concerned.

First, GEP studies provided important insight into the histogenesis, 
molecular pathogenesis, and targeted treatments of different PTCL sub-
types. For example, it was clearly shown that angioimmunoblastic T-cell 
lymphoma (AITL) corresponds to T follicular helper (TFH) lymphocytes 
and presents consistent deregulation of genes involved in angiogenesis. 
Noteworthy, targeting some of them, such as VEGF/VEGFR2, may repre-
sent an innovative and effective therapeutic strategy. Secondly, it was 
shown that PTCLs/not otherwise specified (PTCL/NOS) include at least 
three different subset characterized by specific cellular derivation (T-central 
memory, T-cytotoxic, and TFH) and possibly different outcome. Besides 
that, notably, all PTCLs/NOS present with constant deregulation of certain 
molecules, including the PDGFRA, which represents a suitable therapeu-
tic target in this setting. Finally, both ALK+ and ALK− ALCLs have been 
shown to be distinct from the other PTCLs, possibly constituting separate 
entities. Remarkably, the molecular profile of the ALK+ forms largely 
relies on the activation of ALK and its downstream STAT3, while other 
tyrosine kinases are probably activated in the ALK− ones.
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Background

In 1994, the Revised European–American 
Lymphoma (REAL) classification introduced 
new standards in the lymphoma field [1]. In par-
ticular, it stated for the first time that a classification 
of lymphoid tumors should consist in a list of 
“real” entities, each defined by the amalgamation 
of cell morphology, phenotype, molecular genet-
ics, clinical data, and identification of a normal 
counterpart, if possible [1]. After a validation 
trial [2], the REAL classification was adopted by 
the World Health Organization (WHO) as guide-
lines for lymphoma diagnosis and therapy [3]. 
On such occasion, its methodology was extended 
to all tumors of the hematopoietic system [3]. 
According to patients’ survival without any treat-
ment, non-Hodgkin lymphomas (NHLs) are 
classified as indolent (survival measurable in 
years) and aggressive (survival measurable in 
months).

Peripheral T-cell lymphomas (PTCLs) belong to 
the aggressive lymphoma group with a few excep-
tions (see below) [4]. They represent approximately 
12 % of all lymphoid neoplasms [4, 5]. Their inci-
dence varies in different countries and races, being 
higher in HTLV-1 endemic areas (Asia, Caribbean 
basin, and some parts of the United States) [4, 5]. 
PTCLs are a heterogeneous group of tumors that 
can be roughly subdivided into specified and not 
otherwise specified (NOS) forms [5, 6]. In par-
ticular, the latter— corresponding to about 35 % 
of T-cell lymphomas—cannot be further classified 
on the basis of morphology, phenotype, and con-
ventional  molecular studies [4]. Usually, they 
occur in the fifth to sixth decade of life, without 
sex predilection [7–10]. Although PTCLs/NOS 
can present as isolated disease, they more often 
have a widespread dissemination (stages III–IV) 
with nodal, skin, liver, spleen, bone marrow, and 
peripheral blood involvement [7–10]. B symptoms 
are recorded in about 45 % of cases at diagnosis. 
A hemophagocytic syndrome may also be encoun-
tered [7–10].

The tumor morphology is highly variable, 
comprising cells of different size and shape [4]. 
PTCLs/NOS may contain prominent reactive 
components, including small lymphocytes, 

eosinophils, plasma cells, histiocytes, and epithe-
lioid elements [4].

Immunohistochemistry does generally show 
T-cell-associated molecule expression, although 
the phenotypic profile is aberrant in about 80 % 
of cases [11].

Clonal rearrangements of T-cell receptor 
encoding genes are generally detected [12]. The 
karyotype is aberrant in more than 80 % of cases 
and often characterized by complex abnormali-
ties. However, only a few specific alterations have 
not been identified, such as t(2;5) and variants 
and iso7q [13]. Recently, some recurrent lesions 
have been documented by comparative genomic 
hybridization and SNPs analysis [14, 15].

On clinical grounds, PTCLs/NOS are among 
the most aggressive non-Hodgkin lymphomas 
(NHL). In the majority of cases, the response to 
conventional chemotherapy is indeed frustrating, 
with relapse free and overall survival (OS) rates 
at five years below 30 % [5].

Besides the PTCL/NOS category, histological 
classification remains anyway a basic prognostic 
indicator in the PTCL setting [5, 6, 8, 16]. First, 
nodal and extranodal entities are clinically well 
distinct, as extranodal tumors, and specially the 
cutaneous forms, often display a relatively good 
outcome [5]. In addition, among nodal PTCLs, 
the distinction between anaplastic large-cell lym-
phoma (ALCL) and other entities as well as the 
distinction of ALK+ and ALK− cases among 
ALCLs retain a significant prognostic impact 
[5, 6, 8, 16]. In fact, ALK+ ALCL, particularly 
when occurring in children and young adults, has 
a significantly better clinical outcome if com-
pared with all other forms [5, 6]. Importantly, it 
was recently suggested to include ALK− ALCL 
within the PTCLs/NOS basing on the lack of evi-
dences of clear biological differences between 
them. However, new clinical and molecular 
findings demonstrated that ALK− ALCL and 
PTCL/NOS are distinct entities, also presenting 
with different clinical outcome [6, 17, 18].

In addition to the basic distinction of the dif-
ferent entities, in those last years, several attempts 
have been made in order to further characterize 
the molecular pathology of PTCLs and identify 
reliable prognostic indicators to be offered to 
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 clinicians. Indeed, novel insights have been pro-
vided by GEP studies, especially as far as tumor 
histogenesis, molecular pathogenesis, and possi-
bly new, targeted therapies are concerned. On the 
other hand, novel and more refined prognostic 
indicators have been proposed, which may help 
in patients stratification.

Gene Expression Profiling  
of Peripheral T-Cell Lymphoma

The pathobiology of PTCLs has been neglected 
for a long time. The main reasons for that prob-
ably relied on the relative rarity of the disease, 
as well as the extreme difficulty to culture these 
neoplastic cells ex vivo. However, in the last 
few years, a new interest on PTCLs did emerge. 
Specially, these lymphomas have been then the 
object of different studies based on the applica-
tion of high-throughput technologies, and sev-
eral reports dealt with the GEP of the different 
subtypes [17–32]. In particular, on one hand, 
some authors focused on specific topics, that 
is, the GEP of mycosis fungoides, ALK+ and 
ALK− ALCLs, angioimmunoblastic lymphomas 
(AITL), g[gamma]d[delta]-T-cell lymphomas, 
adult T-cell lymphoma/leukemia (ATLL), and 
extranodal NK/T lymphoma nasal type, respec-
tively [19, 25, 26, 28–31]. On the other hand, 
others analyzed larger collections of PTCLs of 
the NOS, AITL, and ALCL types [17, 18, 20, 23, 
24, 32]. However, some of these studies suffer 
of limitations that vary from the usage of chips 
with a restricted number of genes [20, 23, 24] to 
the lack of a reliable normal counterpart for com-
parison [20, 24]. Specifically, Martinez-Delgado 
et al. reported that PTCL/NOS corresponds to 
a heterogeneous group of tumors, whose GEP 
is difficult to interpret due to the significant 
amount of infiltrating reactive cells. According 
to this study, the most relevant information pro-
vided by GEP pertains the expression level of 
genes belonging to the NFk[kappa]B pathway 
(see below) [20]. Ballester et al. [23] found that 
the GEP could discriminate among PTCLs of 
the NOS, AITL, and ALCL types, although the 
former did not share a single profile. Using a 

multi-class predictor, the authors separated their 
cases into three molecular subgroups called U1, 
U2, and U3. The U1 gene expression signature 
included genes known to be associated with poor 
outcome in other tumors, such as CCND2. The 
U2 subgroup was associated with overexpression 
of genes involved in T-cell activation, including 
NFKB1 and BCL2. The third group was mainly 
defined by the overexpression of genes involved 
in the IFN/JAK/STAT pathway and comprised 
most histiocyte-rich tumors. This finding sug-
gests that the signatures recorded by Ballester 
et al. might be at least in part influenced by reac-
tive components. Nevertheless, at present, it is 
not defined yet whether the presence of specific 
reactive components may significantly affect 
the tumor behavior in the field of PTCL/NOS, 
as it appeared in the case of some B-cell-derived 
lymphomas (namely, follicular and Hodgkin 
lymphomas) [33, 34] and possibly AITL (see 
below) [32].

Subsequently, Piccaluga et al. [17] have pub-
lished a GEP study based on the analysis of 28 
PTCLs/NOS, all corresponding to lymph node 
biopsies and containing an amount of neoplastic 
cells that exceeded the 70 % value of the whole 
examined population. The mRNA extracted from 
these cases was hybridized on the HG U133 2.0 
Plus gene chip. The obtained results were com-
pared with those of 6 AITLs, 6 ALCLs (2 ALK+ 
and 4 ALK−), and 20 samples of normal 
T-lymphocytes, purified from the peripheral 
blood and tonsil and corresponding to the main 
T-cell subsets (CD4+, CD8+, resting, and acti-
vated). Thus, the study of Piccaluga et al. 
significantly differs from most previous reports 
[20, 23, 24] in terms of methodology and selec-
tion criteria. In addition, it provides for the first 
time the rationale for possible targeted therapies 
in PTCL/NOS by offering clear evidence of their 
effectiveness ex vivo. In particular, the GEP 
detected by Piccaluga et al. [17] indicates that 
PTCLs/NOS are distinct from the other lym-
phoid malignancies and normal T-lymphocytes, 
establishing a clear relationship between PTCL/
NOS and normal cellular counterparts and pro-
viding the basis for a better understanding of 
their pathogenesis.
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More recently, Iqbal and Colleagues analyzed 
a large series of PTCLs, collected within the 
International T-Cell Lymphoma Project [32]. 
Importantly, they could build a robust molecular 
classifier for ATLL, AITL, and ALK+ ALCL. On 
the other hand, PTCLs/NOS were confirmed to 
have a more heterogeneous profile possibly 
related to those of the normal counterparts. In 
addition, importantly, this study provided novel 
evidences on AITL and PTCL/NOS prognostica-
tion (see below). Additional, important, informa-
tion have been then offered by Piva et al. [18]. In 
their study, the authors mainly focused on the 
molecular pathogenesis of ALCLs but also estab-
lished the relationship between ALCL and PTCL/
NOS. Importantly, they showed that ALCLs are 
molecularly distinct from PTCL/NOS, thus 
flattening the diffuse, though not biologically 
based, proposal of including ALK− ALCL within 
the group of PTCL/NOS. Consistently, in the 
course of their analysis, Piccaluga et al. [17] 
already found that all ALCLs tended to cluster 
together, irrespectively of their ALK positivity or 
negativity, though in a more limited number of 
cases. In all, this suggests that—besides the 
occurrence or not of a translocation involving the 
ALK gene at 2p23—these tumors share a set of 
deregulated pathways. On this respect, Feldman 
et al. [35] have recently shown by massive  parallel 
genomic sequencing and FISH analyses that 
about 30 % of ALK- ALCLs carry the t(6;7)
(p25.3;q32.2) translocation with downregulation 
of the DUSP22 gene and upregulation of MIR29 
microRNAs, producing downstream effects simi-
lar to t(2;5) and variants. Nevertheless, it is pos-
sible to clearly differentiate ALK+ and ALK− cases 
basing on GEP, as shown by different authors 
[18, 25, 32]. To this regard, in particular, the 
strong biological relevance of the ALK/STAT3 
signaling in characterizing the global molecular 
profile of ALK+ ALCL was demonstrated [18].

Histogenesis of PTCLs

In the REAL and subsequent WHO class-
ifications of lymphomas, the recognition of the 
non-neoplastic cellular counterpart is regarded 

as a main  factor contributing to the definition of 
the single disease entity. However, differently 
from the field of B-NHLs, the vast majority of 
PTCLs have not yet definitely associated to a 
normal counterpart, mainly due to the complex-
ity of T-cell compartment, as well as the bizarre 
morphology and largely aberrant phenotype of 
the neoplastic elements. Nevertheless, the 
recent GEP studies provided evidences, which 
may be the basis for a future histogenetic 
classification of these tumors. First, robust data 
were generated supporting the concept that 
AITL cells correspond to follicular T-helper 
(TFH) cells [26, 28]. Specifically, De Leval and 
colleagues studied 18 AITL cases and, by gene 
set enrichment analysis (GSEA) [36], found 
that AITL signature is significantly enriched in 
molecules characteristic of normal TFH, includ-
ing CXCL13, BCL6, PDCD1, CD40L, and 
NFATC1 [26]. At the same time, Piccaluga 
et al., by using a different algorithm, also 
showed that the GEP of AITL is definitely 
related to that of TFH lymphocytes [28]. 
Noteworthy, both the studies proved that such 
feature is largely restricted to AITL cases [26, 
28], though a small fraction of PTCLs/NOS, 
more often characterized by clear cell cytology, 
presence of blastic EBV+ B-cells, and, some-
times, follicular architecture [4], also presents 
with TFH molecular pattern [26]. Importantly, 
GEP results were validated by the immunohis-
tochemical demonstration of TFH markers, 
such as CD10, BCL6, CXCL13, PD1, CCR5, 
SAP, and ICOS, in AITL [26, 28, 37–41], and 
were largely in keeping with the observations 
previously made by Rüdiger et al. [42]. 
Subsequently, the expression of the same mol-
ecules was confirmed in follicular PTCL/NOS 
[43]. Noteworthy, on the practical ground, when 
immunohistochemistry is used for the defining 
the TFH phenotype, at least three markers have 
to be detected [41] (PiccalugaPP et al., Expert 
Reviews in Hematology 2011, in press), in 
order to overcome the puzzling effect of pheno-
typic aberrancies, typical of PTCLs [11].

As far as PTCLs/NOS are concerned, GEP 
results suggested that these tumors are more 
closely related to activated rather than resting 
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T-cells [17]. Interestingly, this was partially inde-
pendent from the expression of classical T-cell 
activation markers [17]; in addition, apparently, 
this is partially independent from the activation 
of T-cell receptor (TCR) signaling, indicating the 
alternative contribution of other mechanism, such 
as tyrosine-kinase activation (see below) 
(Piccaluga PP et al., personal observation 2012). 
As in normal mature T-lymphocytes, it was pos-
sible to identify two main subgroups of PTCL/
NOS, with GEPs related to either CD4 or CD8 
elements [17]. Notably, this characteristic did not 
correspond to the immunophenotype with regard 
to the expression of the single CD4 and CD8 
molecules [17], reflecting the aberrancy in tumor 
phenotypes [11]. Importantly, the existence of 
these two molecularly distinct subgroups of 
PTCL/NOS was later confirmed by the 
International T-cell Lymphoma Project study 
[32]. Remarkably, the latter also suggested that 
cases with cytotoxic molecular profile might be 
provided with a worse prognosis (see below).

Finally, ALCLs, according to GEP, appeared 
to be related to either T

H17
 [32] (Piccaluga, unpub-

lished 2013) or T
H1

 lymphocytes (Piccaluga, 
unpublished 2013).

Overall, the recognition of normal counterparts 
for different PTCLs has both biological and prac-
tical relevance. On one hand, in fact, it provides 
the basis for the recognition of cellular abnormal-
ities and comprehension of the interaction with 
the microenvironment (i.e., the relationship of 
TFH-derived neoplastic cells and follicular den-
dritic cells, mast cells, etc., in AITL). On the 
other, it can be used in clinics for easier differen-
tial diagnosis, by applying new cell-specific mark-
ers (i.e., a panel of TFH-associated markers for 
the distinction of AITL and PTCL/NOS) [41].

Molecular Pathogenesis

Besides histogenetic information, different GEP 
studies provided relevant insights into the func-
tional alterations of PTCLs. First, a careful 
comparison of PTCL/NOS with the closest nor-
mal cellular counterparts revealed, in fact, the 
extensive deregulation of genes, which control 

 functions that are typically damaged in  malignant 
cells, such as matrix remodeling, cell adhesion, 
transcription regulation, proliferation, and apop-
tosis. In particular, the analysis of Piccaluga 
et al. [17] might explain the dissemination pat-
tern of PTCL/NOS, with frequent extranodal 
and bone marrow involvement and spread to 
peripheral blood [4], by showing the upregula-
tion of FN1, LAMB1, COL1A2, COL3A1, 
COL4A1, COL4A2, and COL12A1, that is, of 
genes which promote local invasion and metas-
tasis in different types of human cancers [44–
46]. In addition, it revealed the deregulation of 
genes involved in apoptosis (e.g., MOAP1, 
ING3, GADD45A, and GADD45B) [47–53] and 
chemoresistance (such as CYR61 and NNMT) 
[44–46, 54–65], which may be responsible for 
the poor response to conventional chemother-
apy. Secondly, a couple of GEP studies sug-
gested the possible deregulation of NF-kappa B 
(NFkB) pathway in a certain number of PTCL/
NOS cases [20, 21, 23]. Indeed, it was shown 
that 30–40 % of cases present with nuclear 
localization (i.e., activation) of NFkB elements 
and peculiar GEP [66]. Noteworthy, it was then 
demonstrated that a fraction of PTCL/NOS 
presents with REL locus abnormalities, includ-
ing amplifications and translocations, finally 
leading to NFkB constitutive activation [15]. 
Interestingly, on the other hand, downregulation 
of BCL10 (an upstream activator of NFkB in 
human lymphocytes) was reported to occur in 
PTCL/NOS [17, 67] (personal observation, 
unpublished 2012) with consequent NFkB shut-
off. However, it is still debated whether (1) cases 
with or without NFkB activation have a differ-
ent clinical outcome and (2) whether anti-NFkB 
approaches can be eventually effective.

Finally, different studies characterized an 
aberrant tyrosine kinase (TK) signaling in PTCLs 
[17, 18, 22, 31]. In particular, Piccaluga et al. 
showed that PTCLs/NOS constantly express the 
PDGRA gene and present with consistent phos-
phorylation (i.e., activation) of the encoded pro-
tein [17, 22]. Remarkably, our group also 
indicated that the activation of PDGFRA is sus-
tained by an autocrine stimulation, as later on 
demonstrated also for T-prolymphocytic  leukemia 
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[68]. Noteworthy, it was subsequently showed 
that also other T/NK-derived tumors present with 
such phenomenon with relevant therapeutic 
implications (see below) [31]. Moreover, Piva 
et al. demonstrated that STAT3 activation induced 
by ALK is a major contributor to ALK+ ALCL 
molecular signature [18].

Importantly, immunohistochemistry was 
largely adopted in order to provide in situ valida-
tion of the genomic data by showing correspon-
dence between mRNA and protein expression, as 
seen, for example, with PDGFRA [17, 22] and 
BCL10 [17, 67]. In addition, by comparison with 
normal tissues, immunohistochemistry allowed 
the identification of staining patterns correspond-
ing to the synthesis of ectopic or paraphysiologic 
products by neoplastic cells. On the other hand, 
the phenotypic test highlighted the possibility 
that some of the results obtained by gene expres-
sion profiling may depend on nonneoplastic cel-
lular components present in the analyzed sample, 
as seen for caldesmon [17].

Targeted Therapy

Tyrosine-Kinase Inhibitors
Basing on the evidence of tyrosine-kinase 
deregulation in different subtypes of PTCLs, 
the application of TK inhibitors (TKI) has been 
tested ex vivo [17, 31]. In particular, Piccaluga 
et al. [17] designed experiments aiming to test 
the sensitivity of PTCL/NOS cells to different 
TKI, including imatinib mesylate. The results 
obtained were of interest, with about 50 % 
cy totoxic effect seen at 48 h with a 1 mmol con-
centration. Notably, imatinib exerted a limited 
effect on the viability of normal lymphocytes. 
On the other hand, Huang et al. treated with 
imatinib T/NK-tumor-derived cell lines and 
obtained analogue results [31]. Importantly, 
following such observation, some clinical trials 
were initiated and the effectiveness of TKI was 
demonstrated in vivo in PTCL/NOS patients. 
Finally, as far as ALCL are concerned, con-
sistently with GEP data, Chiarle et al. clearly 
showed that targeting ALK+ and its downstream 
STAT3 is an effective strategy in ALK+ ALCL 

[69, 70]. In addition, PDGFRs inhibition was 
shown to be effective in this setting as well, 
inducing clinical responses in vivo.

Histone Deacetylase Inhibitors
Interestingly, GEP analyses provided evidence 
for the silencing of genes, possibly regulated by 
epigenetic mechanisms such as acetylation 
(e.g., GADD45A and GADD45B), and sug-
gested to test histone deacetylase inhibitors 
(HDACi) against PTCL/NOS primary cells and 
cell lines [17]. Notably, these compounds 
induced a dramatic reduction in cell viability, 
with G0–G1 cell cycle arrest and apoptosis at 
therapeutic concentrations, suggesting a possi-
ble role for this class of drugs in PTCL/NOS 
therapy. Noteworthy, this idea was also sup-
ported by some clinical preliminary observa-
tions [71]. Interestingly, the association of 
HDACi and daunorubicin apparently had a 
slight additive effect, as already observed in 
other settings [72]. Notably, the triple combina-
tion of TKI, HDACi, and anthracyclines pro-
duced a remarkable effect on cell viability: it 
might represent a promising option for future 
therapeutic applications. More recently, the 
effectiveness of associations of HDACi and 
demethylating agents was suggested by ex vivo 
studies.

Antiangiogenetic Therapy
Increased angiogenesis is a major characteristic 
of AITL. However, its molecular basis has been 
unknown for a long time. Recently, a couple of 
studies documented the upregulation of the VEGF 
gene in this tumor [26, 28]. Importantly, immu-
nohistochemistry, extensively applied to a large 
series of cases on tissue microarrays, demon-
strated that VEGF is mainly expressed by the 
neoplastic elements [28] and not only by the 
abundant vascular component, as initially pro-
posed [26]. Remarkably, it was further shown 
that AITL cells do also express a VEGF receptor, 
VEGFR2/KDR [28], suggesting the intriguing 
hypothesis of an autocrine/paracrine stimulation 
also in this setting. In addition, it suggested the 
possible AITL sensitivity to antiangiogenetic 
drugs, such as thalidomide and bevacizumab. 
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Indeed, several reports have then documented 
their positive activity in AITL cases [73–78].

Monoclonal Antibodies
During the last few years, therapeutic monoclo-
nal antibodies (MoAb) have become a major 
component of anti-lymphoma approaches. 
However, as far as PTCLs are concerned, a 
significant limitation emerged differently from 
what was seen in B-NHL. In particular, PTCLs 
were demonstrated to extensively present with 
the aberrant expression of T-cell-associated mol-
ecules [11, 17]. This phenomenon is indeed rele-
vant in the clinical practice. In fact, some antigens 
against which MoAbs have been designed, such 
as CD4 [79] and, specially, CD52 [80, 81], are 
frequently downregulated in T-cell tumors 
[11, 17, 82–84]. Based on these findings, differ-
ent authors agreed that the estimation of CD52 
expression may provide a rationale for the selec-
tion of patients with higher probability of 
responding to alemtuzumab, by avoiding the risk 
of unwanted toxicity [82]. Similar considerations 
will have to be applied to other antigens/MoAbs 
available in the future. Notably, durable objective 
responses and tumor regression in relapsed and 
refractory ALCL patients have recently been 
reported by brentuximab vedotin (SGN-35), 
which is a CD30-specific humanized monoclonal 
antibody conjugated with the antitubulin agent 
monomethyl auristin E [85]. Such approach has 
expanded what a previous experience published 
in 1992 by Falini et al. [86].

Prognostication

In the last few years, some of the studies dealing 
with the GEP of nodal PTCLs tried to provide for 
novel insight into PTCL prognostication. First, 
as mentioned, a few reports suggested that 
PTCLs/NOS may present with up- or downregu-
lation of NFkB molecules [20, 21, 23], with pos-
sible prognostic relevance [21, 23]. In particular, 
cases with higher levels of NFkB-related mole-
cules or other evidence of NFk[kappa]B activity 
showed a better median overall survival (25 
months, range 0–124 months, vs. 12 months, 

range 0–19 months; p = 0.032) [21, 23]. This 
observation was then confirmed by another 
Spanish group, the 5-year OS being 45 % vs. 
0 %, in NFkB+ and NFkB− cases, respectively 
(p = 0.04) [67]. However, all these studies 
included a relatively limited number of cases, by 
mixing different histotypes [21, 67], or cases 
with prominent nonneoplastic components [23], 
which might have influenced, at least in part the 
results.

In addition, basing on GEP obtained from 35 
nodal PTCL cases (23 PTCLs/NOS and 12 
AITLs), it was suggested that overexpression of 
genes involved in a so-called proliferation signa-
ture was associated significantly with shorter sur-
vival of patients [27]. This proliferation signature 
included genes commonly associated with the 
cell cycle, such as CCNA, CCNB, TOP2A, and 
PCNA [27]. Notably, this evidence of high prolif-
eration as a possible adverse prognostic factor 
was definitely in line with what was reported by 
Went et al. [11] and what was observed within the 
ITCLP [87], highlighting the importance of such 
parameter.

Finally, our group, basing on GEP analyses, 
indicated that PTCLs/NOS could be subclassified 
according to their histogenesis. In particular, at 
least two subgroups were described, derived from 
activated helper and cytotoxic elements, respec-
tively [17]. Importantly, such finding was recently 
confirmed by Iqbal et al. [32]. Intriguingly, in this 
report, it was also suggested that the cytotoxic 
profile might be associated with unfavorable out-
come, though this evidence was based on a lim-
ited series and warrants further validation. On the 
other hand, a possible more favorable outcome 
for PTCL cases with helper phenotype had been 
also previously suggested by others [11, 88, 89].

Overall, GEP studied provided evidences that 
molecular features may be useful in defining the 
prognosis of PTCL patients. However, no com-
plete explanation has been offered as far as the 
molecular bases of drug resistance are concerned. 
Notably, our group described for the first time the 
expression of molecules associated to drug resis-
tance in solid tumors such as CYR61 and NNMT 
in PTCL/NOS [17]. Furthermore, more recently, 
Rodríguez-Antona et al. found that a high 
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 expression of cytochrome P450 3A (CYP3A), an 
enzyme involved in the inactivation of chemo-
therapy drugs, was associated to poor response to 
the standard PTCL chemotherapy, suggesting that 
CYP3A could be useful as a predictor of response 
[90]. Indeed, the molecular classification of 
PTCLs and the identification of key events in their 
molecular pathology will be probably the basis 
for future prognostication and targeted treatment 
in this field as in the case of DLBCL [91, 92].

Conclusion

PTCLs have represented for a long time an 
orphan pathology. This can be explained by 
their relatively low incidence (i.e., anyway 
higher than that of a “common” tumor, such as 
mantle cell lymphoma), the difficulties 
encountered in their analysis, and their dismal 
prognosis. During the last few years, however, 
a great deal of interest has developed shedding 
new light on the pathobiology of these tumors 
and leading to the proposal of more effective 
prognosticators. In particular, though IPI is 
somehow effective for PTCL prognostication, 
novel more refined and possibly disease-
specific prognosticators have been explored, 
and several models including clinical- 
pathological and molecular features have been 
proposed, their validation process being now 
ongoing. In addition, innovative therapeutic 
schedules have been recently proposed, based 
on the application of the newly developed 
microarray techniques. The morning of a new 
era seems quite close that will actually dissi-
pate the shadows, which have wrapped PTCLs 
for several decades.
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Introduction

Small lymphocytic lymphoma (SLL) and chronic 
lymphocytic leukemia (CLL) are due to the 
accumulation in bone marrow, peripheral blood, 
and lymphoid tissues of monoclonal B lympho-

cytes with a distinct immunophenotype. SLL 
and CLL are considered as the same mature 
B-cell neoplasm that mainly differ in the extent 
to which the tumor involves lymphoid tissue 
(SLL) or blood (CLL) [1]. Within the SLL/CLL 
spectrum, about 10 % of cases present as SLL 
and 90 % as CLL.

SLL/CLL is a heterogeneous disorder from 
both the biologic and the clinical points of view. 
The median survival of patients with SLL/CLL is 
around 10 years, but the individual prognosis is 
highly variable, ranging from a few months to a 
normal life span. In spite of important progress in 
its therapy, SLL/CLL is incurable.
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Abstract

Small lymphocytic lymphoma (SLL)/chronic lymphocytic leukemia 
(CLL) is due to the accumulation of mature B cell with a distinctive immu-
nophenotype. SLL/CLL is extremely heterogeneous from the biologic and 
clinical points of view, with different clinico-biologic forms of the disease 
being recognized. Management of patients with SLL/CLL is based on an 
individualized approach that takes into account both patient’s and dis-
ease’s characteristics. In the last decades, important progress has been 
made in the treatment of CLL/SLL, resulting in an important improvement 
in patients’ outlook. Although the cure of the disease is elusive, further 
progress in therapy based on treatments targeting disease-specific patho-
genic pathways is already on the horizon.
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Epidemiology

The median age of patients is 72 years. Males are 
more affected than females (1.5:1). Most patients 
are older than 65 years, and only 10–15 % are 
under the age of 50 years. The incidence of the 
disease is 4–5/100,000 persons/year and increases 
dramatically with age to more than 30/100,000 in 
people older than 80 years [2, 3]. In Japan, China, 
and other Eastern countries, as well as in Africa, 
SLL/CLL seems to constitute an infrequent dis-
order [4, 5].

Ethiopathogenesis

The cause of SLL/CLL is unknown. There is no 
demonstrated, clear-cut relationship between 
ambiental factors and SLL/CLL, and a long- 
pursued infectious/inflammatory origin of the 
disease has never been proved. First-degree rela-
tives of patients with CLL have an estimated four 
to six-fold higher possibility of presenting CLL 
than the normal population. Moreover, around 
10 % of first-degree relatives of patients with 
CLL present in their blood a monoclonal B-cell 
population whose immunophenotype is very sim-
ilar, if not identical, to that observed in CLL (see 
monoclonal B-cell lymphocytosis, MBL, in sec-
tion “Diagnosis”). This, coupled with differences 
in the incidence of the disease according to the 
race, points out to a genetic predisposition [6]. 
Interestingly, in familial cases, the diagnosis 
tends to be made at an earlier age in each subse-
quent generation (“anticipation phenomenon”) 
[7]. Genome-wide association studies have 
identified susceptibility loci for risk of familial 
CLL, for example, at 16q24.1 and 6q21.3 [8, 9].

A detailed analysis of the complex biology of 
SLL/CLL is beyond the scope of this chapter (see 
Chaps. 1 and 2 and references [10–15] for reviews). 
CLL is characterized by the accumulation of a 
monoclonal subpopulation of antigen-experi-
enced, activated B cells. The cell of origin of CLL 
is a matter of debate. Immunophenotypically, 
CLL cells express surface membrane immuno-
globulin (SmIg), usually of IgM or both IgM and 
IgD types, in small amounts and a single Ig light 

chain (k[kappa] or l[lamda]). They also express 
CD5, HLADR, and B-cell antigens (e.g., CD19, 
CD20); in most cases they are CD23+, whereas 
CD22 and CD79b are infrequently or weakly 
expressed. Altogether, these cells immunopheno-
typically resemble those normally present in the 
mantle zone of lymphoid follicles. Because of 
this, it has been generally accepted that CLL can 
have its origin in the mantle zone of lymphoid fol-
licles. However, it has been recently demonstrated 
that CLL hematopoietic stem cells (CLL-HSC) 
may play a crucial role in the ethiopathogenesis of 
the disease [16]. CLL-HSCs cell would produce, 
first, a high number of polyclonal B cells; subse-
quently, B-cell clones would be selected and 
expanded giving origin to an MBL-like picture. 
Next, accumulation of genetic alterations might 
cause transformation of a small proportion of 
MBL clones into CLL, plausible candidates for 
this effect being the deletion of miR15 and miR16 
in chromosome 13q14 [17–20].

The majority of CLL cells are arrested in the 
G0–G1 phase of the cell cycle, but there is also a 
fraction of cells that actively multiply in the pro-
liferation centers (“pseudofollicles”) of lymph 
nodes [21]. The neoplastic B lymphocytes from 
CLL express large amounts of antiapoptotic 
BCL2 and MCL1 proteins, whereas the proapop-
totic BCLX proteins are decreased. This, together 
with the interaction of the neoplastic cells with 
the “microenvironment” (an admixture of T cells, 
“nurse-like” cells, and macrophages) in lymph 
nodes and bone marrow through several soluble 
factors, leads to the accumulation of leukemic 
cells in the organism. Finally, IGVH genes can be 
either unmutated or mutated [22, 23]. Since 
somatic mutation of the IGVH genes takes place 
in the germinal center of lymphoid follicles, CLL 
can be either a tumor of pre-germinal-center B 
cells or a tumor of post-germinal B cells. As dis-
cussed later (see section “Prognosis”), although 
these two forms share an almost identical genetic 
signature as determined by microarrays, they 
have different clinical behavior; because of this, 
CLL is considered to be a single disease with two 
variants (i.e., mutated, unmutated) [24]. As the 
biology of CLL unfolds, other forms or variants 
will be surely described.

http://dx.doi.org/10.1007/978-1-62703-408-1_1
http://dx.doi.org/10.1007/978-1-62703-408-1_2
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Clinical Features

Currently, most patients are diagnosed while 
asymptomatic on the occasion of a blood analysis 
performed for trivial or routine reasons. As a result, 
clinical features at diagnosis have significantly 
changed as compared to those observed in older 
series in patients diagnosed due to symptomatic 
disease. The main demographic, clinical, and bio-
logic features in 699 unselected patients from the 
Hospital Clinic of Barcelona diagnosed between 
1995 and 2010 are shown in Table 4.1.

In contrast to patients with lymphoma, mal-
aise, and fatigue, general symptoms (i.e., fever, 
night sweats, weight loss) are rare at diagnosis. 
Painless generalized peripheral lymphadenopa-
thy (i.e., neck, axillae, inguinal) is frequent in 
symptomatic cases. In contrast, mediastinal and 
retroperitoneal lymphadenopathy are infrequently 
seen. On some occasions, the investigation of 
bacterial or herpes virus infections may lead to 
the diagnosis. Rarely, the disease is discovered 
during the diagnostic workup of an autoimmune 
hemolytic anemia (AIHA) or, even less fre-
quently, an immune thrombocytopenia (ITP).

A peculiar feature in some patients is severe 
reactions to insect, mainly mosquitoes, bites [25]. 
Rarely, CLL may involve extra-hematological 
tissues such as skin, liver, kidney, or central ner-
vous system (CNS); in such cases, however, dis-
ease transformation needs to be ruled out. In 
addition, vasculitis, hypercalcemia, and nephrotic 
syndrome are occasionally observed. Spontaneous 
regression of the disease can be observed in 1 % 
of patients per year [26, 27].

Laboratory Features

The hallmark of the disease is an increased WBC 
count with a high percentage (80–90 %) of small, 
mature-looking lymphocytes (see section 
“Diagnosis”). In patients diagnosed on the occasion 
of a routine analysis, anemia is found in less than 
10 % of the patients. Importantly, anemia is not 
always due to the infiltration of the bone marrow by 
the disease; other causes such as autoimmunity, 
iron, folic acid, or vitamin B12 deficiency need to 

be taken into account. Likewise, a marked throm-
bocytopenia (e.g., <20,000/ml) should raise the pos-
sibility of an immune-mediated origin, particularly 
in the absence of anemia. Hypoglobulinemia is fre-
quent (30 % of patients) and tends to worsen over 
the course of the disease. Serum immunofixation 
can demonstrate an M component (usually of the 
IgM type) in around 10–15 % of patients. A  positive 

Table 4.1 Main clinical and laboratory characteristics of 
699 patients with CLL diagnosed between 1995 and 2010 
at the Hospital Clinic, Barcelona

N = 699

Age, years; median (range) 64 (28–97)
Patients >65 years 49 %
Patients <50 years 19 %
Sex, males 60 %
Clinical stage (Binet)
 A 81 %
 B 13 %
 C 6 %
B-symptoms 6 %
ECOG
 0 88 %
 1 8 %
 2 3 %
 3 1 %
Hb (g/dl), median (range) 13.6 (4.5–18.5)
Hb < 11 g/dl 7 %

Platelets (×1,000/ml), median (range) 201 (11—573)

Platelets <100,000/ml 3 %

WBC count (×1,000/ml), median (range) 29.8 (3.2—461)

WBC count >50.000/ml 12 %

Lymphadenopathya 40 %
Splenomegalya 14 %
Hepatomegalya 5 %
DAT (Coombs) positive 7 %
LDH >450 U/l 11 %
Beta2m. >2.5 g/l 48 %
ZAP-70 positive 35 %
CD38 positive 33 %
FISH
 Normal 30 %
 Del13q 34 %
 +12 14 %
 Del11q 10 %
 Del17p 5 %
IGVH unmutated 55 %
aLymphadenopathy, splenomegaly, and hepatomegaly as 
clinically assessed
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DAT test is observed in around 5 % of the patients 
at the time of diagnosis, with clinically apparent 
AIHA being less frequent.

The lymph nodes show involvement by small 
lymphocytes and, as a distinctive feature, prolif-
eration centers (“pseudofollicles”). The bone 
marrow displays a variable degree of infiltration 
by the disease; in contrast to follicular lymphoma, 
there is no paratrabecular infiltration.

In disparity with what is observed in lym-
phoma, reciprocal balanced chromosomal translo-
cations are extremely rare. However, chromosomal 
deletions and amplifications can be detected by 
fluorescence in situ hybridization (FISH) in up to 
90 % of patients [28–36]. The most relevant 
genetic abnormality are del(13q) as isolated abnor-
mality (14–60 % of cases), del(11q) (10–32 %), 
trisomy 12 (11–18 %), del (17p) (3–27 %), and del 
(6q) (2–9 %), depending on the time point at which 
the study is performed and whether or not the dis-
ease is resistant to therapy. Deletions of 17p con-
vey dysfunction of the TP53 gene. Importantly, 
4–5 % of patients may have a TP53 mutation in 
the absence of del(17p). Likewise, deletions and 
mutations of chromosome 11q may imply loss of 
the ATM function. Translocations are rare but 
cases of t(14;19)(q32;q13) involving the Ig gene 
and BCL3 loci can be observed [28–37].

The application of high-resolution genomic 
techniques allows demonstration of abnormali-
ties that cannot be detected with either FISH or 
standard karyotyping. For example, around 
10–15 % of patients can present mutations of 
NOTCH-1 or of the RNA splicing factor SF3B1, 
which are associated with disease transformation, 
resistance to fludarabine therapy, and short sur-
vival. Moreover, NOTCH-1 mutations predomi-
nate in patients with trisomy 12 [38–46].

Cytogenetic abnormalities, using the hierar-
chical model proposed by Döhner et al. [31], cor-
relate with several clinical and biologic features 
which can be summarized as follows:

Deletion 13q (isolated): early, nonprogressive • 
disease, good prognosis
Deletion 11q: younger, male patients with • 
bulky lymphadenopathy in both peripheral 
and abdominal regions, aggressive disease, 
SF3B1 mutations, poor response to monother-
apy, short progression-free survival

Deletions 17p/mutations • TP53: progressive 
disease resistant to conventional therapy
Trisomy 12: atypical morphology (e.g., • 
increased percentage of prolymphocytes) and 
immunophenotype (e.g., FMC7 positivity, 
CD5 negativity, strong SmIg and CD38) on 
neoplastic lymphocytes, NOTCH-1 mutations
Deletion 6q: blood lymphocytes presenting • 
lymphoplasmacytoid features
Recently discovered genetic abnormalities 

also show important clinical and treatment cor-
relates [38–46]:
• NOTCH-1 mutations: disease transformation, 

resistance to therapy, poor prognosis
• SF3B1 mutations: poor prognosis

Complications

Patients with CLL may develop several compli-
cations of which physicians need to be aware 
[47].

Autoimmune Cytopenias

AIHA occurs in around 10 % of patients and ITP 
in 5–7 %. AIHA can appear before the diagnosis 
of CLL is made, spontaneously over the course of 
the disease or be triggered by treatment. Most 
patients with CLL and AIHA have anemia with 
positive DAT in the context of reticulocytosis, 
raised bilirubin, and low haptoglobins serum lev-
els; serum LDH is less discriminating since it 
may be elevated due to active CLL. Moreover, 
“DAT negative AIHA” can be seen, particularly 
in association with therapy. Likewise, reticulocy-
tosis may not be striking in the context of a bone 
marrow overwhelmed by leukemic cells or in 
patients under therapy [48–51].

ITP is most commonly an incidental finding on 
a routine blood count [50, 51]. Diagnosing ITP 
may pose difficulties, particularly because there is 
no sensitive and specific diagnostic test. 
Nevertheless, thrombocytopenia can be consid-
ered as immune mediated when there is a sudden 
profound fall in platelets (>50 % fall to a platelet 
count <100,000/ml) in the absence of splenomeg-
aly, infection, or chemotherapy and with abundant 
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megakaryocytes in the bone marrow. In advanced 
disease, anemia usually occurs before thrombocy-
topenia; hence, isolated thrombocytopenia is more 
likely to be immune in origin. Response to corti-
costeroids may be the final, post hoc, diagnostic 
test. On some occasions AIHA and ITP are found 
together (i.e., Evan’s syndrome).

Erythroblastopenia is defined by the lack, or 
maturation arrest, of red blood cell precursors in 
bone marrow, anemia, and low absolute reticulo-
cyte count. In the presence of anemia, the reticu-
locyte percentage can be misleadingly normal, 
the reticulocyte percentage corrected according 
to the hematocritic, and the absolute reticulocyte 
count being more informative. The bone marrow 
shows characteristic defects of erythroblast mat-
uration. In the presence of a bone marrow heavily 
infiltrated by lymphocytes, the identification of 
red cell precursors can be difficult. In this setting, 
an anti-glycophorin immunohistochemistry may 
facilitate the identification of red cell precursors. 
Importantly, PRCA can be seen in association 
with other immune cytopenias, particularly 
AIHA. In addition, any patient with CLL and 
anemia with a low reticulocyte count should be 
evaluated for viral infections which can be asso-
ciated with PRCA, namely, cytomegalovirus, 
Epstein–Barr virus, and parvovirus [50, 51].

Disease Transformation

CLL can transform into B-cell diffuse large cell 
lymphoma (DLCL) (Richter’s syndrome, RS), 
the risk being of around 10 % at 10 years from 
diagnosis. RS is extremely heterogeneous in its 
biology and prognosis [52–54]. Because of its 
prognostic implications, the most important dis-
tinction is between clonally related and clonally 
unrelated transformation. RS, particularly when 
clonally related, is frequently accompanied by 
the acquisition of genetic alterations (e.g., 
C-MYC, TP53, and NOTCH-1 mutations) which 
may account for refractoriness to treatment.

Disease transformation should be suspected 
whenever the patient suffers an abrupt worsening 
of the general status, fever, enlarging lymph 
nodes, or extranodal involvement; also, a sudden 
and rapidly rising serum LDH is an important 

clue to suspect disease transformation. However, 
the diagnosis may be difficult because RS can be 
localized in an isolate organ (e.g., spleen, lymph 
nodes of a given territory, extralymphatic tissue). 
Moreover, the diagnosis needs to be confirmed 
by biopsy. In this regard, and in contrast to 
uncomplicated CLL, PET/CT can show areas of 
hyperactivity corresponding to the transformed 
tissue and be therefore of help in guiding the site 
to be biopsied [55]. In some cases, EBV infection 
can be demonstrated in the involved tissue. The 
prognosis of RS is generally poor and highly 
depends on whether the disease is clonally related 
or unrelated to CLL (median survival 14 vs. 62 
months, respectively) [54].

Besides DLCL, cases of transformation into 
Hodgkin’s lymphoma can be observed, their 
prognosis being better than that of transformation 
into DLCL [56].

Second Neoplasias

Around 10–15 % of patients with CLL present 
other cancers, the risk being significantly higher 
(relative risk, 2) than in the general population. 
Melanoma, lung carcinoma, lymphoma, Kaposi 
sarcoma, and CNS and gastrointestinal tumors are 
the cancer types most frequently observed [57–60]. 
Patients with CLL have a substantially increased 
risk for a rare skin tumor known as Merkel cell car-
cinoma and vice versa [61]. There is no relation-
ship between the characteristics of the disease and 
its treatment and the incidence of secondary solid 
tumors. Physicians treating patients with CLL 
should keep in mind the possibility of a second 
tumor whenever a given patient presents with unex-
pected, unusual symptoms.

Infections

Infections are very frequent and a common cause 
of death [62–64]. Their pathogenesis is multifac-
torial, including hypogammaglobulinemia, 
immunosuppression, and treatment-related 
myelotoxicity. With chlorambucil, most infec-
tions are bacterial and frequently involve the 
respiratory tract. The pathogenesis of infections 
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with purine analogs is related to the quantitative 
and qualitative T-cell abnormalities induced by 
these agents, with herpes virus infections being 
very frequent. Infections by Pneumocystis, 
Listeria, Mycobacteria, Aspergillus, and Candida 
can be also observed [62–64]. The use of alemtu-
zumab is frequently complicated (10–25 % of 
patients) by CMV reactivation, which deserves 
close monitoring and preemptive treatment. 
Likewise reactivation of HBV and HCV infection 
may occur under therapy with immunosuppres-
sive drugs. Chronic HBV carriers, as defined by a 
positive surface antigen, undergoing therapy 
should receive prophylactic treatment to prevent 
HBV reactivation.

Diagnosis

Chronic Lymphocytic Leukemia

The diagnosis of CLL is based on the presence in 
blood of more than 5,000 monoclonal B-cell 
lymphocytes/ml with a distinctive immunopheno-
type (i.e., CD5+, CD19+, CD20−/+, CD23) per-
sisting for at least 3 months. The clonality of the 
circulating B lymphocytes needs to be confirmed 
by flow cytometry [1, 65].

The leukemia cells seen in the blood smear are 
characteristically small, mature-looking lympho-
cytes with a narrow border of cytoplasm and a 
dense nucleus lacking discernible nucleoli and 
having partially aggregated chromatin. CLL cells 
are extremely fragile and can become partially 
broken during the preparation of a blood smears 
for staining; these cells are known as “basket,” 
“smudge” of “Gumprecht cells” and, although 
unspecific, are typical of CLL.

Immunophenotypically, CLL cells co-express 
the CD5 antigen and B-cell surface antigens 
CD19, CD20, and CD23. The levels of surface 
immunoglobulin and CD20 are characteristically 
low compared to normal B cells. Each clone of 
leukemia cells is restricted to expression of either 
kappa or lambda immunoglobulin light chains.

Bone marrow aspiration and biopsy is not 
required to establish the diagnosis. However, it may 
be necessary in selected cases, for example, to 

assess the origin of blood cytopenias (bone marrow 
“failure” vs. immune, “peripheral” mechanisms).

Usually, the diagnosis is straightforward and 
does not present difficulties. However, non-Hodg-
kin’s lymphoma in leukemic phase, particularly 
mantle cell lymphoma, lymphoplasmacytoid lym-
phoma (immunocytoma), and marginal zone lym-
phoma, can mimic CLL. Although in CLL a small 
percentage (e.g., 10–20 %) of atypical lymphocytes 
(e.g., prolymphocytes, lymphoplasmacytoid cells, 
cleaved cells or centrocytes) can be present in 
blood, the diagnosis of “atypical” CLL should not 
be accepted without having excluded a lymphoma 
in leukemic phase. The presence of more than 55 % 
prolymphocytes is a feature of prolymphocytic leu-
kemia, a disorder which however in most cases cor-
responds to mantle cell lymphoma in leukemic 
phase. Immunophenotyping of the leukemic cells 
is useful in the differential diagnosis. In particularly 
difficult cases, the biopsy of involved lymph nodes, 
bone marrow, as well as genetic and molecular 
studies can be of help (Table 4.2).

Small Lymphocytic Lymphoma

The diagnosis of SLL requires the presence of 
lymphadenopathy, organomegaly, cytopenias, or 
other disease-related features with <5,000 mono-
clonal B lymphocytes/ml in blood. SLL cells 
show the same immunophenotype as CLL. The 
diagnosis should be confirmed by the histopatho-
logic evaluation of a lymph node or another tis-
sue biopsy [1, 60]. Some cases initially diagnosed 
as SLL can evolve over time to CLL.

Monoclonal B-Cell Lymphocytosis

In absence of lymphadenopathy, organomegaly, 
cytopenias, and clinical symptoms, the presence 
of fewer than 5,000 monoclonal B lymphocytes/ml 
in blood is defined as MBL [65–69]. Importantly, 
MBL always precedes but does not always prog-
ress to CLL, which occurs in only 1–2 % cases 
per year. Different forms of MBL are recognized, 
namely, (1) CLL-like, (2) atypical CLL, and (3) 
CD5-negative MBL.
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Prognosis

Survival of patients with CLL is highly vari-
able. There are patients in whom the disease 
runs a rapidly evolving clinical course and die 
shortly after diagnosis, while others have a sur-
vival not different from that of the general pop-
ulation and eventually die because of causes not 
related to CLL.

Clinical staging systems, which roughly 
reflect the progressive accumulation of lympho-
cytes in the organism over time, are the back-
bone for prognostication [70, 71] (Table 4.3; 
Fig. 4.1). Clinical stages, however, have some 
limitations. First, the majority of patients are 
currently diagnosed in asymptomatic, early 
stage, this limiting their prognostic value; sec-
ond, clinical stages do not identify progressive 
and indolent forms of the disease (i.e., patients 
who are likely to have symptoms and require 
therapy vs. patients with stable disease not 
requiring treatment); third, patients are assigned 
to have advanced clinical stage based on the 
presence of anemia or thrombocytopenia, regard-
less of the origin of the cytopenia. Importantly, 
autoimmune cytopenia does not necessarily con-
fer poor prognosis to patients with CLL. In 
recent series, patients with immune cytopenia at 
diagnosis (stage C “immune”) have been shown 
to have a better outcome than those in whom 
cytopenia is due to bone marrow failure (stage C 

“infiltrative”) [48, 49]; fourth, and more impor-
tantly, because of the favorable impact of more 
effective therapies on patients’ outcome, clinical 
stages have lost part of their robustness in pre-
dicting survival (Fig. 4.1).

In addition to clinical stages, a plethora of 
prognostic factors have been described, some of 
them showing independent prognostic significance 
from disease stage; these parameters are good 
predictors of the likelihood of disease progres-
sion, response to therapy, and survival. Among 
them the most reliable are blood lymphocyte 
doubling time, cytogenetics, mutational status of 
IGVH genes, ZAP-70 and CD38 expression in 
leukemic lymphocytes, and serum b

2
-microglob-

ulin levels (reviewed in [11, 14, 75, 76]).
A rapid blood lymphocyte doubling time 

(i.e., <12 months) indicates progressive disease 
and is a criterion for starting therapy. Genetic 
lesions are extremely important to predict 
patients’ outcome (reviewed in [52, 53]). 
Patients with normal karyotype or deletion 13q 
as isolated abnormality have an excellent prog-
nosis, whereas those with complex karyotype, 
deletion 17p, or mutations of TP53 have poor 
prognosis. Patients with low ZAP-70 expression 
(<20 %) or low CD38 expression (<30 %) in 
leukemic lymphocytes have a much better out-
look than those with high ZAP-70 or CD38 
expression [77, 78]. Importantly, patients with 
IGVH mutations have a more aggressive disease 

Table 4.2 CLL and other B-cell chronic lymphoproliferative disorders: immunophenotype, genetic, and molecular 
characteristics

SMIG CD20 CD5 CD10 CD23 CD11C CD25 CD103 Other

CLL −/+ −/+ + − + −/+ − − CD19(+), FMC7(−)
PL + + −/+ −/+ −/+ − + − TP53 mutations
HCL + + − − − + + + Annexin A1 (+), DBA44(+), T-beta TRAPb,  

t(2;6), t(2;7) BRAFF (V600E) mutated
LPL + + − − − +/− − Ig cytoplasmic (+), trisomy 4, MYD88 mutations
SMZL + + −/+ − −/+ −/+ −/+ − Bcl-2(+); del(7q32)
MCL + + + − − − −/+ − t(11;14)(q13;q32); cyclin D1(+); SOX11 (+)
FL + + − +/− −/+ − + − t(14;18); Bcl-2 +

CLL chronic lymphocytic leukemia, PL prolymphocytic leukemia, HCL Hairy cell leukemia, LPL lymphoplasmacytic 
lymphoma, SMZL splenic marginal zone lymphoma, MCL mantle cell lymphoma, FL follicular lymphoma, FMC7 
CD20 epitope
aMonoclonal antibodies for immunohistochemical studies
bTRAP, tartrate-resistant acid phosphatase
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than those with unmutated IGVH genes. Keeping 
with this observation, “mutated” forms are usu-
ally ZAP-70 and CD38 negative and show no 
genetic aberrations; in contrast, “unmutated” 
cases tend to be ZAP-70 and CD38 positive and 
present genetic lesions [22, 23]. Patients that 
use VH3.21 IGVH genes, however, have poor 
prognosis independently on whether they are 
mutated or unmutated [79]. NOTCH-1 and 

SF3B1 mutations, which are observed in around 
10 and 15 % of patients, respectively, also pre-
dict poor prognosis [37–46].

Because of practical and economic reasons, to 
study on a routine basis all the prognostic factors 
described above would be unrealistic (and probably 
more confusing than informative). In daily prac-
tice, prognosis of patients with CLL can reliably be 
made by considering only some of these  parameters 

Table 4.3 Clinical staging systems

System Stage Criteria Median survival (years)

RAI
 Low risk 0 Lymphocytosis >15
 Intermediate risk I Lymphadenopathy

II Spleen or liver enlargement 5–8
 High risk III Hb < 11 g/dl 3–5

IV Platelets < 100,000/ml
Binet
 Low risk A <3 lymphoid areasa enlarged >15
 Intermediate risk B >3 lymphoid areasa enlarged 6–8
 High risk C Hb < 10 g/dl or platelets < 100,000/ml 3–5
aLymphoid areas considered are lymphadenopathy (either uni- or bilateral) in the following regions: (1) cervical, (2) 
axillae, (3) inguinal, (4) spleen, and (5) liver (all of them clinically assessed). Survival of patients with CLL has been 
improving over the last years (see Fig. 4.1)
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Fig. 4.1 Survival of patients with CLL according to 
Binet stage and period of diagnosis. Hospital Clinic, 
Barcelona. Period 1980–1995: estimated 6-year survival; 
stage A (n = 377) 72 %, stage B (n = 82) 40 %, stage C 
(n = 56). Period 1996–2010: stage A (n = 570) 80 %, stage 

B (n = 90) 70 %, stage C (n = 41) 40 %. Even with the 
caveat of different follow-up times, differences, particu-
larly for stages B and C, are striking. See also references 
[72–74]
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(e.g., clinical stage, IGVH mutational status, ZAP-
70 expression, blood lymphocyte doubling time, 
and serum b

2
-microglobulin levels). Genetic stud-

ies, particularly the analysis of TP53 aberrations 
and 11q deletions, are important to select therapy 
(see section “Treatment”) and should be performed 
before advising treatment. Finally, it is important to 
keep in mind that the best prognostic factors can 
only complement, but not replace, medical exper-
tise and a sound clinical judgement.

Treatment

Treatment Indications

Therapy is only justified when any of the follow-
ing features is present [65]:

Evidence of progressive marrow failure as • 
manifested by the development of, or worsen-
ing of, anemia and/or thrombocytopenia.
Massive (i.e., at least 6 cm below the left cos-• 
tal margin) or progressive or symptomatic 
splenomegaly.
Massive nodes (i.e., at least 10 cm in longest • 
diameter) or progressive or symptomatic 
lymphadenopathy.
Progressive lymphocytosis with an increase of • 
more than 50 % over a 2-month period or lym-
phocyte doubling time (LDT) of less than 6 
months. LDT can be obtained by linear regres-
sion extrapolation of absolute lymphocyte 
counts obtained at intervals of 2 weeks over an 
observation period of 2–3 months. In patients 
with initial blood lymphocyte counts of less 
than 30,000/ml, LDT should not be used as a 
single parameter to define a treatment indica-
tion. In addition, factors contributing to lym-
phocytosis (or lymphadenopathy) other than 
CLL (e.g., infections) should be excluded.
Autoimmune anemia and/or thrombocytope-• 
nia that does not respond to corticosteroids or 
other standard therapy.
Constitutional symptoms, defined as any one • 
or more of the following disease-related symp-
toms or signs:

Unintentional weight loss of 10 % or more  –
within the previous 6 months

Significant fatigue (i.e., ECOG PS 2 or  –
worse; inability to work or perform usual 
activities)
Fever higher than 100.5 °F or 38.0 °C for 2  –
or more weeks without other evidence of 
infection
Night sweats for more than 1 month with- –
out evidence of infection

Of note, a marked hypogammaglobulinemia 
or increased WBC counts are not by themselves 
sufficient to initiate treatment. However, in 
patients reaching extremely high WBC counts 
(e.g., >250,000/ml ), a short course of chlorambu-
cil or fludarabine can be appropriate to prevent 
leukostasis, although this is exceedingly uncom-
mon in CLL, and also, and perhaps more impor-
tantly, to reduce the anxiety that a steadily 
increasing WBC count may cause to the patient.

Baseline Studies Before Therapy

Before starting therapy, patients need to be submit-
ted to a complete evaluation including [65, 80]:

History and physical examination with a care-• 
ful palpation of all lymph node areas, spleen, 
and liver. Imaging studies (e.g., abdominal 
ultrasound, computed tomography (CT) scans) 
are not part of the examinations required to 
define clinical stage and should only be per-
formed if clinically indicated or in the frame-
work of clinical trials.
Complete blood cell count and differential count.• 
Coombs test (DAT).• 
Serum chemistry including renal and liver • 
function tests, serum LDH, and immuno-
globulins.
Serology for hepatitis B and C viruses and • 
CMV (the later prior alemtuzumab or alloge-
neic stem cell transplantation).
FISH analysis (13q−, trisomy 12, 11q−, 17p−).• 
Other explorations to be considered are:
Bone marrow aspirate/biopsy. Although bone • 
marrow biopsy is not required for diagnosis, it 
is strongly recommended prior to initiating 
myelosuppressive therapies and for the diag-
nostic evaluation of unclear cytopenias.
Imaging studies as clinically indicated.• 
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Treatment Approach

Whenever possible, patients requiring therapy 
should be included in clinical trials. For patients 
not entering into studies, current, evidence-based 
treatment approaches are discussed below and 
schematically presented in Fig. 4.2. Since 
patients with deletion of 17p or mutations of 
TP53 do not respond to standard therapy and 
have very poor prognosis, it is highly advisable 
to exclude these aberrations before deciding 
therapy. Likewise, deletion of 11q should be also 
investigated since patients with this abnormality 
respond better to chemoimmunotherapy than to 
other treatments and have shorter progression-
free survival.

Frontline Therapy

It is accepted that patients with asymptomatic, 
nonprogressive disease should not be treated. 
This notion, however, derives from studies in 
which treatment revolved around alkylating 
agents. Whether patients in early stage could gain 
benefit from newer and more effective therapies 
is being investigated in clinical trials.

In contrast, the majority of patients with inter-
mediate (Rai I–II, Binet B) and virtually all 
patients with advanced stage (Rai III and IV, 
Binet C) require therapy based on the criteria 
mentioned above (see section “Treatment 
Indications”), although a fraction of them may 
run a relatively indolent course and do not require 
therapy unless the disease progresses.

The last two decades have witnessed an impor-
tant improvement in CLL therapy. Table 4.4 sum-
marizes results of key clinical trials that led to 
identifying chemoimmunotherapy (the combina-
tion of an anti-CD20 monoclonal antibody with 
purine analogs-based chemotherapy) as current 
treatment of choice [72, 73, 81, 82].

In 1999, the MD Anderson Cancer Center 
Group developed the combination of fludarabine, 
cyclophosphamide, and rituximab (FCR). The 
overall and CR rates were 73 and 25 % for previ-
ously treated patients and 95 and 72 % for treat-
ment-naïve patients, the best ever reported results 
in CLL therapy [74, 83]. The central role of FCR 
in the management of patients with CLL was 
confirmed by two clinical trials in previously 
untreated and treated patients, respectively. 
Results from the German CLL Study Group 
showed that FCR was superior to FC regarding 
overall response rate (95.1 % vs. 88.4 %), CR rate 
(44.1 % vs. 21.8 %), and progression-free survival 
(PFS) (median, 51. 8 vs. 32.8 months). Importantly, 
a small but significant difference was also observed 
in survival (87.2 % vs. 82.5 % at 3 years), this 
being the first time in the history of CLL treat-
ment in which a given therapy demonstrated such 
effect [74, 83]. Similarly, FCR has been shown to 
result in a higher response rate and a longer PFS 
than FC in previously treated patients [84]. 
Thereafter, several observational studies have 
confirmed the superiority of chemoimmunother-
apy over chemotherapy alone in CLL treatment 
[85–87]. The superiority of FCR over FC is par-
ticularly evident in patients with poor prognosis 
biologic features, such as del(11q) or  unmutated 

CLL

Stable

Observation

Yes

Consider allogeneic SCT FCR Chlorambucil

No

Fit patients

P53 deleted/mutated

Symptomatic

>70 years or unfit

PFS > 24 monthsNo response
PFS < 24 months

Fig. 4.2 Treatment algorithm 
for patients with CLL not 
included in trials
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IGVH genes; however, patients with aberrations 
of TP53 do not respond well.

Some modifications of the FCR regimen have 
been investigated. R-FCM, which consists on 
FCR + mitoxantrone, resulted in a high number of 
responses in two phase II trials from Barcelona 
and Houston, respectively [88, 89]. In other stud-
ies FC has been combined with either cladribine 
or pentostatin, or FCR has been given along with 
alemtuzumab ([89–94] and reviewed in [95]). 
Treatment results with all these combinations, 
however, are similar to those obtained with FCR.

Importantly, FCR and similar treatments make 
it possible to achieve not only a high CR rate but 
also molecular CR (i.e., with no detectable resid-
ual disease), an important fact because response 
to therapy is the most important prognostic factor 
once patients need therapy, the better the response 
the longer the life expectancy [96].

Unfortunately, not all patients can be safely 
treated with FCR. Thus, older patients (e.g., >70 
years), patients with important comorbidity, poor 
performance status, abnormal renal function (i.e., 
creatinine clearance <60 ml/min.), or active HBV 
or HCV infection constitute a high-risk popula-
tion that should not be treated with FCR. Although 
age by itself is not a criterion for avoiding FCR, 
the proportion of patients older than 70 years that 
can be treated with FCR is quite small because of 
chronic diseases. This is an important limitation 
since the majority of patients with CLL are older. 
Current studies comparing FCR with F + benda-
mustine (FB) should determine whether FB is as 
effective as FCR and less toxic.

Myelotoxicity is the most severe side effect 
related to FC or FCR treatment, making it  necessary 

to administer antibiotics, G-CSF, and treatment 
dose and schedule modifications in many cases. 
Patients treated with rituximab can present late-
onset neutropenias, although these are usually 
asymptomatic and self-limited. More important is 
the higher, although small, risk of myelodysplasia/
acute leukemia, as well as that of multifocal pro-
gressive leukoencephalopathy [97, 98].

Treatment of patients which cannot receive 
FCR constitutes a challenge. For many decades 
chlorambucil was the only available treatment for 
CLL. The overall response rate achieved with 
this treatment ranges from 37 to 60 %, with less 
than 5 % complete responses (CR). The German 
CLL Study Group compared the efficacy of 
chlorambucil with fludarabine in patients older 
than 65 years, showing that although fludarabine 
produced a significantly higher OR and CR rates 
than chlorambucil, there were no differences in 
PFS [99]. More recently, bendamustine was com-
pared to chlorambucil in previously treated 
patients younger than 65 years. The results 
showed a significantly higher OR and CR rates 
and longer PFS in patients allocated to benda-
mustine, although no differences in survival were 
observed [100]. Whether chlorambucil will be 
replaced by bendamustine, FC or other combina-
tions in the near future remains to be seen.

Treatment of Patients Refractory  
or in Relapse

Importantly, disease relapse by itself is not a cri-
terion to restart therapy; patients should present 
symptoms or signs of disease progression before 

TABLE 4.4 CLL treatment: main clinical trials in untreated patients leading to the concept of chemoimmunotherapy as 
current standard therapy

Treatment Median age, years N ORR (%) CR (%) PFS, months OS (%)

Rai et al. [81] Fludarabine vs. 
chlorambucil

64 170 63 20 20 Median 55 months
62 181 37 4 14 Median, 56 months

Catovsky et al. 
[72]

Chl vs. F vs. FC 65 387 72 7 20
64 194 80 15 23
65 196 94 38 43

Hallek et al. [73] FCR vs. FC 61 409 95 44 52 87 (3-year)*
61 408 85 22 33 82.5 (3-year)

*p < 0.05
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considering further therapy. There are not widely 
accepted rules for second-line treatment, which 
should be decided based on the modality of pre-
vious therapy and the response to it. A fraction 
of patients (about 20–40 %), usually harboring 
abnormalities of the TP53 gene, fail to respond 
to FCR or similar regimens (“refractory” dis-
ease). These patients have a very poor prognosis 
(median survival <24 months) and whenever 
possible should be offered allogeneic stem cell 
transplantation, the only therapy capable of over-
coming the poor prognostic significance of 
TP53 aberrations and other high-risk bio-
markers through its graft- vs.-leukemia effect 
[101–109].

Alemtuzumab (Campath 1H) is an anti-CD52 
monoclonal antibody which can be transiently 
effective in patients with abnormalities of TP53, 
particularly when combined with corticoster-
oids, with a response rate of around 80 %. 
Alemtuzumab, however, is not effective in 
patients with large lymphadenopathy (e.g., 
>5 cm), is highly immunosuppressive, and car-
ries a substantial risk of opportunistic infections, 
including cytomegalovirus (CMV) reactivation 
[110–112]. Also, alemtuzumab can jeopardize 
the results of allogeneic stem cell transplantation 
by increasing, through its immunosuppressive 
effect, the relapse rate. For all these reasons, the 
role of alemtuzumab in the treatment of patients 
with TP53 abnormalities should not be over-
rated. Rituximab and high-dose metilpredniso-
lone may also produce a relatively high response 
rate, although of short duration, and the infection 
risk is high [113].

Similarly to patients unresponsive to FCR or 
similar regimens, those whose response is infe-
rior to 24–36 months have very poor prognosis, 
and salvage therapy with a lymphoma-type regi-
men (e.g., R-CHOP, R-DHAP) followed by allo-
geneic stem cell transplantation may be the best 
treatment option.

In contrast, patients who progress after 
monotherapy (chlorambucil, fludarabine) or FC 
usually respond well to FCR, the longer the dis-
ease progression interval, the better the results 
[114, 115].

New Agents and Treatment Approaches

Recent progress in the understanding of the biol-
ogy of SLL/CLL is allowing the development of 
new compounds able to target metabolic path-
ways specifically involved in the pathogenesis of 
the disease (reviewed in [116–118]). Although an 
extensive review of these agents is beyond the 
scope of this chapter, compounds with proved 
effectiveness and already in clinical use are ofa-
tumumab [119–124], bendamustine [125–128], 
and lenalidomide [129–132], particularly in com-
bination with other drugs; other agents which are 
in advanced phases of development are GA-101 
(an anti-CD20 monoclonal antibody) [133], 
cyclin-dependent kinase inhibitors (e.g., 
flavopiridol) [134, 135], BCR signal transduction 
inhibitors (e.g., GS-1101, PCI 32765) [136–139], 
and anti-BCL2 molecules (e.g., ABT-26 or navi-
toclax) [140].

Finally, different strategies to recapitulate the 
graft vs. tumor effect mediated by T cells have 
been investigated, although in general with little 
success. Recently, Porter et al. obtained dramatic 
responses, including two CR and a good PR, in 
three heavily pretreated and refractory patients 
treated with autologous T cells engineered to 
present anti-CD19 chimeric antigen receptor 
(CAR-T cells) [141]; these impressive results 
deserve further investigation.

Treatment of Complications

Most patients with AIHA or ITP respond to cor-
ticosteroids, while cyclosporine is the treatment 
of choice for patients with pure red cell aplasia. 
Rituximab and thrombopoietin analogs can be 
used in selected cases of ITP not responding to 
corticosteroids [28, 31, 32]. Resistance of immune 
cytopenia to conventional therapy is an indica-
tion for treating the underlying CLL [65, 82].

Infections are frequent because of the immune 
defects that characterize CLL (e.g., hypogam-
maglobulinemia, T-cell subsets abnormalities) 
and which are further exaggerated by the immu-
nosuppressive effect treatment. Prophylactic 
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intravenous immunoglobulin has no impact on 
overall survival and is therefore not recom-
mended on a routine basis [82]. Antibiotic, anti-
viral, or antifungal prophylaxis should be used 
in selected patients with recurrent infections 
and/or very high risk of developing infections 
(e.g., alemtuzumab treatment). Because of their 
abnormal immune function, patients do not 
mount an appropriate immune response upon 
vaccination. There is no general consensus on 
the use of G-CSF and antibiotic and antiviral 
prophylaxis, but these agents may be useful in 
heavily pretreated patients and those receiving 
purine analogs regimens; cotrimoxazole pre-
vents the development of infections by pneumo-
cystis [44, 45, 82]. Finally, erythropoietin may 
be useful to treat anemia unresponsive to other 
measures.

Disease transformation has a dismal prognosis 
(median survival <12 months) [33–35]. There are 
no large controlled studies regarding the best 
treatment approach. A rituximab-containing regi-
men (e.g., R-CHOP, R-DHAP) should be used 
for remission induction. Poor prognostic features 
include the presence of aberrations of TP53 and 
refractoriness to treatment. Allogeneic stem cell 
transplantation should be considered in fit patients 
with an available donor. The transformation of 
the disease into HD represents a separate entity, 
and conventional chemotherapy against HD often 
achieves long-lasting remissions [37].

Response Evaluation

Response evaluation includes a careful physical 
examination and a blood cell count. A marrow 
biopsy is recommended for the proper definition 
of CR and is mandatory in clinical trials. Chest 
X-ray and an abdominal ultrasound or CT should 
be performed, if abnormal prior to therapy. 
Detection of minimal residual disease (MRD) 
has prognostic impact. Patients who have become 
MRD negative after the end of treatment have 
significantly longer response duration and sur-
vival. However, MRD studies are only justified 
within clinical trials [65, 82].
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   Introduction 

 Waldenström’s macroglobulinemia (WM) is a 
distinct clinicopathological entity resulting from 
the accumulation, predominantly in the bone 
marrow, of clonally related lymphocytes, lym-
phoplasmacytic cells, and plasma cells which 
secrete a monoclonal IgM protein  [  1  ] . This con-
dition is considered to correspond to the lympho-
plasmacytic lymphoma (LPL) as de fi ned by the 
World Health Organization classi fi cation system 
 [  2  ] . Most cases of LPL are WM, with less than 
5 % of cases made up of IgA, IgG, and nonsecret-
ing LPL.  
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  Abstract 

 Waldenström’s macroglobulinemia (WM) is included in the World Health 
Organization classi fi cation as the lymphoplasmacytic lymphoma. It is a 
rare type of non-Hodgkin lymphoma (NHL) with distinct clinicopatho-
logical features resulting from the accumulation of clonally related B lym-
phocytes, lymphoplasmacytic cells, and plasma cells which secrete a 
monoclonal IgM protein. Unlike other types of NHL, WM is rarely associ-
ated with lymphadenopathy or splenomegaly. WM has a chronic clinical 
course and treatment options are usually different from other types of 
indolent B-cell lymphoma. In this chapter, we will review the most recent 
data on the biology of WM and current treatment strategies.  
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   Epidemiology 

 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 United States and a geometrical increase 
with age  [  3  ] . The incidence rate for WM is higher 
among Caucasians, with African descendants rep-
resenting only 5 % of all patients. The incidence 
of WM may be higher among individuals of 
Ashkenazi Jewish decent  [  4  ] . Genetic factors 
appear to be an important to the pathogenesis of 
WM. A common predisposition for WM with 
other malignancies has been raised  [  4,   5  ] , with 
numerous reports of familiar clustering of indi-
viduals with WM alone and with other B-cell 
lymphoproliferative diseases  [  6–  10  ] . In a large 
single center experience, 26 % of 924 consecutive 
patients with WM had a  fi rst- or second-degree 
relative with either WM or another B-cell disor-
der  [  5  ] . Frequent familiar association with other 
immunological disorders in healthy relatives, 
including hypogammaglobulinemia and hyper-
gammaglobulinemia (particularly polyclonal 
IgM), autoantibody (particularly to thyroid) pro-
duction, and manifestation of hyperresponsive B 
cells have also been reported  [  10,   11  ] . Increased 
expression of the  bcl - 2  gene with enhanced B-cell 
survival may underlie the increased immunoglob-
ulin synthesis in familial WM  [  10  ] . The role of 
environmental factors in WM remains to be 
clari fi ed, but chronic antigenic stimulation from 
infections, certain drug, and Agent Orange expo-
sures remains suspect. An etiological role for 
hepatitis C virus (HCV) infection has been sug-
gested, though in one study no association could 
be established using both serological and molecu-
lar diagnostic studies for HCV infection in a hun-
dred consecutive WM patients  [  12,   13  ] .  

   Biology 

   Cytogenetics 

 Chromosome 6q deletions encompassing 
6q21–25 have been observed in up to half of WM 
patients and at a comparable frequency among 

patients with and without a familial history 
 [  7,   14–  16  ] . The presence of 6q deletions has been 
suggested to discern patients with WM from 
those with IgM monoclonal gammopathy of 
unknown signi fi cance (MGUS) and to have 
potential prognostic signi fi cance including 
impact on progression-free survival following 
treatment response though others have reported 
no prognostic signi fi cance to the presence of 6q 
deletions in WM  [  14,   16,   17  ] . Other abnormali-
ties by cytogenetic or FISH analyses include 
deletions in 13q14, TP53 and ATM, and triso-
mies 4, 12, and 18  [  17,   18  ] . IgH rearrangements 
are uncommon in WM and may be helpful in dis-
cerning cases of WM from IgM myeloma wherein 
IgH switch region rearrangements are a promi-
nent feature  [  19  ] .  

   Mutation in MYD88 

 A highly recurrent somatic mutation (MYD88 
L265P) has recently been identi fi ed in WM 
patients by paired tumor/normal whole genome 
sequencing and subsequent con fi rmation by 
Sanger sequencing  [  20  ] . MYD88 L265P was 
expressed in tumor cells from 91 % of LPL cases, 
which included patients with IgM (WM) and IgG 
secreting LPL. By comparison, MYD88 L265P 
was absent in myeloma samples, including IgM 
myeloma, and was expressed in a small subset 
(6.5 %) of MZL patients, who surprisingly had 
many WM-related features. Of particular interest 
in this study was the absence of MYD88 L265P 
in nearly all cases of IgM MGUS examined. In 
the sole patient in whom MYD88 L265P was 
identi fi ed, subsequent disease evolution occurred. 
The expression of MYD88 L265P in familial and 
sporadic WM patients at the same frequency in 
this study is also worthy of note. These  fi ndings 
appear to denote that acquisition of MYD88 
L265P is a common transforming event for WM, 
regardless of familial predisposition. Importantly, 
knockdown of MYD88 decreased survival of 
MYD88 L265P expressing WM cells, whereas 
survival was more enhanced by knock-in of 
MYD88 L265P versus wild-type MYD88. The 
discovery of a mutation in MYD88 is of 
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signi fi cance given its role as an adaptor molecule 
in Toll-like receptor (TLR) and interleukin-1 
receptor (IL-1R) signaling  [  21  ] . All TLRs except 
for TLR3 use MYD88 to facilitate their signal-
ing. Following TLR or IL-1R stimulation, 
MYD88 is recruited to the activated receptor 
complex as a homodimer which then complexes 
with IRAK4 and activates IRAK1 and IRAK2 
 [  22–  24  ] . Tumor necrosis factor receptor associ-
ated factor 6 is then activated by IRAK1 leading 
to NF-  k  [kappa]B activation via I  k  [kappa]B  a   
phosphorylation  [  25  ] . Use of inhibitors of 
MYD88 pathway led to decreased IRAK1 and 
I  k  [kappa]B  a   phosphorylation as well as survival 
of MYD88 L265P expressing WM cells. These 
observations are of particular relevance to WM 
since NF-  k  [kappa]B signaling is important for 
WM growth and survival  [  26  ] .  

   Nature of the Clonal Cell 

 The WM bone marrow B-cell clone shows intra-
clonal differentiation from small lymphocytes 
with large focal deposits of surface immuno-
globulins, to lymphoplasmacytic cells, to mature 
plasma cells that contain intracytoplasmic 
immunoglobulins  [  27  ] . Clonal B cells are detect-
able among blood B lymphocytes, and their 
number increases in patients who fail to respond 
to therapy or who progress  [  28  ] . These clonal 
blood cells present the peculiar capacity to dif-
ferentiate spontaneously, 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  [  29  ] . All these cells express the mono-
clonal IgM present in the blood and a variable 
percentage of them also express surface IgD. 
The characteristic immunophenotypic pro fi le of 
the lymphoplasmacytic cells in WM includes the 
expression of the pan B-cell markers CD19, 
CD20, CD22, CD79, and FMC7.2  [  30–  32  ] . 
Expression of CD5, CD10, and CD23 may be 
found in 10–20 % of cases and does not exclude 
the diagnosis of WM  [  33  ] . 

 The phenotype of lymphoplasmacytic cells in 
WM cell suggests that the clone is a postgerminal 

center B cell. This indication is further strength-
ened by the results of the analysis of the nature 
(silent or amino acid replacing) and distribution 
(in framework or CDR regions) of somatic muta-
tions in Ig heavy- and light-chain variable 
regions performed in patients with WM  [  34,   35  ] . 
This analysis showed a high rate of replacement 
mutations, compared with the closest germline 
genes, clustering in the CDR regions and with-
out intraclonal variation. Subsequent studies 
showed a strong preferential usage of VH3/JH4 
gene families, no intraclonal variation, no 
 evidence for any isotype-switched transcripts 
 [  36,   37  ] . These data indicate that WM may origi-
nate from an IgM +  and/or IgM +  IgD +  memory B 
cell. Normal IgM +  memory B cells localize in 
bone marrow, where they mature to IgM-
secreting cells  [  38  ] .  

   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 
 [  2,   32,   39  ] . The role of mast cells in WM has 
been investigated in one study wherein coculture 
of primary autologous or mast cell lines with 
WM LPC resulted in dose-dependent WM cell 
proliferation and/or tumor colony formation, pri-
marily through CD40 ligand (CD40L) signaling. 
Furthermore, WM cells through elaboration of 
soluble CD27 (sCD27), induced the upregulation 
of CD40L on mast cells derived from WM 
patients and mast cell lines suggesting a microen-
vironmental support system  [  39,   40  ] . High levels 
of CXCR4 and VLA-4 have also been observed 
in WM cells  [  41  ] . In blocking experiments stud-
ies, CXCR4 was shown to support migration of 
WM cells, while VLA-4 contributed to adhesion 
of WM cells to bone marrow stromal cells.   

   Clinical Features 

 The clinical and laboratory  fi ndings at the time 
of diagnosis of WM in one large institutional 
study are presented in Table  5.1 . Unlike most 
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indolent lymphomas, splenomegaly and lymph-
adenopathy are prominent in only a minority of 
patients (<15 %). Purpura is frequently associ-
ated with cryoglobulinemia and more rarely with 
AL amyloidosis, while hemorrhagic manifesta-
tions and neuropathies are multifactorial (see 

later). The morbidity associated with WM is 
caused by the concurrence of two main compo-
nents: tissue in fi ltration by neoplastic cells and, 
more importantly, the physicochemical and 
immunological properties of the monoclonal 
IgM. As shown in Table  5.2 , the monoclonal IgM 

   Table 5.2    Physicochemical and immunological 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 

 Autoantibody 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 

 Autoantibody activity to IgG  Cryoglobulinemia 
(type II) 

 Purpura, arthralgias, renal failure, 
sensorimotor neuropathies 

 Autoantibody 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 
 GI: diarrhea, malabsorption, bleeding 
 Kidney: proteinuria, renal failure 
(light-chain component) 

 Tissue deposition as amyloid  fi brils 
(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 

   Table 5.1    Clinical and 
laboratory  fi ndings 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 (year)  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)  2,870  267–12,400  40–230 
 IgG (mg/dL)  587  47–2,770  700–1,600 
 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 (×10 9 /L)  253  24–649  155–410 
 Wbc (×10 9 /L)  6.0  0.3–13  3.8–9.2 
 B 

2
 M (mg/dL)  3.0  1.3–13.7  0–2.7 

 LDH  395  122–1,131  313–618 

   NA  not applicable  
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can produce clinical manifestations through sev-
eral different mechanisms related to its physico-
chemical properties, nonspeci fi c interactions 
with other proteins, antibody activity, and ten-
dency to deposit in tissues  [  42–  44  ] .    

   Morbidity Mediated by the Effects 
of IgM 

   Hyperviscosity Syndrome 

 Blood hyperviscosity is affected by increased 
serum IgM levels leading to hyperviscosity-
related complications  [  45  ] . The mechanisms 
behind the marked increase in the resistance to 
blood  fl ow and the resulting impaired transit 
through the microcirculatory system are rather 
complex  [  45–  47  ] . 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 
interaction with blood cells. Monoclonal IgMs 
increase red cell aggregation ( rouleaux  forma-
tion) and red cell internal viscosity while also 
reducing deformability. The possible presence of 
cryoglobulins can contribute to increasing blood 
viscosity as well as to the tendency to induce 
erythrocyte aggregation. Serum viscosity is pro-
portional to IgM concentration up to 30 g/L and 
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 erythro-
poietin production, which is the major reason for 
anemia in these patients  [  48  ] . Clinical manifes-
tations are related to circulatory disturbances 
that can be best appreciated by ophthalmoscopy, 
which shows distended and tortuous retinal 
veins, hemorrhages, and papilledema  [  49  ] . 
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 variability, with some patients 
showing no evidence of hyperviscosity even at 
10 cp  [  45  ] . The most common symptoms are 

oronasal bleeding, visual disturbances due to 
retinal bleeding, and dizziness that may rarely 
lead to coma. Heart failure can be aggravated, 
particularly in the elderly, owing to increased 
blood viscosity, expanded plasma volume, and 
anemia. Inappropriate transfusion can exacer-
bate 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  [  50  ] . 
Cryoprecipitation is mainly dependent on the 
concentration of monoclonal IgM; for this rea-
son plasmapheresis or plasma exchange is com-
monly effective in this condition. Symptoms 
result from impaired blood  fl ow in small vessels 
and include Raynaud’s phenomenon, acrocyano-
sis, and necrosis of the regions most exposed to 
cold such as the tip of the nose, ears,  fi ngers, and 
toes, malleolar ulcers, purpura, and cold urti-
caria. Renal manifestations may occur but are 
infrequent.  

   Autoantibody Activity 

 Monoclonal IgM may exert its pathogenic effects 
through speci fi c recognition of autologous anti-
gens, the most notable being nerve constituents, 
immunoglobulin determinants, and red blood cell 
antigens.  

   IgM-Related Neuropathy 

 The presence of peripheral neuropathy has 
been estimated to range from 5 to 38 % in WM 
patients  [  51–  55  ] . The nerve damage is mediated 
by diverse pathogenetic mechanisms: IgM anti-
body activity toward nerve constituents causing 
demyelinating polyneuropathies; endoneurial 
granulo fi brillar deposits of IgM without anti-
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body activity,  associated with axonal polyneu-
ropathy; occasionally by tubular deposits in the 
endoneurium associated with IgM cryoglobulin; 
and, rarely, by amyloid deposits or by neoplas-
tic cell in fi ltration of nerve structures  [  56  ] . Half 
of the patients with IgM neuropathy have a dis-
tinctive clinical syndrome that is associated with 
antibodies against a minor 100-kDa glycoprotein 
component of nerve, myelin-associated glyco-
protein (MAG). Anti-MAG antibodies are gener-
ally monoclonal IgM  k  , and usually also exhibit 
reactivity with other glycoproteins or glycolip-
ids that share antigenic determinants with MAG 
 [  57–  59  ] . The anti-MAG-related neuropathy is 
typically distal and symmetrical, affecting both 
motor and sensory functions; it is slowly pro-
gressive with a long period of stability  [  52,   60  ] . 
Most patients present with sensory complaints 
(paresthesias, aching discomfort, dysesthesias, 
or lancinating pains), imbalance and gait ataxia, 
owing to lack proprioception, and leg muscles 
atrophy in advanced stage. Patients with pre-
dominantly 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 
 [  61,   62  ] . Anti-GD1b and anti-GQ1b antibodies 
were signi fi cantly associated with predominantly 
sensory ataxic neuropathy. These antiganglioside 
monoclonal IgMs present core clinical features of 
chronic ataxic neuropathy with variably present 
ophthalmoplegia and/or red blood cell cold agglu-
tinating activity. The disialosyl epitope is also 
present on red blood cell glycophorins, thereby 
accounting for the red cell cold agglutinin activ-
ity of anti-Pr2 speci fi city  [  63,   64  ] . 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  [  65  ] . 
Antiganglioside IgM proteins may also cross-
react with lipopolysaccharides of C ampylobacter 
jejuni , whose infection is known to precipitate the 
Miller Fisher syndrome, a variant of the Guillain–
Barré syndrome  [  66  ] . This  fi nding indicates that 

molecular mimicry may play a role in this con-
dition. Antisulfatide monoclonal IgM proteins, 
associated with sensory/sensorimotor neuropa-
thy, have been detected in 5 % of patients with 
IgM monoclonal gammopathy and neuropathy 
 [  67  ] . Motor neuron disease has been reported in 
patients with WM and monoclonal IgM with anti-
GM1 and sulfoglucuronyl paragloboside activity 
 [  68  ] . POEMS (polyneuropathy, organomegaly, 
endocrinopathy, M protein, and skin changes) 
syndrome is rarely associated with WM  [  69  ] .  

   Cold Agglutinin Hemolytic Anemia 

 Monoclonal IgM may present with cold agglu-
tinin activity, i.e., it can recognize speci fi c red 
cell antigens at temperatures below physiologi-
cal, producing chronic hemolytic anemia. This 
disorder occurs in <10 % of WM patients  [  70  ]  
and is associated with cold agglutinin titers 
>1:1,000 in most cases. The monoclonal com-
ponent is usually an IgM  k  [kappa] and reacts 
most commonly with I/i antigens, with com-
plement  fi xation and activation  [  71,   72  ] . Mild 
chronic hemolytic anemia can be exacerbated 
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, primarily in 
the liver) and rarely intravascular from comple-
ment destruction of red blood cell (RBC) mem-
brane. The agglutination of RBCs 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 
speci fi city have been reported. These properties 
may have as a common basis the immune bind-
ing of the sialic acid-containing carbohydrate 
present on red blood cell glycophorins and on 
Ig molecules. Several other macroglobulins with 
various antibody activities toward autologous 
antigens (i.e., phospholipids, tissue and plasma 
proteins, etc.) and foreign ligands have also 
been reported.  
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   Tissue Deposition 

 The monoclonal protein can deposit in several 
tissues as amorphous aggregates. Linear deposi-
tion of monoclonal IgM along the skin basement 
membrane is associated with bullous skin dis-
ease  [  73  ] . Amorphous IgM deposits in the der-
mis determine the so-called IgM storage papules 
on the extensor surface of the extremities—
macroglobulinemia cutis  [  74  ] . Deposition of 
monoclonal IgM in the lamina propria and/or 
submucosa of the intestine may be associated 
with diarrhea, malabsorption, and gastrointesti-
nal bleeding  [  75,   76  ] . It is well known that kid-
ney 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 contrib-
uting factors, such as hypercalcemia, although 
cast nephropathy has also been described in WM 
 [  77  ] . On the other hand, the IgM macromolecule 
is more susceptible to being trapped in the glom-
erular loops where ultra fi ltration presumably 
contributes to its precipitation, forming suben-
dothelial deposits of aggregated IgM proteins 
that occlude the glomerular capillaries  [  78  ] . 
Mild and reversible proteinuria may result and 
most patients are asymptomatic. The deposition 
of monoclonal light chain as  fi brillar amyloid 
deposits (AL amyloidosis) is uncommon in 
patients with WM  [  79  ] . Clinical expression and 
prognosis are similar to those of other AL 
patients with involvement of the heart (44 %), 
kidneys (32 %), liver (14 %), lungs (10 %), 
peripheral/autonomic nerves (38 %), and soft 
tissues (18 %). However, the incidence of car-
diac and pulmonary involvement is higher in 
patients with monoclonal IgM than with other 
immunoglobulin isotypes. The association of 
WM with reactive amyloidosis (AA) has been 
documented rarely  [  80,   81  ] . Simultaneous 
occurrence of  fi brillary glomerulopathy, charac-
terized by glomerular deposits of wide non-con-
gophilic  fi brils and amyloid deposits, has been 
reported in WM  [  82  ] .  

   Manifestations Related to Tissue 
In fi ltration by Neoplastic Cells 

 Tissue in fi ltration 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 involve-
ment in the form of masses, nodules, diffuse 
in fi ltrate, or pleural effusions is relatively rare, 
since the overall incidence of pulmonary and 
pleural  fi ndings reported for WM is only 3–5 % 
 [  83–  85  ] . Cough is the most common presenting 
symptom, followed by dyspnea and chest pain. 
Chest radiographic  fi ndings include parenchy-
mal in fi ltrates, con fl uent masses, and effusions. 
Malabsorption, diarrhea, bleeding, or obstruction 
may indicate involvement of the gastrointestinal 
tract at the level of the stomach, duodenum, or 
small intestine  [  86–  89  ] . In contrast to multiple 
myeloma, in fi ltration of the kidney interstitium 
with lymphoplasmacytoid cell has been reported 
in WM  [  90  ] , while renal or perirenal masses are 
not uncommon  [  91  ] . The skin can be the site of 
dense lymphoplasmacytic in fi ltrates, similar to 
that seen in the liver, spleen, and lymph nodes, 
forming cutaneous plaques and, rarely, nodules 
 [  92  ] . Chronic urticaria and IgM gammopathy are 
the two cardinal features of the Schnitzler syn-
drome, which is not usually associated initially 
with clinical features of WM  [  93  ] , although 
evolution to WM is not uncommon. Thus, 
close follow-up of these patients is warranted. 
Invasion of articular and periarticular structures 
by WM malignant cells is rarely reported  [  94  ] . 
The neoplastic cells can in fi ltrate the periorbital 
structures, lacrimal gland, and retro-orbital lym-
phoid tissues, resulting in ocular nerve palsies 
 [  95,   96  ] . Direct in fi ltration of the central nervous 
system by monoclonal lymphoplasmacytic cells 
as in fi ltrates or as tumors constitutes the rarely 
observed Bing–Neel syndrome, characterized 
clinically by confusion, memory loss, disorien-
tation, and motor dysfunction (reviewed in Civit 
et al.  [  97  ] ).   
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   Laboratory Investigations 
and Findings 

   Hematological Abnormalities 

 Anemia is the most common  fi nding in patients 
with symptomatic WM and is caused by a com-
bination 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 normocytic and normochromic, 
and rouleaux formation is often pronounced. 
Electronically measured mean corpuscular vol-
ume may be elevated spuriously owing to eryth-
rocyte 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 automated 
analyzers  [  98  ] . Leukocyte and platelet counts are 
usually within the reference range at presenta-
tion, although patients may occasionally pres-
ent with severe thrombocytopenia. As reported 
above, monoclonal B-lymphocytes expressing 
surface IgM and late-differentiation B-cell mark-
ers are uncommonly detected in blood by  fl ow 
cytometry. A raised erythrocyte sedimentation 
rate is almost constantly observed in WM and 
may be the  fi rst clue to the presence of the mac-
roglobulin. The clotting abnormality detected 
most frequently is prolongation of thrombin 
time. AL amyloidosis should be suspected in all 
patients with nephrotic syndrome, cardiomyo-
pathy, hepatomegaly, or peripheral neuropathy. 
Diagnosis requires the demonstration of green 
birefringence under polarized light of amyloid 
deposits stained with Congo red.  

   Biochemical Investigations 

 High-resolution electrophoresis combined with 
immuno fi xation of serum and urine is recom-
mended for identi fi cation and characterization 
of the IgM monoclonal protein. The light chain 
of the monoclonal IgM is   k  [kappa] in 75–80 % 

of patients. A few WM patients have more than 
one M component. The concentration of the 
serum monoclonal protein is very variable 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 neph-
elometry is unreliable and shows large intralabo-
ratory 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 cryo-
globulins should be performed at diagnosis. If 
present, subsequent serum samples should be 
analyzed under warm conditions for determina-
tion of serum monoclonal IgM level. Although 
Bence Jones proteinuria is frequently present, it 
exceeds 1 g/24 h 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 treat-
ment suggesting that patients with WM harbor a 
defect which prevents normal plasma cell devel-
opment and/or Ig heavy chain rearrangements 
 [  99,   100  ] .  

   Serum Viscosity 

 Because of its large size (almost 1,000,000 Da), 
most IgM molecules are retained within the intra-
vascular compartment and can exert an undue 
effect on serum viscosity. Therefore, serum vis-
cosity should be measured if the patient has signs 
or symptoms of hyperviscosity syndrome. 
Fundoscopy remains an excellent indicator of 
clinically relevant hyperviscosity. Among the 
 fi rst clinical signs of hyperviscosity is the appear-
ance of peripheral and midperipheral dot and 
blot-like hemorrhages in the retina, which are 
best appreciated with indirect ophthalmoscopy 
and scleral depression  [  49  ] . In more severe cases 
of hyperviscosity, dot, blot, and  fl ame-shaped 
hemorrhages can appear in the macular area 
along with markedly dilated and tortuous veins 
with focal constrictions resulting in “venous sau-
saging” as well as papilledema.  
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   Bone Marrow Findings 

 The bone marrow is always involved in WM. 
Central to the diagnosis of WM is the demonstra-
tion, by trephine biopsy, of bone marrow in fi ltration 
by a lymphoplasmacytic cell population constituted 
by small lymphocytes with evidence of plasmacy-
toid/plasma cell differentiation. The pattern of bone 
marrow in fi ltration may be diffuse, interstitial, or 
nodular, showing usually an intertrabecular pattern 
of in fi ltration. A solely paratrabecular pattern of 
in fi ltration is unusual and should raise the possibil-
ity of follicular lymphoma  [  1  ] . The bone marrow 
in fi ltration should routinely be con fi rmed by  immu-
nophenotypic studies  ( fl ow cytometry and/or 
immunohistochemistry) showing the following 
pro fi le: sIgM + CD19 + CD20 + CD22 + CD79 +   [  30–  32  ] . 
Up to 20 % of cases may express either CD5, CD10 
or CD23  [  33  ] . In these cases, care should be taken 
to satisfactorily exclude chronic lymphocytic leu-
kemia and mantle cell lymphoma  [  1  ] . “Intranuclear” 
periodic acid-Schiff (PAS)-positive inclusions 
(Dutcher-Fahey bodies)  [  101  ]  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  [  1,   2  ] .  

   Other Investigations 

 Magnetic resonance imaging (MRI) of the spine 
in conjunction with computed tomography (CT) 
of the abdomen and pelvis are useful in evaluat-
ing the disease status in WM  [  102  ] . Bone mar-
row involvement can be documented by MRI 
studies of the spine in over 90 % of patients, 
while CT of the abdomen and pelvis demon-
strated enlarged nodes in 43 % of WM patients 
 [  102  ] . Lymph node biopsy may show preserved 
architecture or replacement by in fi ltration of 
neoplastic cells with lymphoplasmacytoid, lym-
phoplasmacytic, or polymorphous cytological 

patterns. The residual disease after high-dose 
chemotherapy with allogeneic or autologous 
stem cell rescue can be monitored by polymerase 
chain reaction (PCR)-based methods using 
primers speci fi c for the monoclonal Ig variable 
regions.   

   Prognosis 

 Waldenström’s macroglobulinemia typically 
presents as an indolent disease though consider-
able variability in prognosis can be seen. The 
median survival reported in several large series 
has ranged from 5 to 10 years  [  103–  109  ] , though 
in a recent study of 436 consecutive patients with 
WM, the median overall survival from time of 
diagnosis was in excess of 10 years  [  110  ] . Age is 
consistently an important prognostic factor 
(>60–70 years)  [  103,   104,   106,   109  ] , though it is 
often impacted by unrelated morbidities. Anemia, 
which can be multifactorial, is an adverse prog-
nostic factor in WM, with hemoglobin levels of 
<9–12 g/dL associated with decreased survival 
in several series  [  103–  105,   109  ] . Cytopenias 
have also been regularly identi fi ed as a signi fi cant 
predictor of survival. The number of cytopenias 
in a given patient may predict survival  [  104  ] . 
Serum albumin levels have correlated with sur-
vival in WM patients in certain but not all studies 
using multivariate analyses  [  104,   107  ] . High 
serum beta-2 microglobulin (>3–3.5 g/dL) levels 
 [  105,   107,   109  ] , high serum IgM M-protein 
(>7 g/dL)  [  109  ] , low serum IgM M-protein 
(<4 g/dL)  [  107  ] , the presence of cryoglobulins 
 [  103  ] , and the presence of a familial disease 
background  [  110  ]  have also been reported to 
confer adverse outcomes. The presence of 6q 
deletion as an adverse marker remains contro-
versial  [  14,   16  ] . A few prognostic scoring sys-
tems have been proposed (Table  5.3 ). While the 
use of prognostic markers and/or scoring sys-
tems to make therapeutic decisions remains to be 
clari fi ed  [  106  ] , patients with familial disease 
predisposition show better outcomes following 
bortezomib-based therapy  [  110  ] .   
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   Treatment of Waldenström’s 
Macroglobulinemia 

   Treatment Indications 

 Consensus guidelines on indications for treat-
ment initiation were formulated as part of the 
Second International Workshop on Waldenström’s 
Macroglobulinemia  [  106  ] . Initiation of therapy 
should not be based on the IgM levels since this 
may not correlate with either disease burden nor 
symptomatic status  [  111,   112  ] . Initiation of ther-
apy is appropriate for patients with constitutional 
symptoms, such as recurrent fever, night sweats, 
fatigue due to anemia, or weight loss. The pres-
ence of progressive, symptomatic lymphadenop-
athy 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 × 10 9 /L on this basis of disease is also a 
reasonable indication for treatment initiation. 
Certain complications of WM, such as hypervis-
cosity syndrome, symptomatic sensorimotor 
peripheral neuropathy, systemic amyloidosis, 
renal insuf fi ciency, or symptomatic cryoglobu-
linemia, are also indications for therapy.  

   Treatment Options 

 A precise therapeutic algorithm for therapy of 
WM remains to be de fi ned given the paucity of 
randomized clinical trials. Active agents include 
alkylators (chlorambucil, cyclophosphamide), 
nucleoside analogues (cladribine,  fl udarabine), 
monoclonal antibodies (rituximab, ofatumumab, 

   Table 5.3    Prognostic scoring systems in Waldenstrom’s macroglobulinemia   

 Study 
 Adverse prognostic 
factors  Number of groups  Survival 

 Gobbi et al.  [  103  ]   Hb <9 g/dL  Prognostic factors  Median: 48 months 
 Age >70 year 
 Weight loss  2–4 prognostic factors  Median: 80 months 
 Cryoglobulinemia 

 Morel et al.  [  104  ]   Age >65 year  Prognostic factors  5 years: 87 % 
 Albumin <4 g/dL 
 Number of cytopenias:  2 prognostic factors  5 years: 62 % 
 Hb <12 g/dL 
 Platelets <150 × 10 9 /L  3–4 prognostic factors  5 years: 25 % 
 Wbc <4 × 10 9 /L 

 Dhodapkar et al. 
 [  105  ]  

  b [beta] 
2
 M >3 g/dL   b [beta] 

2
 M <3 mg/dL + Hb >12 g/dL  5 years: 87 % 

 Hb <12 g/dL   b [beta] 
2
 M <3 mg/dL + Hb <12 g/dL  5 years: 63 % 

 IgM <4 g/dL   b [beta] 
2
 M >3 mg/dL + IgM >4 g/dL  5 years: 53 % 

  b [beta] 
2
 M >3 mg/dL + IgM <4 g/dL  5 years: 21 % 

 Application of 
International Staging 
System Criteria for 
Myeloma to WM 
Dimopoulos et al. 
 [  107  ]  

 Albumin <3.5 g/dL  Albumin >3.5 g/dL +  b [beta] 
2
 M <3.5 mg/dL  Median: NR 

 Albumin <3.5 g/dL +  b [beta] 
2
 M <3.5 or  Median: 116 months 

  b [beta] 
2
 M >3.5 mg/L   b [beta] 

2
 M 3.5–5.5 mg/dL  Median: 54 months 

  b [beta] 
2
 M >5.5 mg/dL 

 International 
Prognostic Scoring 
System for WM 
Morel et al.  [  109  ]  

 Age >65 year  Prognostic factors a   5 years: 87 % 
 Hb <11.5 g/dL  2 prognostic factors b   5 years: 68 % 
 Platelets <100 × 10 9 /L  3–5 prognostic factors  5 years: 36 % 

  b [beta] 
2
 M >3 mg/L 

 IgM >7 g/dL 

   a excluding age 
  b or age >65  
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alemtuzumab), bortezomib, thalidomide, everoli-
mus, and bendamustine  [  111,   112  ] . Combination 
therapy particularly with rituximab has been 
associated with improved clinical outcomes. 
Individual patient considerations, including the 
presence of cytopenias, need for more rapid dis-
ease control, age, and candidacy for autologous 
transplant therapy, should be taken into account 
in making the choice of a  fi rst-line agent. For 
patients who are candidates for autologous trans-
plant therapy, exposure to continuous chlorambu-
cil or nucleoside analogue therapy should be 
limited given potential for stem cell damage. The 
use of nucleoside analogues may also increase 
risk for histological transformation to diffuse 
large B-cell lymphoma as well as myelodysplasia 
and acute myelogenous leukemia  [  113  ] . 

   Chlorambucil 
 Oral alkylating drugs, alone and in combination 
therapy with steroids, have been extensively eval-
uated in the upfront treatment of WM. The great-
est experience with oral alkylator therapy has 
been with chlorambucil, which has been adminis-
tered on both a continuous (i.e., daily dose sched-
ule) as well as an intermittent schedule. Patients 
receiving chlorambucil on a continuous schedule 
typically receive 0.1 mg/kg/day, while on the 
intermittent schedule patients will typically 
receive 0.3 mg/kg for 7 days, every 6 weeks. In a 
prospective randomized study, Kyle et al.  [  114  ]  
reported no signi fi cant difference in the overall 
response rate between these schedules, although 
interestingly the median response duration was 
greater for patients receiving intermittent versus 
continuously dosed chlorambucil (46 vs. 26 
months). Despite the favorable median response 
duration in this study for use of the intermittent 
schedule, no difference in the median overall sur-
vival was observed. Moreover, an increased inci-
dence for development of myelodysplasia and 
acute myelogenous leukemia with the intermittent 
(3 of 22 patients) versus the continuous (0 of 24 
patients) chlorambucil schedule prompted the 
authors of this study to express preference for use 
of continuous chlorambucil dosing. The use of 
steroids in combination with alkylator therapy has 
also been explored. Dimopoulos and Alexanian 

 [  115  ]  evaluated chlorambucil (8 mg/m 2 ) along 
with prednisone (40 mg/m 2 ) 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. Non-chlorambucil-based alkyla-
tor regimens employing melphalan and cyclo-
phosphamide in combination with steroids have 
also been examined by Petrucci et al.  [  116  ]  and 
Case et al.  [  117  ]  producing slightly higher overall 
response rates and response durations, although 
the bene fi t of these more complex regimens over 
chlorambucil remains to be demonstrated. Facon 
et al.  [  118  ]  have evaluated parameters predicting 
for response to alkylator therapy. Their studies in 
patients receiving single-agent chlorambucil dem-
onstrated that age 60, male sex, symptomatic sta-
tus, and cytopenias (but, interestingly, not high 
tumor burden and serum IgM levels) were associ-
ated with poor response to alkylator therapy. 
Additional factors to be taken into account in con-
sidering alkylator therapy for patients with WM 
include necessity for more rapid disease control 
given the slow nature of response to alkylator 
therapy as well as consideration for preserving 
stem cells in patients who are candidates for 
autologous transplant therapy.  

   Nucleoside Analogues 
 Both cladribine and  fl udarabine have been exten-
sively evaluated in untreated as well as previously 
treated WM patients. Cladribine administered as 
a single agent by continuous intravenous infu-
sion, by 2-h daily infusion, or by subcutaneous 
bolus injections for 5–7 days has resulted in 
major responses in 40–90 % of patients who 
received primary therapy, while in the salvage 
setting, responses have ranged from 38 to 54 % 
 [  111–  125  ] . Median time for achievement of 
response following cladribine ranged from 1.2 to 
5 months in these studies. The overall response 
rate with daily infusional  fl udarabine therapy 
administered mainly on 5-day schedules in previ-
ously untreated and treated WM patients has 
ranged from 38 to 100 % and 30–40 %, respec-
tively  [  105,   126–  132  ] , which are on par with the 
response data for cladribine. Median time to 
achievement of response for  fl udarabine was also 
on par with cladribine at 3–6 months. In general, 
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response rates and durations of responses have 
been greater for patients receiving nucleoside 
analogues as  fi rst-line agents, although in several 
of the above studies wherein both untreated and 
previously treated patients were enrolled, no sub-
stantial difference in the overall response rate 
was reported. Myelosuppression commonly 
occurred following prolonged exposure to either 
of the nucleoside analogues, as did lymphopenia 
with sustained depletion of both CD4 +  and CD8 +  
T-lymphocytes observed in WM patients 1 year 
following initiation of therapy. Treatment-related 
mortality due to myelosuppression and/or oppor-
tunistic infections attributable to immunosup-
pression occurred in up to 5 % of all treated 
patients in some series with either nucleoside 
analogue. Factors predicting for response to 
nucleoside analogues in WM included age at start 
of treatment (<70 years), pretreatment hemoglo-
bin >95 g/L, platelets >75,000/mm3, disease 
relapsing off therapy, patients with resistant dis-
ease within the  fi rst year of diagnosis, and a long 
interval between  fi rst-line therapy and initiation 
of a nucleoside analogue in relapsing patients. 
There are limited data on the use of an alternate 
nucleoside analogue to salvage patients whose 
disease relapsed or demonstrated resistance off 
cladribine or  fl udarabine therapy  [  125,   126  ] . 
Three of four (75 %) patients responded to 
cladribine to salvage patients who progressed 
following an unmaintained remission to 
 fl udarabine, whereas only one of ten (10 %) with 
disease resistant to  fl udarabine responded to 
cladribine  [  125  ] . However, Lewandowski et al. 
 [  132  ]  reported a response in two of six patients 
(33 %) and disease stabilization in the remaining 
patients to  fl udarabine, in spite of an inadequate 
response or progressive disease following cladrib-
ine therapy. The combination of nucleoside ana-
logues with cyclophosphamide and/or rituximab 
has been investigated and discussed below. 

 The safety of nucleoside analogues has been 
the subject of investigation in several recent stud-
ies. Thomas et al. recently reported their experi-
ences in harvesting stem cells in 21 patients with 
symptomatic WM in whom autologous periph-
eral blood stem cell collection was attempted. 
Autologous stem cell collection succeeded on the 

 fi rst attempt in 14/15 patients who received non-
nucleoside analogue-based therapy versus 2/6 
patients who received a nucleoside analogue 
 [  133  ] . The long-term safety of nucleoside ana-
logues in WM was recently examined by Leleu 
et al.  [  113  ]  in a large series of WM patients. 
A sevenfold increase in transformation to an 
aggressive lymphoma and a threefold increase in 
the development of acute myelogenous leukemia/
myelodysplasia were observed among patients 
who received a nucleoside analogue versus other 
therapies for their WM. A recent metanalysis by 
Leleu et al.  [  134  ]  of several trials utilizing nucle-
oside analogues 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 myelogenous leukemia. None of the stud-
ied risk factors, i.e., gender, age, family history of 
WM or B-cell malignancies, typical markers of 
tumor burden and prognosis, type of nucleoside 
analogue therapy (cladribine vs.  fl udarabine), 
time from diagnosis to nucleoside analogue use, 
nucleoside analogue treatment as primary or sal-
vage 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 analogue.  

   Monoclonal Antibodies 
 Rituximab is a chimeric monoclonal antibody 
which targets CD20, a widely expressed antigen 
on lymphoplasmacytic cells in WM  [  135  ] . The 
use of rituximab at standard dosimetry (i.e., 4 
weekly infusions at 375 mg/m 2 ) induces major 
responses in approximately 27–35 % of previ-
ously treated and untreated patients  [  136,   137  ] . 
However, patients who achieved even minor 
responses bene fi ted from rituximab as evidenced 
by improved hemoglobin and platelet counts and 
reduction of lymphadenopathy and/or splenom-
egaly  [  136  ] . The median time to treatment failure 
in these studies was found to range from 8 to 27+ 
months. Studies evaluating an extended rituximab 
schedule consisting of 4 weekly courses at 375 mg/
m 2 /week, repeated 3 months later by another 
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4-week course, have demonstrated higher major 
response rates of 44–48 %, with time to progres-
sion estimates of 16+ to 29+ months  [  138,   139  ] . 

 In many WM patients, a transient increase of 
serum IgM (IgM  fl are) may be noted immediately 
following initiation of rituximab treatment 
 [  140–  142  ] . The IgM  fl are may be related to the 
release of interleukin-6 by bystander immune in 
response to the binding of rituximab to 
Fc  g  [gamma]RIIA receptors and also occurs in 
response to intravenous immunoglobulin admin-
istration in WM patients  [  143  ] . The IgM  fl are in 
response to rituximab does not herald treatment 
failure, and while most patients will return to their 
baseline serum IgM level by 12 weeks, some 
patients may  fl are for months despite having 
tumor responses in their bone marrow. Patients 
with baseline serum IgM levels of >50 g/dL or 
serum viscosity of >3.5cp may be particularly at 
risk for a hyperviscosity-related event and in such 
patients plasmapheresis should be considered or 
rituximab omitted for the  fi rst few cycles of ther-
apy until IgM levels decline to safer levels  [  110  ] . 
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 therapy for the treatment of 
patients at risk for hyperviscosity symptoms. 

 Time to response after rituximab is slow and 
exceeds 3 months on the 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 
underlying 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 
signi fi cantly lower in patients who had either low 
serum albumin (<35 g/L) or elevated serum 
monoclonal protein (>40 g/LM-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 sub-
stantial bene fi t from rituximab with a time to pro-
gression exceeding 40 months  [  144  ] . 

 The genetic background of patients may also 
be important for determining response to ritux-
imab. A correlation between polymorphisms at 
amino acid position 158 in the Fc  g  [gamma]RIIIa 
receptor (CD16) and rituximab response has been 
observed in WM patients. WM patients who 
carry a valine amino acid (either in a homozy-
gous or heterozygous pattern) at this polymor-
phic site had a fourfold higher major response 
rate to rituximab versus patients who expressed 
phenylalanine in a homozygous pattern  [  145  ] . 
The attainment of better categorical responses, 
i.e., very good partial response or complete 
response following rituximab-based therapy, 
appears also dependent on the presence of at least 
one valine amino acid at Fc  g  [gamma]RIIIa-158 
 [  146  ] . 

 Ofatumumab is a fully humanized CD20-
directed monoclonal antibody that targets the 
small loop of CD20, a target which is different 
than that of rituximab. A 59 % overall response 
rate was observed in a series of 37 symptomatic 
WM patients following ofatumumab administra-
tion, which included untreated and previously 
treated patients  [  147  ] . Responses were higher 
among rituximab-naïve patients. An IgM  fl are 
with symptomatic hyperviscosity was also 
observed in 2 patients in this series who required 
plasmapheresis. Ofatumumab has also been suc-
cessfully administered to WM patients who dem-
onstrated intolerance to rituximab  [  147,   148  ] . 

 The activity of alemtuzumab has also been 
investigated in WM patients given the broad 
expression of CD52  [  135  ] . The WMCTG recently 
reported a multicenter study in symptomatic WM 
patients, whose median prior therapies was 2 
(range 0–5), and 43 % had refractory disease 
 [  149  ] . Patients received alemtuzumab intrave-
nously at 30 mg three times weekly for up to 12 
weeks, after test dosing, and received hydrocorti-
sone, acyclovir, and bactrim or equivalent pro-
phylaxis. The overall response rate in this series 
was 75 % and included major responses in 36 % 
of patients. With a median follow-up of 64 
months, the median time to progression was 14.5 
months. Hematological and infectious complica-
tions, including CMV reactivation were more 
common in previously treated patients and 
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 indirectly associated with 3 deaths. Long-term 
follow-up revealed late-onset idiopathic throm-
bocytopenia in 4 patients at a median of 13.6 
months following therapy and contributed to one 
death. High rates of response with the use of 
alemtuzumab were also observed by Owen et al. 
 [  150  ]  who reported their preliminary experience 
in a small series of heavily pretreated WM 
patients. The median number of prior therapies in 
this series was 4, and similar to this study patients 
received up to 12 weeks of therapy (at 30 mg IV 
three times weekly) following initial dose escala-
tion. Among the 7 patients treated with alemtu-
zumab, 5 achieved a partial response and one a 
complete response. Disseminated aspergillus and 
mycobacterial infections contributed to 2 deaths 
in this series.  

   Bortezomib 
 Bortezomib is a proteasome inhibitor which has 
been extensively investigated in WM. In a multi-
center study of the WMCTG, 27 patients received 
up to 8 cycles of bortezomib at 1.3 mg/m 2  on 
days 1, 4, 8, and 11  [  151  ] . All but one patient had 
relapsed/or refractory disease. Following therapy, 
median serum IgM levels declined from 4,660 to 
2,092 mg/dL ( p  < 0.0001). The overall response 
rate was 85 %, with 10 and 13 patients achieving 
minor (<25 % decrease in IgM) and major (<50 % 
decrease in IgM) responses. Responses were 
prompt and occurred at median of 1.4 months. 
The median time to progression for all respond-
ing patients in this study was 7.9 (range 3–21.4+) 
months, and the most common grade III/IV tox-
icities occurring in >5 % of patients were sensory 
neuropathies (22.2 %), leukopenia (18.5 %), neu-
tropenia (14.8 %), dizziness (11.1 %), and throm-
bocytopenia (7.4 %). Importantly, sensory 
neuropathies resolved or improved in nearly all 
patients following cessation of therapy. As part of 
an NCI-Canada study, Chen et al.  [  152  ]  treated 
27 patients with both untreated (44 %) and previ-
ously treated (56 %) diseases. Patients in this 
study received bortezomib utilizing the standard 
schedule until they either demonstrated progres-
sive disease or 2 cycles beyond a complete 
response or stable disease. The overall response 

rate in this study was 78 %, with major responses 
observed in 44 % of patients. Sensory neuropathy 
occurred in 20 pts, 5 with grade >3, and occurred 
following 2–4 cycles of therapy. Among the 20 
patients developing a neuropathy, 14 patients 
resolved and one 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.  [  153  ]  observed 
major responses in 6 of 10 (60 %) previously 
treated WM patients, while Goy et al.  [  154  ]  
observed a major response in 1 of 2 WM patients 
who were included in a series of relapsed or 
refractory patients with non-Hodgkin’s lym-
phoma (NHL). The combination of bortezomib 
with steroids and/or rituximab has also been 
investigated and is discussed below.   

   Immunomodulatory Agents 

 Thalidomide as monotherapy and in combina-
tion with dexamethasone and/or clarithromycin 
has been examined in WM. Dimopoulos et al. 
 [  155  ]  demonstrated a major response in  fi ve of 
20 (25 %) previously untreated and treated 
patients who received single-agent thalidomide. 
Dose escalation from the thalidomide start dose 
of 200 mg daily was hindered by the develop-
ment of side effects, including the development 
of peripheral neuropathy in  fi ve patients obligat-
ing discontinuation or dose reduction. Low doses 
of thalidomide (50 mg orally daily) in combina-
tion with dexamethasone (40 mg orally once a 
week) and clarithromycin (250 mg orally twice a 
day) have also been examined, with 10 of 12 
(83 %) previously treated patients demonstrating 
at least a major response  [  156  ] . However, in a 
follow-up study by Dimopoulos et al.  [  157  ]  using 
a higher thalidomide dose (200 mg orally daily) 
along with dexamethasone (40 g orally once a 
week) and clarithromycin (500 mg orally twice a 
day), only two of ten (20 %) previously treated 
patients responded. Thalidomide, as well as 
lenalidomide, has also been investigated in com-
bination with rituximab and these studies are dis-
cussed below. 
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   Bendamustine 
 Bendamustine is a recently approved agent for 
the treatment of relapsed/refractory indolent non-
Hodgkin’s lymphoma (NHL). Bendamustine has 
structural similarities to both alkylating agents 
and purine analogues  [  158  ] . Bendamustine in 
combination with rituximab has been investigated 
in both previously untreated and relapsed/refrac-
tory WM patients and is discussed below.  

   Everolimus 
 Everolimus is an oral inhibitor of the mTOR 
pathway, which is approved for the treatment of 
renal cell carcinoma. The Akt-mTOR-p70 path-
way is active in WM, and inhibition of this path-
way leads to apoptosis of primary WM cells and 
WM cell lines  [  159,   160  ] . Fifty patients with a 
median of 3 prior therapies were treated with 
everolimus in a joint Dana Farber/Mayo Clinic 
study  [  161  ] . The overall response rate was 70 %, 
with 42 % of patients attaining a major response. 
The progression-free survival at 12 months was 
estimated to be 62 %. Grade 3 or higher related 
toxicities were observed in 56 % of patients with 
cytopenias constituting the most common toxic-
ity. Pulmonary toxicity occurred in 10 % of 
patients. Dose reductions due to toxicity occurred 
in 52 % of patients. 

 A clinical trial examining the activity of 
everolimus in previously untreated patients with 
WM was completed by the WMCTG  [  162  ] . 
While 67 % of patients achieved at least a minor 
response by consensus criteria which rely on 
paraprotein reduction, IgM discordance to under-
lying disease burden was seen in up to half of 
patients on this upfront study. Cytopenias, par-
ticularly anemia and thrombocytopenia, were 
common, and pneumonitis occurred in 15 % of 
patients.   

   Combination Strategies 

 Because rituximab is an active and a nonmyelo-
suppressive agent, its combination with various 
chemotherapeutic agents has been extensively 
explored in WM. The combination of CHOP 

(cyclophosphamide, doxorubicin, vincristine, 
prednisone) with rituximab (CHOP-R) was 
investigated in a randomized frontline study by 
the German Low Grade Lymphoma Study Group 
(GLSG) involving 69 patients, most of whom had 
WM  [  163  ] . 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. Dimopoulos et al.  [  164  ]  investigated 
the combination of rituximab, dexamethasone, 
and oral cyclophosphamide (RCD) as primary 
therapy in 72 patients with WM. 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 the 
salvage setting, the use of CHOP-R has been 
investigated in relapsed/refractory WM patients 
 [  165  ] . Among 13 evaluable patients, 10 patients 
achieved a major response (77 %) including 3 
CR and 7 PR, and 2 patients achieved a minor 
response. In a retrospective study, Ioakimidis 
et al.  [  166  ]  examined the outcomes of symptom-
atic WM patients who received CHOP-R, CVP-
R, or CP-R. Baseline characteristics for all 3 
cohorts were similar for age, prior therapies, bone 
marrow involvement, hematocrit, platelet count, 
and serum beta 2 microglobulin, though serum 
IgM levels were higher in patients treated with 
CHOP-R. The overall response rates to therapy 
were comparable for all three treatments: CHOP-R 
(96 %), CVP-R (88 %), and CP-R (95 %), though 
more CRs were observed among patients treated 
with either CVP-R or CHOP-R. Comparison 
of adverse events for these regimens showed a 
higher incidence for neutropenic fever as well as 
treatment-related neuropathy in patients receiving 
CHOP-R and CVP-R versus CPR. These results 
suggest that in WM, the use of doxorubicin and 
vincristine may be omitted in order to minimize 
treatment-related complications. 

 Combination therapy with nucleoside ana-
logues has been investigated as both  fi rst-line and 
salvage therapy in WM. Weber et al.  [  167  ]  admin-
istered rituximab along with cladribine and cyclo-
phosphamide to 17 previously untreated patients 
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with WM. At least a partial response was docu-
mented in 94 % of WM patients including a com-
plete response in 18 %. With a median follow-up 
of 21 months, no patient has relapsed. Laszlo 
et al.  [  168  ]  recently evaluated the combination of 
subcutaneous cladribine with rituximab in 29 
WM patients with either untreated or previously 
treated disease. Intended therapy consisted of 
rituximab on day 1 followed by subcutaneous 
cladribine 0.1 mg/kg for 5 consecutive days, 
administered monthly for 4 cycles. With a median 
follow-up of 43 months, the overall response rate 
observed was 89.6 %, with seven complete 
responses (CR), 16 partial responses, and three 
minor responses. Response activity was similar 
between untreated and previously treated patients. 
No major infections were observed despite the 
lack of antimicrobial prophylaxis. In a study by 
the WMCTG, the combination of rituximab and 
 fl udarabine was administered to 43 WM patients, 
32 (75 %) of whom were previously untreated 
 [  169  ] . The overall response rate was 95.3 %, and 
83 % of patients achieved a major response. The 
median time to progression was 51.2 months in 
this series, and was longer for those patients who 
were previously untreated and for those achiev-
ing at least a very good partial response. 
Hematological toxicity was common, particu-
larly neutropenia and thrombocytopenia. Two 
deaths occurred in this study due to non-pneumo-
cystis carinii pneumonia. Secondary malignan-
cies including transformation to aggressive 
lymphoma and development of myelodysplasia 
or AML were observed in 6 patients in this series. 
The addition of rituximab to  fl udarabine and 
cyclophosphamide has also been explored in the 
salvage setting by Tam et al.  [  170  ]  wherein 4 of 5 
patients demonstrated a response. Hensel et al. 
 [  171  ]  administered rituximab along with pen-
tostatin and cyclophosphamide to 13 patients 
with untreated and previously treated WM or 
lymphoplasmacytic lymphoma. A major response 
was observed in 77 % of patients. The addition of 
alkylating agents to nucleoside analogues has 
also been explored in WM. Weber et al.  [  167  ]  
administered two cycles of oral cyclophosph-
amide along with subcutaneous cladribine to 37 
patients with previously untreated WM. At least 

a partial response was observed in 84 % of 
patients and the median duration of response was 
36 months. Dimopoulos et al.  [  172  ]  examined 
 fl udarabine in combination with intravenous 
cyclophosphamide and observed partial responses 
in 6 of 11 (55 %) patients with either primary 
refractory disease or who relapsed on treatment. 
The combination of  fl udarabine plus cyclosphos-
phamide (FC) was also evaluated in a recent 
study by Tamburini et al.  [  173  ]  involving 49 
patients, 35 of whom were previously treated. 
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 toxicities. Two interesting 
 fi ndings in this study were the development of 
acute leukemia in 2 patients, histologic transfor-
mation to diffuse large cell lymphoma in one 
patient, and 2 cases of solid malignancies (pros-
tate and melanoma) as well as failure to mobilize 
stem cells in 4 of 6 patients. Tedeschi et al.  [  174  ]  
recently completed a multicenter study on 
 fl udarabine, cyclophosphamide, and rituximab 
(FCR) in symptomatic WM patients with 
untreated or relapsed/refractory disease to one 
line of chemotherapy. Treatment consisted of 
rituximab at 375 mg/m 2  on day 1,  fl udarabine at 
25 mg/m 2 , and cyclophosphamide at 250 mg/m 2  
by intravenous administration on days 2–4 every 
4 weeks. Forty-three patients were accrued to this 
study. The overall response rate was 89 %, with 
83 % of patients attaining a major remission and 
14 % a complete response. Prolonged neutrope-
nia was observed in up to a third of patients. With 
a median follow-up of 15 months, the median 
progression-free survival for this study has not 
been reached. 

 The combination of bortezomib, dexametha-
sone, and rituximab (BDR) has been investigated 
as primary therapy in patients with WM by the 
WMCTG. An overall response rate of 96 %, 
major response rate of 83 %, and complete attain-
ment in 22 % was observed with BDR  [  175  ] . The 
updated median progression-free survival in this 
study was >56.1 months. The incidence of grade 
3 neuropathy was 30 % in this study which uti-
lized a twice a week schedule for bortezomib 
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administration at 1.3 mg/m 2 . Peripheral neuropa-
thy from bortezomib was reversible in most 
patients in this study following discontinuation 
of therapy, and patients bene fi tted with pregaba-
lin. An increased incidence of herpes zoster was 
also observed with BDR prompting the use of 
prophylactic antiviral therapy. An alternative 
schedule for bortezomib administration (i.e., 
weekly at 1.6 mg/m 2 ) in combination with ritux-
imab and/or dexamethasone has been investi-
gated in several studies with overall response 
rates of 80–90 %  [  176–  178  ] . A lower incidence 
of peripheral neuropathy was observed in two 
studies using once a week bortzomib  [  172,   178  ] . 
The impact of once versus twice a week borte-
zomib administration on progression-free sur-
vival remains to be clari fi ed. 

 The combination of immunomodulator agents 
(thalidomide, lenalidomide) with rituximab was 
investigated by the WMCTG. Thalidomide was 
administered at 200 mg daily for 2 weeks, fol-
lowed by 400 mg daily and thereafter for 1 year. 
Patients received four weekly infusions of ritux-
imab at 375 mg/m 2  beginning 1 week after initia-
tion of thalidomide, followed by four additional 
weekly infusions of rituximab at 375 mg/m 2  
beginning at week 13. The overall and major 
response rate was 72 and 64 %, respectively, and 
the median time to progression was 38 months in 
this series  [  179  ] . Dose reduction and/or discon-
tinuation of thalidomide was common and mainly 
attributed to treatment-related neuropathy. The 
investigators concluded in this study that lower 
doses of thalidomide (i.e., 50–100 mg/day) should 
be considered in this patient population. The 
combination of lenalidomide with rituximab was 
investigated by the WMCTG using lenalidomide 
at 25 mg daily on a syncopated schedule wherein 
therapy was administered for 3 weeks, followed 
by a 1-week pause for an intended duration of 48 
weeks  [  180  ] . Patients received 1 week of therapy 
with lenalidomide, after which rituximab 
(375 mg/m 2 ) 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 TTP for responders was 18.9 
months. In two patients with bulky disease, 
signi fi cant reduction in extramedullary disease 

was observed. However, an acute decrease in 
hematocrit was observed during  fi rst 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 hospitalizations in 4 patients. Despite dose 
reduction, most patients in this study continued to 
demonstrate aggravated anemia with lenalido-
mide. There was no evidence of hemolysis or 
more general myelosuppression with lenalido-
mide 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. 

 The use of bendamustine in combination with 
rituximab was explored by Rummel et al.  [  181  ]  in 
the frontline therapy of WM. As part of a random-
ized study, patients received 6 cycles of benda-
mustine plus rituximab (Benda-R) or CHOP-R. 
A total of 546 patients were enrolled in this study 
for indolent NHL patients and included 40 patients 
with WM. Patients on the Benda-R arm received 
bendamustine at 90 mg/m 2  on days 1 and 2 and 
rituximab at 375 mg/m 2  on day 1 with the fre-
quency of 4 weeks for each cycle. The overall 
response rate was 96 % for Benda-R and 94 % for 
CHOP-R-treated patients. With a median obser-
vation period of 26 months, 20/23 (87 %) Benda-R 
versus 9/17 (53 %) CHOP-R-treated WM patients 
remain free of progression. Importantly, Benda-R 
was associated with a lower incidence of grade 3 
or 4 neutropenia, infectious complications, and 
alopecia. In the salvage setting, the outcome of 30 
WM patients with relapsed/refractory disease 
who received bendamustine alone or with a 
CD20-directed antibody was reported by Treon 
et al.  [  182  ] . An overall response rate of 83.3 % 
and a median progression-free survival of 13.2 
months were reported in this study. Overall, ther-
apy was well tolerated though prolonged myelo-
suppression occurred in patients who received 
prior nucleoside analogue therapy.  

   Maintenance Therapy 

 A role for maintenance rituximab in WM patients 
following response to a rituximab-containing 
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regimen was raised in a study examining the out-
come of 248 WM rituximab-naïve patients who 
were either observed or received maintenance 
rituximab  [  183  ] . In this retrospective study, cate-
gorical responses improved in 16/162 (10 %) of 
observed patients and in 36/86 (41.8 %) of 
patients who received maintenance rituximab 
following induction therapy. Both progression-
free (56.3 vs. 28.6 months) and overall survivals 
(>120 vs. 116 months) were longer in patients 
who received maintenance rituximab. Improved 
progression-free survival was evident despite 
previous treatment status, induction with ritux-
imab alone or in combination therapy. Best serum 
IgM response was lower and hematocrit higher in 
those patients receiving maintenance rituximab. 
Among patients receiving maintenance ritux-
imab, an increased number of infectious events, 
predominantly sinusitis and bronchitis, were 
observed, though were mainly grade 1 or 2.  

   High-Dose Therapy and Stem 
Cell Transplantation 

 The use of stem cell transplantation (SCT) ther-
apy has also been explored in patients with WM. 
Desikan et al.  [  184  ]  reported their initial experi-
ence of high-dose chemotherapy and autologous 
stem cell transplant, which has more recently 
been updated by Munshi et al.  [  185  ] . Their stud-
ies involved eight previously treated WM 
patients between the ages of 45 and 69 years 
who received either melphalan at 200 mg/m 2  or 
melphalan at 140 mg/m 2  with total body irradia-
tion. Stem cells were successfully collected in 
all eight patients, although a second collection 
procedure was required for two patients who had 
extensive previous nucleoside analogue expo-
sure. There were no transplant-related mortali-
ties and toxicities were manageable. All eight 
patients responded, with 7 of 8 patients achiev-
ing a major response and one patient achieving a 
complete response with durations of response 
raging from 5+ to 77+ months. Dreger et al. 
 [  186  ]  investigated the use of the DEXA-BEAM 
(dexamethasone, BCNU, etoposide, cytarabine, 

melphalan) regimen followed by myeloablative 
therapy with cyclophosphamide, and total body 
irradiation and autologous stem cell transplanta-
tion in seven WM patients, which included four 
untreated patients. Serum IgM levels declined 
by >50 % following DEXA-BEAM and myeloab-
lative therapy for 6 of 7 patients, with progres-
sion-free survival ranging from 4+ to 30+ 
months. All three evaluable patients who were 
previously treated also attained a major response 
in a study by Anagnostopoulos et al.  [  187  ]  
wherein WM patients received various prepara-
tive regimens and demonstrated event-free sur-
vivals of 26+, 31, and 108+ months. Tournilhac 
et al.  [  188  ]  recently reported the outcome of 18 
WM patients in France who received high-dose 
chemotherapy followed by autologous stem cell 
transplantation. 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 PR to CR, one SD to PR), 
while only one patient demonstrated progressive 
disease. The median event-free survival for all 
nonprogressing patients was 12 months. 
Tournilhac et al.  [  188  ]  have also reported the 
outcome of allogeneic transplantation in ten pre-
viously treated WM patients (ages 35–46) who 
received a median of three prior therapies, 
including three patients with progressive disease 
despite therapy. Two of three patients with pro-
gressive disease responded, and an improvement 
in response status was observed in  fi ve patients. 
The median event-free survival for nonprogress-
ing, evaluable patients was 31 months. 
Concerning in this series was the death of three 
patients owing to transplantation related toxicity. 
Anagnostopoulos et al.  [  189  ]  have also reported 
on a retrospective review of WM patients who 
underwent either autologous or allogeneic trans-
plantation 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 at 3 years was 29 % in 
the allogeneic group and 24 % in the autologous 
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group. Nonrelapse mortality however was 40 % 
in the allogeneic group and 11 % in the autolo-
gous group in this series. 

 Kyriakou et al.  [  190  ]  reported on the outcome 
of WM patients in the European Bone Marrow 
Transplant (EBMT) registry who received either 
an autologous or allogeneic SCT. Among 158 
patients receiving an autologous SCT, which 
included primarily relapsed or refractory patients, 
the 5-year progression-free and overall survival 
rate were 39.7 and 68.5 %, respectively. 
Nonrelapse mortality at 1 year was 3.8 %. 
Chemorefractory disease and the number of prior 
lines of therapy at time of the autologous SCT 
were the most important prognostic factor for 
progression-free and overall survival. The 
achievement of a negative immuno fi xation after 
autologous SCT had a positive impact on pro-
gression-free survival. When used as consolida-
tion at  fi rst response, autologous transplantation 
provided a progression-free survival of 44 % at 5 
years. In the allogeneic SCT experience from the 
EBMT, the long-term outcome of 86 WM patients 
was reported by Kyriakou  [  191  ] . A total of 86 
patients received allograft by either myeloabla-
tive ( n  = 37) or reduced-intensity ( n  = 49) condi-
tioning. The median age of patients in this series 
was 49 years, and 47 patients had three or more 
previous lines of therapy. Eight patients failed 
prior autologous SCT. Fifty-nine patients (68.6 %) 
had chemotherapy-sensitive disease at the time of 
allogeneic SCT. Nonrelapse mortality at 3 years 
was 33 % for patients receiving a myeloablative 
transplant and 23 % for those who received 
reduced-intensity conditioning. The overall 
response rate was 75.6 %. The relapse rates at 3 
years were 11 % for myeloablative and 25 % for 
reduced-intensity conditioning recipients. Five-
year progression-free and overall survival for 
WM patients who received a myeloablative allo-
geneic SCT were 56 and 62 % and for patients 
who received reduced-intensity conditioning 
were 49 and 64 %, respectively. The occurrence 
of chronic graft-versus-host disease was associ-
ated with improved progression-free survival and 
suggested the existence of a clinically relevant 
graft-versus-WM effect in this study.   

   Response Criteria in Waldenstrom’s 
Macroglobulinemia 

 As part of the International Workshops on WM, 
consensus panels developed guidelines for uni-
form response criteria in WM  [  192,   193  ] . The 
category of minor response was adopted at the 
Third International Workshop of WM, given that 
clinically meaningful responses were observed 
with newer biological agents and is based on >25 
to <50 % decrease in serum IgM level, which is 
used as a surrogate marker of disease in WM. At 
the Sixth International Workshop on WM, the 
categorical response of very good partial response 
(VGPR), i.e., 90 % reduction in IgM levels, was 
adopted given reports of improved clinical out-
come associated with VGPR or better response 
achievement  [  146,   169,   175,   190  ] . In distinction, 
the term major response is used to denote a 
response of >50 % in serum IgM levels and 
includes partial or better responses  [  193  ] . 
Response categories and criteria for progressive 
disease in WM based on consensus recommenda-
tions are summarized in Table  5.4   [  194  ] .  

 An important concern with the use of IgM as a 
surrogate marker of disease is that it can  fl uctuate, 
independent of tumor cell killing, particularly 
with biologically targeted agents such as ritux-
imab, bortezomib, and everolimus  [  140–  142,   151, 
  162,   195  ] . Rituximab induces a spike or  fl are in 
serum IgM levels which can occur when used as 
monotherapy and in combination with other 
agents including cyclophosphamide, nucleoside 
analogues, thalidomide, and lenalidomide, and 
last for several weeks to months  [  140–  142,   166, 
  179,   180,   196  ] , whereas bortezomib and everoli-
mus can suppress IgM levels independent of 
tumor cell killing in certain patients  [  151,   162,   196  ] . 
Moreover, Varghese et al.  [  197  ]  showed that in 
patients treated with selective B-cell depleting 
agents such as rituximab and alemtuzumab, resid-
ual IgM-producing plasma cells are spared and 
continue to persist, thus potentially skewing the 
relative response and assessment to treatment. 
Therefore, in circumstances where the serum IgM 
levels appear out of context with the clinical prog-
ress of the patient, a bone marrow biopsy should 
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be considered inorder to clarify the patient’s 
underlying disease burden. Soluble CD27 may 
serve as an alternative surrogate marker in WM 
and remains a faithful marker of disease in patients 
experiencing a rituximab-related IgM  fl are as well 
as plasmapheresis  [  40,   198  ] .      
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Abstract

Extranodal marginal zone lymphoma (MALT lymphoma) comprises 
approximately 8 % of non-Hodgkin’s lymphomas. Recurrent karyotype 
abnormalities, despite involving different genes, appear to affect the same 
signalling pathway, resulting in the activation of nuclear factor-kappa B 
(NF-kB). The most common site of MALT lymphoma is the stomach, 
although involvement may occur at any other site. MALT lymphomas 
mostly arise at sites normally devoid of lymphoid tissue and are often pre-
ceded by chronic inflammatory conditions. There is a convincing evidence 
of the pathogenetic role of Helicobacter pylori in gastric lymphoma, and 
other infectious agents may also have a pathogenetic role in other anatomi-
cal sites. H. pylori eradication with antibiotics can lead to the regression of 
localized gastric MALT lymphoma in over 75 % of patients. Treatment of 
non-gastric localizations with antibiotics remains mainly investigational. 
Patients who do not respond to antibiotic therapy may be considered for 
localized radiotherapy. Chemotherapy and immunotherapy can be effective 
in patients with disseminated disease. Several active drugs have been tested 
in phase II trials. The efficacy of the combination of rituximab with 
chlorambucil in either non-gastric or gastric antibiotic-resistant MALT 
lymphoma has been shown in a randomized study. Aggressive anthracy-
cline-containing regimens are not usually necessary and should be reserved 
for the few patients with high tumor burden and for those with diffuse large-cell 
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Definition and Classification  
of Marginal Zone Lymphomas

The 2008 edition of the World Health 
Organization (WHO) classification of tumors of 
hematopoietic and lymphoid tissues incorpo-
rated the extranodal marginal zone B-cell lym-
phoma of mucosa- associated lymphoid tissue 
(MALT), currently named MALT lymphoma, 
alongside two other distinct entities, namely, the 
nodal marginal zone B-cell lymphoma and the 
splenic marginal zone B-cell lymphoma [1, 2].

Epidemiology of Malt Lymphoma

Primary splenic and nodal marginal zone B-cell 
lymphomas (MZL) are quite rare, each compris-
ing approximately 1–2 % of lymphomas, while 
MALT lymphomas are not uncommon, repre-
senting approximately 8 % of the total number of 
cases of non-Hodgkin’s lymphoma [3].

The term MALT lymphoma was used for the 
first time by Isaacson and Wright in 1983 to 
describe indolent gastrointestinal (GI) lymphomas 
with common histological features consisting in 
the presence of an invasive epithelial lymphoid 
infiltrate and a dense noninvasive plasma cell 
infiltrate in the lamina propria, thus suggesting 
that MALT represents the tissue of origin of these 
lymphomas [4]. Different organs (stomach, thy-
roid, salivary glands, lung, and others) have then 
been identified where chronic antigenic stimuli, 
represented mainly by chronic infections (such as 
Helicobacter pylori in the stomach) or autoim-
mune disorders (such as Hashimoto’s thyroiditis 
or Sjögren’s syndrome), can induce an acquired 
lymphoid tissue (absent in normal conditions) that 
could then give origin to a MALT lymphoma [5].

There is convincing evidence of the pathoge-
netic role Helicobacter pylori in gastric lym-
phoma [6, 7]. A very high prevalence (70–90 % 
of cases) of H. pylori infection has been reported 
in gastric MALT lymphomas [8, 9]. The highest 
incidence of gastric MALT lymphoma has been 
reported in northeastern Italy (13.2 per 100,000 
per year, 13 times higher than in corresponding 
communities in the United Kingdom), indicating 
important geographic variations [10]. In the 
United States, the incidence of gastric MALT 
lymphoma has been estimated as between 
1:30,000 and 1:80,000 in the H. pylori-infected 
population [6]. Besides acting via a chronic stim-
ulation, there are also data suggesting a possible 
direct role of H. pylori on B cells [11].

Other infectious agents have been linked to 
non-gastric MZL (Borrelia burgdorferi in cuta-
neous lymphomas, Chlamydophila psittaci in the 
lymphoma of the ocular adnexa, hepatitis C virus 
in splenic and nodal MZLs) [12–16], but the 
strength of these associations shows great and not 
completely explained geographic variations.

The risk of developing MALT lymphoma appears 
significantly increased in individuals affected by 
autoimmune disorders, especially Sjögren’s syn-
drome and systemic lupus erythematosus [17].

The immunoproliferative small intestinal dis-
ease (IPSID) is a special variant of MALT lym-
phoma that occurs mainly in the Middle East, 
especially in the Mediterranean area where the 
disease is endemic, affecting young adults of 
both sexes, but predominantly the males [18]. It 
was known since the 1970s that durable remis-
sions can be obtained in early phases of IPSID 
with antibiotic treatment, but only in 2004, Lecuit 
and coll. have demonstrated the presence of a 
specific pathogen, linking this lymphoma to 
Campylobacter jejuni [19].

infiltration. These latter, indeed, should be treated according to the recom-
mendations for diffuse large-cell lymphoma.

Keywords

MALT lymphoma • Helicobacter pylori • Rituximab • Marginal zone lymphoma 
• Radiotherapy
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Pathology

MALT lymphomas can present with evident 
tumorous masses, but most often, they are macro-
scopically indistinguishable from the underlying 
inflammatory lesion. MALT lymphomas are 
often multifocal with small clonally identical iso-
lated foci of lymphoma [20].

MALT lymphoma is defined as an extran-
odal lymphoma composed of heterogeneous B  
cells including centrocyte-like (monocytoid) 
cells, small lymphocytes, and scattered large cells 
(immunoblasts and centroblast-like cells) [1].  
A degree of plasma cell differentiation is a com-
mon feature. Tumor cells can appear as a monot-
onous cell population or a heterogenous po p ula  tion 
containing the different cytological types in vari-
ous quantities. The number of scattered large B 
cells varies, but the latter usually represent only a 
small percentage of the whole neoplastic cell 
population. The prognostic significance of the 
number of the large cells is not fully understood. 
However, importantly, in the presence of solid or 
sheet-like proliferations of the blast cells, the 
diagnosis of an associated diffuse large B-cell 
lymphoma (DLBCL) must be made and not any-
more of a “high-grade” MALT lymphoma [1]. 
Nonneoplastic T cells are frequently admixed 
with the lymphoma cells.

MALT lymphoma cells can infiltrate the 
mucosal crypts and glands forming lymphoepi-
thelial lesions. These are constituted by aggre-
gates of neoplastic lymphocytes inside glandular 
epithelium, typically determining disruption or 
necrosis of the epithelium. Stains for cytokeratin 
can help in the identification of lymphoepithelial 
lesions [1], which are highly characteristic of 
MALT lymphoma, especially gastric lymphoma, 
but not pathognomonic, and their presence is use-
ful but not essential for the diagnosis, since they 
could be detected in other lymphoma subtypes 
[21, 22] and in some reactive conditions [23, 24].

There is currently no specific immunohis-
tochemical marker for MALT lymphoma. The 
tumor cells typically express sIg (IgM, less often 
IgA or IgG) and are positive for CD20, CD79a, 
CD21, and CD35 and negative for CD5, CD23, 
CD10, and cyclin D1. The immunoglobulin light 

chain restriction is often difficult to be demon-
strated in small bioptic samples.

Genetic Lesions

MALT lymphoma presents somatically mutated 
immunoglobulin heavy chain (IGHV) genes in all 
the cases. The pattern of somatic hypermutation 
and IGHV rearrangements strongly suggest that 
lymphoma cells have undergone antigen selection 
in germinal centers [25, 26]. Moreover, the pres-
ence of ongoing mutations within the IGHV 
(intraclonal variation) is suggestive of the fact that 
the lymphoma cells expansion might still be anti-
gen driven. In addition, MALT lymphoma cells 
often express antibodies with specificity towards 
self-antigens [27–29]. Thus, it is assumed that, in 
the context of such a continual antigenic stimula-
tion, abnormal B-cell clones acquiring subsequent 
genetic lesions would progressively replace the 
normal lymphocytes of the inflammatory tissue 
originating the lymphoma. Recognition of this 
antigenic drive has relevant therapeutic implica-
tions given the pathogenetic role possibly associ-
ated with some infections [6, 7, 12, 13].

A limited number of recurrent genomic 
lesions, including chromosomal translocations 
and unbalanced genomic aberrations, are present 
in MALT lymphomas [30–42] (Table 6.1).

The most common translocation is the t(11;18)
(q21;q21), which determines the reciprocal fusion 
of BIRC3—previously named cellular inhibitor 
of apoptosis protein 2 (cIAP2)—on 11q21 with 
MALT1 on 18q21 [30, 42, 43]. MALT lymphoma 
cases bearing the t(11;18) have a low probability 
of response to antibiotics, present with a more 
advanced disease, and, if with a primary gastric 
localization, are usually H. pylori negative [44–
46]. On the other hand, in t(11;18)-positive cases, 
translocation may present a lower risk of trans-
formation to DLBCL [47].

The t(14;18)(q32;q21) translocation juxta-
poses the MALT1 gene to the promoter region of 
the IGHV genes with subsequent MALT1 deregu-
lation [32]. Importantly, this translocation is 
cytogenetically virtually identical to the one tar-
geting BCL2 in follicular lymphoma or DLBCL, 
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requiring fluorescence in situ (FISH) to distin-
guish them.

The t(1;14)(p22;q32) translocation causes a 
constitutively high level of expression of the 
BCL10 gene due to the juxtaposition to the pro-
moter region of the IGHV genes [31]. MALT 
lymphomas carrying this translocation have a 
high BCL10 nuclear expression, which is 
observed in t(11;18)-positive cases and in other 
patients as well [45, 46, 48, 49].

Differently from the t(11;18) and the t(14;18), 
the third translocation which has been described 
in MALT lymphomas, the t(3;14)(p13;q32), is not 
strictly specific for this lymphoma subtype, being 
observed also in DLBCL [33, 40]. The t(3;14) 
juxtaposes FOXP1, coding for a transcription fac-
tor, next to the enhancer region of the IGHV genes. 
A high expression of FOXP1 has been associated 
with a poor outcome in both DLBCL and in 
MALT lymphomas, and among the latter, it could 
be associated with a higher risk of transformation 
to an aggressive lymphoma [50, 51].

Additional less characterized translocations, 
such as the t(9;14)(9p24;q32), juxtaposing JMJD2C, 
coding for a histone demethylase recently shown to 
be target of recurrent DNA amplifications in pri-
mary mediastinal B-cell lymphoma and in 
Hodgkin’s lymphoma [52], to the IGHV promoter 
regions, are still poorly characterized [53].

Similarly to nodal and splenic MZL, also MALT 
lymphomas present gains of the whole chromo-
somes 3 and 18 or of their long arms at a frequency 
higher than other B-cell tumors [35, 36, 54]. Also, 
a new recurrent 6q23.3 deletion has been described, 
which, together with somatic mutations, inactivates 
the TNFAIP3/A20 gene [36, 55–57]. The high prev-
alence of gains affecting chromosomes 3 and 18 
with the lack of other lesions such as deletions at 
7q31 (common in splenic MZL), at 13q14.3 (com-
mon in chronic lymphocytic leukemia), or at 11q22 
(common in chronic lymphocytic leukemia or 
mantle cell lymphoma) can help in the differential 
diagnosis of MALT lymphomas from other indo-
lent lymphomas.

Of interest, at least four of the recurrent lesions 
observed in MALT lymphomas (TNFAIP3 inacti-
vation, BIRC3-MALT1, IGHV-BCL10, IGHV-
MALT1) determine the activation of the nuclear 

factor kappa B (NF-kB) pathway, which can rep-
resent a therapeutic target [58]. The chromosomal 
translocations are mutually exclusive and differ-
ently from 3/3q and 18/18q gains and losses at 
6q23, they present differences in their anatomical 
distribution [34, 38, 39].

Clinical Features

MALT lymphoma affects adults and the median 
age at presentation is around 60 years, with a slight 
preponderance among females. Pediatric cases are 
extraordinarily rare. Constitutional B symptoms 
are extremely uncommon, while the presenting 
symptoms are determined by the primary location 
of the disease. The stomach is the commonest 
localization, representing about one-third of the 
cases, but extranodal MZLs have been described 
in nearly all organs and tissues. Other typical pre-
sentation sites include the salivary glands, the 
orbit, the thyroid, and the lung; the frequency at 
different organs is shown in Table 6.2. Elevated 
[59–64] levels of lactate dehydrogenase (LDH) or 
b[beta]2 microglobulin are not usually detected.

As above-mentioned, MALT lymphoma is 
often multifocal, possibly explaining the reports of 
relapses in the gastric stump after the lymphoma 
surgical excision. MALT lymphoma tends to 
remain localized within the tissue of origin for a 
long period of time. However, dissemination to 
multiple sites has been reported in up to one-quar-
ter of cases, with either synchronous or metachro-
nous involvement of multiple mucosal sites or 
non-mucosal sites. Gastric MALT lymphoma can 
disseminate to the small intestine and to the splenic 
marginal zone. Concomitant gastrointestinal (GI) 
and non-GI localization occurs in about 10 % of 
cases. Disseminated disease appears to be more 
common in non-GI MALT lymphomas, in which 
it has been reported in up to 25 % of the patients. 
The disease can also involve regional lymph nodes. 
Bone marrow involvement is reported in approxi-
mately 10–20 % of cases [65, 66].

MALT lymphoma has a favorable outcome, 
with more than 85 % of overall survival at 5 years 
in most series. Patients with lymph node or bone 
marrow involvement at presentation, but not 
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those with involvement of multiple mucosal sites, 
are associated with a worse prognosis [59]. 
Recurrences involve either extranodal or nodal 
sites. The median time to progression has been 
reported to be better for GI than for non-GI lym-
phomas, but without significant differences in 
overall survival. Indeed, despite presenting more 
often with stage IV disease, non-GI MALT lym-
phomas have usually a relatively indolent course, 
regardless of treatment type, but they relapse 
(most often at other mucosal sites) more com-
monly than primary gastric cases.

Localization may have prognostic relevance 
due to organ-specific clinical problems requiring 
specific management strategies but also because 
of different pathogenetic mechanisms, as sug-
gested by the different frequency of chromosomal 
translocations at distinct anatomic locations. In a 
radiotherapy study from Toronto, gastric and thy-
roid MALT lymphomas had the best outcome 
[67, 68]. In a study of the International Extranodal 
Lymphoma Study Group (IELSG), patients with 
disease initially presenting in the upper airways 
presented a slightly poorer outcome, but no 
definitive conclusion could be made due to their 
small number [59].

Histological transformation to DLBCL occurs 
in about 10 % of the cases, apparently less than in 
other indolent lymphomas, sometimes late dur-
ing the course of the disease and independently 
from dissemination [60, 69, 70]. It is unknown 

whether different anatomical sites have different 
incidence of transformation.

Recommended Staging Procedures

Different alternative staging systems have been 
proposed, but there is no general consensus on 
the best one to be used for extranodal lympho-
mas. Since patients presenting with lymphoma 
disseminated at multiple mucosal sites may have 
a favorable outcome not dissimilar from patients 
with localized disease, the traditional Ann Arbor 
staging system, which is mainly based on the 
extension of nodal areas, is not optimal.

Outside clinical trials, staging procedures 
should be tailored to the individual patient accord-
ing to the clinical conditions (localization, age, 
intended treatment, performance status, symp-
toms). Staging procedures should always comprise 
a complete clinical history and physical examina-
tion with a careful evaluation of all lymph node 
regions, inspection of the upper airway and tonsils, 
thyroid examination and clinical evaluation of the 
size of liver and spleen [71]. Standard chest radio-
graphs and a computed tomography (CT) scan of 
thorax, abdomen, and pelvis should be performed. 
Bone marrow biopsy should be performed at diag-
nosis, particularly in non-gastric cases [61, 64]. 
Laboratory tests should include complete blood 
counts with cytological examination, LDH and 

Table 6.2 Main clinical features of MALT lymphomas at different anatomical sites [59–64]

Extranodal site Frequency (%)
Nodal 
involvement

Bone marrow 
involvement (%) Stage I (%)

Elevated  
LDH (%)

5-year overall 
survival

Stomach 33 4 % 8 88 2 82–88 %
Intestine 3–9 44 0 56 11 59–100 %
Ocular adnexa 10–12 10 % 13 84 26 90–94 %
Salivary glands 16 11 % 9 83 17 96–100 %
Lung 6–10 27 % 7 60 27 84–100 %
Upper airways 5–10 33 % 33 50 42 46–80 %
Breast 2–3 0 % 0 100 33 100 %
Thyroid 4 40 % 0 60 10 100 %
Skin 8–10 0 9 82 9 84–100 %
Multiple mucosal 
sites, with or without 
nodal and/or bone 
marrow involvement

10–30 45 % 33 Not applicable 26 77 % 
(43–93)
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b[beta]2 microglobulin levels, evaluation of renal 
and liver function, and HCV and HIV serology. 
The utility of positron-emission tomography (PET) 
scanning remains unclear with conflicting reports 
on 18-FDG avidity of extranodal marginal zone 
lymphomas, and, thus, the exam is not currently 
recommended [71]. Then, depending upon the 
particular clinical presentation, the investigations 
should focus on the specific organs suspected of 
being involved (Table 6.3).

Diagnosis and Management  
of Gastric MALT Lymphoma

The most common symptoms of gastric MALT 
lymphoma are nonspecific upper GI complaints 
(dyspepsia, pain, nausea) or manifestations of occult 
chronic GI bleeding (anemia). The endoscopy fre-
quently reveals nonspecific gastritis or peptic ulcer; 
mass lesions are unusual, and diagnosis is made on 
histological examination of gastric biopsies.

The best staging system is still controversial. 
We have largely used a modification of the 
Blackledge system known as the “Lugano” stag-
ing system [72] (Table 6.4) [72–74]. However, it 
does not accurately describe the depth of 
infiltration in the gastric wall, a parameter that is 
highly predictive for the MALT lymphoma 
response to anti-Helicobacter therapy [75].

Besides the above-presented procedures, there 
is a general consensus that initial staging for pri-
mary gastric MALT lymphoma should include a 
gastroduodenal endoscopy, with multiple biopsies 
from each region of the stomach, duodenum, and 
gastroesophageal junction, and from any abnormal-
appearing site [71, 75]. Fresh biopsy and washing 
material should be available for cytogenetic studies 
in addition to routine histology and immunohis-
tochemistry. FISH analysis or a molecular assay for 
the detection of t(11;18) can identify disease that is 
unlikely to respond to antibiotic therapy. The pres-
ence of active infection must be determined by his-
tochemistry (Genta stain or Warthin-Starry stain) 
and breath test; serology studies are recommended 
when the results of histology are negative [75]. 
Endoscopic ultrasound is recommended in the ini-
tial follow-up for evaluation of depth of infiltration 
and presence of perigastric lymph nodes, parame-
ters highly predictive of unresponsiveness to anti-
Helicobacter therapy [71, 75].

H. pylori Eradication in Gastric  
MALT Lymphoma

Up to the early 1990s, the standard approach for gas-
tric MALT lymphoma was represented by surgical 
resection, often with adjuvant radiotherapy or che-
motherapy. With the identification of H. pylori as the 

Table 6.3 MALT lymphoma staging for non-gastric presentations

Extranodal site Recommended additional investigations

Small intestine (IPSID) Endoscopy
Small bowel series (double-contrast X-ray examination of the small intestine)
Campylobacter jejuni search in the tumor biopsy by PCR, immunohistochemistry, 
or in situ hybridization

Large intestine Colonoscopy
Lung Bronchoscopy + bronchoalveolar lavage
Salivary gland, tonsils, parotid ENT examination and echography
Thyroid Echography+/− CT scan of the neck

Thyroid function tests
Ocular adnexa MRI (or CT scan)

Ophthalmologic examination
Chlamydophila psittaci in the tumor biopsy and blood mononuclear cells by PCR

Breast Mammography and MRI (or CT scan)
Skin Borrelia burgdorferi in the tumor biopsy by PCR

PCR polymerase chain reaction, ENT ear, nose, throat, CT computed tomography, MRI magnetic resonance imaging
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etiologic agent of most cases and the initial reports of 
lymphoma regression following antibiotics [76–78], 
a fundamental change took place in the management 
of patients with gastric MALT lymphoma, and erad-
ication of H. pylori became the standard primary 
treatment procedure. Several groups have confirmed 
the achievement of durable lymphoma remissions in 
60–100 % of patients with localized (i.e., confined 
to the gastric wall) H. pylori-positive gastric MALT 
lymphoma treated with antibiotics [70, 75, 79–87]. 
Differences in the response criteria adopted in the 
individual studies to evaluate the lymphoma eradica-
tion after antibiotics therapy may explain the wide 
range of reported remission rates. Indeed, there are 
no uniform criteria for the definition of histological 
remission, and the interpretation of residual lym-
phoid infiltrate in posttreatment gastric biopsies 
can be hard [88, 89]. A histological grading system 
has been developed to provide relevant information 
to the clinician [89, 90]. This system, summarized 
in Table 6.5 [90] and validated [91] in a series of 
patients form a multicenter clinical trial, might 
become a useful tool once its reproducibility will be 
confirmed on independent series [75].

Histological remission is sometimes achieved 
within 6 months from H. pylori eradication, but 
sometimes it can take up to more than 1 year. Due 
to the protracted process of lymphoma regression, 

it seems reasonable that asymptomatic patients 
with regressing or stable lymphoma may be 
observed safely. However, how long should these 
patients be expectantly observed (with repeat 
endoscopy) is still an unanswered practical ques-
tion. Generally, if lymphoma is still present for 
over 1 year, many patients and clinicians would 
consider a different treatment [79, 92].

Several effective programs (Table 6.6  [93–95]) 
are available for the treatment of H. pylori infec-
tion, and the choice should be based on the epide-
miology of the infection in the different countries, 
taking into account the locally expected antibiotic 
resistance [94, 95]. The most common regimen 
used for H. pylori eradication is triple therapy 
with a proton pump inhibitor (e.g., omeprazole, 
lansoprazole, pantoprazole, or esomeprazole) in 
association with clarithromycin and either amoxi-
cillin or metronidazole. In case of failure, bis-
muth-based quadruple therapy is recommended. 
In areas where the incidence of clarithromycin 
resistance is known to be high, it is recommended 
either to avoid the drug or to test H. pylori sensi-
tivity before using it [75, 93, 94]. The length of 
treatment is controversial, but treatment given for 
10–14 days seems to allow better results compared 
to 7 days. The attainment of H. pylori eradication 
should be checked by breath test at least 6 weeks 

Table 6.4 Comparison of the Lugano and Paris staging systems for gastric lymphoma with the Ann Arbor stage

Lugano staging system [72]
Ann Arbor 
stage [74]

Paris staging  
system [73] Lymphoma extension

Stage I = confined to the  
gastrointestinal tract (single primary  
or multiple, non-contiguous)

IE T1m N0 M0 Mucosa
T1sm N0 M0 Submucosa
T2 N0 M0 Muscularis propria
T3 N0 M0 Serosa

Stage II = extending into abdomen IIE T1–3 N1 M0 Perigastric lymph nodes
 II

1
 = local nodal involvement T1–3 N2 M0 More distant regional nodes

 II
2
 = distant nodal involvement

Stage II
E
 = penetration of serosa to 

involve adjacent organs or tissues
IE T4 N0–2 M0 Invasion of adjacent structures with or 

without abdominal lymph nodes
Stage IV = concomitant supradia-
phragmatic nodal involvement or 
disseminated extranodal involvement

IIIE T1–4 N3 M0 Extra-abdominal lymph nodes and/or 
additional distant (noncontinuous) 
gastrointestinal sites or non-
 gastrointestinal sites

IVE T1–4 N0–3 M1 Bone marrow not assessed
T1–4 N0–3 M2 Bone marrow not involved
T1–4 N0–3 M0–2 BX Bone marrow involvement
T1–4 N0–3 M0–2 B0
T1–4 N0–3 M2 B1
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after eradication therapy and at least 2 weeks after 
withdrawal of the proton pump inhibitor [75].

In a randomized study, chlorambucil conferred 
no benefit after antibiotics in terms of both progres-
sion-free survival and overall survival, although the 
statistical power of the study was limited from not 
having reached the planned accrual [86].

Predictors of Reduced Response  
to H. pylori Eradication

A clear prerequisite for a response to antibiotics is 
the presence of the H. pylori infection. In two series 
that included H. pylori-positive and negative 
patients, none of the H. pylori-negative lymphomas 
responded to antibiotic therapy [79, 80]. Hence, it is 

questionable whether patients with no evidence of 
active H. pylori infection will benefit from a thera-
peutic trial with antibiotics. On the other hand, there 
are reports of lymphoma regression following anti-
biotics also in H. pylori-negative patients [70, 96], 
and it might be worthwhile to consider an antibiotic 
treatment also in H. pylori-negative patients, at least 
in those without the t(11;18) translocation. The rea-
sons are that H. pylori may have been missed by the 
diagnostic tests or that other microorganisms (e.g., 
the H. heilmannii group) may be involved [97, 98].

Several other factors have been reported to 
predict the likelihood of gastric MALT Lymphoma 
regression following antibiotic therapy.

The response rates of lymphomas restricted to 
the gastric mucosa are significantly different from 
those with less superficial lesions and are highest 

Table 6.5 GELA grading system to define the histological response of gastric MALT lymphoma after H. pylori 
  eradication [90]

Response (score) Description Histological characteristics

CR Complete histological 
remission

Normal or empty LP and/or fibrosis with absent or scattered 
plasma cells and small lymphoid cells in the LP, no LEL

pMRD Probable minimal residual 
disease

Empty LP and/or fibrosis with aggregates of lymphoid cells or 
lymphoid nodules in the LP/MM and/or SM, no LEL

rRD Responding residual disease Focal empty LP and/or fibrosis with dense, diffuse or nodular 
lymphoid infiltrate, extending around glands in the LP, focal 
LEL or absent

NC No change Dense, diffuse, or nodular lymphoid infiltrate, LEL usually 
present

LEL lymphoepithelial lesions, LP lamina propria, MM muscularis mucosa, SM submucosa

Table 6.6 Anti-Helicobacter treatments [93–95]

Triple therapy is the recommended first-choice treatment in populations with less than 15–20 % clarithromycin 
resistance (and in populations with less than 40 % metronidazole resistance, proton pump inhibitor-clarithromycin-
metronidazole is preferable). The different proton pump inhibitors are equivalent when used in triple therapy, but 
double dosing is more effective than single dosing
Clarithromycin-based triple therapy

 Proton pump inhibitor (standard dose twice daily)
 Clarithromycin (500 mg twice daily)
 Amoxicillin (1,000 mg twice daily) or metronidazole (400 or 500 mg twice daily) for 10–14 days
Quadruple therapy is an alternative first-choice treatment in areas with a high prevalence of clarithromycin 
resistance or in patients who have previously received a macrolide
Quadruple therapy

 Proton pump inhibitor (standard dose twice daily)
 Metronidazole 500 mg three times daily
 Tetracycline 500 mg four times daily
 Bismuth subcitrate 120 mg four times daily for 10–14 days
Bismuth-containing quadruple treatments remain the best second-choice treatment, if available. Proton pump 
inhibitor plus amoxicillin or tetracycline and metronidazole are recommended if bismuth is not available. If a 
third-choice therapy is needed, treatment should be based on antimicrobial susceptibility testing
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for the mucosa-confined lymphomas (approxi-
mately 70–90 %) and then decreased for the 
tumors infiltrating the submucosa, the muscularis 
propria, and the serosa [79, 80, 99–101]. Also, the 
response is highly unlikely in cases with perigas-
tric nodal involvement documented either by 
ultrasound endoscopy or CT [79, 80, 101].

Other clinical factors reported to be possibly 
associated with an inferior efficacy of antibiotics 
include a proximal location of the MALT lym-
phoma in the stomach [80, 85], the presence of a 
high-grade lymphoma component [102], and a 
history of autoimmune disease [103].

Nearly all gastric lymphomas with the t(11;18) 
translocation will not respond to H. pylori eradica-
tion therapy [44, 104]. The t(11;18) might also pre-
dict the resistance to chlorambucil or thalidomide 
as single agents [105, 106], but apparently not to 
rituximab [107], chlorambucil plus rituximab 
[108], or other therapeutic approaches [109, 110].

Also the BCL10 rearrangements and a nuclear 
localization of BCL10 protein may predict a poor 
response to H. pylori eradication [46, 111].

Clinical and Molecular Follow-Up

Postantibiotic histological and endoscopic remis-
sion does not necessarily mean complete cure of 
the MALT lymphoma [71, 75, 82, 87, 112, 113]. 
The long-term persistence of monoclonal B cells 
after histological regression of the lymphoma has 
been reported in about half of the cases, suggesting 
that H. pylori eradication suppresses but does not 
eradicate the lymphoma clones. However, the clini-
cal importance of the molecular detection of mono-
clonal B cells is still uncertain. Transient histological 
and molecular relapses can occur during long-term 
follow-up of antibiotic-treated patients but do not 
necessarily predict a clinical progression. In the 
long-term follow-up of cases with minimal residual 
disease, neither lymphoma clinical growth nor his-
tological transformation was usually documented 
despite persistent clonality, suggesting that a watch-
and-wait policy could be feasible and safe, at least 
for patients agreeable to frequent endoscopies, and 
these patients do not necessarily require additional 
treatment [70, 71, 75, 82, 113].

Several cases of synchronous or metachronous 
gastric adenocarcinomas in patients with gas-
tric MALT lymphomas have been documented. 
A tumor-registry study has shown that gastric 
MALT lymphoma patients might have a six-times 
higher risk for gastric adenocarcinoma than the 
general population [114]. This supports a policy 
of strict follow-up with histological evaluation of 
repeated biopsies as the recommended follow-up 
procedure even in patients with lymphoma regres-
sion after H. pylori eradication [71, 75].

Management of Gastric H. pylori-
Negative or Antibiotic-Resistant  
Cases and of Non-gastric Localizations

No definite guidelines are available for the man-
agement of H. pylori-negative or antibiotic- 
resistant cases and of patients with non-gastric 
lymphoma. The chosen approach should reflect 
the experience of each center and the patient 
preferences in terms of adverse effects.

In retrospective series, no significant difference 
was apparent in survival between patients who 
received different initial treatments (including 
chemotherapy alone, surgery alone, surgery with 
additional chemotherapy or radiation therapy, or 
antibiotics against H. pylori) [59–61, 115].

A limited dose of localized moderate-dose 
radiotherapy gives excellent disease control and 
might be the treatment of choice for patients 
with stage I–II gastric MALT lymphoma with-
out evidence of H. pylori infection or with per-
sistent lymphoma after antibiotics, as well as for 
most non-gastric localized presentations. Indeed, 
according to the 2011 guidelines of the National 
Comprehensive Cancer Network (NCCN), radio-
therapy should be the preferred treatment for H. 
pylori-negative patients and for patients with 
persistent or relapsing lymphoma after H. pylori 
eradication [91]. Side effects of radiotherapy are 
mild and reversible. For patients with localized 
non-gastric MALT lymphoma, radiotherapy is 
often the first-line treatment of choice. Standard 
radiotherapy recommended doses for gastric 
MALT lymphomas and for most non-gastric sites 
is 30–35 Gy (in 20 fractions) [67, 91, 116]. The 
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emerging literature on localized MALT lympho-
mas confirms a high rate of local control in MALT 
lymphoma, with a high proportion of patients 
likely to be cured of the disease. The moderate 
doses of radiation required for cure are generally 
associated with a low risk of long-term toxicity, 
although special considerations are needed for 
particular localizations such as the orbital adnexa 
or the lung [67, 68, 117, 118].

Radiotherapy can also be an effective therapy 
in providing local disease control for some 
patients with stage III or IV disease, but the opti-
mal management of disseminated MALT lym-
phomas is less clearly defined.

Because no curative treatment exists, a watch-
ful waiting can be an adequate initial policy in 
most patients. Outside a clinical trial, the treatment 
should be “patient-tailored,” taking into account 
the site, the stage, and the clinical characteristics 
of the individual patient. When systemic treatment 
is needed, enrollment in controlled clinical trials is 
recommended. In the presence of disseminated or 
advanced disease, chemotherapy and/or immuno-
therapy with anti-CD20 monoclonal antibodies is 
an obvious choice, despite the fact that only a lim-
ited number of drugs and regimens have been 
specifically tested in MALT lymphomas.

Oral alkylating agents (either cyclophosph-
amide or chlorambucil, with median treatment 
duration of 1 year) can result in a high rate of dis-
ease control. Phase II studies have demonstrated 
some antitumor activity of the purine analogs 
fludarabine [119] and cladribine, but there might 
be an increased risk of secondary MDS [120], 
and of a polychemotherapy regimen compris-
ing chlorambucil/mitoxantrone/prednisone [121]. 
Aggressive anthracycline-containing chemotherapy 
should be reserved for patients with high tumor 
burden (bulky masses, unfavorable international 
prognostic index). The activity of the anti-CD20 
monoclonal antibody rituximab has also been 
demonstrated in a phase II study (with a response 
rate of about 70 %), and this may represent an 
additional option for the treatment of systemic 
disease. The efficacy of the combination of ritux-
imab with chlorambucil has been explored in a 
randomized study of the IELSG in a gastric (fail-
ing antibiotics) or non-gastric MALT lymphomas 

(IELSG19, NCT00210353). In comparison with 
chlorambucil alone, chlorambucil plus rituximab 
results in increased complete remission and event-
free survival rates, but 5-year overall survival was 
identical in both groups [62]. Data on 13 patients 
suggest that the combination of chlorambucil 
and rituximab is also active in t(11;18)-positive 
cases [108]. The combination of rituximab and 
fludarabine has shown promising results in terms 
of responses in a phase II trial, but it had a far too 
high toxicity [122].

Antibiotic Treatment in Localized 
Non-gastric MALT Lymphomas

In principle, antibiotic treatment in non-gastric 
lymphomas should be regarded as investigational. 
Following the first demonstration that doxycycline 
treatment may cause tumor regression in patients 
with C. psittaci-associated lesions [16], subse-
quent reports on the antibiotic efficacy in ocular 
adnexal lymphoma showed conflicting data and 
apparent geographic variations [13, 123, 124]. 
A prospective phase II study was then launched by 
the IELSG (IELSG 27, NCT01010295), which 
has recently provided preliminary but encouraging 
results, showing lymphoma regression in more 
than 60 % of patients after front-line treatment 
with doxycycline [125]. Of interest, lymphoma 
regression after doxycycline treatment has been 
observed in some lymphomas with no evidence of 
C. psittaci as well as in cases in which the treat-
ment had failed to eradicate the C. psittaci infec-
tion. These results are different from what is 
observed for gastric MALT lymphoma, where H. 
pylori-negative patients are generally unrespon-
sive to the antibiotic treatment and seem to indi-
cate other doxycycline-sensitive microorganisms 
might be linked with the lymphoma.

Anti-Helicobacter Therapy in Gastric 
Diffuse Large B-Cell Lymphoma

Cases of regression of gastric DLBCL after  anti 
Helicobacter therapy have been reported [126, 
127]. However, at present, we recommend treating 
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gastric large-cell lymphomas as localized DLBCL. 
Relying solely on antibiotic therapy for them 
must not be advised outside clinical trials until 
large-scale prospective studies have confirmed its 
use as an effective first-line therapy [128].
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Abstract

Splenic marginal zone lymphoma (SMZL) shares a common cell of origin 
from the “marginal zone” (MZ), with extranodal marginal zone lymphoma 
of mucosa-associated lymphoid tissue (MALT lymphoma) and nodal mar-
ginal zone lymphoma (NMZL). However, SMZL displays different clini-
cal characteristics, reflecting probable biological variations according to 
the organ.

Within the past decade, new data regarding pathogenic mechanisms as 
well as therapeutic advances have been reported. Clinically, SMZL pres-
ents as an indolent disseminated disease at diagnosis with specific clinical 
presentation including predominant enlarged splenomegaly and autoim-
mune manifestations in 15 % of the patients. Diagnosis may be difficult 
among other small B-cell lymphomas, and the criteria for diagnosis have 
been recently improved. The therapeutic approaches comprise splenec-
tomy or immunochemotherapy, but without consensus about the best treat-
ment, except when associated with hepatitis C virus.

We are addressing here the current knowledge on the biological findings, 
clinical features, and therapeutic approaches for SMZL.
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Introduction

Marginal zone lymphomas (MZL) represent a 
group of lymphomas that originate from memory 
B lymphocytes normally present in a distinct 
microanatomic compartment, the so-called mar-
ginal zone (MZ) of the secondary lymphoid fol-
licles. The MZ is developed in those lymphoid 
organs where an abundant influx of antigens is 
known to occur. The MZ is especially developed 
in spleen and mucosa-associated lymphoid tis-
sues, whereas it is rarely identifiable in lymph 
nodes [1]. According to the sites involved and 
characteristic molecular findings, the International 
Lymphoma Study Group distinguished three dis-
tinct subtypes of MZL: (1) extranodal MZL of 
mucosa-associated lymphoid tissue (MALT) type 
(MALT lymphoma), (2) splenic MZL (SMZL), 
and (3) nodal MZL (NMZL) [2]. Despite these 
advances in classification, patients with general-
ized disease at diagnosis are not easily ascribed 
to precise diagnostic groups. The relative rarity 
of these lymphomas, as well as the difficulties in 
distinguishing them from other low-grade lym-
phoma subtypes, poses crucial issues for the con-
duct of epidemiological surveys and for the 
accurate description of clinical features and out-
comes. The present review will focus on the most 
recent data on the diagnostic and the treatment of 
SMZL.

Epidemiology: Role of Hepatitis 
C Virus

In adults, MZLs account for 5–17 % of all non-
Hodgkin lymphoma (NHL) depending on the 
series. SMZL represents 20 % of MZL and 
accounts for less than 2 % of NHL [3]. The 
median age of occurrence is 65 years [4, 5]. Clear 
evidence indicates that MZLs in extranodal local-
izations as well as in spleen for SMZL and in 
lymph node for NMZL can be associated with 
chronic antigenic stimulation. Hepatitis C virus 
(HCV) has been highly correlated with SMZL 
[6], sometimes with the presence of cryoglobulin 
[7], lymphoplasmacytic immunocytoma, and 
NMZL, in some area such as in Italy [8]. 

A decrease in lymphoproliferation following 
 antiviral treatments [9] reinforces the data sug-
gesting this contribution of chronic antigenic 
stimulation to the physiopathologic process of 
HCV-related MZL. Interestingly, SMZL, here 
denominated as tropical splenic lymphoma, char-
acterized by splenomegaly and circulating naive 
CD5-negative villous B lymphocytes, has been 
described in malaria-endemic areas, this supports 
the role of infectious agents on the pathogenesis 
of SMZL [10].

Clinical Features

Presentation

The hallmark of the clinical presentation of 
SMZL is massive splenomegaly. However, most 
of the patients seek medical attention because of 
an abnormal blood cell count, especially anemia 
and/or thrombocytopenia. These abnormalities 
are more related to splenic sequestration than to 
bone marrow infiltration and are consistently asso-
ciated with lymphocytosis [11]. These patients 
are usually asymptomatic, but splenomegaly is 
detectable on clinical exam. In advanced cases 
of SMZL, patients present with a massive sple-
nomegaly associated with asthenia and left upper 
quadrant pain. B symptoms are uncommon.

Autoimmune Manifestations

Serum lactate dehydrogenase (LDH) level is usu-
ally normal in SMZL, but the b[beta]2-micro-
globulin level is increased. A considerable 
proportion of patients (10–40 % of cases) have a 
serum monoclonal paraprotein (M-component), 
mainly of the m[mu] subtype (IgM) [11, 12]. 
Autoimmune clinical phenomena are described 
in 10–15 % of patients including autoimmune 
hemolytic anemia, immune thrombocytopenia, 
cold agglutinin, circulating anticoagulant (lupus 
anticoagulant and/or anticardiolipin antibodies), 
acquired von Willebrand disease, and angioe-
dema due to acquired C1-esterase inhibitor 
deficiency.
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Revised Diagnostic Criteria for SMZL

Spleen histology is the gold standard approach to 
establish the diagnosis of SMZL (Table 7.1) [13], 
but most of the cases of SMZL do not require 
splenectomy as treatment. Moreover, spleen his-
tology is not sufficient and must be completed by 
an immunophenotype of peripheral blood +/− 
marrow. According to the criteria proposed by 
the Splenic Lymphoma Group, minimum diagno-
sis criteria are based on either spleen histology 
plus immunophenotype of peripheral blood +/− 
marrow or typical peripheral blood and bone 
marrow morphology plus immunophenotype of 
peripheral blood +/− marrow. In addition, the 
recent revealing of recurring molecular abnor-
mality is sometimes a precious help to the 
diagnosis.

Histology of the Spleen

Histology of the spleen shows a micronodular 
infiltration by a polymorphic population of B 
cells, including small cells, marginal cells, and 
scattered large-cell lymphomas involving the 
spleen, preferentially the white pulp but with 
a variable degree of red pulp involvement. The 
2001 WHO classification [14] defines SMZL as 
a B-cell neoplasm composed of small lympho-
cytes that surround and replace the white pulp 
follicles and merge with a peripheral zone of 
larger MZ-like cell including scattered trans-
formed blasts, giving the characteristic bipha-
sic pattern. The 2008 WHO classification [15] 
expanded this definition to cases lacking a cen-
tral core of smaller lymphocytes and having a 
monophasic pattern. For those cases, other cri-
teria as peripheral blood cytology, bone marrow 
histology, immunophenotype, and/or presence of 
recurrent molecular or cytogenetic abnormalities 
are required.

In cases with not enough criteria for a definitive 
diagnosis, the choice of “unclassified splenic 
lymphoma” is better. This term applies to small 
B-cell clonal lymphoproliferations involving the 
spleen, but which do not fall into any of the other 
types of B-cell lymphoid neoplasms recognized 

in the WHO classification. The two best defined 
of these relatively rare provisional entities are 
splenic diffuse red pulp lymphoma [16] and hairy 
cell leukemia-variant. The relationship of those 
cases with SMZL needs to be clarified in the 
future. Other splenic small B-cell lymphomas not 
fulfilling the criteria for either of these provi-
sional entities or for other better established 
B-cell lymphomas should be diagnosed as splenic 
B-cell lymphoma/leukemia, unclassifiable until 
more is known. Transformation to large B-cell 
lymphoma may also occur in SMZL as other 
indolent B-cell lymphomas [17].

Histology of the Bone Marrow

When the patient is not splenectomized, diagno-
sis may be required of bone marrow histology. 
The involvement can be intrasinusoidal, paratra-
becular, nodular, or diffuse. The intrasinusoidal 
pattern initially described as a hallmark of 
SMZL is usual but cannot be considered as 
specific as it can be observed in other small B-cell 
lymphomas [18].

Immunophenotype

The immunophenotypic analysis of the tumor 
cells shows CD19+, CD20+, CD5−, CD10−, 
CD23−, CD43+/−, FMC7 +/−, CD103−, bcl-2+, 
and cyclin D1 cells. However, the expression of 
CD5 is found in 15–20 % of cases. The coexpres-
sion of IgM and IgD SIg is typical of SMZL. 
Matutes’ international score (CD5, FMC7, CD22 
or CD79b, CD23, surface Ig expression) is gener-
ally below 3 [13, 19].

Mutational Status of IGVH Genes

Initial analyses of the mutational status of the Ig 
heavy chain variable (IGHV) genes have reported 
the presence of somatic hypermutation in most of 
the cases in accordance with the origin of SMZL 
from a post-germinal MZ memory B cell [20]. 
However, more recent studies have found an 
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Table 7.1 Diagnostic and staging procedures for splenic marginal zone lymphoma

Procedures Recommendations Expected results

Full blood count Mandatory Presence or absence of anemia, thrombocytopenia, 
lymphocytosis: presence or absence

Blood cytology Mandatory Small lymphoid cells having a round nucleus with 
condensed chromatin and basophilic cytoplasm, with 
frequent short villi

Blood FCM Mandatory CD19+, CD20+, CD22+, CD79b+, CD5−, CD10−, CD23−, 
CD43−/+, CD24+, CD27++, FMC7++, CD76+/−, Sig+++
Score matutes <3
Moderate to strong intensity of IgM and IgD or Ig M alone; 
in rare cases, IgG or IgA
Positive expression of CD5 in 15–20 %. Positive expression 
of CD23 in 30 % of case

Serology for hepatitis C Mandatory If HCV positive, RT-PCR for HCV RNA and virus 
genotyping

Cryoglobulins Mandatory if HCV positive
Serology for hepatitis 
B and HIV

Mandatory

CT scan of thorax, 
abdomen, and pelvis

Mandatory SMZL: massive splenomegaly

Bone marrow aspirate: 
cytology and FCM

Mandatory Identical to blood

Reticulocyte, 
Coombs test

Recommended Presence or absence of autoimmune hemolytic anemia

Bone marrow biopsy: 
morphology and IHC

Recommended Involvement initially intra-sinusal, sometimes subtle, and 
then nodular. Cell morphology is monomorphic, with 
small-to-medium size, round to oval nucleus with regular 
contour and a small rim of cytoplasm. Plasmacytoid 
features can be observed
CD20+, CD79a+, CD10−, BCL6−, CD5−, CD43+, CD23−, 
BCL2+, CCND1−, Sig+++
Moderate to strong intensity of IgM and IgD or IgM alone

Spleen/lymph node: 
morphology and IHC

In case of splenectomy 
or lymph node biopsy

Spleen: micronodular infiltration of the white pulp, with an 
inconstant marginal zone differentiation and a variable 
degree of red pulp involvement—cells are lymphoplasma-
cytoid and plasma cells
CD20+, CD79a+, CD10−, BCL6−, CD5−, CD43+, CD23−, 
BCL2+, CCND1−, Sig+++

Autoimmune screen 
(ANA, anti-DNA, 
AMA, antithyroid, 
rheumatoid factor etc.)

Optional In function of clinical symptoms or biological first screen 
abnormalities: immune thrombocytopenia, cold agglutinin, 
circulating anticoagulant (lupic or cardiolipidic), acquired 
von Willebrand disease, and angioedema due to acquired 
deficit in C1-esterase inhibitor

PET scan Optional Weak SUV signal in 50 % of the patients
FISH and cytogenetic 
analysis

Optional SMZL: trisomy 3q (85 %) del or translocation of 7q32 
(40 %) trisomy 18, 17q isochromosome, 13q14 deletion, 
and structural abnormalities of chr 1

IgVH status Optional Mutated in two-thirds of the cases
Unmutated in one-third of the cases
Biased usage: SMZL: V

H
1.2, V

H
1–2, V

H
3–23, V

H
4–34 genes

Modified from Matutes et al. [13]
IHC immunochemistry, FCM flow cytometry, RT-PCR reverse-transcriptase PCR, FISH fluorescent in situ hybridiza-
tion, Chr chromosome
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absence of somatic mutations in one-third of 
studied cases, possibly reflecting a relative degree 
of molecular heterogeneity of SMZL [20, 21]. In 
addition, SMZL B cells express a biased reper-
toire with preferential usage of certain IGHV 
genes such as IGHV1–2*04 (31 %), IGHV3–23 
(8 %), and IGHV4–34 (13 %), and approximately 
10 % of the cases express B cell (BCRs) with 
quasi-identical IGHV sequences including the 
antigen-binding site, strongly suggesting that 
antigen selection might contribute to the develop-
ment of SMZL [15]. Antigen selection is particu-
larly evident in HCV-associated SMZL, since a 
fraction of cases express a BCR having a rheu-
matoid factor activity with heavy and light chain 
encoded by the IGHV1–69 and IGKV3–20 genes, 
respectively.

It has been reported that SMZLs with Vh1–2 
rearrangement produce polyreactive antibodies 
that react against self-antigens [22]. Those fea-
tures argue for antigenic interactions through 
highly conserved residues, located throughout 
the VH domain, raising the possibility of a 
superantigen involved in lymphomagenesis and/
or that lymphomas likely derive from polyreac-
tive B cells [22]. In contrast, SMZL exhibit a low 
frequency of somatic mutation involving non-Ig 
genes such as BCL6 and or PAX5, PIM1, and 
RHO-H, suggesting a particular differentiation 
pathway of the cell of origin without transit 
through the germinal center [23].

Cytogenetics and Molecular 
Abnormalities

Cytogenetic analyses in SMZL demonstrate that 
complex chromosomal aberrations are common 
(72 % of cases with an abnormal karyotype 53 % 
complex). Deletion of chromosome 7q31 and 
complete or partial trisomy 3 are the most fre-
quent cytogenetic abnormalities [24–29]. The 
minimal common deleted region in del7q is large, 
comprising over 4 Mb. No tumor suppressor 
genes have been found in this region of deletion 
7q31, and evidence supports that the deletion of a 
cluster of miRNAs (MIR29A and MIR29B) [30] 
located in this region could contribute to the 

deregulation of some of the key oncogenes in 
this disorder, such as TCL1 [31]. Loss of sonic 
hedgehog gene (SHH) at 7q36.2 (four cases) and 
loss of protection of telomere 1 gene have been 
suggested [32]. A particular miRNA profile has 
been described [33].

Others cytogenetic alterations involving chro-
mosomes 8, 9p34, 12q23–24, 18q, and 17p have 
been described [34]. More rare translocations 
involving CDK6 and cyclin D3 with IgH have 
been identified in small subsets of cases [35]. 
Del13q14.3 which constitutes the hallmark of 
chronic lymphocytic leukemia (CLL) when iso-
lated can be observed in less than 10 % of cases. 
A translocation t(11;14)(q13;q32) combined with 
a rearrangement of bcl-1 and/or the expression of 
cyclin D1 was described as present in 15 % of 
cases diagnosed as SLVL, but these cases seem to 
harbor other morphological, phenotypic, and 
cytogenetic features suggesting a diagnosis of 
mantle cell lymphoma [36–38].

Recent genome-wide DNA profiling confirmed 
these cytogenetic data in a large series of 218 
MZLs. Common abnormalities found in all sub-
types (extranodal, splenic, and nodal) include 
gains of 3q and 18q which appeared to affect 
BCR signaling and Wnt-signaling, cell cycle, and 
apoptosis [34]. More specific abnormalities were 
described in SMZL such as del(7q31) and del(8p). 
In terms of prognostic impact, only the associa-
tion with del(17p) and del(8p) was found to be 
associated with a significant negative impact on 
the outcome of SMZLs.

Overall, the only cytogenetic abnormality to 
be considered as typical in SMZL is the 7q32 
deletion. Cytogenetic may help the diagnosis par-
ticularly for differential diagnosis with CLL, 
hairy cell leukemia, mantle cell lymphoma, fol-
licular lymphoma, or lymphoplasmacytic lym-
phoma, but should not be taken in isolation.

Gene Expression Profiling

Although it cannot be applied to routine diagno-
sis yet, gene expression analysis clearly shows 
that SMZLs have a specific transcriptional 
profile compared with other lymphomas, 
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 especially small B-cell lymphomas, such as fol-
licular  lymphomas, lymphocytic lymphomas, 
and mantle cell lymphomas [31, 39]. This specific 
molecular signature includes genes involved in 
the signaling cascade of the AKT1 pathway [39] 
but also the BCR signaling pathway, tumor necro-
sis factor (TNF), and NF-k[kappa]B targets [31]. 
The importance of the latter pathway in the patho-
genesis of SMZL has been strongly underlined 
by the detection of mutually exclusive somatic 
mutations of NF-k[kappa]B genes such as 
TNFAIP3, IKBKB, MAP3K14, TRAF3, and 
BIRC3 in over one-third of the cases [40].

Biological and Clinical Prognostic 
Factors in SMZL

The median overall survival in SMZL ranges 
between 5 and 10 years, but in case of aggres-
sive disease, seen in approximately one-third of 
patients, median survival is less than 4 years 
[41]. Clinical and biological prognostic factors 
have been identified by several investigators 
(Table 7.2) [5, 31, 42]. The Italian Intergroup of 
Lymphomas (IIL) have developed a prognostic 
model in 309 patients based on three factors 
(hemoglobin level less than 12 g/dL, LDH level 
greater than normal, and albumin level less than 

3.5 g/dL) leading to a prognostic index [42]. 
This index allows one to separate patients into 
three groups displaying  different 5-year survival 
rates: 88 % in the  low-risk group (no risk fac-
tor), 73 % in the  intermediate-risk group (one 
risk factor), and 50 % in the high-risk group 
(more than one factor). However, this index has 
not yet been demonstrated to have any therapeu-
tic implications. In this analysis, IPI was found 
to predict survival, although the multivariate 
analysis selected the three indicated parameters. 
Other biological prognostic factors have been 
described, such as expression of CD38, unmu-
tated IGHV gene status, and expression of 
NF-k[kappa]B-activated genes based on gene 
expression analysis [31].

Histological transformation to large-cell 
lymphoma remains uncommon, occurring in 
10–20 % of patients. Diffuse large B-cell lym-
phoma, when involving the spleen, usually is 
characterized by one or several large nodules, 
very rarely involving the bone marrow. 
Transformation occurs within a median interval 
ranging from 12 to 85 months [43]. This pres-
ents clinically with the appearance of general 
symptoms, increase in LDH level, and dissemi-
nated lymphoma involvement. After histologi-
cal progression, the median survival time was 
shortened to 26 months [5].

Table 7.2 Clinical and biological adverse prognostic factors in splenic marginal zone lymphoma

Authors n PFS OS

SMZL
Thieblemont et al. [5] 81 Presence 

of M-component
Beta2 microglobulin ³ 3 mg/L

Presence of an 
immunological event

Leukocytes ³ 20 × 109/L

Lymphocytosis ³ 9 × 109/L
Presence of M-component
Presence of an immunological event

Ruiz-Ballesteros et al. [31] 44 – Expression of CD38
Unmutated Ig-VH gene status

Expression of NF-k[kappa]B-activated genes by GEP
Arcaini et al. [42] 309 – Hemoglobin <12 g/dL

Elevated LDH
Albumin >3.5 g/dL
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New Therapeutic Strategies in SMZL

Treatment is required only in symptomatic 
patients with painful splenomegaly, with or 
without associated cytopenia due to hyper-
splenism. Asymptomatic patients, which repre-
sent a large percentage of the patients, can be 
appropriately managed with watchful waiting 
for several years. Withholding treatment does 
not influence the course of disease, and these 
patients often have stable disease for at least 10 
years [7]. The only exception to this manage-
ment approach is in the setting of SMZL associ-
ated with active HCV infection. Antiviral therapy 
with pegylated interferon-a[alpha] and ribavirin 
will lead to clearance of HCV RNA in 75 % of 
the patients and in concomitant clinical remis-
sion of the lymphoma [44].

When patients become symptomatic because 
of anemia (<10 g/dL), abdominal pain, and 
thrombocytopenia (<80 × 109/L) [42], several 
treatment options may be proposed to the patient. 
Splenectomy will rapidly improve performance 

status and correct anemia, thrombocytopenia, 
and neutropenia within 6 months after splenec-
tomy [11]. This improvement is maintained for 
years with a median period of freedom from 
treatment of 8 years, even if bone marrow and 
blood lymphocytosis persist, suggesting a partial 
response. Following splenectomy, adjuvant che-
motherapy provides an increased remission rate 
without modifying relapse-free and overall sur-
vival [5]. For patients who are unfit for splenec-
tomy or unwilling to undergo surgery, systemic 
therapy may be effective (Table 7.3) [6, 11, 45–
50]. Rituximab alone is reported to afford excel-
lent response rate with a shorter PFS than that 
observed when rituximab is combined with 
cladribine or fludarabine for polychemotherapy 
[6, 11, 47–52]. Recently, bendamustine has 
emerged as a highly effective drug for NHL, 
including marginal zone lymphomas [53]. A 
European trial for the evaluation of combined 
rituximab and bendamustine for these patients is 
scheduled to begin in the near future (EudraCT 
number 2011–000880–28). For clinical trials 

Table 7.3 Response to treatment in splenic marginal zone lymphoma

Authors n Schedule
Status  
of disease

Response  
rate CR/CRu PR

PFS  
(At n years)

OS  
(At n years)

Splenectomy alone
Chacon et al. 2002 [45] 29 – First line 100 % 0 % 100 %
Thieblemont et al. [11] 25 – First line 100 % 0 % 100 % 71 % (2) 81 % (5)
Chemotherapy alone
Lefrere et al. [46] 10 Fludarabine Relapsed 100 % 70 % 30 % 42 % (4.7). 50 % (5)
Cervetti et al. [50] 50 2-Cda,  

5 mg/m2,  
once a week × 6

First line 
or relapsed

63 % 62 % – 83 % (2) NA

Rituximab alone
Tsimberidou et al. [47] 26 R once a 

week × 4 or 8
First line 88 % 43 % 46 % 86 % (3) 95 % (3)

Kalpadakis et al. [48] 16 R once a 
week × 6

First line 100 % 79 % 11 % 92 % (2.1) 100 % (3)

Bennett et al. [49] 14 R once a 
week × 4

First line 78 % 57 % 21 % 60 % (6) 80 % (6)

Rituximab and chemotherapy
Tsimberidou et al. [47] 6 R-FMD or RFC First line 83 % 34 % 50 % 100 % (3) 100 % (3)
Arcaini et al. [6] 3 R-CVP First line 100 % – – 100 % (1.3) 100 % (1.3)

Only survivals of the whole series of patients (n = 60) treated by splenectomy with or without adjuvant chemotherapy is 
provided by the authors
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to be evaluated, it is necessary to develop 
 consistent staging and response criteria for the 
disease. The recent workshop of the European 
MZL group has redefined these parameters 
(Table 7.4) [13, 17].

Conclusion

SMZL is considered as a distinct entity among 
NHLs, with definite clinical and morphological 
characteristics. Although this entity is charac-
terized by very different clinical presentations, 
strong similarities in the epidemiology and the 
biology of the tumors cells support a common 
origin in the memory B cells of the marginal 
zone. In the past 5 years, a large collaborative 
effort by biologists, pathologists, and clinicians 
has resulted in agreement on more stringent 
criteria for the diagnosis of the disease and 
for the evaluation of clinical response. These 
efforts should support the design of further 
prospective clinical trials to define the optimal 
therapeutic approach to these diseases.
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Introduction

Nodal marginal zone B-cell lymphoma (NMZL) 
is an uncommon well-defined lymphoma entity 
according to the 2008 World Health Organization 
(WHO) classification [1]. This lymphoma was 
initially described in 1986 by Sheibani et al. [2], 
who recognized the similarity of the neoplastic 
cells with monocytoid B-cells seen in the lymph 
node in toxoplasma lymphadenitis and in other 
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Abstract

Nodal marginal zone lymphoma (NMZL) is a primary nodal B-cell tumor 
originating in the marginal zone of the lymph node and without clinical 
evidence of extranodal or splenic disease. This lymphoma was initially 
named monocytoid B-cell lymphoma (MBCL) due to monocytoid features 
of the tumor cells. According to the World Health Organization (WHO) 
classification, NMZL is a distinctive disease entity but with histologic and 
genetic similarities with the other two clinicopathological subtypes of 
MZL, extranodal MZL of mucosa-associated lymphoid tissue (MALT) 
type and splenic MZL, but with different and more aggressive clinical 
findings and a shorter survival time. NMZL is clinically similar to other 
low-grade (indolent) nodal lymphomas, such as follicular or small lym-
phocytic lymphomas. A clinical, morphological, and immunoarchitectural 
spectrum is seen also within the NMZL entity; why a careful evaluation of 
the disease is important before clinical decisions. The choice of optimal 
therapy for patients with NMZL represents a dilemma, since only small 
retrospective series and few clinical studies have been published.
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type of inflammations. The malignant monocy-
toid B-cell proliferation was named monocytoid 
B-cell lymphoma (MBCL). The term parafollicu-
lar lymphoma was used by Cousar et al. [3] to 
illustrate that the distribution of the lymphoma 
cells was mainly around hyperplastic follicles. 
Later monocytoid lymphoma cells were found to 
share features of marginal zone B-cells with 
expression of IgM and well-developed endoplas-
mic reticula in the electron microscopy and with a 
distinctive nodal architecture [4]. The marginal 
zone features of the tumor cells and the expansion 
of the marginal zone in affected lymphoid tissues 
made the name marginal zone lymphoma (MZL) 
logic. According to the 2008 World Health 
Organization (WHO) criteria [1], three entities of 
MZLs are defined: extranodal mucosa-associated 
lymphoid tissue (MALT), splenic, and nodal type. 
NMZL can mostly be recognized with the combi-
nation of clinical picture and morphological and 
immunophenotyping findings, but cytogenetic 
and molecular methods are sometimes of value. 
As NMZL is a recently characterized and uncom-
mon lymphoma, large clinical series are lacking 
and few data from clinical trials are published.

Epidemiology

NMZL accounts for 1.5–1.8 % of all lymphoid 
tumors and represents 10 % of the MZLs [5, 6]. In 
the report on the clinical evaluation of the 
International Lymphoma Study Group classification 
of NHL, a total 25 of 1,378 cases (1.8 %) were 
classified as primary NMZL [7]. The median age at 
diagnosis is between 50 and 64 years depending on 
the described series, but NMZL is also described in 
children [8]. In adult patients, the incidence of the 
disease is equal in males and females, while males 
predominate in children. Like in other MZLs, 
NMZL is sometimes associated with chronic anti-
genic stimulation and with infections, as hepatitis C 
virus (HCV) [9], with an especially high incidence 
in Italy [10, 11]. Marasca et al. [12] found the pres-
ence of the immunoglobulin heavy chain variable 
region (IGHV) 1–69 segment in a subset of HCV-
positive NMZLs and with similar CDR3 sequences, 
supporting the hypothesis that the HCV antigen 
epitope was involved in the clonal B-cell selection. 

The causative role of HCV in MZL has been further 
supported by the response to antiviral therapy. In 
HCV-negative NMZL, involvement of the IGHV 
4–34 segment was found with different characteris-
tics of the CDR3 regions, and a role of unknown 
B-cell superantigen(s) was suggested [12].

Pathology

In NMZL, the cell of origin is a marginal zone 
memory B-cell with centrocyte-, monocytoid-, 
and sometimes plasmacyte-like features. The 
marginal zone is an anatomically distinct com-
partment of the B-follicle, well developed in lym-
phoid organs with high influx of antigens as 
mesenteric lymph nodes, MALT, and spleen. 
Normally, monocytoid B-cells are found in lymph 
nodes in different types of inflammation (lymph-
adenitis), often in clusters within and around 
sinuses and in the interfollicular areas. Sometimes, 
these nonmalignant cells surround the follicles in 
a marginal-zone-like pattern. Monocytoid B-cells 
are medium sized with abundant pale to clear 
cytoplasm, and the nuclei are irregular with incon-
spicuous nucleoli. Malignant monocytoid B-cells 
are also recognized by their abundant pale cyto-
plasm, and proliferation of these cells in lymph 
nodes gave rise to the name monocytoid B-cell 
lymphoma (MBCL) [2]. Later the marginal zone 
memory B-cell features of the tumor cells were 
recognized, and the term nodal marginal 
zone B-cell lymphoma (NMZL) is now used in the 
WHO classification [1]. The morphological fea-
tures of the NMZL tumor cells are heterogeneous, 
mostly marginal-zone-centrocyte like, and pure 
monocytoid B-cell lymphomas are rare, while a 
minor component of monocytoid B-cells is 
observed frequently. In one series [13], a monocy-
toid component was noted in 71 % of the cases, an 
admixture of large cells in 47 % and plasma cells 
in 39 %, respectively. In another study of NMZL, 
plasmacytoid or plasmacytic differentiation was a 
very common feature (61 %) [14]. Thus, nodal 
MZL can show varying degrees of overlap with 
nodal lymphoplasmacytic lymphoma (LPL).

The histology of affected lymph nodes shows 
 different patterns of infiltration, marginal-zone-like/
perifollicular, nodular, and diffuse with tumor cells 
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extending into the interfollicular area sometimes 
invading into the follicles in a pattern known as “fol-
licular colonization.” In the early phase of a NMZL, 
mostly with perifollicular growth, the lymph node 
shows an expanded marginal zone surrounding the 
mantle zone, but in advanced disease, the lymph 
node architecture is diffuse. Residual reactive germi-
nal centers are often surrounded by the tumor cells. 
Salama et al. [13] evaluated the immunoarchitectural 
features of 51 NMZLs and described four different 
growth patterns: diffuse in 75 % of the cases, inter-
follicular in 14 %, well-formed nodular/follicular in 
10 %, and perifollicular in only 2 %. A stromal scle-
rosis was found in 25 % and prominent blood vessel 
sclerosis in 20 %.

With immunophenotyping methods, all MZL 
cells show positivity for the bcl2 protein, for pan 
B-cell markers (CD20, CD19, CD79a), and for 
surface immunoglobulin (sIg) (sIgM > sIgA, 
sIgG), but sIgD expression is lacking in most 
NMZLs. Complement receptors (CD21 and 
CD35) are expressed in MZLs and CD21 was of 
value to highlight a disrupted follicular dendritic 
cell meshwork in 35 of 49 cases (71 %) [13].

MZL cells show negativity for CD5, CD10, and 
CD23, which markers are useful in distinction from 
mantle cell, follicular, and small lymphocytic lym-
phomas. Also the negativity in MZL for cyclin D1 
and Bcl 6 is of value for differentiation. Younes 
et al. [15] used two germinal center B-cell markers, 
human germinal center-associated lymphoma 
(HGAL) and LIM-only transcription factor 2 
(LMO2), to separate lymphomas derived from 
small B-cells, particularly follicular lymphoma (FL) 
and marginal zone lymphoma. HGAL and LMO2 
were sensitive and specific for detecting FL in nodal 
and extranodal sites but were negative in NMZL.

The above data highlights the cytologic, histo-
logic, and immunoarchitectural spectrum of NMZL 
and the need of immunohistochemical analysis to 
differentiate from other disease entities.

Genetic Aberrations

No unique cytogenetic abnormality has been 
documented in NMZL. Trisomy of chromosome 
3, either complete or partial, represents the most 

frequent numerical chromosomal abnormality in 
MZL. In the series of Dierlamm et al. [16], tri-
somy 3 was detected with a similar frequency in 
nodal, extranodal, and splenic MZL. The gain of 
several regions of chromosome 3 has been 
reported on chromosome-based data [17]. The 
gain of chromosome 3 has been described to 
affect FOX p1 and bcl6. A high prevalence of tri-
somy 3 has also been noted in interphase 
fluorescence in situ hybridization (FISH) studies 
in all MZL subtypes [18]. Rinaldi et al. [19] per-
formed a comprehensive analysis of genomic 
DNA copy number changes in a series of 218 
MZL cases including 25 nodal, 57 MALT, 134 
splenic, and 2 unspecified MZLs. Gains of 3q and 
18q were common in all three subtypes, 
and splenic MZLs was associated with del(7q31) 
and del(8p), while MALT lymphoma presented 
significantly more frequent gains at 3p, 6p, 18p, 
and del(6q23) (TNFAIP3/A20). Bcl 2 protein 
overexpression is seen in nearly all NMZL cases 
but is not related to t(14;18) translocation, which 
is the case in follicular lymphoma. Also other 
translocations, which are detected in extranodal 
MZLs, are lacking in NMZL.

Molecular Findings

Molecular techniques could support the diagno-
sis of an NMZL by identifying clonality of B-cells 
with all lymphoma cells having the same immu-
noglobulin gene rearrangement. Marginal zone 
B-cells are functionally heterogeneous and differ 
with respect to the pattern of somatic hypermuta-
tion of immunoglobulin genes [20]. Most NMZL 
tumors harbor mutated immunoglobulin heavy 
variable chain (IGHV) region genes. Traverse-
Glehen et al. [21] analyzed IGHV gene usage and 
mutation patterns in 35 SMZL and 14 NMZL 
patients. A biased usage of IGHV gene was found 
with overrepresentation of IGHV 4 in NMZL 
cases (7/14), with a biased use of IGHV 4–34, 
while IGHV 1 was used in 13/35 SMZL cases. 
Evidence for antigen-driven mutations was 
identified in 8 SMZL and 4 NMZL cases. In this 
report, only 2 NMZL (14 %) cases were unmu-
tated, but 11 (31 %) of the SMZL cases. Thus, the 
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pattern of somatic mutation and the IGHV gene 
segment usage differed between SMZL and 
NMZL.

Clinical Features and Diagnosis

The median age at diagnosis of NMZL is mostly 
between 50 and 65 years, and the gender distri-
bution is equal. The patients present with no 
specific clinical diagnostic features, but periph-
eral and para-aortic non-bulky lymphadenopathy 
is common. The disease is often advanced at the 
time of diagnosis, but the majority of patients are 
asymptomatic, and B symptoms are reported in 
less than 15 %. Bone marrow involvement is 
reported in 30–45 % of the patients but without 
other extranodal manifestation (according to the 
WHO definition of NMZL). Peripheral blood 
involvement is uncommon. A monoclonal para-
protein of IgM-type is detected in around 10 % 
of cases, mostly small to moderate in size. In one 
report by Traverse-Glehen et al. [14], the bone 
marrow involvement was higher (62 %), with a 
peripheral blood involvement in 23 % and a 
serum M component detected in 33 % of the 
patients.

There are no specific diagnostic markers for 
NMZL, but this lymphoma can mostly be recog-
nized with the combination of clinical picture and 
morphological and immunophenotyping meth-
ods. The diagnosis of NMZL is always made on 
a surgical biopsy from a lymph node; fine-needle 
aspiration (FNA) is not sufficient, and requires 
according to the WHO definition “a primary 
nodal B-cell neoplasm that morphologically 
resembles lymph nodes involved by marginal 
zone lymphomas of extranodal or splenic types, 
but without evidence of extranodal or splenic dis-
ease.” The presence of characteristic clear cells 
recognized as marginal/monocytoid B-cell posi-
tive for CD20 and CD79a and negative for CD5 
antigens is required. Distinguishing NMZL from 
small B-cell lymphoma with plasmacytic dif-
ferentiation, mainly LPL, and from mantle cell, 
follicular, and small lymphocytic lymphomas is 
sometimes challenging. The diagnostic workup, 

like in other indolent lymphomas, includes the 
following:

Complete history and physical examination• 
Laboratory evaluation• 

Complete blood count –
Serum electrolytes –
Kidney and liver function tests –
Lactate dehydrogenase –
Beta-2 microglobulin –
Serum electrophoresis with immunoglobulin  –
evaluation
Hepatitis B and C serology –

Bone marrow aspiration and biopsy• 
CT scans of chest/abdomen/pelvis• 
The following immunological markers (for the 

diagnosis of NMZL in lymph node and bone marrow) 
are recommended:

CD20, CD21, CD23, CD5, CD3, CD43, • 
CD10, Ki-67, BCL1, BCL2, and BCL6
HGAL and LMO2 might be of value• 
Cytogenetic findings are of not diagnostic, 

although the chromosomal aberrations, trisomies 
3 and 18, as well as gain of part of chromosome 
3 may support the diagnosis of NMZL.

Prognostic Factors

Nodal MZL is clinically more aggressive than the 
other two low-grade MZLs of MALT and splenic 
type. Patients with nodal MZL show a significantly 
higher incidence of advanced-stage disease, 
including peripheral and para-aortic lymphade-
nopathy, than those with MALT-type lymphoma 
with nodal localization [6]. Moreover, in this 
report, 20 patients with nodal MZL had shorter 
5-year overall survival and failure-free survival 
than 73 patients with MALT-type lymphoma. 
When analysis was restricted to patients with 0–3 
International Prognostic Index (IPI) adverse risk 
factors, patients with nodal MZL still had a 
significantly lower overall and failure-free sur-
vival at 5 years than patients with MALT-type 
lymphoma. Mostly, IPI will detect only a minor-
ity of NMZLs with high risk and is of low value 
for prognostication. Few data are published on 
any prognostic value of cytogenetic aberrations. 
In a small report from Norway, 4/5 patients with 
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NMZL had chromosome 3 abnormalities and 
patients with NMZL had a shorter median sur-
vival than patients in other morphological sub-
groups of MZL (P < 0.003) [17]. Some biological 
markers, as loss of survivin and active caspase 3, 
have been shown to be prognostic factors for 
short event-free survival and overexpression of 
cyclin E for overall survival [22].

Transformation to diffuse large B-cell lym-
phoma can occur like in most other indolent lym-
phomas and is a bad prognostic sign. In one series, 
20 of 124 patients (16 %) transformed at a median 
time of 4.5 years from diagnosis [5]. Transformation 
to large-cell lymphoma has also been noted at the 
time of diagnosis in five of 25 (20 %) cases of 
nodal MZL, and in 32 of 105 (30 %) cases of 
MALT-type lymphoma [7]. However, there is no 
consensus of the definition of transformation in 
NMZL, and often, an admixture of large cells is 
seen at the time of diagnosis but without sheets 
and with no impact on the clinical course.

Thus, nodal MZL is a distinctive disease entity 
with a prognosis similar to other low-grade nodal 
lymphomas, such as the follicular or small lym-
phocytic lymphomas, but less favorable than 
MALT-type and splenic-type MZL.

Treatment

Nodal MZL still represents a therapeutic dilemma, 
since no studies of large prospective series have 
been published. Therapy is not different from that 
in other indolent lymphomas, and today mostly 
immunochemotherapy including the monoclonal 
anti-CD20 antibody rituximab or rituximab alone 
is recommended. In a report by Traverse-Glehen 
et al., patients receiving chemotherapy had a good 
initial response but relapses were frequent. The 
5-year failure-free survival in the report from 
Arcaini et al. [11] was only 28 % vs. 65 % for 
extranodal MZL. Concise data on long-term results 
with rituximab-containing therapy is lacking. Still 
today, the disease does not appear to be curable, 
and there is a continuing pattern of relapse.

Some patients have a long median survival, 
approaching 10 years [5]. The median 5-year 
overall survival of patients with nodal MZL has 

been found to be lower than that of patients with 
extranodal MZL (56 % vs. 81 %, respectively) 
[12], and in several published series on NMZL, a 
5-year survival is around 60–70 %. The role of 
different therapies for survival has not been 
evaluated.

In a phase II trial testing the new monoclonal 
antibody veltuzumab in relapsing indolent lym-
phoma, the response seemed to be high in mar-
ginal zone lymphoma with an overall response 
rate in five of six patients (83 %), two with CRs/
CRus (33 %) [23]. In MZL, a deregulation of the 
nuclear factor-k[kappa]B (NF-k[kappa]B) path-
way has been suggested, and bortezomib is a 
drug with activity in NMZL [24–26].

In young patients, high-dose chemotherapy 
with autologous transplantation is an alternative 
especially if early relapse [27].

In patients with hepatitis C-positive NMZL, 
an antiviral therapy should be discussed before 
the institution of any immunochemotherapy, as 
interferon and ribavirin have been successful 
with regress of the MZL [28].
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  Abstract 

 Follicular lymphoma is the most common and well-characterized low-
grade lymphoma. 

 Gene expression pro fi ling and biomarker development have improved 
our understanding of its biology, but there remains no robust biologic, 
immunohistochemical prognostic marker at diagnosis. Therefore, clinical 
criteria such as the Follicular Lymphoma International Prognostic Index 
(FLIPI) and the GELA/BNLI criteria for starting treatment remain the 
most useful tools to both assign prognosis and commence therapy. 

 Our better understanding of the heterogeneity of follicular lymphoma is 
paralleled by the development of a plethora of new  fi rst-line treatment options 
using monoclonal antibodies, either alone or in combination with chemo-
therapy or radio-conjugates. Emerging data supports the in fl uence of depth of 
response to  fi rst-line therapy on long-term outcomes, and there is early evi-
dence suggesting that rituximab maintenance therapy prolongs both progres-
sion-free and possibly overall survival. Improved patient understanding of 
this usually chronic and incurable disease is increasingly associated with a 
willingness to participate in treatment decision making. Thus, the selection of 
therapy at each phase of the disease, with subsequent impact on future thera-
peutic options, becomes a more sophisticated individualized process.  
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   Introduction 

 Follicular lymphoma, the second most common 
subtype of lymphoma, represents up to 25 % of 
non-Hodgkin lymphomas in Europe and the 
USA. The pathological diagnosis is robust and 
generally reproducible, noting the more recent 
exclusion of Grade 3b disease (diffuse areas con-
taining >15 centroblasts per hpf without admixed 
centrocytes) from the common spectrum of fol-
licular lymphoma. The disease course, typically 
indolent both at diagnosis and at relapse, is char-
acterized by recurrent progression with shorter 
remissions. The appearance of a diffuse area of 
large cells in a new biopsy de fi nes histological 
transformation, a feature usually associated with 
a poor outcome  [  1,   2  ]  occurring in a variable 
number of patients. 

 Follicular lymphoma patients typically pres-
ent with super fi cial lymphadenopathy, at times 
neglected by the patient for a prolonged period. 
In some patients, the  fi rst symptoms are related to 
the insidious growth of deep abdominal lymph-
adenopathy. Impaired performance status or B 
symptoms are uncommon. Nonetheless, the 
majority of patients, 70–85 %, have advanced-
stage disease, with bone marrow involvement in 
50–60 %.  

   Prognostic Factors 

 The FLIPI (Follicular Lymphoma International 
Prognostic Index  [  3  ] ) is based on  fi ve simple 
independent risk factors (hemoglobin <12 g/
dL, serum LDH > upper normal value, Ann 
Arbor stages III-IV, number of nodal sites >4, 

age >60 years). A robust prognostic indicator, 
the FLIPI separates newly diagnosed patients 
into three equal-sized groups with distinct sur-
vival probabilities (Table  9.1 )  [  3  ] . The index is 
valid for both younger and older patients and 
retains its discriminating power in the context 
of combination chemotherapy plus rituximab 
 [  4–  6  ]  (Fig.  9.1 ). However, it does not identify a 
signi fi cant minority of patients with a really 
poor outcome for whom a more aggressive 
 therapy may be considered. For instance, while 
17 % of patients <60 years are categorized as 
“high-risk FLIPI,” their predicted survival is 
still >50 % at 8 years. Finally, the FLIPI does 
not necessarily dictate a need for therapy. 
Young stage I or II patients with retroperitoneal 
tumor bulk, and elevated LDH, will be classi fi ed 
as low risk, yet most clinicians consider this 
presentation an indication for therapy. 
Conversely, a watch and wait approach is 
appropriate for many elderly patients with dis-
seminated disease  lacking  systemic symptoms 
despite a high FLIPI. Most clinical trials assess-
ing the role of frontline immunochemotherapy 
included 10–20 % of patients with a low FLIPI 
 [  4,   7,   8  ] , while the same proportion of patients 
with a low tumor burden managed with watch 
and wait have a high-FLIPI score  [  9  ] .   

 An interesting recent development has been 
that of the FLIPI2: a prognostic index developed 
for follicular lymphoma patients receiving 
immediate therapy using progression-free sur-
vival as the principal endpoint  [  10  ] . Again com-
prising  fi ve factors— b  

2
 microglobulin > normal, 

longest diameter of the largest involved node 
>6 cm, bone marrow involvement, hemoglobin 
<12 g/dL, and age older than 60 years—the 

 Number of risk 
factors a   FLIPI score 

 Proportion of 
patients (%) 

 Overall survival (%) 

 At 5 years  At 10 years 

 0 or 1  Low  36  91  71 
 2  Intermediate  37  78  51 
 3 to  High  27  53  36 

  Adapted from Solal-Celigny et al.  [  3  ] ; used with permission 
  a Factors adversely affecting survival in the FLIPI include age greater than 60 years, Ann 
Arbor stages III–IV, number of nodal sites greater than 4, serum LDH level greater than 
the upper limit of normal, and hemoglobin level less than 12 g/dL  

 Table 9.1    Prediction 
of follicular lymphoma 
patients’ outcome based 
on the FLIPI  
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FLIPI2 identi fi es a 3-year PFS rate of 91, 69, 
and 51 % for patients at low, intermediate, and 
high risk, respectively ( p     < 0.0001). This pro-
spectively collected and externally validated 
series highlights the predictive power of  b  

2
 -

microglobulin and a single lymph node measure-
ment. However, in excluding >10 % of patients 
who underwent “watch and wait,” it cannot be 
universally applied to all patients. Found to be 
equally valid in predicting PFS for the majority 
(59 %) of patients treated with rituximab- 
containing regimens, it will be interesting to 
chart the discriminating power of FLIPI2 for OS 
with more prolonged follow-up. To date, two 
additional comparisons between the FLIPI and 
FLIPI2 performed suggest that the FLIPI score 
may be more discriminatory  [  11,   12  ] . 

 Gene expression pro fi ling and immunohis-
tochemical analyses of the malignant cells and 
tumor microenvironment, using the immune-
response signatures referred to as IR-1 and IR-2, 
are promising prognostic markers   [  13–  18  ] . With 
discordant results, however, they are not yet 
suf fi ciently robust nor available to replace the 
traditional clinical indices used to assess patients’ 
prognosis and decide the optimal therapeutic 
strategy. The most commonly used international 
criteria for starting cytotoxic therapy are listed in 
Table  9.2   [  30  ] . These indices include bulky dis-
ease (either masses >7 cm or >3 nodal areas 
measuring 3 cm), local symptoms or compro-
mised organ function due to tumor, B symptoms, 
elevated LDH or  b  

2
 -microglobulin, and cytope-

nias due to marrow involvement.   
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  Fig. 9.1    Event-free survival 
( a ) and overall survival 
( b ) of patients receiving 
R-CHVP + interferon in the 
FL2000 study according to 
the FLIPI score       
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   Initial Management 
of Early-Stage Disease 

 In the 10–15 % of patients with truly localized 
disease, the traditional treatment strategy had been 
radiation therapy (up to 36 Gy for bulky disease), 
given the radiosensitivity of FL, the prolonged OS 
in observational studies, and the alleged potential 
for cure  [  19,   20  ] . The FLIPI is of prognostic value 
in this patient group  [  21  ] . Despite the bene fi t of 
this strategy indicated in a large retrospective 
study  [  22  ]  and published NCCN and ESMO 
guidelines  [  23,   24  ] , the consensus on radiation 
therapy is not  fi rm. Many clinicians adopt a watch 
and wait strategy  [  25  ] , while others advocate com-
bined modalities  [  26  ] . In a large prospective US 
cohort, radiotherapy was used as the sole treatment 
in only 23 % of patients with stage I disease and 
administered after chemotherapy in another 8 % 
 [  27  ]  (Table  9.3 ). A systemic approach may indeed 
be appropriate for symptomatic patients with stage 

II disease when signi fi cant morbidity from radio-
therapy could be expected based on tumor location. 
Prospective studies are lacking but there is merit in 
assessing whether a subset of high-risk patients 
with early-stage disease may bene fi t from a com-
bined modality approach.   

   Advanced-Stage Disease: From Watch 
and Wait to Immunochemotherapy 

   Some Patients May Not Need 
Immediate Therapy 

 A period of observation has been a reasonable 
option for asymptomatic patients with low bulk 
disease to date. The median time to therapy with 
initial observation of asymptomatic patients was 
2.6–3 years  [  28,   29  ] . Several retrospective and 
prospective studies demonstrate comparable 
overall survival using this approach compared 

   Table 9.2    Criteria for starting a cytotoxic treatment in follicular lymphoma patients   

 Adapted GELF criteria (FL2000 and PRIMA studies): 
any one of these criteria  BNLI criteria  [  30  ] : any one of these criteria 
 High tumor bulk de fi ned by either: 
  A tumor > 7 cm 
  3 nodes in 3 distinct areas each > 3 cm 
  Symptomatic splenic enlargement 
  Organ compression 
  Ascites or pleural effusion 

 Rapid generalized disease progression in the preceding 
3 months 
 Life-threatening organ involvement 
 Renal or macroscopic liver in fi ltration 
 Bone lesions 

 Presence of systemic symptoms  Presence of systemic symptoms or pruritus 
 ECOG performance status > 1 a  
 Serum LDH or beta2-microglobulin above normal values  Hemoglobin < 10 g/dL or WBC < 3.0 × 10 9 /L or platelet 

counts < 100 × 10 9 /L, related to marrow involvement 

   a Used in the FL2000 but not in the PRIMA study, given the low percentage of patients with this sole criteria in the 
 former studies (Salles G, personal communication 2012   )  

 Treatment 
 Patients with all stages 
( n  = 2,728) (%) 

 Patients with stage I 
( n  = 474) (%) 

 Chemotherapy plus rituximab  51.9  30.4 
 Observation  17.7  28.7 
 Rituximab monotherapy  13.9  12.9 
 Radiation therapy  5.6  23.4 
 Clinical trial  6.1  – 
 Chemotherapy  3.2  2.5 
 Others  1.6  2.1 

 Table 9.3    Treatments 
used in newly diagnosed 
patients with follicular 
lymphoma (USA, 
2004–2007)  [  27  ]   
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with  initial chemotherapy treatment  [  25,   30,   31  ] . 
One study found no increased risk of histologic 
transformation  [  28  ] , contrary to other reports  [  29, 
  32  ] . The rationale for observation is being chal-
lenged in an era of ef fi cacious, minimally toxic 
immunotherapy such as rituximab. Furthermore, 
in this internet era, with broader patient under-
standing and participation in treatment decision 
making, given the absence of a survival detri-
ment, many patients and their clinicians prefer 
the earlier introduction of therapy to the uncer-
tainty of living with an untreated cancer. In a 
recent preliminary report of a Phase III study, 
rituximab monotherapy (4× weekly) followed by 
maintenance (every 2 months for 2 years) 
signi fi cantly improved the time to initiation of a 
new treatment and progression-free survival in 
patients with asymptomatic, non-bulky, advanced-
stage disease when compared to watchful waiting 
 [  33  ] . Follow-up of this study is short and this out-
come was anticipated, but both the “duration of 
rituximab bene fi t” (i.e., the potential impact of 
prior rituximab exposure on the response to  fi rst 
and second new treatments) and any overall sur-
vival difference have yet to be determined. 
Another caveat lies in the unknown long-term 
immune and infectious consequences of early 
and repeated rituximab exposure.  

   Options Available When 
Treatment Is Needed 

 Traditionally, therapeutic decision making for fol-
licular lymphoma has been based on choosing 
between two goals: optimizing quality of life ver-
sus aiming for prolonged survival. However, rarely 
are patient priorities solely one or the other, but a 
relative balance of the two. Patient- and disease-
related prognostic factors impact on the ability of 
the clinician to meet both priorities, after compre-
hensive discussion with the patient. Furthermore, 
patient priorities may change and clinicians need 
be mindful of the impact of  fi rst-line therapy on 
subsequent treatment options in this chronic “incur-
able” disease. The absence of consensus on the 
optimal  fi rst-line therapy for FL and the consequent 
plethora of individualized approaches are 

 highlighted in a US prospective cohort study of 
patients treated between 2004 and 2007  [  27  ]  
(Table  9.3 ). 

 Before the advent of monoclonal antibodies, 
several therapeutic approaches were studied. 
Institutional and epidemiologic data support 
improved outcomes, and important lessons can 
be learnt from this era  [  34–  36  ] . In patients with 
symptomatic stage III–IV disease, past treatments 
included the combination of anthracycline with 
alkylating agents, interferon administration, the 
use of purine analogues, and high-dose therapy 
with autologous hematopoietic cell transplant. 
Although response duration was usually pro-
longed, leading to marginal survival improve-
ments in subgroup analyses  [  36–  39  ]  until now, 
no approach has shown to be unequivocally 
superior with identi fi ed drawbacks to each. The 
signi fi cantly prolonged PFS after anthracycline 
use (most commonly in CHOP) incurs some 
additional morbidity and risk of cardiac toxicity 
without clear evidence of a reduction in risk of 
histologic transformation. The considerable mor-
bidity from interferon despite its survival bene fi t 
has precluded common use of this agent, as has 
the stem cell toxicity and incidence of late infec-
tions after  fl udarabine. Likewise, while three 
studies demonstrate improved progression-free 
survival after autologous transplantation, the 
considerable morbidity, increased incidence of 
secondary neoplasia, and lack of overall survival 
bene fi t argue against its incorporation as a  fi rst-
line consolidative approach  [  40–  42  ] . 

 It was also commonly believed that the initial 
treatment was unable to alter the ultimate prolonged 
course of this incurable disease, and therapies were 
used sequentially for disease progression. This 
classical paradigm has been strongly challenged 
with two observations. Firstly, it is now clear that 
overall survival can be improved by a combina-
tion of rituximab plus chemotherapy for patients 
needing therapy. Secondly, while most studies 
have been hampered by short-term follow-up, it is 
increasingly acknowledged that, even in this indo-
lent histology, the depth of remission is correlated 
with both remission duration and prolonged over-
all survival. The very long-term follow-up (median 
14.9 years) of patients in the GELF86 studies 
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recently demonstrated that patients achieving CR 
after  fi rst-line treatment had a signi fi cantly better 
OS than those reaching a PR (HR = 0.55,  p  < 0.001) 
(Fig.  9.2 )  [  43  ] . Furthermore, follicular lymphoma 
is universally [ 18F ] fl uorodeoxyglucose (FDG) avid. 
A recent retrospective analysis demonstrated the 
markedly inferior outcome of a quarter of patients 
remaining PET positive after therapy with a 
signi fi cantly ( p  < .0001) inferior progression-free 
survival (PFS) at 42 months of 32.9 % compared 
to 70.7 % in those who became PET negative. The 
risk of death was also increased in PET-positive 
patients (hazard ratio 7.0;  p  = .0011)  [  44  ] . This 
data, if con fi rmed in prospective studies, strongly 
supports the bene fi t of achieving the best disease 
response in FL patients, but the de fi nition of a true 
CR using PET will need to be clearly de fi ned in 
this heterogeneously glucose avid histology.  

   First-Line Therapy with Rituximab Alone: 
As a Short Course or with Maintenance 
 Having decided that treatment is necessary, and 
where the principal priority is palliation of symp-
toms, there is a large body of literature using ritux-
imab alone as a short course or with maintenance 
 [  45–  48  ] . These studies mostly included patients 

with favorable disease characteristics (low tumor 
burden or low/intermediate FLIPI score). Such an 
approach is particularly relevant for elderly patients 
with multiple comorbidities and an otherwise 
shortened life expectancy. Approximately 75 % 
patients respond to 4 weekly doses of rituximab, 
with half of these responders achieving a complete 
response (CR). The median time to disease pro-
gression was reproducibly short: 18–24 months, 
but prolonged by maintenance rituximab. However, 
the “duration of rituximab bene fi t,” de fi ned as the 
time without need to start a cytotoxic regimen, was 
no different, suggesting rituximab retreatment at 
time of progression could be as effective as main-
tenance. Long-term follow-up of the ECOG 4402, 
RWW, and SAKK 35/03 studies will clarify this 
issue for these low tumor burden patients.  

   First-Line Therapy Combining 
Rituximab and Chemotherapy 
 Combination immunochemotherapy is appropri-
ate when, most commonly, the treatment priority 
is to maximize depth of the response rate and 
progression-free and overall survival. There 
exists a plethora of therapeutic options often with 
attendant trade-offs between toxicity and depth 
of response. The addition of rituximab to conventional 
chemotherapy has demonstrated markedly 
improved response rates and progression-free 
and overall survival in several randomized stud-
ies (Table  9.4 )  [  5,   8,   49–  52  ] . The proportion of 
patients within each FLIPI score was similar, but 
control chemotherapy arms were different, 
 hampering a straight comparison of these trials. 
A Phase III study of CVP chemotherapy with or 
without rituximab was performed in the  fi rst 
study  [  49  ] . Patients received consolidation with 
autologous stem cell transplant or interferon in 
the second study  [  50  ] , or interferon alone in 
another  [  8  ] , while in the  fi nal study (where 
patients also received interferon), the number of 
chemotherapy cycles was divided by 2 in the 
rituximab-containing arm  [  51  ]  (Table  9.4 ). 
Sequential consolidation rituximab after chemo-
therapy was similarly shown to improve PFS in 
several studies  [  53–  55  ] .  

 Altogether, these studies demonstrate that  fi rst-
line treatment combining rituximab with or after 
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  Fig. 9.2    In fl uence of response to  fi rst-line therapy in 
 follicular lymphoma (excluding watch and wait patients) 
on overall survival ( p  < .001 in univariate and multivariate 
analysis)       
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chemotherapy can improve outcomes. A meta-
analysis (including studies for relapsing patients) 
estimated the bene fi t of this combination in terms 
of risk reduction (hazard ratio) for mortality to 
0.63 (95 % con fi dence interval 0.51–0.79). The 
bene fi t in overall survival observed across the 
studies is noteworthy given that most patients not 
receiving rituximab as part of induction therapy 
likely received monoclonal antibodies at time 
of progression. Improved survival despite this 
crossover further endorses combined immuno-
chemotherapy as a new standard in the  fi rst-line 
treatment of advanced follicular lymphoma. 

 Despite recent progress, the prognosis of the 
patient with high FLIPI remains unsatisfactory 
(median 5 year OS of 60 %)  [  51  ] . The preference 
for a  fi rst-line chemotherapy regimen containing 
or not an anthracycline remains debated, but when 
using R-CVP, median time to progression was only 
26 months in one study  [  5  ] . Recent data, including 
a randomized study, indicate a signi fi cant improve-
ment in progression-free survival with R-CHOP 
 [  56,   57  ] . Long-term follow-up of overall survival 
in randomized studies using anthracycline in the 
rituximab era may help to clarify this issue.  

   Maintenance Rituximab After 
Frontline Combination Therapy 
 Recently, the largest international study con-
ducted in FL, the 1,200 patient PRIMA study, 
demonstrated the bene fi t of 2-year rituximab 
maintenance after  fi rst-line rituximab/chemo-
therapy  [  58  ] . Probability of achieving CR was 
signi fi cantly higher in patients receiving rituximab 
maintenance compared to those undergoing obser-
vation (72 vs. 52 %). After a median  follow-up of 

36 months, the PFS in patients receiving rituximab 
maintenance was 75 % compared to only 58 % 
in patients undergoing observation (hazard ratio 
0.55; 95 % CI 0.44–0.68), Fig.  9.3 . Maintenance 
therapy was well tolerated with Grade 3/4 adverse 
events occurring in 24 % compared to 17 % in 
the observation arm, and quality of life measures 
were comparable in both groups.   

   Frontline Therapy Using 
Radioimmunoconjugates, Alone 
or After Chemotherapy 
 Radioimmunoconjugates have also been stud-
ied in  fi rst-line treatment of follicular lymphoma, 
either as single agent or as consolidation therapy. 
Kaminski and colleagues reported the frontline 
use of  131 I-tositumomab in 76 patients  [  59  ]  with a 
very high response rate (95 %) and 3 quarters of 
patients achieving CR. Toxicity was limited and 
the 5-year progression-free survival was 59 %. 
Although those patients were selected based on 
their limited marrow in fi ltration, these results are 
challenging in comparison with other trials includ-
ing a substantial proportion of low tumor burden 
patients. Other studies demonstrated the potential 
of radioimmunotherapy to improve response rate 
and quality after either CHOP  [  60  ] ,  fl udarabine, 
 [  61  ]  or rituximab followed by R-CHOP  [  62  ] . In 
the CHOP- 131  I-tositumomab study, the estimated 
5-year overall survival (OS) was 87 % and the 
progression-free survival (PFS) 67 %  [  60  ] . A large 
Phase III study  [  63  ]  demonstrated a consistently 
high CR/CRu rate of 77 % with  90 Y-Ibritumomab 
tiuxetan used for remission consolidation after che-
motherapy regardless of the initial chemotherapy 
used. Adjuvant  90 Y-ibritutomab also improved 
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progression-free survival ( p  < 0.0001; HR 0.47) 
compared to observation. However, only a minor-
ity of patients in this study (13 %) received a ritux-
imab-containing induction regimen  [  63  ] ; hence, 
the role of radioimmunotherapy in the rituximab-
 chemotherapy era remains to be clari fi ed. 
Prospective study of adjuvant radioimmunotherapy 
in patients failing to obtain CR may be of particular 
value. The current US intergroup trial is comparing 
R-CHOP versus CHOP followed by tositumomab. 
Despite its promise, access to radioimmunotherapy 
still remains limited internationally, and this will 
need to be addressed if the positive outcomes of 
clinical research are to be translated into the clinic.  

   Other Emerging Agents 
 Bendamustine, an agent with both alkylating 
agent and purine analogue properties, demon-
strates excellent responses in patients refractory 
to rituximab and chemotherapy (ORR 77–92 % 
and CR 34–55 %)  [  64,   65  ] . Short-term toxicities 
are low, with an absence of alopecia or mucosi-
tis. A recently reported Phase III study com-
pared  fi rst-line rituximab-bendamustine (90 mg/
m 2  days1 + 2) with standard R-CHOP. Of 513 
patients randomized, 54 % had follicular lym-
phoma. There was an improved tolerance in the 
R-bendamustine arm with a lower rate of neutro-
penia (11 % vs. 47 %,  p  = 0.0001). There was a 
comparable 92 % overall response rate but notably 
an improved CR rate (39 vs. 30 %,  p  = 0.03) and 
PFS (55 vs. 35 months,  p  = 0.00012). While fol-
low-up in this study is short (median 32 months) 
 [  66  ] , and long-term toxicities remain unknown, 
this early data supports the possibility of using 
this agent  fi rst-line for follicular lymphoma 
patients. The validation of this data in other cur-
rent trials is eagerly awaited.    

   Management of Patients 
in Second Line 

 Multiple options are available when the response to 
 fi rst-line therapy fails, and again it is not appropriate 
to de fi ne a “standard a care” to recommend for all 
patients. At diagnosis, the principal factors driving 
therapeutic decision making are patient age,  fi tness, 

and priorities. Additional important considerations 
are documentation of histological transformation 
(which would prompt strategies used in diffuse 
large B-cell lymphoma), the patient’s tolerance of 
 fi rst-line therapy, and the depth and duration of pre-
vious response. Subsequent therapies include the 
ongoing observation of the asymptomatic patient 
with limited tumor bulk, the re- administration 
of single-agent rituximab, the use of multiple 
cytotoxic agents (alone, in combination, or with 
rituximab), as well as the use of autologous or allo-
geneic transplantation for remission consolidation. 
Multiple studies have been reported supporting 
the use of anthracycline when not incorporated in 
front line  [  67  ] ,  fl udarabine,  [  68–  70  ]  and benda-
mustine  [  65,   71–  73  ] , this last option being com-
monly used in recent years because of its favorable 
ef fi cacy/toxicity ratio, including for patients failing 
previous rituximab-containing treatments. The few 
randomized studies available usually assessed the 
addition of another drug to a regimen commonly 
used, rather than comparing different strategies. 
For example, several studies have demonstrated the 
bene fi t of adding rituximab maintenance in patients 
responding to salvage therapy  [  67,   68  ]  or the use of 
rituximab in the context of autologous transplant  [  74  ] . 
A recent trial indicated that bortezomib had little 
value when combined with rituximab  [  75  ] . 

 The potential bene fi t of autologous stem cell 
transplantation as consolidation of second-line 
treatment is not  fi rmly established  [  76  ] . Single cen-
ter studies  [  77,   78  ]  and retrospective cohorts  [  79  ]  
showed the ef fi cacy of this approach, and one sin-
gle randomized study, although underpowered, 
indicated a signi fi cant bene fi t in terms of event-free 
and overall survival  [  80  ] . Retrospective analyses of 
patients previously registered in  fi rst-line trials 
have also suggested a bene fi t of autologous trans-
plant, even the rituximab era  [  81,   82  ] . Finally, in 
the European Bone Marrow Transplant study of 
rituximab for induction and maintenance in the 
context of autologous transplant  [  74  ] , the median 
PFS after transplant exceeded 5 years in the ritux-
imab-containing arms, a remarkable result gener-
ally not achieved with other strategies. For these 
reasons, many clinicians consider autologous trans-
plant consolidation as a treatment of choice in eli-
gible patients relapsing or progressing after  fi rst-line 
immunochemotherapy, particularly when the 
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 disease tempo is rapid with an interval between 
 fi rst treatment and failure of only a few years. 
Allogeneic transplant approaches likewise lack 
prospective study, but registry data suggests alloge-
neic transplantation can be an effective therapy that 
may provide a plateau in progression-free survival 
curves  [  83  ] . Comparisons between autologous and 
allogeneic transplant from registry data demon-
strate the predictably higher mortality (from infec-
tion and GVHD) over the  fi rst 5-year period with 
the latter approach, but a lower relapse rate thereaf-
ter  [  84  ] . Emerging single institution data also sup-
ports the role of reduced intensity conditioning in 
reducing this prohibitive mortality  [  85  ] . With the 
lure of a cure, allogeneic transplantation is an 
option that should be reserved only for very selected 
 fi t young patients with relapsed/resistant disease, 
usually after failure of autologous transplant.  

   Future Developments 

   New Agents in Follicular Lymphoma 

 There is encouraging preliminary phase II data on 
second-generation monoclonal antibodies, nota-
bly obinutuzumab (GA101) a fully humanized 
anti-CD20  [  86  ] , and on an immunomodulatory 
approach with combined rituximab and lenalido-
mide  [  87  ] . Other agents such as monoclonal anti-
bodies directed against different antigens, drugs 
modulating apoptosis, or intracellular signaling 
are also worth investigating in FL patients, as long 
as they have a reasonable safety pro fi le, given the 
prolonged life expectancy of these patients  [  88  ] .  

   Current Risk-Adapted Therapeutic 
Strategies in Fl and Challenges 
for the Next Years 

 Since biologically derived prognostic factors are 
not yet available to identify patients with speci fi c 
risks or deserving targeted therapeutic options, 
clinical criteria remain relevant for deciding on 
when to commence treatment for patients with FL 
(Table  9.2 ). These criteria, along with FLIPI 1/2 
and patient individual priorities, assist clinicians in 

determining the appropriate  fi rst-line therapy for 
each patient. As an incurable disease, it remains 
important to consider the side effects and long-term 
risks of both  fi rst-line and subsequent therapies. 
Nonetheless, the development of highly ef fi cient 
and tolerable strategies based around monoclonal 
antibody therapy has revised our therapeutic stan-
dards in FL. Combination immunochemotherapy 
strategies followed by maintenance rituximab 
aimed at durable complete remissions will likely 
lead to long-term survival improvement. 

 Finally, acknowledging the limitations of con-
ventional CT response assessment, we need to 
better de fi ne remission status and our therapeutic 
goals. If prospective study of standardized post-
therapy PET-CT response criteria con fi rms this 
imaging modality is highly predictive of both 
PFS and OS, then, as with other lymphomas, 
these criteria provide a meaningful clinical end-
point for study of response adapted strategies. 
The challenge will be in choosing from the pleth-
ora of promising consolidative therapies, beyond 
the now well-established program of mainte-
nance rituximab to the study of alternative chemo- 
and antibody therapies, radioimmunoconjugates, 
and immunomodulatory agents, with or without 
autologous transplantation. 

 The near future promises to bring new stan-
dards of  fi rst-line therapy for follicular lym-
phoma. However, these are not likely to remain 
standard for long as, with each new research 
development prolonging survival, we may move 
closer to a cure.       
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   Introduction 

 Mantle cell lymphoma represents a distinct histo-
logical subtype of malignant B-cell malignancies 
and accounts for 5–10 % of all lymphoid malig-
nancies corresponding to an incidence of 2–3 new 
cases per 100.000 inhabitants. Mantle cell lym-
phoma is cytomorphologically marked by small- 
to medium-sized lymphoid cells with irregularly 
notched nuclei. The former Kiel classi fi cation 
described this entity in 1977 as centrocytical lym-
phoma. In contrast, it was subsumed under differ-
ent histological entities. The term “mantle cell 
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  Abstract 

 Mantle cell lymphoma is characterized clinically by an aggressive clinical 
course and is relatively resistant to conventional chemotherapies. When 
in its advanced stages, currently available immunochemotherapy regi-
mens remain noncurative despite high initial response rates. In contrast, 
consolidating high-dose therapy with autologous stem cell retransfu-
sion signi fi cantly extends progression-free survival of young patients. 
Currently, allogenic bone marrow transplantation represents the only ther-
apy with the potential for a curative approach, although associated with 
a high rate of complications. New concepts of therapy are urgently war-
ranted, including new molecular approaches, such as bortezomib, lenali-
domide, and temsirolimus.  
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lymphoma” was  fi rst proposed by Banks et al.  [  1  ] , 
based on the recognition of characteristic mor-
phology, phenotype, and translocation t(11;14) 
which indicates the decent of mantle zone B cells. 
After introduction of the REAL and the current 
WHO classi fi cation, mantle cell lymphoma (short 
MCL) was recognized as a distinct lymphoma 
entity  [  2,   3  ] . The male to female ratio is 2–3:1, 
and the median age at  fi rst clinical manifestation 
is 65 years. 

 Most patients are diagnosed at an advanced 
stage of disease, often with extranodal involve-
ment. The disease is clinically characterized by 
aggressive course and only short-term remissions 
after conventional chemotherapy. Except from 
allogeneic stem cell transplant, curative therapy is 
currently not available. Median survival is about 
5 years. Immunochemotherapy with myeloabla-
tive consolidation and autologous stem cell trans-
plantation in younger patients, an increasing 
number of effective therapies for sequential appli-
cation, novel targeted agents, and maintenance 
therapy strategies are improving response dura-
tions and overall survival, so median survival in 
historic series is recently improving  [  4  ] .  

   Etiology and Pathogenesis 

 Etiology and molecular pathogenesis that result in 
the clinical manifestation of mantle cell lymphoma 
are still an object of current research. Among  fi rst-
degree relatives of MCL patients, there is an 
increased risk to develop other lymphoid malig-
nancies, although familiar MCL is quite rare. 
Environmental toxins, e.g., longtime exposure to 
herbicides, are discussed as risk factors, although 
population-based data are limited so far. 

 Nevertheless, increasing insights into the under-
lying molecular pathogenesis could be achieved 
within the last decade  [  5  ] . On the genomic level, 
the chromosomal translocation t(11;14) represents 
the hallmark of MCL and can be detected in the 
vast majority of MCL cases  [  6,   7  ] . The resulting 
overexpression of cyclin D1, which is generally 
not expressed in B cells, has an important func-
tion in cell-cycle regulation at the G1/S-phase. It 
forms a complex with cyclin-dependent kinases 4 

(CDK4) and 6 (CDK6), leading to an increasing 
level of such cyclin D1/CDK complexes. These 
complexes phosphorylate the retinoblastoma pro-
tein (Rb) and thus accelerate cell-cycle progres-
sion via promoting transition from G1- to S-phase. 
Alternative cell-cycle regulator p27 kip1  is simul-
taneously segregated from cyclin E/CDK2 com-
plexes, thereby activating these complexes and 
additionally promoting S-phase entry. The level 
of cyclin D1 expression is directly associated with 
the proliferation rate of MCL cells and thus with 
the clinical course of this disease. Other genetic 
alterations have been reported in MCL cells. In 
a signi fi cant fraction of cases, reduced levels of 
CDK4 and -6-inhibitors (e.g., p16I NK4a ) could be 
detected. About 20 % of MCL display homoge-
nous deletions of chromosomal band 9p21 which 
leads to deactivation of p16I NK4a , which normally 
maintains the dephosphorylated, antiproliferative 
state of the Rb protein. Deactivation of p16 INK4a  
may cooperate with overexpression of cyclin 
D1 and again augment cell-cycle progression. 
Additionally p16 ARF , the alternative reading frame 
gene of the same genomic locus which is involved 
in the DNA damage response via mdm2 and p53, 
is simultaneously deleted. Cases with 9p-deletions 
often show blastoid histology and a more aggres-
sive clinical course. 

 In up to 75 % of MCL, the ataxia telangiectasia 
mutated (ATM) gene on chromosomal band 11p22–
23 is mutated. ATM encodes a kinase that belongs 
to the PI-3 kinase-related superfamily and has an 
important role in p53-mediated response to DNA 
damage. Recent proteome analysis con fi rmed the 
central role of p53-triggered protein interactions in 
MCL  [  8  ] . In summary, the molecular pathogenesis 
of MCL is characterized by a dysregulation of cell-
cycle control mechanism and disrupted response to 
DNA damage  [  7,   9  ]  (Fig.  10.1   [  112  ] ).   

   Histopathology 

 Histologically, MCL presents a wide variation of 
morphological appearance. 

 Lymph node histology is usually characterized 
by a diffuse in fi ltration of monomorphic lymphoid 
cells, although the growth pattern can be nodal 
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or imitating a mantle zone pattern, with affected 
cells found around residual reactive germinal cen-
ters. Cells are small to medium sized with irregu-
larly notched nuclei. Cytomorphologically, MCL 
can be differentiated between a classical versus a 
blastoid variant  [  3  ] . Mixtures of cell types (clas-
sical plus pleomorphic type) or transitions were 
identi fi ed, but more detailed classi fi cation was 
not of additional prognostic value  [  10,   11  ] . 

 Immunophenotypically, MCL cells express 
IgM and often IgD and have a mature B-cell 
marker pro fi le (CD 10−, CD19+, CD20+, CD22+, 
CD43+, CD79a+) with coexpression of CD5, 
CD43, and FMC7, although CD5 negativity is 
reported in up to 20 % in some series. In contrast 
to chronic lymphocytic leukemia (CLL), MCL 
cells do usually not express CD23. Additionally, 
MCL cells are negative for the germinal cell 
marker bcl-6 and CD10. MCL is more frequently 
associated with lambda rather than kappa light 
chain expression, which differs from other B-cell 
lymphoma entities. Proliferation marker expres-
sion is variable with ki67 values of 10–20 % in 
classical MCL and  ³  40 % in blastoid variants. 

 The typical cyclin D1 overexpression can be 
detected either by immunohistochemistry or by 
detection of the underlying translocation t(11,14)
(q13;q32) via  fl uorescence in situ hybridization 
(FISH), with most of the breakpoints occurring 
in the major translocation cluster. However, con-
ventional genomic PCR is able to detect the 

translocation in only 30 % of cases due to the 
wide genomic range of breakpoints  [  12  ] . Recently, 
few cyclin D1-negative MCL cases were identi fi ed 
which show a similar gene expression and clini-
cal course and are frequently driven by alterna-
tive cyclin D2 or D3 overexpression.  

   Clinical Presentation, Staging, 
and Prognostic Factors 

   Clinical Presentation 

 Generally, MCL is characterized by a rapidly 
progressing clinical course. The majority of 
patients are diagnosed in advanced clinical stages 
(Ann Arbor III–IV) with generalized lymphade-
nopathy. Extranodal manifestation emerge in up 
to 90 % of all cases, with bone marrow involve-
ment most frequent (60–81 %), followed by liver 
(25 %) and GI tract manifestations (20–60 %); 
CNS manifestation is relatively frequent in 
relapsed disease (4–20 %)  [  13  ] .  

   Recommendation for Diagnostic 
and Staging Procedures 

 The histological con fi rmation of diagnosis is 
essential. Lymph node biopsy is strongly recom-
mended. In cases with only retroperitoneal lymph 
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  Fig. 10.1    MCL variants (From Jares et al.  [  119  ] . Used with permission)       
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node manifestations, diagnosis can be con fi rmed 
by CT-guided punch biopsy. Fine needle aspira-
tion is not suf fi cient because of the restricted value 
of cytomorphology only, as the material often does 
not provide the diagnostic accuracy as immuno-
histochemistry. Bone marrow biopsy is mandatory 
and should be complemented by  fl ow cytometry to 
quantify the percentage of in fi ltration. Because of 
the exceptional role of correct histological diagno-
sis, second opinion by an experienced hematopa-
thology expert may be recommended. 

 Standard lymphoma staging procedures in 
MCL patients include a medical history and 
physical examination as well as CT scans of the 
neck, chest, abdomen and pelvic region, and bone 
marrow biopsy. Although colonoscopy and upper 
GI tract endoscopy generally are not routinely 
required, it is recommended if patients present 
gastrointestinal symptoms or history of GI bleed-
ing. In case of neurological symptoms, cranial 
imaging with MRT and diagnostic lumbar punc-
ture is recommended. The role of PET/PET-CT 
scanning in the initial diagnosis is not generally 
recommended even though MCL is typically PET 
avid  [  14,   15  ] . Under certain circumstances, PET 
can be useful for identi fi cation of extranodal dis-
ease because of the lower sensitivity of CT scans 
for these sites. A positive posttreatment PET is 
related with inferior progression-free survival but 
does not necessarily guide to additional treatment 
because of a noncurative approach. The labora-
tory workup should include differential blood, 
standard serum chemistry analysis, including 
LDH as one of the major risk markers. ß[beta]2-
microglobuline may also be determined. Although 
leukemic disease can be detected by more sensi-
tive methods like  fl ow cytometry and molecular 
assays in nearly all patients, manifest lymphocy-
tosis can be found in about 25 % only.  

   Prognostic Factors 

 The clinical course of MCL is characterized by a 
continuous progression with median survival of 
about 3–5 years, but recent reports observed an 
increased overall survival of 5–6 years and a subset 
of about 15 % long-term survivors with a rather 

indolent clinical course even after only conventional 
immunochemotherapy treatment  [  16–  18  ] . This 
emphasizes the biological and clinical heterogene-
ity of this disease. The insights in the molecular 
pathogenesis of MCL during the last decade eluci-
date the underlying mechanism of this variability 
and may potentially guide therapeutic approaches 
according to the individual patients risk pro fi le. 

   Risk Factors Based on Morphology 
 Cytomorphologically, MCL can be differentiated 
into a classical versus a blastoid variant  [  3  ] . A blas-
toid cell type, either present at diagnosis or devel-
oping during disease progression, has an inferior 
median survival of 1–2 years compared to 4–5 years 
in classical MCL. Additionally, the histological 
growth pattern has a prognostic value. Nodular and 
especially mantle zone growth patterns correlate 
with a more indolent disease progression.  

   Phenotypic and Molecular Risk Factors 
 The most important biological parameter is the 
rate of cell proliferation. Rosenwald et al. made a 
quantitative measurement of tumor cell prolifera-
tion available allowing the de fi nition of prognostic 
subgroups that differ in their median survival by 
more than 5 years  [  12  ] . The rate of ki-67 expres-
sion identi fi ed by immunohistochemical staining 
is an important prognostic factor and correlates 
inversely with the clinical course  [  19  ]  and was 
veri fi ed in a large European clinicopathological 
study  [  10  ] . Signi fi cant differences in overall sur-
vival were shown for MCL patients treated with 
CHOP or R-CHOP strati fi ed by fewer than 10, 
10–29 %, and over 30 % of ki-67-positive cells, so 
the central prognostic role of cell proliferation and 
its superiority to other histomorphological criteria 
was also con fi rmed for rituximab-containing regi-
mens  [  20  ]  (Fig.  10.2   [  20  ] ). Additional biomarkers 
like p53 mutations, 13q14 deletion, or microRNA 
aberrations allow new pathogenetic insights and 
indicate new approaches of prognostic strati fi cation 
and targeted therapy  [  21–  23  ]  (Fig.  10.1 ).   

   Prognostic Index 
 The international prognostic index (IPI) estab-
lished in diffuse large cell is only of minor rele-
vance in MCL. In a multivariate analysis of more 



16110 Mantle Cell Lymphoma

than 450 patients, age, ECOG (Eastern Cooperative 
Oncology Group) performance status, LDH, and 
leukocyte or lymphocyte count could be identi fi ed 
as independent prognostic factors, establishing an 
MCL-speci fi c prognostic score (MIPI)  [  24  ] . 
Based on the calculated score, patients with 
advanced clinical stages (III, IV) can be separated 
into low-, intermediate-, and high-risk groups that 
directly correlate with overall survival following 

initial chemotherapy (Fig.  10.3   [  20  ] ). Additionally, 
in patients treated with combined immunochemo-
therapy and dose-intensive regimens including 
autologous stem cell transplant, MIPI could be 
also con fi rmed as a valid prognostic tool  [  25  ] . 
A further improvement of the MIPI could be 
achieved by the inclusion of the proliferation 
marker ki-67 (see above) to combine clinical and 
biological risk factors  [  24,   25  ] .   

0

0.0

0.1

0.2

0.3

0.4

0.5

p
ro

b
ab

ili
ty

 o
f 

ov
er

al
l s

u
rv

iv
al

0.6

0.7

0.8

0.9

1.0

12 24 36 48 60 72 84

< 10. median not reached

>= 10. median not reached

>= 30. median = 52
p = 0.0126

months since registrationnumbers of patients at risk
< 10
>= 10
>= 30

30
50
16

27
48
15

20
19
7

11
6
1

7
3
0

0
1 040

11

96 108 120

  Fig. 10.2    Overall survival 
according to ki-67 
(This research was originally 
published in  Blood , 
Determann et al.  [  20  ] ; 
© the American Society 
of Hematology)       

0.0

LR, median not reached

IR, median = 58

HR, median = 37

numbers of patients at risk months since registration

LR
IR
HR

62
103
55

57
85
37

50
60
25

38
41
18

27
25
9

14
17
3

7
7
1

2
4
0

0 12 24 36 48 60 72 84 96

0.1

0.2

0.3

0.4

pr
ob

ab
ili

ty
 o

f o
ve

ra
ll 

su
rv

iv
al

0.5

0.6

0.7

0.8

0.9

1.0  Fig. 10.3    Overall survival 
according to MIPI (This research 
was originally published in 
 Blood , Determann et al.  [  20  ] ; 
© the American Society of 
Hematology)       

 

 



162 C. Schmidt and M.H. Dreyling

   Minimal Residual Disease 
 Although initial data after immunochemotherapy 
were contradictory  [  26  ] , the achievement of 
molecular remission following induction therapy 
as re fl ected by MRD negativity was associated 
with prolonged clinical remission in two prospec-
tive randomized clinical trials in both younger 
patients (receiving intensive induction therapy 
including autologous stem cell transplantation) 
and elderly patients (receiving two lower intensity 
immunochemotherapy regimens)  [  27  ]  (Fig.  10.4  
 [  27  ] ). Molecular marker as clonal igVH and 
t(11,14) breakpoints was determined in blood and 
bone marrow by sensitive PCR assays. Further 
standardization of this diagnostic tool will permit 
prospective assessment of molecular remission 
and enable MRD-based therapeutic intervention 
before a manifestation of clinical relapse.     

   Initial Therapy 

   Watch and Wait 

 The clinical course of MCL is usually aggressive 
with the worst longtime outcome of all B-cell 
lymphoma entities. A watch and wait strategy is 
therefore not generally recommended although 
conventional immunochemotherapy regimens are 
noncurative  [  28  ] . Nevertheless, a minor subgroup 

of 10–15 % displays a more indolent clinical 
course  [  18  ] . These asymptomatic patients with 
low tumor burden may be strictly monitored and 
treatment initiated immediately in case of pro-
gression or occurrence of symptoms. Gaining of 
more insights into the underlying biology of 
MCL, new prognostic tools could identify patients 
which bene fi t from a wait and see strategy  [  29  ] . 
Thus, a recent study of the Barcelona group sug-
gested SOX11 negativity as a marker of this more 
indolent patient population  [  30  ] . However, so far, 
immunohistochemistry is not yet reliable enough 
for application in clinical routine.  

   Radiotherapy 

 Even though MCL is a radiation-sensitive disease 
 [  31  ] , in the small number of patients which is diag-
nosed in early stages (I + II), extended- or involved-
 fi eld radiotherapy achieves remissions with short 
duration only. In a retrospective analysis in 17 
patients with limited-stage MCL, overall and pro-
gression-free survival were 71 and 68 %, respec-
tively, after involved- fi eld radiation either alone or 
in combination with conventional chemotherapy 
 [  32  ] . In contrast in advanced-stage disease, the 
bene fi t of radiotherapy is not proven and should be 
only considered in individual cases in which 
immunochemotherapy cannot be applied and local 
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tumor control is warranted as a palliative measure. 
In such a palliative setting, radiotherapy achieves 
an overall local response rate of 100 % with a 
median time to progression of 10 months  [  33  ] .  

   Conventional Chemotherapy 

 In advanced stage, MCL conventional chemother-
apy represents a noncurative approach. So far, the 
superiority of anthracycline-based regimens has 
not been con fi rmed in randomized trials. Overall 
response (89 % vs. 84 %), median progression-
free, and overall survival were comparable for both 
CHOP protocol (cyclophosphamide, doxorubicin, 
vincristine, and prednisone) and alkylator-based 
combination (COP)  [  34  ] . In comparison with an 
anthrachinon-containing regimen (MCP), overall 
response rates after CHOP again were only slightly 
improved (87 % vs. 73 %,  p  = 0.08) with a compa-
rable time to treatment failure (21 months vs. 
15 months,  p  = 0.14) and overall survival rates (61 
months vs. 48 months,  p  = 0.058)  [  35  ] . In contrast, 
a retrospective study showed a signi fi cant longer 
overall survival after anthracycline-based regimens 
in patients with low- and low-intermediate-risk 
pro fi le according to IPI  [  36  ] . Therefore, many cli-
nicians favor CHOP-like induction therapy regi-
mens at least in younger patients with MCL. 

 Purine analogs (e.g.,  fl udarabine, cladribine) 
have been investigated in various studies. 
Fludarabine as single treatment achieved only 
moderate response rates in MCL (30–40 %)  [  37  ] . 
In contrast, combinations with either and idarubi-
cin (FLU-ID) or cyclophosphamide achieved 
superior response rates (60 and 63 %, respectively) 
 [  38,   39  ] . Nevertheless, even in patients with 
molecular remissions, the median progression-free 
survival was 18.8 months only. However, hemato-
logical toxicity and stem cell toxicity have to be 
considered, especially for patients who are poten-
tial candidates for autologous stem cell harvest. 

 Promising data have been recently presented 
for the nitrogen mustard compound bendamus-
tine, which is chemically related to the alkylating 
agents chlorambucil and cyclophosphamide  [  40  ] . 
Based on its molecular structure, it has been sug-
gested that bendamustine may also act as a purine 

analog. A randomized phase III trial in patients 
with indolent non-Hodgkin’s lymphoma and 
MCL demonstrated that bendamustine can 
ef fi caciously and safely replace cyclophosph-
amide in combination with vincristine and pred-
nisone (BOP vs. COP)  [  41  ] .  

   Rituximab and Other Monoclonal 
Antibodies 

 Rituximab is a chimerical IgG 
1
  anti-CD20 anti-

body that induces antibody-dependent cellular 
cytotoxicity and complement-dependent cytotox-
icity. In addition, intracellular signaling may con-
tribute to its ef fi cacy; however, the exact in vivo 
function of CD20 is still unknown  [  42  ] . Despite 
high CD20 expression in MCL cells, rituximab 
monotherapy achieves only moderate response 
rates of 20–40 %. Data from the Swiss SAKK 
study group show an overall response rate of 
27 % with a CR rate of 2 % in patients with newly 
diagnosed or relapsed MCL treated with a four 
weekly standard dose of rituximab. Median 
event-free survival was 6 months only  [  43  ] ; thus, 
antibody monotherapy should be considered only 
in severe compromised patients with strict con-
traindications for systemic chemotherapy. 

 Other monoclonal antibodies targeting a vari-
ety of epitopes in addition to CD20 such as Cd22 
 [  44,   45  ] , CD74  [  46  ] , CD80  [  47  ] , and HLA-DR 
 [  48  ]  are currently investigated in preclinical and 
clinical trials. Nevertheless, data for MCL are still 
rare. Modi fi ed antibodies (by bonding to either 
radioactive compounds or chemotoxins) promise 
better results in MCL. Inotuzumab ozogamicin 
(CMC-544), a calicheamicin-labeled murine anti-
CD52 antibody, has shown activity in relapsed 
MCL.  [  49  ]  Blinatumomab, a bi-speci fi c anti-
CD19/anti-CD3 antibody, has shown a high 
ef fi cacy in an initial phase I/II trial  [  50,   51  ] .  

   Immunochemotherapy 

 Rituximab monotherapy has only limited ef fi cacy 
(see above), but based on an in vitro synergism, 
the effectiveness of rituximab in combination 
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with CHOP was explored in a phase III study. In 
the combination arm, 94 % of patients achieved a 
remission (CR 34 %) versus 75 % (CR 7 %) in 
the control arm with CHOP only ( p  = 0.0054, CR 
 p  = 0.0002)  [  52  ] . After longtime follow-up, pro-
gression-free survival was doubled in the combi-
nation arm (TTF; median 28 vs. 14 months, 
 p  = 0.0003). Nevertheless, no differences were 
perceived in overall survival so far  [  53  ] . Other 
clinical trials con fi rmed the improved response 
rates after the addition of rituximab: in a combi-
nation with MCP (mitoxantrone, chlorambucil, 
and prednisone), response rates increased from 
63 to 71 % (CR 32 % vs. 15 %),  [  54  ]  but no 
signi fi cant improvement of progression-free sur-
vival was observed  [  55  ] . The combination of 
rituximab and FCM was also tested in relapsed 
mantle cell lymphoma in comparison to FCM 
chemotherapy only. The combined study arm 
R-FCM achieved signi fi cantly superior overall 
response rates (OR 58 % vs. 46 %, CR 29 % vs. 
0 %) and even overall survival  [  56  ] . Recently a 
randomized study by the British study group 
con fi rmed signi fi cantly improved response rates 
and overall survival after R-FC (rituximab, 
 fl udarabine, cyclophosphamide) in comparison 
to chemotherapy only. This improvement of over-
all survival was also suggested by a meta-analysis 
 [  57  ] , although this analysis showed considerable 
statistical heterogeneity. In a recent phase III 
study, two different regimens of immunochemo-
therapy were compared in 559  fi rst-line patients. 
After R-FC regimen signi fi cantly lower, overall 
survival rates were observed in comparison to the 

R-CHOP regimen  [  58  ]  (Table  10.1   [  26,   52,   53, 
  55,   56,   58,   61,   111  ] ).  

 In a phase II trial, bendamustine in combina-
tion with rituximab showed an overall response 
rate (OR) of 75 % with a complete response rate 
(CR) of 50 % in 16 patients with relapsed or 
refractory MCL  [  59  ] . Similarly, even in ritux-
imab, pretreated patients with relapsed and 
refractory lymphoma including MCL, benda-
mustine in combination with mitoxantrone and 
rituximab was well tolerated and highly effective 
with an OR of 76 % and a CR of 38 %  [  60  ] . In a 
subset analysis of a phase III trial, rituximab in 
combination with bendamustine (BR) was com-
pared to the standard R-CHOP regimen. BR dis-
played signi fi cantly less myelotoxicity with a 
25 % reduction of infectious episodes, whereas 
response rates were only slightly lower, and pro-
gression-free survival was even prolonged in 
comparison with R-CHOP  [  61  ] . Based on these 
data, bendamustine may be considered especially 
in elderly patients not qualifying for dose-
intensi fi ed regimen.  

   Dose-Intensi fi ed Regimen 

 Recent studies con fi rmed the bene fi t of dose-
intensi fi ed approaches in younger patients even on 
overall survival (Fig.  10.5   [  113  ] ). Several studies 
show a high effectiveness of high-dose cytarabine in 
the therapy of mantle cell lymphomas (Table  10.2 ). 
Lefrere analyzed the sequential administration of 
CHOP and DHAP (dexamethasone, high-dose 

   Table 10.1    Immunochemotherapy in MCL      

 Author   n   Regimen  Disease status  OR (CR)  Median PFS/EFS  Median OS 

 Howard et al.  [  26  ]   40  R-CHOP  First line  96 % (48 %)  17 months  n.a. 
 Forstpointner et al.  [  56  ]   55  R-FCM  Relapse  62 % (33 %)  8 months  Median not reached 
 Herold et al.  [  55  ]   44  R-MCP  First line  71 % (32 %)  20 months  Median not reached 
 Lenz et al.  [  52  ] , 
Hoster et al.  [  53  ]  

 123  R-CHOP  IFN vs. ASCT  94 % (34 %)  28 months (TTF)  59 % (5 years) 
 CHOP  IFN vs. ASCT  75 % (7 %)  14 months (TTF)  46 % (5 years) 

 Rummel et al.  [  61  ]   48 
 45 

 R-CHOP 
 BR 

 First line  95 % (35 %) 
 89 % (32 %) 

 22 months 
 33 months 

 Median not 
reached 

 Kluin-Nelemans 
et al.  [  58  ]  

 457  R-CHOP 
 R-FC 

 First line  87 % 
 78 % 

 – 
 – 

 64 months 
 40 months 

 Rule et al.  [  111  ]   370  FC 
 R-FC 

 First line  79.8 % 
 90.6 % 

 16.1 months 
 30.6 months 

 37 months 
 45.7 months 
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AraC, cisplatine). After four cycles with CHOP, 
only 7 % of the patients reached complete remis-
sion. After four more cycles with DHAP, the 
remission rate rose to over 80 %. Another even 
more dose-intensi fi ed regimen of HyperCVAD/
MA (fractionated cyclophosphamide, doxorubi-
cin, vincristine, dexamethasone; alternated with 
high-dose methotrexate and cytarabine) was 
introduced by the MD Anderson group and dem-
onstrated a CR of 38 % and a partial response of 
55.5 % after four cycles in 45 patients with previ-
ously untreated as well as relapsed MCL  [  62  ] . In 
the initial trials, both DHAP and HyperCVAD pro-
tocols were applied as cytoreductive induction fol-
lowed by consolidating myeloablative therapy and 
autologous HSCT. Meanwhile, even more impres-
sive results have been reported when rituximab 
was combined with either the DHAP regimen 
 [  63  ]  or the Hyper-CVAD/MA regimen  [  64,   65  ] . 
Unfortunately, these excellent results could not 
be replicated in a multicenter study evaluating 
R-Hyper-CVAD. ORR was 88 % with a 2-year 
PFS of 63 % only  [  66  ] .   

 Based on the results of high-dose AraC-
containing regimens, new trials have investigated 
the combination of these approaches. A French 
phase II study observed a median event-free sur-
vival of 83 months and an overall survival rate of 

75 % at 5 years  [  67  ] . A study of the Nordic 
 lymphoma study group reported an event-free 
survival of 63 % and an overall survival of 81 % at 
4 years after high-dose AraC-containing induc-
tion therapy followed by autologous transplanta-
tion  [  68  ] . The European MCL Network recently 
con fi rmed the bene fi t of therapy intensi fi cation by 
addition of sequential AraC to conventional induc-
tion therapy with R-CHOP in a large international 
trial. In 497 patients in a randomized phase III 
study, a signi fi cant improvement of time to treat-
ment failure had been observed for the AraC-
containing regimen (76 % vs. 64 % after 3 years, 
 p  = 0.038) with even a higher rate of molecular 
remissions  [  69,   70  ] . Thus, an R-AraC-containing 
induction therapy followed by ASCT represents 
the new standard for younger MCL patients.  

   Allogeneic Stem Cell Transplantation 

 Until today, allogeneic stem cell transplant is the 
only curative approach in advanced-stage MCL 
based on the induced graft versus lymphoma 
effect. Several phase II studies con fi rmed that 
even in multiple relapsed patients, long-lasting 
remissions can be achieved  [  71,   72  ] . Thirty-three 
patients with relapsed or refractory mantle cell 
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lymphoma were treated with non-myeloablative 
conditioning with  fl udarabine and 2-Gy total 
body irradiation followed by HCT. The disease-
free and overall survival at 2 years were 60 and 
65 %, respectively  [  73  ] . In another phase II study, 
patients with relapsed or refractory lymphoma 
including MCL received a conditioning therapy 
with alemtuzumab,  fl udarabine, and melphalan. 
Overall survival at 3 years was 60 % in the MCL 
subgroup  [  74  ] . Recently published phase II data 
about dose-reduced conditioning regimens report 
even more encouraging results. In 2008, a multi-
center survey of 60 patients achieved a 3-year 
event-free survival with 69 % in CR and 45 % in 
PR  [  75  ] . After a reduced-intensity conditioning 
transplantation in relapsed MCL patients, Khouri 
et al. reported in 2009 a CR rate of 97 % with 
only three patients dead (9 %) after 1 year  [  76  ] . 
While acute graft versus host disease (GVHD) 
was moderate (grade I + II) and only observed in 
37 % of patients, about 60 % suffered from 
chronic GVHD. After 56 months follow-up, esti-
mated 6-year progression-free survival was 46 % 
with an overall survival of 53 % after 6 years. 
However, this allogeneic approach in relapsed 
disease was only superior to autologous trans-
plantation. Thus, promising results in allogeneic 
transplantation should be applied only in relapsed 
disease or in selected high-risk patients not prop-
erly responding to dose-intensi fi ed  fi rst-line 
chemotherapy.  

   Rituximab Maintenance Therapy 

 As described above, the clinical course of MCL 
is characterized by only short-time remission 
after conventional chemotherapy; therefore, an 
effective consolidation therapy also in elderly 
patients is urgently warranted to prolong remis-
sion duration. Although in a Swiss SAKK trial 
rituximab maintenance showed no additional 
bene fi t compared to observation only after anti-
body monotherapy  [  43  ] , a recent update of a ran-
domized trial in relapsed malignant lymphoma 
could observe a major bene fi t of rituximab main-
tenance after a more effective induction regimen 
(FCM+/-R). The application of eight cycles, 

rituximab in standard dose of 375 mg/m 2  (four 
weekly doses after 6 and 9 months) improved 
3-year progression-free survival from 9 to 45 % 
 [  77  ] . However, these data are based on a limited 
number of patients only ( n  = 50). In a recent phase 
II trial, rituximab maintenance was applied after 
a modi fi ed hyperfractionated CVAD (cyclophos-
phamide, vincristine, doxorubicin, dexametha-
sone) regimen; time to progression was about 
37 months in this setting  [  78  ] . Recently, the 
European MCL Network con fi rmed the bene fi t of 
regular post-induction antibody application in 
MCL in an international phase III trial. Duration 
of remission was almost doubled (51 vs. 
24 months,  p  = 0.012) in comparison to an inter-
feron-based maintenance regimen  [  79  ] , therefore 
representing the current standard approach in 
elderly patients (Fig.  10.6 ).   

   Radioimmunotherapy 

 Radioimmunotherapy is a novel therapeutic 
approach that combines the tumor-targeting attri-
butes of lymphocyte-speci fi c monoclonal anti-
bodies with therapeutic radionucleotides and has 
been explored in various studies of mantle cell 
lymphoma, commonly considered to be inher-
ently radiosensitive. Today there are two radio-
immunoconjugates either approved in the USA 
or EU: 90Y-Ibritumomab tiuxetan and 131I-Tosi-
tumomab. Both are targeted against CD20, which 
is expressed on virtually all B-cell lymphomas. 
However, neither radioimmunoconjugate is cur-
rently approved for the treatment of MCL. In two 
phase II trials, the single-agent activity of 90Y-
Ibritumomab tiuxetan in patients with relapsed or 
refractory mantle cell lymphoma has been inves-
tigated  [  80–  82  ] . OR was of about 30–40 % with 
only short durations of response. In contrast, data 
on radioimmunotherapy integrated into a multi-
modal therapeutic approach, i.e., in segmental 
combination with chemotherapy as either induc-
tion or consolidation  [  83  ] , seem to be more 
encouraging  [  84  ] . Another promising option 
seems to be the application of radioimmunocon-
jugates in a combination with high-dose chemo-
therapy followed by autologous or even allogeneic 
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stem cell transplantation. In a phase II study, 16 
patients with relapsed or refracted MCL were 
enrolled to receive a high-dose radioimmuno-
therapy with 131I-Tositumomab followed by 
high-dose etoposide and cyclophosphamide as 
part of a myeloablative regimen before ASCT. 
OR was remarkable, (CR 91 %) with 3-year OS 
and PFS of 93 and 61 %  [  85  ] .  

   Relapsed Disease 

 For relapsed MCL, only limited published data are 
available today. Therapeutic strategies depend on 
the previous applied regimens with consideration 
of patients’ age, comorbidities, and clinical  fi tness. 
The addition of rituximab seems to be reasonable if 
a remission of at least 6 months has been achieved 
after a rituximab-containing regimen. In younger 
patients, allogeneic stem cell transplant should be 
considered after initial reduction of tumor load 
(Fig.  10.6 ). In elderly patients, non-cross-resistant 
conventional immunochemotherapy regimens are 

recommended. In a small US phase II trial ( n  = 12), 
bendamustine plus rituximab (BR) achieved an 
overall response rate of 92 % (11 of 12) with about 
50 % CR  [  86  ] . In a German phase II study ( n  = 16), 
overall response rate was 75 % including 50 % CR 
with a median progression-free survival of 
18 months  [  59  ] . Preliminary data of a phase III trial 
con fi rmed a signi fi cant better overall response and 
CR rate of BR in comparison to R-F  [  87  ] .  

   Molecular Targeted Therapeutic 
Approaches 

 Although mantle cell lymphoma responses regu-
larly to initial therapy and improved outcomes 
could be achieved over the last decade  [  4  ] , the 
clinical course of this disease is still character-
ized by recurrent relapses. Most patients relapse 
within one till 5 years even after successful 
immunochemotherapy induction with autologous 
stem cell transplant consolidation and second-
line chemotherapy, although highly effective 
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  Fig. 10.6    Therapeutic approaches for MCL patients 
(advanced stage).  Note : Since no standard therapy has 
been established for treatment of newly diagnosed or 
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regarding response rates, achieving only short-
term remissions, thus new therapeutic approaches 
are urgently warranted. During the last decade, 
more of the underlying biological pathways have 
been understood and new therapeutic targets 
identi fi ed. Such new approaches may target to 
deregulate cell-cycle characteristic for mantle 
cell lymphoma, or other proliferation or apopto-
sis pathways (Table  10.3 )  [  23  ] .  

   Proteasome Inhibitors 
 Bortezomib is a potent, selective, and reversible 
proteasome inhibitor registered for relapsed or 
refractory MCL in the USA. In two phase II tri-
als, 141 and 40 relapsed or refractory MCL 
patients were enrolled. Objective response rates 
were only up to 44 % with a median progression-
free survival of 5.3 and 6.7 months, respectively 
 [  88,   89  ] , durable responses were observed among 
some CR patients. Bortezomib has surprisingly 
little toxicity considering the requirement of pro-
teasome activity in every eukaryotic cell, so the 
combination with conventional chemotherapy is 
an interesting option. Preliminary data suggest 
synergistic effects of a combination with cytara-
bine;  [  90  ]  thus, this approach has been investi-
gated as well as the combination with other 
immunochemotherapy regimens in numerous 
phase II trials  [  91–  94  ] .  

   mTOR Inhibitors 
 The mammalian target of rapamycin (mTOR) is 
a downstream signaling molecule of the PI3K/
Akt pathway that has a crucial role in the regula-
tion of mRNA translation, including that of cyclin 
D1. Temsirolimus inhibits the translation of 
cyclin D1 messenger RNA by interfering with 
the mammalian target of rapamycin and so induce 
cell-cycle arrest. In a phase II trial, single-agent 
treatment yielded an OR of 38 %, while the CR 
was relatively low (3 %) with a short median time 
to progression and duration of response short (6.5 
and 6.9 months, respectively)  [  95  ] . Considering 
high hematological toxicity, lower dose levels 
(25 mg) were evaluated and shown to be compa-
rably ef fi cient  [  96  ] . In a phase III multicenter 
study, two doses and schedules of temsirolimus 
were tested versus investigators choice of therapy. 

A schedule of 175 mg weekly for 3 weeks fol-
lowed by 75 mg weekly displayed among 162 
patients with relapsed or refractory disease to 
superiority in overall response rates (22 %) and 
progression-free survival (4,8 months)  [  97  ]  which 
led to the registration in EU. Currently, temsiroli-
mus is being investigated in combination with 
bendamustine with all of the nine patients respond-
ing  [  98  ] . RAD001 (Everolimus) has a similar 
mechanism of action with much higher in vitro 
ef fi cacy  [  99  ] . In a phase II study, 19 patients with 
relapsed or refractory MCL had received 10 mg 
RAD001 daily as a  fl at oral dose. ORR was 32 % 
which seems to be comparable to the response 
rates in the phase II trials of temsirolimus  [  100  ] .  

   Immunomodulatory Drugs (IMiDs) 
 Thalidomide is known to interfere with angio-
genesis and the microenvironment. In a small 
phase II trial, the combination with rituximab 
yielded an OR of 81 % and a CR of 31 %  [  101  ] . 
The second-generation compound Lenalidomide 
achieved response rates up to 50 % in relapsed 
MCL  [  102–  104  ] .   

   Novel Therapeutic Approaches 

 PI3K and AKT are upstream of mTOR and fre-
quently activated in MCL. CAL-101 and GDC-
0941 are oral PI3K inhibitors that showed promising 
anti-lymphoma activity in preclinical trials  [  105–
  107  ]  and is now being studied in a number of sin-
gle-agent and combination trials. The Bruton’s 
tyrosine kinase inhibitor PCI-32765 achieved a 
response rate of 67 % in relapsed MCL  [  108  ] . 

 Flavopiridol downregulates cyclin D1 via 
inhibition of CDK4 and CDK-6. Although sin-
gle-agent ef fi cacy is seems to be limited in an 
Canadian trial with only 11 % ORR  [  109  ] , com-
bination with  fl udarabine and rituximab achieved 
responses in eight of ten patients with relapsed 
MCL  [  110  ] . Other interesting therapeutic 
approaches being investigated in clinical trials 
include bcl-2 inhibitors/BH3 mimetics as obato-
clax (GX15–070) and vitoclax (ABT-263), pro-
tein kinase C inhibitors (Enzastaurin), or HDAC 
inhibitors (vorinostat). The upcoming trials will 
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have to determine molecular markers allowing 
identi fi cation of patients especially prone to the 
different strategies.       
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Abstract

The World Health Organization (WHO) classification defines diffuse large 
B-cell lymphoma (DLBCL) as a group of proliferations of large B-cell lym-
phoid cells with a diffuse growth pattern. It contains some specific entities 
and a large group of heterogeneous “not otherwise specified” diseases com-
prising morphologic variants and immunohistochemical, genetic, and 
molecular subgroups. DLBCL is the most common hematopoietic malig-
nancy, accounting for one-third of mature B-cell neoplasms. Major advances 
have been observed in the knowledge and the management of DLBCL in the 
recent years. If the International Prognosis Index (IPI) is still the primary 
clinical tool used to predict outcome for patients with DLBCL and to guide 
therapeutic strategies, gene expression profiling and its related biomarkers 
delineate at least two major histologically indistinguishable molecular sub-
types, the germinal center B-cell-like (GCB) subtype and the activated 
B-cell-like (ABC) subtype, that differ in cure rates and in responsiveness to 
targeted therapies, independently of the clinical variables. Functional imag-
ing with fluorine-18 deoxyglucose (FDG) positron emission tomography 
(PET) has become an indispensable mean of assessing the extent of the dis-
ease and treatment response. The advent of rituximab has opened the era of 
targeted therapies in DLBCL and has markedly modified, in combination 
with chemotherapy, the outcomes in all DLBCL subgroups.
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Introduction

The World Health Organization (WHO) classifi-
cation has defined diffuse large B-cell lymphoma 
(DLBCL) as a group of proliferations of large 
B-cell lymphoid cells that has a diffuse growth 
pattern [1]. It contains some specific entities and 
a large group of heterogeneous “not otherwise 
specified” diseases comprising morphologic 
variants and immunohistochemical, genetic, and 
molecular subgroups (Table 11.1).

DLBCL is the most common hematopoietic 
malignancy, accounting for 17 % of all these neo-
plasms and 28 % of mature B-cell neoplasms [2]. 
The incidence of DLBCL dramatically increased 
in the period 1970–1990 and appeared to stabi-
lize from the 1990s [2, 3]. In the population, its 
incidence steadily increases with age and the 
median age is in the seventh decade [4].

Major advances have been observed in the 
knowledge and the management of DLBCL in 
the recent years. The advent of rituximab has 
opened the era of targeted therapies in DLBCL 
and has markedly modified the outcomes in all 
subgroups [5, 6]. Functional imaging with 
fluorine-18 deoxyglucose (FDG) positron emis-
sion tomography (PET) has become an indis-
pensable means of assessing the extent of the 
disease and, more importantly, the evaluation of 
treatment response [7]. Although the studies of 
gene alterations and gene expression profile are 
not used at present in current practice, they are 
able to identify different subtypes of DLBCL and 
to reveal genetic events and molecular pathways 
involved in lymphomagenesis [8–11].

Clinical Presentation

As DLBCL could involve lymph nodes or virtu-
ally any extranodal sites, the clinical presentation 
is extremely variable. Up to 40 % of the cases 
could be initially confined to extranodal sites 
mimicking a solid tumor of the organ [1]. The 
most frequent sites are the gastrointestinal tract, 
Waldeyer ring, skin, and glands. Bone marrow is 
involved in 10–30 % of cases. Bone marrow could 
be infiltrated by small cells which could reflect 

the presence of previous indolent lymphoma and 
are not specifically associated with an adverse 
prognosis [12, 13]. Natural history of DLBCL is 
usually associated with a rapidly enlarging tumor 
mass or disseminating disease indicating the need 
of a precise diagnosis and staging in a short time.

Diagnosis

As for all lymphomas, a lymph node or extranodal 
tissue biopsy is mandatory. Sufficient material is 
required to conduct morphologic characterization 

Table 11.1 Diffuse large B-cell classification according 
to the WHO 2008 classification

Diffuse large B-cell lymphoma (DLBCL), not otherwise 
specified (NOS)

Common morphologic variants
 Centroblastic
 Immunoblastic
 Anaplastic
Molecular subgroups
  Germinal center B-cell-like (GCB)
  Activated B-cell-like (ABC)
 Immunohistochemical subgroups
  CD5-positive DLBCL
  Germinal center B-cell-like (GCB)
  Non-germinal center B-cell-like (non-GCB)
DLBCL subtypes

 T-cell-/histiocyte-rich large B-cell lymphoma
 Primary DLBCL of the CNS
 Primary cutaneous DLBCL, leg type
 Epstein-Barr virus-positive DLBCL of the elderly
Other lymphomas of large B cells

 Primary mediastinal (thymic) large B-cell lymphoma
 Intravascular large B-cell lymphoma
 DLBCL associated with chronic inflammation
 Lymphomatoid granulomatosis
 ALK-positive DLBCL
 Plasmablastic lymphoma
  Large B-cell lymphoma arising in HHV8-associated 

multicentric Castleman 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
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and immunophenotyping. Additional cytogenetic 
and molecular studies are advisable to insure com-
plete characterization and biological prognostic 
features. Although image-guided needle biopsy is 
usually inadequate for primary diagnosis, it could 
be used when surgery should be avoided [14]. The 
diagnosis should be identified as a subtype of the 
WHO classification (Table 11.1) [1]. In case of 
difficulty, it should be confirmed by a hemato-
pathologist expert in the field of lymphoma.

Staging

Personal and familial history should be documented. 
Evaluation of performance status and presence of B 
symptoms should be assessed, as physical exami-
nation. Blood tests include complete blood count, 
kidney and liver functions, LDH and b[beta]2 
microglobulin levels, protein electrophoresis, and 
albumin level. Hepatitis B, hepatitis C, and HIV 
serologies are to be determined. Bone marrow 
biopsy and aspirate is mandatory. Bone marrow 
immunochemistry appears to increase sensitivity of 
morphologic examination [7, 15]. A possible discor-
dance with lymph node subtype should be indicated 
[16]. Cytology of the fluid spinal should be exam-
ined, at least in patients at risk of central nervous 
system involvement, although this population is not 
definitively defined and could comprise an elevated 
LDH level, multiple extranodal sites, a bulky dis-
ease, an increased International Prognostic Index, or 
specific extranodal sites (bone marrow, testis, breast, 
Waldeyer ring, etc.) [17–21]. Flow cytometry could 
be a valuable tool to increase sensitivity of conven-
tional cytology in the diagnosis of occult involve-
ment [22–24]. Computed tomography with contrast 
of the neck, chest, abdomen, and pelvis is necessary 
to indicate bidimensional measurements of lymph 
nodes and extranodal lesions [16].

PET Scan Imaging

PET is highly recommended for staging and is con-
sidered as mandatory for evaluation of response 
at the end of treatment by the revised response 
criteria established by the International Working 

Group in 2007 [7]. Staging of non-Hodgkin lym-
phomas is determined according to the Ann Arbor 
classification initially developed for Hodgkin lym-
phoma [25]. PET/CT has currently replaced the 
independent PET scanner. PET/CT incorporates 
generally intravenous contrast, allowing a better 
delineation of lymph nodes, especially in the neck, 
in the mesenteric, or in the retroperitoneal regions, 
without any significant interference between the 
two imaging procedures [26, 27].

Initial Staging

Several studies demonstrated a better sensitivity 
of the PET/CT as compared to CT alone. Patients 
with DLBCL are upstaged in 20 % of cases, 
mostly those with stage I or II disease. Downstaging 
is obtained in fewer than 10 %, with a change in 
treatment in less than 15 % of patients. PET/CT 
with enhanced contrast is associated with a very 
low false-positive rate [26].

PET can detect focal or multifocal bone/bone 
marrow involvement in DLBCL with a negative 
bone marrow biopsy. In a recent meta-analysis, the 
sensibility and specificity of FDG PET for evalua-
tion of bone marrow in aggressive NHL lymphoma 
showed a sensitivity of 74 % and a specificity of 
84 %, indicating that PET scan may be an alterna-
tive approach to detect bone marrow involvement in 
DLBCL patients but cannot be substituted for bone 
marrow biopsy in DLBCL staging. Bone marrow 
biopsy remains critical to detect concordant or dis-
cordant histology with the primary tumor, PET scan 
displaying a lower sensibility to detect bone marrow 
involvement by a low-grade lymphoma [28, 29].

Standard uptake value (SUV) baseline as a prog-
nostic predictor has shown conflicting results, but 
recent reports suggest that a high uptake value was 
related to an unfavorable prognosis [30, 31]. Phan 
et al., in a retrospective study involving 467 patients, 
suggested that a SUVmax > 13 correlated to an unfa-
vorable outcome [32]. This prognostic value was not 
confirmed by univariate analysis. More recently, it 
was shown that a SUVmax > 30 was a significant 
poor prognostic factor, independent of IPI but 
related to Ki-67 expression and poor performance 
status [33].
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Interim PET Prognosis Value

The interim PET has emerged as a powerful predic-
tive tool in DLBCL [34–37]. In addition to final 
response criteria used at the end of the treatment, 
interim PET scan criteria have been proposed 
(Deauville criteria) and are currently evaluated pro-
spectively [7, 38]. A recent prospective study was 
performed by the GELA group demonstrating the 
superiority of the quantitative assessment of interim 
PET (based on the decrease of the SUVmax during 
treatment), performed after two or four cycles of 
immunochemotherapy as compared to the simple 
visual assessment [39]. In a multicentric retrospec-
tive study involving 112 DLBCL patients, it was 
shown that an early PET scan after two cycles of 
R-CHOP or R-CHOP-like regimens can effectively 
predict the outcome using either a visual or quantita-
tive approach [40]. Of note patients considered as 
fast metabolic responders but belonging to an unfa-
vorable molecular subtype [activated B-cell-like 
(ABC) subgroup] may display a poor prognosis, 
similar to slow metabolic responders, indicating that 
other prognostic confounding factors could explain 
some discordant results regarding the interim PET 
prognosis value [31].

PET Scan Before Stem-Cell 
Transplantation

Several studies indicate that PET scan positivity 
before autologous stem-cell transplantation is 
highly predictive of the long-term success of the 
procedure [41–43]. In a meta-analysis including 
12 studies with 630 patients displaying recurrent 
aggressive NHL, the combined use of clinical fac-
tors (including LDH, stage, performance status) 
and FDG PET response after 2 second-line che-
motherapy courses defined a highly predictive 
prognostic method that adds to the predictability 
of the PET scan alone [44].

Surveillance PET Scans

PET has failed to show any utility in the detection 
of early relapse and cannot be recommended, 

clinical examination remaining the most useful 
tool in this context [26].

Prognostic Factors

Clinical Factors

The International Prognosis Index (IPI) is still the 
primary clinical tool used to predict outcome for 
patients with DLBCL [45]. This model includes 
patient age (>60 vs. £60 years), Ann Arbor stage 
(III–IV vs. I–II), LDH level (>1 vs. £1× normal 
upper value), the number of extranodal site (³2 or 
<2), and performance status (Eastern Cooperative 
Oncology Group performance status ECOG 0–1 
vs. 2–3). An age-adjusted model for patients 
younger than 60 (aaIPI) is also widely used. 
A revised IPI (R-IPI) has been proposed to dis-
criminate more accurately prognostic groups in 
the rituximab era. The R-IPI is defined by the 
redistribution of the IPI factors allowing to iden-
tify three distinct prognostic groups with a very 
good (4-year progression-free survival [PFS] 
94 %, overall survival [OS] 94 %), good (4-year 
PFS 80 %, OS 79 %), and poor (4-year PFS 53 %, 
OS 55 %) outcome, respectively [46]. R-IPI 
incorporating absolute lymphocyte count as addi-
tional clinical variable has been also proposed 
[47]. However, a recent retrospective analysis of 
1,062 DLBCL patients treated by R-CHOP and 
R-CHOP-like regimens demonstrated that the IPI 
remains highly predictive of the EFS, PFS, and 
OS and showed that the relative risk estimates 
of single IPI factors and their order in patients 
treated with R-CHOP were similar to those found 
with CHOP [48].

In limited-stage (I–II) DLBCL, the presence 
of a bulky disease is associated to an unfavorable 
outcome and this point was confirmed in patients 
treated by CHOP-like regimens and rituximab 
[49]. A recent study had underscored the prog-
nostic value of bone marrow positivity, showing 
in a retrospective series of 795 patients that 
involvement by large cell (8.4 % concordant), by 
contrast to small B-cell involvement (7.3 % dis-
cordant), was associated with a decrease of the 
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OS and the PFS. In a multivariate analysis con-
trolling for the International Prognostic Index 
(IPI) score, concordant involvement remained an 
independent predictor of PFS and OS [29].

Biological Factors

Because patients with identical IPI still exhibit 
marked variability in survival, several biological 
and molecular markers independent of the clini-
cal variables were identified and highlight the 
DLBCL heterogeneity. Biological prognostic 
factors can be classified as factors related to the 
characteristics of the host and those related to the 
tumor itself or its microenvironment. Circulating 
biomarkers has been also delineated, reflecting 
both biological features of the tumor and of the 
host (Fig. 11.1).

Host-Related Factors
To date most of the biological factors related to 
the host are directly or indirectly associated to the 
immune status or response to immunochemother-
apy. Genetic determinants of the immune response 
including germline variations of TNFa; IL10, 
IL4R, or IL8R; or NF-kB genes have been 
identified as factors influencing DLBCL outcome, 
but their relevance in the context of immuno-
chemotherapy remains to be confirmed [50, 51]. 
Some SNP located on CYBA and GSTA1 genes, 
affecting doxorubicin pharmacodynamics and 
alkylator detoxification, were also identified as 
predictive of the outcome in R-CHOP-21-treated 
DLBCL [52]. By contrast, the 158 V/V RFCϒIII 
genotype, known to be related to a more efficacy 
of rituximab, appears to play only a marginal 
prognostic impact in DLBCL patients treated by 
R-CHOP [53, 54]. The prognostic impact of the 

Host-related
Factors

Tumor-related
factors

Circulating
biomarkers

Micro
environnement

Tumor cells

- Reflection of tumor content: LDH, NSE, β2 microglobulin,
  free light chains 
- Circulating microRNA: miR21 
- Cytokines: IL2-R, IL10, IL18, IL6, TNFα
- Angiogenic or disseminating factors: nm23-H1, VEGF,
  endostatin
- Lymphocyte trafficking: ICAM-1
- Nutritional parameters: 25(0H) vit D, selenium, albuminemia 

- Germ line variations in immune genes  or
  implicated in drug metabolism: TNFA, IL10,
  IL4R, IL8R, NF-kB1, GSTA, CYBA, Fcg RIII
- Immunologic status: Low Circulating NK-
  cells, lymphocytopenia
- Associated Infection diseases: HIV, HBV,
  HCV infection

- Stromal signature : stromal 1 / stromal 2
- T cell microenvironnement: TNFSRSF9
  expression
- Angiogenesis and adhesion molecule
  expression: MMP-9, HIFα, CD44, CD54 

- Apoptosis: BCL2 / survivin/ Capsase 8
- Cell cycle: TP53 mutations, Cycline D2,
  Cycline D3, CDKN2A deletion, Ki-67
- B-cell signaling: PKC-b
- B-cell differenciation related markers:
  GCB versus ABC
- microRNA expression: miR-181a and miR-
  222, miR-21
- Morphological immunoblastic subtype
- Immune surveillance: MHC class II
  expression loss
- recurrent genomic rearrangements: MYC
  rearrangement, CDKN2A deletion
- EBV infection

Fig. 11.1 Main biomarkers identified as prognostic factors in DLBCL. Biomarkers displaying a prognostic value in 
immunochemotherapy are indicated in bold
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immunologic status, assessed by either total lym-
phocyte count or by the determination of circulat-
ing NK-cell count, has been also recently 
underscored in the context of chemotherapy or 
immunochemotherapy [55, 56]. In keeping with 
these observations, coinfections with HIV, HBV, 
EBV, and HVC must be also considered as impor-
tant prognostic factors, leading to specific clinical 
and biological features and adapted therapeutic 
strategies [57–61].

Biomarkers Related to the Tumor Cells 
and GCB/ABC Gene Expression Profile 
Surrogates to Predict the Outcome
Several individual biomarkers, mainly assessed 
by immunohistochemistry, have been identified, 
but regarding the retrospective nature of most 
studies and the lack of the definition of optimal 
and reproducible cut points, only a few of them 
are validated and to date none is widely used in 
a daily practice to tailor therapeutic strategies. 
Factors identified as related to the DLBCL out-
come and determined by IHC included markers 
controlling apoptosis (BCL2/survivin/caspase 8), 
cell cycle (p53, cyclin D2, cyclin D3, Ki-67), 
B-cell signaling and immune response (PKC-
b[beta], HLA-DR), and/or B-cell differentia-
tion (GCB vs. non-GCB) [45, 62–68]. Of note, 
optimal cut points predicting overall survival 
were determined for CD5 and Ki67, whereas 
such cut points are not properly defined for 
BCL6, HLA-DR, or MUM1 markers in patients 
treated by immunochemotherapy [45]. Among 
the most constantly reported factor, BCL2 
expression is one of the most robust in the 
rituximab era and remains predictive of the 
outcome for both GCB and non-GCB subtypes 
and can be used in combination with IPI and 
Ki-67 [45, 65, 69].

At the genomic level, deletions of the tumor 
suppressor gene CDKN2A and MYC rearrange-
ments are the most constantly reported abnormal-
ities associated with an unfavorable outcome 
[70–74]. MicroRNA expression, associated to 
regulation of several target genes, has been also 
identified as crucial and powerful biomarkers 
able to distinguish different physiopathological 
and prognostic subgroups [75–78].

In 2000, Alizadeh and colleagues identified 
two major subtypes with distinct outcomes: 
the germinal center B-cell-like (GCB) subtype, 
displaying a profile similar to normal germinal 
center B cell and related to a more favorable 
prognosis, and the activated B-cell-like sub-
type, mimicking activated peripheral blood B 
cells (ABC) and most likely issued from a more 
mature plasmablast cell [8, 79]. The relevance 
of this distinction was confirmed by subsequent 
studies and its prognosis value confirmed in 
the setting of immunochemotherapy [11, 71]. 
Considerable efforts in attempt to translate this 
molecular classification for a daily practice have 
been made. Different models are currently pro-
posed (Fig. 11.2) using discriminant biomarkers 
and different technologies, but their clinical rel-
evance is still a matter of debate, underscoring 
the need for standardization before their exten-
sive usage in routine [45, 66, 67, 70, 73, 80–88]. 
The combination of a clinical index (IPI); a 
dynamic factor, such as metabolic response to 
chemotherapy; or FISH analysis with the GCB/
ABC subclassification represents promising 
approaches to distinguish more accurately prog-
nostic subgroups [31, 89, 90].

Biomarkers Related to Microenvironment
Despite its physiopathological and clini-
cal relevance, the GCB and ABC molecular 
subclassifi cation does not provide any infor-
mation regarding the tumor microenvironment. 
Gene expression experiments defined recently 
a prognostically favorable stromal-1 signature 
reflecting extracellular matrix deposition and 
histiocytic infiltration and a prognostically unfa-
vorable stromal-2 signature reflecting mainly 
tumor blood-vessel density. The stromal-1 
and stromal-2 signatures are independent of 
the GCB/ABC subclassification and can be 
identified by IHC markers [11, 91]. These 
gene expression profile data are in accordance 
with previous studies that showed the unfavor-
able prognosis value of tumor angiogenesis or 
the expression of proangiogenic factors by the 
tumor or its microenvironment [92–94].

The combination of the expression of two 
genes, LMO2, a GCB marker, and tumor necrosis 
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factor receptor superfamily member 9 (TNFRSF9) 
by T cell of the microenvironment, has been 
recently proposed as a predictive score and vali-
dated in three independent cohorts of patients 
treated by immunochemotherapy [89].

Circulating Biomarkers
Some biomarkers evaluable in the serum of 
DLBCL patients have been identified as prognos-
tic factors and can be routinely tested for some of 
them. These markers reflect the secretion or com-
ponents of the tumor cells (NSE, LDH, clonal 
free light chains, b[beta]2 microglobulin); the 
tumor microenvironment (proangiogenic factors 
such as sVEGF or endostatin) production of 
miRNA by the tumor (miR21) can be related to 
secretion of proinflammatory or immunoregula-
tory cytokines (IL10, IL6, etc.) or classified as 

nutritional parameters (vitamin D insufficiency, 
selenium, albuminemia) [50, 95–104].

Response Evaluation

In 1999, an International Working Group (IWG) 
of clinicians, radiologists, and pathologists with 
expertise in the evaluation and management of 
patients with non-Hodgkin’s lymphoma (NHL) 
published guidelines for response assessment and 
outcomes measurement. These criteria widely 
adopted in daily practice and clinical trial setting 
were reassessed and led to updated criteria that 
incorporate PET, IHC, and flow cytometry for 
definitions of response. These criteria are not 
specifically dedicated to DLBCL and are appli-
cable at the end of the treatment. PET scan criteria 

ABC subtype
(non-GCB)

GCB subtype

Expression of selected
coding-genes

Expression of selected
microRNA 

Immunohistochemistry-
based models

Recurrent genomic
alterations

Combined
models

- 8-miRNA signature (miR-331, miR-151, miR-28, and miR-454-3p up-regulated in the
  GCB subtype-miR-222, miR-144, miR-451, and miR-221 upregulated in the ABC-type
  DLBCL)

CD10/BCL6/MUM1 (Hans)
BCL2/CD10/MUM1 (Muris)
MUM1/FoXP1 (Nyman)
GCET1/MUM1/FoXP1/BCL6 (Choi)
LMO2 (Natkunam)
HGAL (Lossos)
CD10, MUM1, IRF4, GCET1, +/– LMO2 (Tally)
Immuno FISH: FOXP1 / MUM1 + FISH BCL6 (Copie-Bergman)

CDKN2A deletion, trisomy 3 (ABC subtype)

- 27-genes model (including LMO2, PIM-1, BCL6, Cyclin-D2, FOXP1, IRF4,
  IgM, CD10 and MYBL1)
- 14-genes model: CD10, LRMP, CCND2, ITPKB, PIM1, IL16, IRF4, FUT8, 
  BCL6, PTPN1, LM02, CD39, MYBL1, and IGHM
- 6-genes model: LMO2, BCL6, FN1, CCND2, SCYA3, and BCL2
- 2-genes model: LMO2, TNFSFR9

- PET scan: 18–gene expression model in + interim-PET  scan  
- TGS-IPI: 2-gene score (LMO2/TNFSRF9)+ IPI

Fig. 11.2 The GCB/ABC molecular classification and potential surrogates with prognostic implication
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responses have been also recently proposed for 
interim or midterm treatment evaluation [7, 38].

Treatment

Principles

Immunochemotherapy, association of anti-CD20 
monoclonal antibody and chemotherapy, is now 
the rule for every patient with DLBCL. Over the 
past 10 years, this association has both improved 
remission rates and survival outcomes of patients 
with DLBCL [105]. Pending the advent of newer 
targeted therapies, approaches of improvement 
could include modifications of the association 
with different chemotherapy schemes or varia-
tions in the administration of rituximab.

The principles laid down for over 20 years are 
still valid [106]. Specifically, cure must be obtained 
with frontline treatment and achieving complete 
remission is necessary for a prolonged survival. 
This explains the many attempts of intensification 
of chemotherapy and now of immunotherapy.

The International Prognostic Index helped to 
distinguish patient populations with very different 
clinical outcomes [107]. Many cooperative groups 
have stratified treatment approaches according to 
age and prognostic categories of the IPI. The IPI 
has been validated in the rituximab era and is a 
support to guidelines in DLBCL [48, 108].

First-Line Treatment

Low-Risk Patients, IPI = 0
These patients have a localized disease (stage I or 
II) and normal serum LDH level; a proportion of 
them have a bulky disease. In the 1990s, a study of 
the Southwest Oncology Group (SWOG) estab-
lished the association of three cycles of CHOP fol-
lowed by involved-field irradiation as a standard of 
treatment as compared with CHOP alone [109]. 
However, longer follow-up of this trial has shown 
a similar outcome in both treatment groups.

Thereafter, the Groupe d’Etudes des Lymphomes 
de l’Adulte (GELA) conducted a randomized study 
comparing four cycles of CHOP alone with four 

cycles of CHOP followed by involved-field radio-
therapy in a population of 576 elderly patients with 
IPI = 0 [110]. The 5-year estimates of event-free 
(EFS) and overall survival (OS) did not differ 
between the two groups. With a follow-up of 
7 years, the number of observed second cancers 
was twice in the chemoradiotherapy group.

In the same time, the GELA ran a study com-
paring three cycles of CHOP followed by radio-
therapy and the intensified regimen ACVBP 
followed by sequential chemotherapy in 647 
patients less than 60 years [111]. With a median 
follow-up of more than 7 years, EFS and OS were 
significantly longer in the group given ACVBP 
than in the group given CHOP plus radiotherapy. 
The 5-year estimates of event-free survival were 
82 % for patients receiving ACVBP and 74 % for 
those receiving chemoradiotherapy. The 5-year 
estimates of OS were 90 % in the ACVBP group 
and 81 % in the CHOP plus radiotherapy group. 
These results were independent of the presence of 
a bulky disease. The rate of second cancer was the 
same in the two treatment groups. The German 
High-Grade Non-Hodgkin’s Lymphoma Study 
Group (DSHNHL) investigated whether CHOP 
given every 2 weeks (CHOP-14) or the addition of 
etoposide (CHOEP-21, CHOEP-14) could improve 
results of six cycles of CHOP given every 3 weeks 
in patients younger than 60 years with normal LDH 
level [112]. Most patients had an adjusted IPI equal 
to 0. In this trial, patients received radiotherapy to 
sites of initial bulky disease and extranodal disease. 
In a 2 × 2 factorial analysis, the addition of etopo-
side was shown to improve the EFS, but the reduc-
tion of the interval was not associated with a longer 
EFS in this population.

In 2006, the Mint trial demonstrated the supe-
riority of the association of rituximab and CHOP-
like chemotherapy versus chemotherapy alone in 
patients less than 60 years with good-prognosis 
DLBCL [6]. Radiotherapy was given to sites of 
primary bulky disease or to extranodal sites. Of 
the 824 patients included, 352 had an age-adjusted 
IPI to 0. The subgroup of patients who had no 
bulky disease and IPI = 0 and who were treated 
with the association had a 3-year event-free sur-
vival of 89 % and an overall survival of 98 %. The 
association of etoposide did not benefit for patients 
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treated with rituximab (R-CHOP). Patients of the 
favorable subgroup (no bulky disease and IPI = 0) 
treated with CHOP and rituximab had a 3-year 
EFS of 97 % and an OS of 100 %. The excellent 
results of immunochemotherapy in this popula-
tion have been confirmed with the association of 
rituximab and more intensive ACVBP [113] with-
out the use of consolidation radiotherapy.

In the low-risk population, the European 
groups are now testing the possibility of treatment 
reduction. In the ongoing FLYER trial from the 
DSHNHL, the standard six cycles of CHOP and 
rituximab are compared to four cycles of CHOP 
and six infusions of rituximab. In the LNH09–1B 
study from the GELA, reduction of treatment is 
only proposed to patients who had a negative PET 
after two cycles of CHOP and rituximab.

Intermediate-Risk Patients <60 Years,  
Age-Adjusted IPI = 1
This risk category comprises either patients with 
localized-stage disease and elevated LDH level 
or patients with disseminated disease and normal 
LDH level. The outcome characteristics of both 
groups are usually similar.

In the Mint trial, patients with age-adjusted 
IPI to 1 were considered together with patients 
with age-adjusted IPI to 0 with bulky disease in a 
less favorable subgroup [6]. In this subgroup, 
3-year EFS was 78 % for patients who received 
CHOP-21 and rituximab and was 76 % for those 
who received CHOEP-21 and rituximab. Three-
year OS was 90 % for patients treated with 
CHOP-21 and rituximab and 93 % for patients 
treated with CHOEP-21 and rituximab. The asso-
ciation of a short treatment with three cycles of 
R-CHOP followed by involved-field radiotherapy 
has been investigated in a phase 2 study in 60 
patients with limited-stage disease and at least 
one adverse risk factor (nonbulky stage II dis-
ease, age >60 years, performance status of 2, or 
elevated serum LDH) [114]. Although progres-
sion-free survival (PFS) was 88 % and OS was 
92 % respectively at 4 years, the pattern of con-
tinuing late relapse remained a concern.

In the GELA study LNH03–2B, 380 patients 
with age adjusted equal to 1 were randomly 
assigned to R-ACVBP or R-CHOP [115]. 

R-ACVBP regimen contains a phase of intensified 
cycle induction with rituximab, doxorubicin, 
cyclophosphamide, vindesine, bleomycin, and 
prednisone followed by a consolidation phase 
with high-dose methotrexate, ifosfamide, etopo-
side, rituximab, and cytosine arabinoside. 
Complete remission rates were similar in the two 
groups. Grade 3–4 hematological toxicity was 
more frequent in the R-ACVBP group, resulting 
in increasing proportion of neutropenic episodes 
during treatment (39 % vs. 9 %). After a fol-
low-up of 44 months, the 3-year PFS and OS of 
patients treated with R-ACVBP improved from 
73 to 87 % (p = 0.0015) and 84 to 91 % 
(p = 0.0071), respectively.

High-Intermediate- and High-Risk 
Patients <60 Years, Age-Adjusted IPI = 2, 3
In this category of young patients with a 5-year 
survival of less than 50 % [107] in the 1990s, 
conventional chemotherapy was clearly consid-
ered as suboptimal. High-dose chemotherapy 
(HDC) with autologous stem-cell transplantation 
(ASCT) has been widely used as part of first-line 
treatment. Although several prospective trials 
have shown that this subgroup could benefit from 
intensive treatment, no trial has clearly demon-
strated a prolongation of overall survival in this 
population [116–120]. A meta-analysis reporting 
2,728 patients included in comparative trials 
yielded conflicting results for poor-risk popula-
tion [121]. The recent results of the randomized 
SWOG S9704 comparing eight cycles of (R)
CHOP and six cycles of (R)CHOP followed by 
ASCT have shown an improvement of PFS in 
patients treated with high-dose therapy who 
attained a partial or complete remission [122]. 
However, it appeared that the ASCT benefit was 
mainly observed in the high-IPI group.

In the rituximab era, several phase 2 studies 
have described intensive induction regimens fol-
lowed by ASCT (Table 11.2) [123–126]. Results 
of these studies yielded very homogeneous results 
in this population despite different regimens. 
Historical comparisons suggested that the addi-
tion of rituximab to HDC followed by ASCT is 
effective in this poor-risk group where 4-year 
EFS is now above 70 % and 4-year OS reaches 
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80 %. However, recent results of a trial conducted 
by the DSHNHL appeared to indicate that an 
intensified conventional regimen (R-CHOEP-14) 
could be as effective and less toxic than HDC 
with ASCT (R-MegaCHOEP) [127]. In this 
study, the conventional immunochemotherapy 
yielded a 3-year EFS of 70 % and a 3-year OS of 
85 %. In order to only propose HDC to patients 
with higher risk, the GELA conducted a trial 
where the intensity of consolidation was driven 
by the results of interim PET [128].

Intermediate- to High-Risk Patients  
from 60 to 80 Years Old
The beginning of the era of immunochemother-
apy has been marked by the results of the GELA 
trial LNH98-5 published in 2002 [5]. This study 
compared CHOP alone versus R-CHOP in 399 
patients aged from 60 to 80 and a DLBCL. Eight 
cycles were given with a 3-week interval. The 
complete remission rate was significantly higher 
in the R-CHOP group (76 % vs. 63 %, p = 0.0005). 
The results from the 10-year analysis have 
confirmed the survival benefit and tolerability of 
the addition of rituximab to CHOP [129]. The 
10-year PFS was 36.5 % in the R-CHOP group 
compared with 20 % in patients treated with 
CHOP alone. The 10-year OS was 43.5 % com-
pared with 27.6 %. The risk of death due to con-
comitant diseases, secondary cancers, and late 
relapses was the same in both groups. These 
results were confirmed in the US Intergroup study 
E4494 in the same population [130]. Patients 
were randomized to receive R-CHOP or CHOP 
alone. Rituximab in the R-CHOP group was only 
given every two cycles. A second randomization 
to maintenance rituximab or observation was 

proposed to responding patients. The 3-year fail-
ure-free survival was 53 % in the R-CHOP group 
and 46 % in the CHOP group (p = 0.004). 
However, OS difference did not reach significance 
at this analysis. Patients treated with CHOP alone 
experienced benefit from rituximab maintenance, 
but maintenance did not prolong failure-free sur-
vival in patients who received R-CHOP.

Several trials in the pre-rituximab era have 
questioned the possibility to give more intensive 
chemotherapy to these elderly patients. In a study 
comparing ACVBP to CHOP, the GELA demon-
strated a benefit in EFS and OS for intensive 
treatment [131]. However, exploratory analyses 
indicated that the majority of the ACVBP benefit 
occurred in the group of patients aged from 60 to 
65 years. Patients older than 65 years treated with 
ACVBP had excessive toxicity. In 2004, the 
DSHNHL have shown that patients with DLBCL 
aged from 60 to 75 have longer EFS and longer 
OS when treated with biweekly CHOP (CHOP-
14) as compared with standard CHOP-21 [132]. 
This dose-dense regimen was later used in 
the RICOVER trial to address the question of the 
addition of rituximab to chemotherapy and the 
question of the number of cycles to deliver [133]. 
Patients were randomly assigned to receive six or 
eight cycles of chemotherapy with or without 8 
biweekly dosings of rituximab. Again, this trial 
showed that the addition of rituximab improved 
EFS (66 % vs. 47 % at 3 years) and OS (78 % vs. 
68 % at 3 years). Furthermore, the RICOVER 
trial showed that survival was not further 
improved by eight cycles of R-CHOP-14 as com-
pared with six cycles. Given the favorable results 
by R-CHOP-14 regimen, a direct comparison 
with standard R-CHOP-21 was necessary. The 

Table 11.2 Phase 2 studies including intensive induction regimens followed by ASCT in DLBCL patients initially 
treated by rituximab

Author n Prognostic factors Treatment EFS at 4 years (%) OS at 4 years (%)

Tarella C 112 aaIPI: 2–3 Sequential therapy  
and ASCT

73 76

Glass B 64 Elevated LDH R-MegaCHOEP  
and ASCT

73 (at 3 years) 79 (at 3 years)

Vitolo U 94 aaIPI: 2–3 R-MegaCHOEP, 
R-MAD, and ASCT

73 80

Fitoussi O 209 aaIPI: 2–3 R-ACVBP and ASCT 76 78
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GELA conducted a randomized comparison 
between eight cycles of R-CHOP-21 and eight 
cycles of R-CHOP-14 in patients aged 60–80 
[134]. The interim analysis did not show any 
significant difference in survival from both regi-
mens. Hematological toxicity was more important 
in the R-CHOP-14 group. A similar trial has been 
conducted in the United Kingdom in 1,080 adult 
patients without age or stage restrictions [135]. 
Patients were randomly assigned to receive six 
cycles of R-CHOP-14 and two additional infu-
sions of rituximab or eight cycles of R-CHOP-21. 
After a follow-up of 39 months, EFS and OS 
were not different between the two groups.

Central Nervous System (CNS) 
Prophylaxis

The incidence of CNS relapse in the evolution of 
patients treated for DLBCL ranges between 2 and 
14 % according to initial risk factors and the treat-
ment received [136]. An elevation of LDH, multi-
ple extranodal sites, a bulky disease, a high-risk 
IPI, and specific extranodal sites as bone marrow, 
testis, breast, or Waldeyer ring are the main risk 
factors described [17–21]. Most recurrences occur 
during the first months of the course of the disease, 
often during treatment [131, 137]. This suggests 
the possibility of occult CNS disease at the time of 
diagnosis. The outcome of CNS relapse is particu-
larly poor with a median PFS less than 3 months 
and only few patients alive at 2 years [18, 137].

Intrathecal injections of methotrexate have 
been the most widely used means of preven-
tion. However, their efficacy has not been 
firmly established, even in high-risk patients  
[137, 138]. Demonstration of efficacy of a  combined 

 prophylaxis has been offered in a GELA trial com-
paring ACVBP, which contained four intrathecal 
injections of methotrexate and two intravenous 
infusions of high-dose methotrexate with leuco-
vorin rescue, and CHOP which contained no CNS 
prevention [131]. ACVBP was associated with a 
reduced incidence of CNS relapses (3 % vs. 8 %, 
p = 0.002). Other series have shown a low inci-
dence of CNS relapse in high-risk patients treated 
with high-dose intravenous methotrexate [17, 139]. 
Several studies have compared the incidence of 
CNS relapse in cohorts of patients treated with 
CHOP or R-CHOP (Table 11.3) [18–21, 140, 141]. 
Only the DSHNHL study gave strong arguments 
in favor of a decreased risk of relapse after treat-
ment with rituximab [19].

Second-Line Treatment

First-line regimens associated with chemotherapy 
and rituximab have greatly improved complete 
remission rates and PFS of patients with DLBCL, 
but now the possibilities of salvage therapy 
became more difficult.

Since the results of the PARMA trial in 
1995, treatment of relapsed or refractory 
patients with salvage therapy followed with 
HDT with ASCT has been considered as the 
standard [142]. Several chemotherapy combi-
nations with different drugs than those used in 
first line have been proposed as DHAP (dex-
amethasone, cytarabine, and cisplatin) [143], 
ESHAP (etoposide, cytarabine, cisplatin, and 
prednisone) [144], IVAM (ifosfamide, etopo-
side, cytarabine, and methotrexate) [145], 
and ICE (ifosfamide, carboplatin, and etopo-
side) [146]. In the year 2000, rituximab was 

Table 11.3 Comparative incidence of CNS recurrence in patients treated with CHOP and R-CHOP

Author n Type of study CHOP (%) R-CHOP (%) p

Feugier P 399 Prospective 4.6 5.4 NS
Villa D 435 Retrospective 9.7 6.4 NS (trend)
Boehme V 1,222 Prospective 6.9 4.1 0.046
Yamamoto W 375 Retrospective 2.9 3.9 NS
Chihara D 386 Retrospective 7.3 5.9 NS
Tai WM 499 Retrospective 5.1 6.0 NS
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 incorporated to these salvage regimens with a 
substantial improving of response rates [147]. 
The HOVON group, in the Netherlands, con-
ducted a phase 3 randomized trial where 
patients were assigned to receive DHAP or 
DHAP associated to rituximab (R-DHAP) 
[148]. Responsive patients received HDT and 
ASCT. The R-DHAP yielded better response 
rate (75 % vs. 54 %; p = 0.01) and improved 
PFS at 2 years (52 % vs. 31 %; p = 0.002).

The Collaborative Trial in Relapsed Aggres-
sive Lymphoma (CORAL) was a collaborative 
study conducted in 396 patients in first relapse 
or who were refractory after first-line therapy 
[149]. It gave important information on salvage 
regimens, prognostic factors, and efficacy of 
maintenance treatment with rituximab after 
ASCT. First, it showed no significant differ-
ence between R-ICE and R-DHAP for com-
plete response rate (63 % both), EFS, and 
overall survival. In a recent subgroup analysis, 
the GCB-like DLBCL as assessed by his-
tochemistry according to the algorithm by 
Hans was significantly associated with a better 
PFS in the R-DHAP arm [150]. Second, three 
factors was associated with an unfavorable 
prognostic: an IPI more than 1 at relapse, an 
occurrence of relapse less than 12 months after 
initial diagnosis, and the administration of 
rituximab during first-line treatment. It is to 
underline that the 3-year EFS of the larger 
cohort of patients (n = 187) who had received 
previously rituximab and relapsed during the 
first year was less than 15 %. Third, patients 
who received the ASCT were randomized 
between observation and maintenance with 
rituximab every 2 months for 1 year. There was 
no difference in EFS, PFS, and OS between 
rituximab and observation groups [151].

A proportion of patients is not candidate for 
intensive salvage therapy and HDT plus ASCT; 
several attenuated regimens containing ritux-
imab as R-GEMOX (rituximab, gemcitabine, 
and oxaliplatin) [152] or R-GIFOX (rituximab, 
ifosfamide, and oxaliplatin) [153] have been 
proposed [154]. For patients who relapsed  
after first-line or salvage ASCT, allogeneic 
 transplantation could be a second salvage 
 possibility [155].

Treatment According to Molecular 
Subtypes

Clinical heterogeneity, despite a similar morpho-
logic appearance, is partially explained by distinct 
gene expression profiles and distinct related genetic 
molecular basis. These molecular bases become 
important information to guide new therapeutic 
strategies [156]. Of note, in addition to the two well-
recognized molecular subtypes, namely, the GCB 
and the ABC subtypes, gene expression profile 
studies refined additional and interconnected path-
ways that may represent relevant targets.

Targeting the ABC Subtype-Related 
Pathways
Pathways predominantly involved in this molec-
ular subtype include constitutive activation of the 
NF-kB pathway and chronic activation of the 
BCR signaling.

NF-KB Pathway

Constitutive activation of the NF-KB pathway is 
observed in the ABC subtype and several agents 
able to block this pathway are in preclinical or clin-
ical development. Bortezomib, a proteasome inhib-
itor that blocks the degradation of the phosphorylated 
form of IkBa, had shown promising results in 
combination with immunochemotherapy for the 
treatment of ABC DLBCL, with acceptable toxic-
ity [157–159]. Bortezomib as a single agent has no 
or low activity in relapsed/refractory DLBCL but 
shown synergy with DA-EPOCH chemotherapy, 
leading to significant different response rates (83 % 
ORR with 41. 5 % CR for ABC vs. 13 % for GCB) 
and overall survival (10.8 vs. 3.4 months) in ABC 
compared with GCB [2]. Discordant results were 
obtained in a phase II trial, where 40 DLBCL were 
treated by R-CHOP-21 plus bortezomib at escalad-
ing dosage, showing that non-GCB and GCB sub-
types had similar outcomes [158]. Of note, the 
mechanism of action of the bortezomib is unclear 
and may also implicate inhibition of the aggres-
some and the activation of the unfolded protein 
stress response, explaining its activity in combina-
tion with chemotherapy in the GCB subtype [160, 
161]. Other agents can be used to potentiate the 
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proteasome inhibitors, such as BCL2 antagonists 
or HDAC inhibitors, improving results obtained in 
the ABC subtype [162–164]. Another promising 
approach to block NF-kB activity has been recently 
described, based on the pharmacological inhibition 
of MALT1, a proteolytic molecule which is consti-
tutively activated in the ABC subtype [165].

In a retrospective analysis of 40 DLBCL in 
relapse treated by lenalidomide, acting as a pleiotro-
pic immunomodulatory drug, the response rate 
appears significantly better in the non-GCB subtype 
(53 %) as compared to the rate seen in the GCB sub-
type (9 %) [166]. Its precise mechanism of action 
remains to be determined in this DLBCL setting.

BCR Signaling

Chronic ABC signaling is a feature of the ABC 
subtype than can be interrupted by several inhibi-
tors currently in clinical development. The signal-
ing can be interrupted by inhibiting the SRC 
family kinase BTK, SYK, and PKC-b[beta] or 
the PI-3 K-mTOR pathway [167, 168]. The SYK 
inhibitor fostamatinib disodium (R406) is an 
orally available SYK inhibitor under development 
for rheumatoid arthritis but also evaluated in a 
phase I/II trial in a variety of lymphoma subtypes, 
leading to objective responses in 22 % of heavily 
pretreated DLBCL lymphomas [169]. Another 
approach to interrupting BCR signaling includes 
the use of BTK inhibitors. BTK is a component of 
the BCR signaling pathway and is downstream of 
Syk. It is expressed in B cells, mast cells, and 
monocytes and has an important function in B-cell 
activation. PCI-32765 is an oral BTK inhibitor 
that is in phase I for NHL and phase II studies are 
ongoing [170]. Dasatinib is a multikinase inhibi-
tor that has especially high activity against SRC 
-family tyrosine kinases, leading to inactivation 
of the NF-kB, AKT, and ERK-MAP kinases path-
way and the death of ABC DLBCL with chronic 
active BCR [171]. PKC-b[beta] is highly 
expressed in refractory DLBCL and considered 
as an adverse  prognostic factor. Enzastaurin, a 
small-molecule inhibitor of PKC-b[beta], had 
shown clinical responses in a small fraction of 
DLBCL and is currently evaluated in maintenance 
therapy in DLBCL [62, 172].

Additional targets involved directly or indi-
rectly the BCR signaling are currently investi-
gated in clinical trials for DLBCL, including 
inhibitor of the MAP kinase pathway, antibodies 
targeting CD19, inhibitor of PI3K, and inhibitor 
of mTOR (see Fig. 11.3).

Targeting the GCB Subtype-Related 
Pathways
At the molecular and genomic level, the GCB 
DLBCL subtype is characterized by the more 
frequent occurrence of the t(14;18) transloca-
tion, the deletion of the PTEN gene, mutations 
of TP53 and amplification of c-REL, and a high 
expression of BCL6, delineating potential tar-
gets for new agents. Molecules inhibiting BCL6 
constitute promising agents in preclinical devel-
opment for BCL6-positive lymphomas by mod-
ulating its level of acetylation (niacinamide or 
cambinol), by interacting with its dimerization 
domain, or by modifying its functional interac-
tion with chaperone heat shock protein 90 
(Hsp90) [173–176].

Combination of conventional chemotherapy 
agents has shown different efficacies according to 
the molecular subtype. The DA-EPOCH regimen 
displayed an apparent better efficacy in GCB 
DLBCL and BCL6-positive DLBCL than in ABC 
DLBCL. To explain such difference, it has been 
hypothesized that the GCB molecular subtype, 
mainly under the dependence of the BCL6 tran-
scriptional program (characterized by the repres-
sion of p21/TP53/ATR and p27kip1), may be more 
sensitive to DNA damage and therefore to pro-
longed chemotherapy exposure [177]. Different 
effects of chemotherapy combination have been 
also recently suggested by the CORAL trial, show-
ing that the GCB/ABC subclassification remains a 
major and independent factor in relapsed/refrac-
tory DLBCL, with a better response to R-DHAP in 
GCB DLBCL, as compared to ABC DLBCL 
patients [150].

Of note, a minority of GB DLBC may activate 
NF-kB, displaying mutations of CARD11 (in less 
than 4 % of cases), and can also display a chronic 
active BCR with mutations of the CD79B ITAM 
motifs, suggesting an overlap between the two 
molecular subgroups with common therapeutic 
opportunities [178].
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Angiogenesis and Stromal Signature
The microenvironment has been also highlighted 
by recent gene expression profile studies. The 
stromal-2 signature is characterized by an 
increase of angiogenesis and an unfavorable 
prognosis, as compared to DLBCL expressing 
the stromal-1 signature. Expression of proangio-
genic factors in serum or detected on the tumor 
by IHC is also related to impairment of the prog-
nosis, giving a rationale to target angiogenesis in 
the treatment of DLBCL. Furthermore, angio-
genesis appears more prominent in the ABC sub-
type, suggesting that targeting vessels will also 
be a benefit in this molecular subtype [179]. 
Based on phase I, bevacizumab has been used in 
combination with R-CHOP but was associated 
with a high toxicity rate leading to the premature 
discontinuation of the phase III trial [180, 181]. 
Of note, no information regarding the molecular 
microenvironment signature (viz., stromal 1/

stromal 2) was provided by these studies, and to 
date the benefice of such strategy remains to be 
determined. The encouraging results obtained 
with lenalidomide in the non-GCB subgroup may 
be related to its antiangiogenic action but also to 
several additional targets and molecular path-
ways. To date the stromal-1 signature, reflecting 
extracellular matrix deposition and infiltration of 
the tumors with macrophage, has not been selec-
tively targeted in lymphoma, but some antifibrotic 
agents may be useful in this setting [11].

Specificities for Patients Older  
than 80 Years

DLBCL is the most common lymphoma and its 
incidence is strongly related to increasing age. 
Population-based studies have reported that about 
20 % of DLBCL patients are older than 80 years. 
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After 75 years, the rate of DLBCL increases to 
1.4 % per year [2]. It is usually assumed that 
elderly patients are too frail to receive optimal 
chemotherapy regarding their frequent comor-
bidities and physiological organ function impair-
ment, leading to non-manageable treatment 
toxicity. However, clinical trials dedicated to 
elderly patients provided a more comprehensive 
view of the geriatric DLBCL specificities and 
demonstrated that a curative approach is currently 
realistic in patients older than 80 years.

Biological Specificity

Despite the lack of well-conducted comparative 
studies, it appears that DLBCL in elderly patients 
are characterized by some specific histopathologi-
cal and biological features as compared to young 
patients. Three histological DLBCL subtypes are 
clearly more frequently or almost exclusively 
observed in a geriatric context. (1) EBV-positive 
diffuse large B-cell lymphoma (DLBCL) of the 
elderly is an entity recently included in the WHO 
classification and mainly described in the Japanese 
population with a high geographic disparity. The 
median age is 75 years and 25 % of EBV + DLBCL 
are older than 90 years with a male predominance, 
advanced stage and B symptoms in most of cases, 
high IPI score, frequent extranodal localization 
(lung, skin), and a non-GCB phenotype [182–184]. 
(2) Primary cutaneous diffuse large B-cell lym-
phoma, leg type, is characterized by a predilection 
for the leg and an advanced age at onset (mean 
age, 76 years) [185]. (3) The pyothorax-related 
lymphoma, belonging to the spectrum of chronic 
inflammation-associated lymphomas, developing 
in the setting of long-standing chronic inflammation 
and typically associated with Epstein-Barr virus, is 
observed most exclusively in the historical context 
of elderly patients previously treated for tubercu-
losis by therapeutic pneumothorax [186, 187].

To date, no clear specific genomic characteris-
tics in the geriatric setting have been described, 
but comparative studies with younger patients are 
still lacking. Recent studies have been demon-
strated that the proportion of activated B-cell-like 
subtype among de novo diffuse large B-cell lym-
phoma increases with age. Two independent large 

series have shown that the percentage of ABC 
DLBCL increases with age, with an average 
increase of the ABC DLBCL proportion of 
7–13 % per 10 years of aging after 50 years  
[11, 188]. Attempts to explain such an ABC skewing 
distribution during aging remain speculative and 
may be related to EBV infection or change in the 
normal B-cell repertoire during ageing [188].

Clinical Features in Elderly  
DLBCL Patients

By comparison to younger patients, no clear clin-
ical or biological specificities in older patients 
have been reported [189–191]. The prevalence of 
B symptoms is observed in one-third of patients 
older than 80 years, an increase of LDH level in 
43.4–68 %, and a stage III–IV disease in approxi-
mately two-thirds of cases [189–191].

Prognostic Factors, Staging,  
and Organ Functional Assessment

In addition to a more frequent unfavorable ABC 
gene expression profile, some prognostic factors 
have been identified as more relevant in a geriat-
ric context than the IPI score. Nutritional param-
eters may play a crucial in the geriatric setting. 
Albuminemia has been the only prognostic factor 
retained in multivariate analysis in a large phase II 
trial involving patients uniformly treated by dose 
reduced intensity CHOP plus  rituximab [189]. 
Vitamin D deficiency has been associated with an 
unfavorable prognosis in a large cohort and may 
be integrated in the usual poor nutritional status 
observed in elderly patients [97]. Of note, if the 
different components of the IPI score remain 
 pertinent, IPI and age, the prognostic discrimina-
tion provided by the E-IPI for low and low- 
intermediate elderly DLBCL patients appears 
better than the R-IPI or the aaIPI [191, 192].

18-FDG PET scan displays a very high rate of 
sensitivity and specificity, but its relevance in a 
geriatric setting has not been specifically addressed. 
In a practical aspect, PET scan is recommended in 
the staging of DLBCL but can be performed only 
if the patient is able to stay immobilized during at 
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least 30 min. Oral antidiabetics (metformin) also 
constitute some limitations during this examina-
tion in a geriatric context [26].

Bone marrow biopsy in patients higher than 
80 years is recommended for initial staging, espe-
cially in case of cytopenia to avoid concomitant 
associated myelodysplasia. In a recent meta- 
analysis, the sensibility and specificity of 18-FDG 
PET for evaluation of bone marrow in aggressive 
NHL lymphoma showed a sensitivity of 74 % and 
a specificity of 84 %, indicating that PET scan may 
be an alternative approach to detect bone marrow 
involvement in elderly DLBCL patients [26, 28]. 
Lumbar puncture, to detect meningeal involve-
ment, is generally dedicated to patients with a 
high risk of CNS disease, including extranodal 
 involvement (especially testicular), elevated LDH, 
 performance status > 1, or an age-adjusted IPI > 1 
[18, 193]. Cardiac assessment by clinical exami-
nation, either echocardiography or isotopic mea-
sure of the ejection fraction, is mandatory before 
any decision to use anthracycline-based regimens. 
Lung function tests are also recommended and 
influence therapeutic choices [193].

Geriatric Assessment

The rationale to incorporate geriatric assessment 
in the care of elderly patients in oncology is based 
on the high degree of heterogeneity of this popu-
lation in terms of life expectancy, tolerance to 
chemotherapy, physiological changes, organ dys-
function, comorbidities, and social/environmental 
life-specific conditions, indicating that age or per-
formance status only does not represent sufficient 
parameters to guide physicians and therapeutic 
strategies [194, 195]. The role of such geriatric 
assessments in the reduction of mortality was 
summarized in a meta-analysis of 28 control trials 
[196]. The comprehensive geriatric assessment 
(CGA) is a multidimensional method used by 
geriatricians and oncologists to detect and evalu-
ate multiple age-related problems but is time- 
consuming and often not performed in daily 
practice [197]. Using assessment of comorbidity, 
socioeconomic conditions, functional depen-
dence, frailty, emotional and cognitive conditions, 

nutrition status, and estimated life expectancy, 
Balducci proposed to define three groups which 
imply  distinct therapeutic strategies: (1) function-
ally independent patients, without comorbidity, 
candidates for any form of standard cancer treat-
ment, with the possible exception of bone marrow 
transplant; (2) frail patients (dependence in one or 
more activities of daily living, three or more 
comorbid conditions, one or more geriatric syn-
dromes), candidates only for palliative treatment; 
and (3) intermediate patients who may benefit 
from some specific pharmacological approach, 
such as reduction in the initial dose of chemother-
apy with subsequent dose escalation [197]. A 
simplified method of CGA appears more effective 
than clinical judgment to identify elderly DLBCL 
who could benefit from aggressive therapy [198].

In a daily practice, simple and validated tests can 
be proposed in the aim to detect a frail phenotype. 
The functional status is adequately assessed by the 
IADL (instrumental activities of daily living) scale, 
measuring the abilities of the patient for daily activi-
ties, autonomy, and dependence. This 8-criterion 
scale was associated in a univariate analysis with 
an unfavorable outcome in DLBCL treated by 
R-miniCHOP and appears more pertinent than the 
performance status [189, 199]. Tests, based on the 
assessment of weight loss, general feeling of exhaus-
tion, weakness (as measured by grip strength), slow 
walking speed (gait speed or get-up-and-go test), or 
physical activity, are feasible by most of elderly 
patients with cancer [199–201]. To assess the 
comorbid medical status, the Charlson scale can be 
easily performed and is a prognostic factor indepen-
dent of the IPI in patients older than 65 years [202]. 
More specifically, risk factors of chemotherapy tox-
icity and especially hematological toxicities warrant 
caution and can be predicted by a geriatric assess-
ment. Its relevance in a lymphoma context remains 
to be determined [203, 204].

Treatment of Fit Patients in Frontline

Several reports highlighted the high rate of therapy-
associated deaths in a geriatric setting after the first 
cycle of chemotherapy. This “first-cycle effect” has 
been successfully prevented by a prephase treatment 
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based on the use of a single injection of 1 mg of 
vincristine and prednisone, leading in some cases 
to improve significantly performance status, organ 
dysfunction and allowing delivering subsequently 
a more aggressive chemotherapy [189, 193]. 
Similar to younger patients, the improvement of 
the outcome for very elderly patients with DLBCL 
in the immunochemotherapy era has been recently 
shown in a historical comparison showing an 
increase of the estimated 3-year progression-free 
(PFS) and overall survival (OS) of 30 % following 
the usage of rituximab [205].

In most of cases, rituximab in combination with 
reduced-intensity anthracycline-based regimen can 
be proposed in fit patients and represents the cur-
rent standard strategy in frontline [189, 206, 207]. 
In a large phase II study of the GELA group involv-
ing patients older than 80 years, the efficacy and 
safety of a decreased dose of CHOP (doxorubicin, 
cyclophosphamide, vincristine, and prednisone) 
chemotherapy with a conventional dose of ritux-
imab (R-miniCHOP) was recently investigated. 
Analysis by intention to treat of the 149 included 
patients demonstrated a 2-year overall survival of 
59 %, a 2-year PFS of 47 %, and a median pro-
gression-free survival of 21 months. The most 
frequent side effect was hematological toxicity 
(grade >/=3 neutropenia in 40 % of cases) but with 
infrequent febrile neutropenia (7 %) indicating that 
R-miniCHOP displays a good compromise between 
efficacy and safety in this population [189]. Similar 
results were obtained in a 70 % CHOP reduction 
regimen for patients older than 70, displaying 
a 3-year PFS of 72 % and a 3-year OS of 58 % 
[207]. Activity and safety of dose-adjusted infu-
sional cyclophosphamide, doxorubicin, vincristine, 
and prednisone chemotherapy (DA-EPOCH) with 
rituximab in very elderly patients with poor-prog-
nostic untreated DLBCL has been also proposed in 
frail patients older than 70 years [206].

Alternative Treatments in Frail  
and Unfit Patients or After Relapse

Patients with frailty phenotype, cardiac dysfunc-
tion (ejection fraction <40 %), or relapse following 
anthracycline-based regimens warrant alternative 

treatments. Liposomal doxorubicin has been pro-
posed as a possible alternative in combination with 
rituximab, cyclophosphamide, vincristine, and 
prednisone (COMP-14) [208, 209]. Phase II trials 
indicate that non-anthracycline-based regimens 
may lead to a significant efficacy with an accept-
able tolerance profile. Oral lenalidomide in combi-
nation with rituximab has shown promising results 
in patients older than 65 years with a high percent-
age of patients achieving a continuous CR after 
maintenance therapy. Of note, DLBCL with a non-
GCB phenotype may be particularly sensitive to 
lenalidomide [166, 210]. Bendamustine in combi-
nation with rituximab has been also evaluated in a 
phase II study, including unfit patients with a 
median age of 85 years, giving an overall response 
rate of 69 % [211]. Oxaliplatin-based regimens or a 
combination of ifosfamide and etoposide have been 
also proposed as alternative strategies in frontline 
or in relapse but with unsatisfactory long-term 
results [152, 212]. Chemotherapy following autol-
ogous stem-cell transplantation has been retrospec-
tively evaluated in patients between 60 and 75 years 
but remains an unrealistic approach in patients 
older than 80 years [213].

Supportive Care

The use of G-CSF is proposed according to rec-
ommendations, based on a risk of febrile neutro-
penia higher than 20 %, which is the case in this 
setting [214]. Pegfilgrastim given at day 4 of the 
R-CHOP regimen appears as the more efficient 
preventive strategy but has not been specifically 
evaluated with dose reduced intensity CHOP 
[215]. Corticoid-related side effects are particu-
larly intense in elderly patients and implicate a 
careful metabolic follow-up, hyperglycemia 
being associated with an increase of chemother-
apy toxicity [216]. By contrast to patients treated 
by dose-dense R-CHOP, patients older than 
80 years treated by reduced dose intensity CHOP 
are not at a particular risk to develop Pneumocystis 
pneumonia, and systematic prophylaxis by co-
trimoxazole in a geriatric setting cannot be rec-
ommended [189]. It has been suggested that the 
rate of fungal infection could be higher in patients 
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older than 80 years and treated by chemotherapy 
plus rituximab. However, to date no clear recom-
mendation regarding the use of antifungal pro-
phylaxis in this setting can be proposed [217].
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   Introduction 

 Primary mediastinal B-cell lymphoma (PMBL) 
has a propensity to affect females and is typically 
diagnosed in the third and fourth decades of life 
compared to other variants of DLBCL that peak 
in incidence in the seventh decade. It most likely 
arises from a thymic B cell and typically presents 
with an anterior mediastinal mass. Symptoms at 
diagnosis are related to the mediastinal mass and 
patients frequently present with superior vena cava 
(SVC) syndrome. Mediastinal masses of greater 
than 10 cm are common at diagnosis, and local 
in fi ltration into adjacent structures such as the 
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  Abstract 

 Primary mediastinal B-cell lymphoma (PMBL) is a distinct subtype of 
diffuse large B-cell lymphoma (DLBCL) that arises in the mediastinum 
and is putatively of thymic B-cell origin. It was  fi rst recognized in 1980, 
from a review of 184 adult non-Hodgkin lymphoma (NHL) cases, and is 
now included as a distinct entity in the 4th edition of the World Health 
Organization (WHO) Classi fi cation of Tumours of Haematopoietic and 
Lymphoid Tissues. It is rare in that it only accounts for 2–4 % of all NHL, 
and this has been an obstacle to carrying out large-scale clinical trials to 
de fi ne optimal therapy for this disease entity. Intriguingly, it shares many 
biologic features with classical Hodgkin lymphoma (CHL), and its 
molecular pro fi le more closely resembles that of CHL than other sub-
types of DLBCL.  
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lungs and chest wall is frequently observed. The 
disease tends to be con fi ned to the mediastinum 
at diagnosis, but at progression, it is not uncom-
mon to have involvement of extranodal sites such 
as the kidneys, liver, adrenal glands, and central 
nervous system. It is interesting that the clinical 
characteristics of classical Hodgkin lymphoma of 
the nodular sclerosis subtype (CHL-NS) are very 
similar to PMBL with a female preponderance, 
young age at diagnosis, and mediastinal presen-
tation—CHL-NS is also likely to be of thymic 
B-cell origin and shares many molecular features 
with PMBL. In that respect, it is intriguing that 
there exist mediastinal lymphomas with clinical 
and morphological features transitional between 
PMBL and CHL-NS, and these are recognized 
in the most recent WHO classi fi cation and have 
been termed “gray”-zone lymphomas (GZL)  [  1  ] . 
In contrast to PMBL and CHL-NS, GZLs pre-
dominantly affect males, and their morphologi-
cal and biologic features and clinical outcome are 
also discussed in the subsequent sections  [  2  ] .  

   Pathology 

 Histologically, PMBL is characterized by an 
in fi ltrate of large cells with round or lobulated 
nuclei and abundant clear cytoplasm. There is a 
background of  fi ne, compartmentalizing sclero-
sis. Occasionally, Hodgkin/Reed-Sternberg cells 

can be seen, and although the architecture is typi-
cally diffuse, a minority of cases may show focal 
nodularity (Fig.  12.1 ). Necrosis, a characteristic 
feature of CHL, is seen in approximately 25 % 
of cases  [  3  ] . The immunophenotype of PMBL 
resembles that of a mature B cell expressing 
CD20 and pan B-cell markers such as CD79a, 
but tumor cells lack surface immunoglobulin 
expression, unlike most B-cell neoplasms  [  4, 
  5  ] . The B-cell-associated transcription factors 
PAX5, OCT2, and BOB1 are strongly expressed, 
and CD30 is expressed in most cases but with 
variable intensity  [  3–  5  ] . The cells are variably 
positive for the germinal center markers CD10 
and BCL6, and CD23 is positive in over 85 % 
of cases, suggesting a thymic B-cell origin  [  6, 
  7  ] . As well as sharing many clinical character-
istics with PMBL, CHL-NS has morphological 
overlap with PMBL but also distinct features 
that make these two entities morphologically 
distinguishable. CHL is typi fi ed by a nodular 
growth pattern with broad bands of  fi brosis and 
lacunar variants of HRS cells that have a charac-
teristic immunophenotype. The cells are positive 
for CD30, negative for CD45, and positive for 
CD15 in 85 % of cases. Expression of B-cell-
associated antigens is weak and heterogeneous 
in the neoplastic cells of CHL, with often, nega-
tive CD79a, weak or variable CD20 expression, 
and weak expression of PAX5  [  8,   9  ] . Tumor cells 
are frequently positive for IRF4/MUM1. As with 

  Fig. 12.1    Primary mediasti-
nal large b-cell lymphoma; 
tumor cells are associated 
with  fi ne trabecular  fi brosis, 
but no well-formed  fi brous 
bands. The cells have a rim 
of pale eosinophilic 
cytoplasm. An in fl ammatory 
background is absent (H&E, 
400×) (Courtesy Dr. Elaine 
Jaffe and Dr. Stefania 
Pittaluga)       
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PMBL,  immunoglobulin expression is absent, 
and transcription factors that govern immuno-
globulin production like OCT2 and BOB1 are 
frequently negative  [  10,   11  ] .  

 The morphological features of GZL are tran-
sitional between PMBL and CHL. Frequently, 
pleomorphic tumor cells sheet out and grow in 
a diffusely  fi brotic stroma. Tumor cells can be 
similar to PMBL or CHL, with a broad spectrum 
of cytologic appearance in different areas of the 
tumor. Clusters of cells similar to lacunar cells 
or even HRS cells may be seen in a background 
resembling PMBL. The in fl ammatory in fi ltrate is 
typically sparse, but scattered eosinophils, lym-
phocytes, and histiocytes may be present. The 
immunophenotypic features of GZL are also 
intermediate between PMBL and CHL  [  2,   12  ] . 
The tumor cells typically express CD45, CD20, 
and CD79a. CD30 is also positive and CD15 
may be expressed as well. Immunoglobulin 
expression is absent, resembling both CHL and 
PMBL. The transcription factors PAX5, OCT2, 
and BOB1 are positive in most cases, but tumor 
cells can present a pattern with transitional fea-
tures between CHL and PMBL, particularly with 
asynchrony between morphology and immuno-
phenotype. GZL can present with a Hodgkin-like 
morphology and a phenotypic pattern of PMBL 
(CD20++, CD15−). Alternatively, the lymphoma 
can present with a PMBL-like morphology and a 
Hodgkin phenotype, with expression of CD30 and 
CD15 and loss of CD20 and CD79a. The trans-
forming events that lead to the divergent trans-
formation of a thymic B cell into either PMBL or 
CHL-NS are poorly understood, but the fact that 
PMBL can recur as CHL and vice versa suggests 
that there is plasticity in these events  [  2  ] .  

   Biologic Characteristics 

 Gene expression pro fi ling studies have interest-
ingly demonstrated that there is extensive bio-
logic overlap between PMBL and CHL and the 
molecular pro fi le of PMBL is much closer to that 
of CHL than it is to other subtypes of DLBCL 
(i.e., germinal center B-cell like (GCB) and acti-
vated B-cell like (ABC))  [  13,   14  ] . PMBL and 

CHL, in fact, share approximately a third of their 
genes  [  13  ] . PMBL shows frequent gains of gene 
regions on chromosome 9p (up to 75 %) and 2p 
(approximately 50 %)—these have also been 
described in CHL but rarely in other subtypes 
of DLBCL  [  1  ] . The 9p region encodes JAK2, a 
tyrosine kinase that phosphorylates/activates the 
transcription factor STAT 6  [  13,   15  ] . SOCS1 sup-
presses JAK signaling and is regularly deleted 
in both PMBL and CHL  [  16  ] . Other genes that 
may be involved at 9p are PDL1 and PDL2, while 
c-REL may be involved at 2p  [  13  ] . Gains in chro-
mosome X are also found in a third of cases, 
while rearrangements of BCL2, BCL6, and MYC 
genes are usually absent in PMBL  [  1  ] . A recent 
study of chromosomal aberrations for 2p16.1, 
9p24.1, and 8q24, in children with PMBL, found 
that the frequencies of investigated loci were 
similar to those found in adults  [  17  ] . PMBL and 
CHL also have constitutively activated nuclear 
factor kappa-B (NF- k [kappa]B). At this point 
in time, the molecular signature of GZL has not 
been elucidated, but a recent large-scale methy-
lation analysis of PMBL, CHL, and GZL dem-
onstrated a close epigenetic relationship between 
these entities and a unique epigenetic signature 
for GZL, validating its inclusion in the WHO 
classi fi cation as a separate disease  [  18  ] .  

   Diagnostic Workup and 
Prognostic Features 

 The staging workup for PMBL should include a 
complete history and physical examination as 
well as measurement of serum hematological and 
biochemical parameters including lactate dehy-
drogenase (LDH) level. Computerized tomogra-
phy of the chest, abdomen, and pelvis should be 
performed, and the CNS should be evaluated if 
indicated. A bone marrow aspirate and biopsy 
should also be performed. As pericardial effu-
sions are not uncommonly detected, it is useful to 
perform echocardiography. While the interna-
tional prognostic index (IPI) is useful in DLBCL, 
its utility in PMBL is limited by the age distribu-
tion of the disease and its typical con fi nement to 
the mediastinum  [  19  ] . One study that evaluated 
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the age-adjusted IPI in PMBL did not  fi nd it to be 
useful in prognosticating  [  20  ] . While retrospec-
tive studies have suggested that factors like LDH 
level, male sex, and performance status may be 
useful predictors of survival, these have not been 
validated in prospective studies  [  21,   22  ] . As we 
discuss subsequently, albeit based on limited 
experience, patients with GZL appear to have a 
much worse outcome than those with PMBL.  

   Management 

 Due to the rarity of these diseases and the paucity 
of prospective data, the optimal therapeutic 
approach and choice of regimen for PMBL are 
controversial. As these diseases are very curable 
and typically affect young females, the long-term 
effects of therapy are an important consideration, 
especially with respect to the administration of 
mediastinal radiation, which is a frequently used 
treatment modality in this disease. There are now 
several sobering reports detailing high incidences 
of, particularly, breast cancer and ischemic heart 
disease, several years after radiation therapy, in 
patients with mediastinal lymphomas  [  23–  26  ] . 
Novel strategies that maintain high cure rates but 
obviate the need for mediastinal radiation are 
therefore needed. 

 Early studies suggested that PMBL had a 
poor outcome with CHOP (cyclophosphamide, 
hydroxydaunorubicin, vincristine, prednisone) 
chemotherapy alone, and several studies evalu-
ated dose-intensi fi ed regimens in this patient 
population. One such study, in 50 untreated 
patients with PMBL, demonstrated high ef fi cacy 
of MACOP-B (methotrexate, leucovorin, doxo-
rubicin, cyclophosphamide, vincristine, predni-
sone, and bleomycin) followed by consolidation 
radiation treatment, but 66 % had a persistently 
positive gallium scan at the end of chemotherapy, 
suggesting active disease  [  27  ] . Following con-
solidation radiation therapy, however, only 19 % 
had a positive gallium scan and 80 % were event-
free at 39 months median follow-up time  [  27  ] . 
Later, MACOP-B and VACOP-B (etoposide, 
doxorubicin, cyclophosphamide, vincristine, 
prednisone, bleomycin) were compared to CHOP 

in a retrospective analysis, and the outcome with 
the latter regimen was inferior, suggesting that 
dose intensity is important in this disease  [  28  ] . In 
another retrospective analysis, the International 
Extranodal Lymphoma Study Group (IELSG) 
compared outcomes of 426 patients with PMBL 
across 20 institutions where patients received 
MACOP-B, VACOP-B, ProMACECytaBom, or 
CHOP, and they found an inferior outcome in the 
CHOP group  [  22  ] . However, there have been no 
prospective comparisons of these regimens. At 
the time when the Southwest Oncology Group 
(SWOG) compared CHOP to second- and third-
generation regimens in DLBCL, PMBL was not 
recognized as a distinct entity, and the outcome 
of these patients with  fi rst- versus second- and 
third-generation regimens was not assessed  [  29  ] . 
A retrospective study that looked at the outcome 
of 141 consecutive PMBL patients who were 
treated with CHOP-like therapy or approaches 
that included high-dose chemotherapy suggested 
that dose-dense chemotherapy was superior to 
CHOP in these patients  [  20  ] . 

 While the addition of rituximab to CHOP 
chemotherapy in DLBCL has been shown to 
improve survival in several different studies, 
this has not been well studied in PMBL due to 
the rarity of the disease  [  30  ] . In a retrospective 
study carried out in British Columbia in the pre- 
and post-rituximab period, there was no survival 
advantage in patients when rituximab was added 
to CHOP (the number of patients in the R-CHOP 
arm was small, however, and the follow-up time 
relatively short)  [  21  ] . A recent subgroup analy-
sis of the prospective, randomized, phase III 
MabThera International Trial (Mint) evaluated 
the role of rituximab in combination with CHOP-
like regimens in PMBL  [  31  ] . The rituximab arm 
was clearly superior in terms of 3-year event-free 
survival (78 % versus 52 % in the chemotherapy 
arm alone), but no statistically signi fi cant differ-
ence in overall survival (OS) was detected due 
to small numbers. Of importance in interpreting 
these data, however, is the fact that preplanned 
radiotherapy was administered to 67 % of 
patients in the chemotherapy-alone arm and 73 % 
in the immunochemotherapy arm, and the addi-
tion of radiation improved remission rates. This 
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study suggested that adding rituximab to CHOP 
may be bene fi cial in PMBL, but it did not dem-
onstrate that this regimen could obviate the need 
for radiation. Recently, a retrospective analysis of 
R-CHOP (with consolidation mediastinal radia-
tion in the majority) in 58 patients with PMBL 
demonstrated a high rate of initial treatment fail-
ure and a progression-free survival (PFS) of 68 % 
at 5 years  [  32  ] . 

 Based on observations that dose inten-
sity appeared to be important in this disease 
 historically, we investigated the dose-adjusted 
EPOCH-R (etoposide, prednisone, vincristine, 
cyclophosphamide, doxorubicin, and ritux-
imab) regimen in PMBL, based on its ef fi cacy in 
DLBCL  [  33–  35  ] . This is a pharmacodynamically 
dose-adjusted regimen, and this strategy may 
especially bene fi t younger patients who likely 
require higher doses of drugs to achieve similar 
serum drug levels to older patients  [  35  ] . We set 
out to investigate if the regimen could obviate the 
need for mediastinal radiation treatment and, thus, 
eliminate the risk of long-term consequences such 
as secondary cancers and ischemic heart disease. 
In a recent update of 40 patients with untreated 
PMBL who received the regimen without consol-
idative radiation, the event-free survival and over-
all survival were 95 and 100 %, respectively, with 
only two patients requiring radiation treatment at 
a median follow-up time of 4 years  [  36  ] . In terms 
of assessing the additive bene fi t of rituximab 
with this regimen, when these results were com-
pared to a historical PMBL group who received 
DA-EPOCH alone (no radiation), the addition 
of rituximab signi fi cantly improved EFS (95 % 
versus 65 %;  p  = 0.0012) and OS (100 % versus 
77 %;  p  = 0.013)  [  36  ] .  

   Outcome of Mediastinal 
Gray-Zone Lymphoma 

 Due to their rarity and relatively recent recogni-
tion, only one prospective study has reported the 
outcome of these mediastinal lymphomas, which 
have features intermediate between PMBL and 
CHL-NS. Historically, these diseases (often 
included under the diagnosis of “anaplastic 

large-cell lymphoma Hodgkin-like”) had a poor 
clinical outcome, and short median survivals 
were reported with standard therapy  [  37  ] . In one 
retrospective study, in which patients received 
either a CHL or NHL regimen, the 5-year event-
free survival was inferior to that reported by the 
International Database on Hodgkin’s Disease for 
CHL, suggesting that they had more chemore-
sistant biology  [  37  ] . In one updated report, 16 
patients with GZL treated prospectively with 
the DA-EPOCH-R regimen—despite clinical 
 characteristics similar to those of the PMBL 
cohort—had a signi fi cantly inferior event-free 
survival (45 %) and overall survival (75 %) at 
a median follow-up time of 4 years, and 37 % 
required consolidation mediastinal radiation  [  36  ] . 
Studies are under way to explore the biologic 
basis for their poor clinical outcome; factors may 
include bulky disease and poor vascularization of 
these large tumors, which often have extensive 
areas of necrosis. It is hoped that novel biologic 
insights such as the elucidation of their epigenetic 
and other molecular biologic features may lead to 
the development of more effective therapies.  

   Assessment of Residual Mediastinal 
Masses After Primary Therapy 

 In patients with PMBL, it is very common to have 
a large residual mediastinal mass at the completion 
of therapy due to the  fi brotic component of these 
tumors and their large size at initial diagnosis. 
Indeed, scar tissue can persist in the mediastinum 
for several months after the completion of therapy, 
and this needs to be considered in the follow-up of 
patients. Therefore, computed tomography scan-
ning (CT) alone is not a very effective modality 
at assessing if there is residual disease present 
at the end of therapy as it gives no information 
about the activity of the mass. In the past, gallium 
scanning was a helpful imaging modality to assess 
activity, but it is a cumbersome test and is rarely 
used today. FDG-PET imaging has been found to 
be helpful for response assessment in DLBCL but 
has not been well studied in PMBL speci fi cally 
 [  38  ] . Recently, the role of FDG-PET in assessing 
residual masses when using the DA-EPOCH-R 
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regimen was investigated, and it was found to 
have a very high negative but low positive pre-
dictive value for relapse in PMBL  [  36  ] . With this 
regimen in PMBL, if the end of therapy FDG-PET 
scan is negative, no further FDG-PET scans are 
performed and patients are followed with routine 
CT scanning. Patients with suspicious FDG-PET 
scans—with low-level abnormal activity—gener-
ally undergo a repeat FDG-PET scan 4–6 weeks 
later and, if speci fi c uptake values (SUVs) are 
increasing, undergo a biopsy ideally to con fi rm 
residual disease. Patients with positive post-ther-
apy FDG-PET scans ideally undergo a biopsy 
also. Newer imaging modalities for the assess-
ment of residual mediastinal masses are needed 
and are under investigation at this time.  

   Treatment of Relapsed 
or Refractory Disease 

 Relapses in PMBL tend to occur within the  fi rst 
year or 18 months following the completion of 
therapy, and optimal or standard therapy for 
patients with relapsed and refractory disease has 
not yet been de fi ned. How best to approach 
relapsed disease depends on the pattern of relapse, 
and for localized relapses con fi ned to the medi-
astinum, localized radiation treatment may be a 
curative treatment option, particularly in patients 
who did not receive radiation therapy initially. 
Otherwise, approaches such as using salvage che-
motherapy and autologous transplantation have, 
for the most part, been disappointing, but patient 
numbers have been small. Allogeneic transplan-
tation in patients with resistant and refractory dis-
ease is another experimental treatment option.  

   Conclusions 

 PMBL is a distinct entity that is clinically 
and molecularly different to other subtypes 
of DLBCL and has a gene expression pro fi le 
that more closely resembles that of classical 
Hodgkin lymphoma, nodular sclerosis type. 
One of the major downsides of “standard” 
therapy for this disease historically has been 
the use of consolidation mediastinal radiother-
apy, which has been associated with a high rate 

of secondary complications. Newer treatment 
approaches, however, successfully obviate 
the need for radiotherapy while maintaining 
high cure rates. Mediastinal “gray-zone” lym-
phoma is a recently recognized entity with fea-
tures in between PMBL and classical Hodgkin 
lymphoma and appears to be more immuno-
chemotherapy resistant. Future directions in 
these diseases should include the continuation 
of strategies that obviate the need for radiation 
and the exploration of selective targeting of 
pathways such as Janus kinase 2 (JAK2).      
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   Introduction 

 T-cell non-Hodgkin lymphomas (NHL) are 
uncommon malignancies accounting for only 
10–15 % of all NHL  [  1  ] . T-cell NHLs are 
classi fi ed, by the WHO, as precursor T-cell acute 

lymphoblastic leukemia/lymphoma (T-ALL/
LBL) and mature (peripheral) T-cell lymphomas 
(PTCL). The designation “peripheral” describes 
that these lymphomas arise at peripheral lym-
phoid tissues from mature T cells that had already 
undergone maturation, and acquisition of  function, 
in the “central” lymphoid tissues: the bone mar-
row and thymus gland. Because natural killer 
(NK) cells are closely related and share some 
immunophenotypic and functional properties with 
T cells, NK and T-cell neoplasms are considered 
together under PTCL designation  [  2  ] . The WHO 
system classi fi es T-cell NHLs into 16 major sub-
types in adults (Table  13.1 ). PTCLs, like B-cell 
NHL, appear to recapitulate stages of normal 
T-cell differentiation by expressing a certain set of 
surface antigens analogous to their normal coun-
terparts. However, immune pro fi ling seems less 
helpful in the subclassi fi cation of PTCL due to 
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signi fi cant variation in expression of these anti-
gens. Reactive T-cell in fi ltrations of lymph nodes, 
extranodal tissues, or B-cell lymphomas pose a 
diagnostic problem in differentiating if the nature 
of the in fi ltration is in fl ammatory (reactive) or 
neoplastic. Determining the clonality of T cells is 
helpful and, frequently, required to establish the 
diagnosis utilizing rearrangements of the T-cell 
receptor (TCR). There are two classes of T cell 
based on speci fi c sequence of their TCR: 
 a [alpha] b [beta] T cells and  g [gamma] d [delta] T 
cells. Clonal rearrangements in each of the four 
chains are possible  [  2  ] . NK cells do not rearrange 
the T-cell receptor genes. Analysis of clonality in 
NK-cell proliferations can utilize antibodies to 
various killer inhibitory receptors (KIRs). 
Granzyme M, a novel member of a family of 
cytolytic molecules unique to T cells, is expressed 
in hepatosplenic  g [gamma] d [delta] lymphoma, 
cutaneous  g [gamma] d [delta] lymphomas, and 
most intestinal T-cell lymphomas tested and may 
aid in the proper identi fi cation of these uncom-
mon lymphomas  [  3  ] .   

   Epidemiology and Etiology 

 Geographic variations have been well described 
and re fl ect exposure to speci fi c infectious agents, 
such as the Epstein-Barr virus (EBV) and the 
human T-cell leukemia virus-1 (HTLV-1)  [  4,   5  ] . 
Exposure to these agents explains the higher prev-
alence of PTCL in Asian countries, 18 % of all 
NHL in Hong Kong compared to only 1.5 % in 
Vancouver  [  6  ] . Recent date from the SEER data-
base suggests that the incidence of T-cell neo-
plasms in the USA had modestly increased to 2.6 
cases per 100,000 persons per year  [  7  ] . In a large 
international study  [  8  ]  that evaluated lymphoma 
cases from the United States, Europe, Asia, and 
South Africa, PTCL accounted for only 12 % of all 
NHL. The commonest subtypes of PTCL were 
PTCL not otherwise speci fi ed (PTCL-NOS) 
(25.9 %) and angioimmunoblastic T-cell lym-
phoma (AITL) (18.5 %), respectively (Table  13.2 ) 
 [  8  ] . Each of the major subtypes has unique clinical 
and biologic characteristics that are addressed sep-
arately in this chapter. Cutaneous T-cell lympho-

mas (CTCL) are also classi fi ed under mature T-cell 
lymphomas but will be discussed separately.   

   Peripheral T-Cell Lymphoma: 
Not Otherwise Speci fi ed 

 Peripheral T-cell lymphoma (PTCL), not other-
wise speci fi ed (NOS), is the most common type 
of PTCL and is a heterogeneous group of mature 
T-cell neoplasms that do not meet the speci fi c 
diagnostic criteria for other speci fi c T-cell 
 lymphomas listed in Table  13.1  (above). Most 

   Table 13.1    2008 WHO classi fi cation of peripheral 
NK/T-cell neoplasms   

 Classi fi cation  NK/T-cell neoplasm 

 Leukemic or 
disseminated 

 T-cell prolymphocytic leukemia 
(T-PLL) 
 T-cell granular lymphocytic 
leukemia (T-LGL) 
 Aggressive NK leukemia 
 Adult T-cell lymphoma/
leukemia (ATLL) 

 Extranodal  Extranodal NK/T-cell lym-
phoma (nasal type and 
extranasal types) 
 Enteropathy-type T-cell 
lymphoma 
 Hepatosplenic T-cell lymphoma 
(HTCL) 
 Subcutaneous panniculitis-like 
T-cell lymphoma 

 Cutaneous  Mycosis fungoides 
 Sezary syndrome 
 Primary cutaneous CD30+ 
lymphoma 
 Primary cutaneous T-cell 
lymphoma, rare subtypes 

 Nodal  Peripheral T-cell lymphoma, 
unspeci fi ed 
 Angioimmunoblastic T-cell 
lymphoma (AILD) 
 Anaplastic large-cell lymphoma 
(ALK+) 
 Anaplastic large-cell lymphoma 
(ALK-) 

 EBV-positive 
lymphoproliferative 
disorder of 
childhood 

 Systemic EBV-positive 
lymphoproliferative disorder of 
childhood 
 Hydroa vacciniforme-like 
lymphoma 
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patients present with nodal disease but extranodal 
disease is common. Most patients have advanced 
disease at presentation (60 %) and bone marrow 
involvement occurs in 20 % of cases. Extranodal 
presentation is common and the commonest 
sites involved are the skin and gastrointestinal 
tract  [  6,   9  ] . PTCL was considered the diffuse 
large-cell equivalent of B-cell NHL but the his-
tologic picture of PTCL is extremely broad, 
from highly polymorphous to monomorphous 
 [  10  ] . Three histologic variants were recognized: 
 lymphoepitheliod or Lennert’s  [  11  ] , follicular 
 [  12  ] , and T-zone lymphomas  [  13  ] . Median age at 
diagnosis is 61 years with a male to female ratio of 
1.5:1. Majority of patients have lymphadenopathy 
and unfavorable characteristics, at presentation, 
including B symptoms, elevated lactate dehydro-
genase (LDH), bulky disease, poor performance 
status (PFS), and extranodal disease. As such, at 
least 50 % of patients fall into the unfavorable 
International Prognostic Index (IPI) category 
of 3–5  [  6,   9  ] . Paraneoplastic features such as 
eosinophilia, pruritis, or rarely hemophagocytic 
syndrome may be also seen at presentation  [  14  ] . 
The prognostic index for PTCL-NOS (PIT) was 
proposed by the Intergruppo Italiano Linfomi and 
incorporates age, PFS, LDH, and bone marrow 
involvement to predict prognosis in PTCL  [  15  ] . 
Positivity for Epstein-Barr virus (EBV), CD15 
staining, and high Ki-67 expression, identi fi ed 
by immunohistochemistry, were associated with 
worse prognosis  [  16  ] . The Bologna score, incor-
porating patient (age >60 years, PFS, LDH) and 
tumor (Ki-67 staining  ³ 80 %) characteristics, 
seemed to be able to predict PTCL outcomes bet-
ter than IPI and PIT  [  17  ] . Based on recent gene 
expression pro fi ling (GEP) studies, high expres-
sion of NFkB  [  18  ]  and proliferation markers  [  19  ]  
were associated with worse outcomes for PTCL. 
Also, based on GEP analyses, PTCL-NOS can 
be subclassi fi ed into at least two distinct groups 
based on the cell of origin: activated helper and 
cytotoxic subtypes  [  20,   21  ] . There is preliminary 
evidence that the cytotoxic subtype confers a 
worse prognosis  [  21  ] . 

 Treatment of PTCL-NOS with standard NHL 
chemotherapy regimens, like cyclophosphamide, 
doxorubicin, vincristine, and prednisone (CHOP), 

produces a 50–60 % response rate, but the long-
term disease-free survival is poor with long-term 
survival rates between 10 and 30 %  [  22  ] . 
Alternative, more intense, induction regimens 
were proposed, such as HyperCAVD or regimens 
incorporating platinum compounds. None of 
these alternative regimens were better than the 
standard CHOP regimen  [  23,   24  ] . There are mul-
tiple chemo- and immunotherapy agents, includ-
ing stem cell transplants, that have activity and 
are frequently used in the relapsed setting; these 
are discussed separately under treatment of 
relapsed/refractory disease. Limited-stage PTCL 
is a well-recognized clinical entity, albeit not rec-
ognized by the WHO classi fi cation, which has a 
favorable clinical outcome. Most cases of limit-
ed-stage PTCL are PTCL-NOS (81 %) and are 
typically treated with an abbreviated course of 
CHOP followed by involved- fi eld radiotherapy 
with an OS of 92 % in one series  [  25  ] .  

   Angioimmunoblastic T-Cell 
Lymphoma 

 Angioimmunoblastic T-cell lymphoma (AITL), 
previously known as angioimmunoblastic 
lymphadenopathy with dysproteinemia, was the 
second most common PTCL in the international 
T-cell lymphoma classi fi cation project account-
ing for 18.5 % of all PTCL  [  8  ] . Histologically, 
AITL is characterized by a polymorphous 
in fi ltrate of small lymphocytes, immunoblasts, 
plasma cells, eosinophils, histiocytes, and 
epitheloid cells with neovascularization with 
arborizing high endothelial venules (HEV), 
many of which show thickened or hyalinized 
walls  [  26  ] . T-cell receptor genes are rearranged 
in 75–90 %; immunoglobulin heavy chains may 
be rearranged in 25 %, corresponding to the 
secondarily expanded B-cell clones  [  27,   28  ] . 
Epstein-Barr virus (EBV) and human herpes 
virus-6 (HHV6) genomes are detected in many 
cases and may be present in either T or B cells, 
although EBV is far more common in the B cells 
 [  29  ] . B immunoblasts that are EBV positive are 
sometimes very prominent and can give rise to 
a secondary EBV positive diffuse large B-cell 
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lymphomas  [  30,   31  ] . Also, albeit rare, CD20 
expression was reported on malignant T cells 
 [  32  ] . Most patients present with advanced stage 
and isolated extranodal disease at presentation 
is rare. Bone marrow is involved in 50–60 % of 
cases  [  33  ] . The median age was 64 years with 
slight male predominance, and the majority 
of patients present with an acute systemic ill-
ness with B symptoms and generalized lymph-
adenopathy  [  9  ] . Other commonly associated 
manifestations are rash, hepatosplenomegaly, 
anemia, ascitis, pleural effusion, polyarthri-
tis, and a myriad of autoimmune manifesta-
tions including hemolytic anemia, rheumatoid 
arthritis, vasculitis, and thyroid diseases  [  34, 
  35  ] . The rash is usually pruritic and may dem-
onstrate lymphohistiocytic vasculitis on biopsy 
 [  36  ] . Multiple laboratory  fi ndings were reported 
including elevated LDH, erythrocyte sedimenta-
tion rate (ESR), polyclonal hypergammaglobu-
linemia which can occasionally be monoclonal, 
hypoalbuminemia, elevated  b -2 microglobulin, 
positive Coombs test or cold agglutinins, cryo-
globulinemia,  eosinophilia,  anemia, lymphope-
nia, and thrombocytopenia  [  34,   35  ] . Serum 
interleukin-6 (IL-6) level is frequently elevated 
and can be used to monitor disease activity 
and response to treatment  [  37,   38  ] . The clini-
cal course of AITL is moderately aggressive yet 
spontaneous remissions have been reported  [  39  ] . 
Most patients fall into the high-risk category, 
when assessed by IPI or PIT models, yet these 
prediction models have limited  applicability to 
patients with AITL. In some studies, high doses 
of prednisone were used upfront followed by 
standard chemotherapy if patients progress or 
relapse. The standard treatment for medically  fi t 
patients with AITL usually involved a conven-
tional anthracycline-based regimen, like CHOP, 
with complete response rates of 50–70 %, yet 
only 10–30 % of patients survive long term  [  40, 
  41  ] . Factors predictive of poor survival in AITL, 
in a recent analysis by the Groupe d’Etudes des 
Lymphomes de L’Adulte (GELA), were male sex 
and mediastinal adenopathy. Only 30 % 7-year 
survival rates were reported in the GELA studies 
 [  39  ] . A favorable result was observed with add-
ing rituximab to CHOP in patients with AITL 

who have an expanded B-cell clone  [  42  ] , yet a 
recent phase II trial conducted by GELA failed 
to show any bene fi t  [  43  ] . There are anecdotal 
reports of patients with AITL who responded 
to immunosuppressive therapy, such as low-
dose methotrexate/prednisone, cyclosporine, or 
purine analogs  [  44,   45  ] . There are also anecdotal 
reports, in few patients, of CRs after treatment 
with bevacizumab, an antibody against vascular 
endothelial growth factor  [  46,   47  ] . The results 
of stem cell transplantation for AITL are similar 
to PTCL-NOS and will be discussed separately 
at the end of this chapter.  

   Anaplastic Large-Cell Lymphoma: 
Systemic Type 

 Anaplastic large-cell lymphoma (ALCL), pri-
mary systemic type, accounts for 2–3 % of all 
NHL  [  1  ] , 10.2 % of all T-cell lymphomas in 
adults  [  8  ] , and up to 20 % of all childhood lym-
phomas  [  48  ] . Primary cutaneous ALCL will 
be discussed separately in Chap.   19    . This type 
of lymphoma usually involves both nodal and 
extranodal sites, commonest being skin, bone, 
soft tissues, lung, and liver. ALCL shows a 
broad morphologic spectrum, yet all cases con-
tain a variable proportion of cells with eccentric 
kidney-shaped nuclei and an eosinophilic region 
near the nucleus. These cells have been referred 
to as hallmark cells and they show a strong posi-
tive staining for CD30. Bone marrow is involved 
in 10–30 % of cases  [  49  ] . There are two major 
subtypes of ALCL based on expression of the 
anaplastic lymphoma kinase (ALK) protein on 
chromosome 2p23: ALK+ and ALK− ALCL. 
The commonest translocation observed in ALK+ 
ALCL cases is t(2;5)(p23;q35) which results in 
the fusion protein NPM-ALK; this is present 
in 84 % of cases and is considered pathogno-
monic for ALK+ ALCL  [  50  ] . The fusion pro-
tein TPM3-ALK results from t(1;2)(q25;p23) 
and occurs in 13 % of cases of ALK+ ALCL. 
Other rare translocation partners of ALK gene 
have been reported  [  51  ] . ALK+ ALCL is usu-
ally diagnosed in younger patients (median age 
34 years) and ALK- ALCL in older patients 

http://dx.doi.org/10.1007/978-1-62703-408-1_19
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(median age 58 years), although this is not an 
exclusive cutoff. Slight male predominance 
1.5:1 has been reported for both subtypes  [  8, 
  52  ] . Majority of patients presents with advanced 
disease, peripheral and abdominal adenopathy, 
and B symptoms with high fevers. The US Food 
and Drug Administration (FDA) has recently 
expressed concern about silicone breast implants 
and ALCL developing in the scar capsule adja-
cent to the implant based on 34 unique cases 
reported in the literature  [  53  ] . Therapy for sys-
temic ALCL typically includes an anthracycline-
based regimen (CHOP being most popular). The 
ALK status of the patient with ALCL is very 
important as patients with ALK+ ALCL have a 
5-year survival of 70 % compared with 49 % for 
ALK- ALCL when treated with an anthracycline-
based regimen  [  8,   52,   54,   55  ] . Relapsed patients 
with ALCL bene fi t from salvage chemotherapy 
followed by an autologous stem cell transplant 
(ASCT); the outcomes of salvage therapy and 
ASCT remain inferior for ALK- ALCL  [  56  ] .  

   Extranodal NK/T-Cell Lymphoma 

 There are two major subtypes of extranodal NK/T-
cell lymphomas: nasal and extranasal. These are 
predominantly extranodal lymphomas character-
ized by vascular invasion, hence the historic term 
“angiocenteric lymphoma.” Most cases appear to 
express the NK phenotype (CD2 +  CD56 +  surface 
CD3 −  cytoplasmic CD3 e [epsilon] + );  however, 
some cases may express a cytotoxic T-cell phe-
notype, hence the designation “NK/T.” TCR 
is clonally rearranged in T cell but germline in 
NK-cell lymphomas  [  57  ] . The presence of EBV, 
most accurately determined by in situ hybrid-
ization (ISH) for EBV-encoded RNA (EBER) 
in tumor cells, is universal  [  58  ] , required by the 
WHO scheme to make the diagnosis, and useful 
to exclude bone marrow involvement on staging 
biopsies  [  59  ] . The two types of extranodal NK/T-
cell lymphomas are more common in Asians and 
Native Americans. EBV plays a central role in the 
pathogenesis of these lymphomas irrespective of 
the ethnic origin of the patient, and disease activ-
ity may be monitored by measuring circulating 

EBV DNA  [  60  ] . The male to female ratio is 3:1 
with disease peaking in the  fi fth decade of life. 
Nasal NK/T-lymphoma is the commonest nasal 
lymphoma in Asian patients and presents as 
destructive mass lesion involving the nasal cav-
ity, nasopharynx, paranasal sinuses, tonsils, hypo-
pharynx, and larynx. Destruction of the hard palate 
leads to the characteristic midline perforation, 
from which the historic term “lethal midline gran-
uloma” was originally derived  [  57,   61  ] . Nonnasal 
NK/T-lymphoma may involve any anatomic site, 
commonest being the skin, gastrointestinal tract, 
salivary glands, spleen, and testis. These are the 
same sites that nasal NK/T-lymphoma dissemi-
nates to; hence, imaging studies and a comprehen-
sive ENT examination are indicated to exclude an 
occult nasal primary. In contrast to nonnasal type, 
nasal NK/T-lymphoma is locally malignant with 
distant organ dissemination, including bone mar-
row involvement, occurring in only 10 % of cases. 
Peripheral blood cytopenias occur in 10–15 % of 
cases of nasal and nonnasal NK/T-cell lymphomas 
are usually secondary to active hemophagocytosis 
in the marrow, not necessarily associated with 
direct involvement of the bone marrow with lym-
phoma  [  57  ] . Aggressive NK/T-cell leukemia/lym-
phoma is a rare and catastrophic disorder usually 
presenting in the third decade of life with men and 
women equally affected. Clinical features include 
high fevers, signi fi cant weight loss, jaundice, 
skin in fi ltration, lymphadenopathy, hepatosple-
nomegaly,  circulating leukemia cells, and marrow 
hemophagocytosis leading to severe cytopenias. 
Liver failure and disseminated intravascular 
coagulopathy (DIC) appear progressively. This 
disorder is lethal in few weeks with few treatment 
successes reported  [  62  ] . Disseminated NK/T-
lymphoma usually presents in the same way yet 
the clinical course is usually less aggressive. 
Different prognostic models were developed for 
extranodal NK/T-lymphoma but the IPI remains 
predictive of prognosis  [  63  ] . The 5-year survival 
for localized and disseminated extranodal NK/T-
cell lymphomas is 42 and 9 %, respectively  [  8  ] . 
Localized (stage I/II) nasal NK/T-cell lymphoma 
should be treated by combined chemotherapy 
concurrent with, or followed by, radiotherapy 
with an expected cure rate of 70–80 %  [  63–  65  ] . 
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Systemic relapse was reported in 30 % of patients 
treated with radiotherapy alone, and inferior out-
comes were reported with radiotherapy lower 
than 50 Gy. Combination chemotherapy is the 
mainstay for treatment of advanced NK/T-cell 
lymphoma. Historically, conventional CHOP or 
CHOP-like regimens were associated with poor 
outcomes with CR achieved in less than 20 % of 
cases  [  57  ] . This could be secondary to the expres-
sion of multidrug-resistant 1 (MDR-1) gene lead-
ing to the high level of P-glycoprotein-mediated 
ef fl ux of many chemotherapeutic agents includ-
ing anthracyclines  [  66  ] . A novel regimen SMILE, 
comprising dexamethasone, methotrexate, ifosf-
amide, L-asparaginase, and etoposide, resulted in 
ORR of 74 % and CR rate of 30–50 % in patients 
with relapsed/refractory NK/T-cell lymphomas 
 [  67  ] . This regimen is based on agents exported 
by the P-glycoprotein together with reported 
single-agent activity of L-asparaginase against 
these  lymphomas  [  68  ] . Results of autologous 
or allogenic SCT in patients with disseminated 
or relapsed/refractory disease are disappointing 
owing to the fact that it is dif fi cult to get these 
patients into remission prior to the transplant 
 [  57  ] . A marginal bene fi t for consolidation with 
ASCT in patients with localized nasal NK/T-cell, 
in a retrospective analysis, in terms of decreased 
risk of relapse however there was no survival 
bene fi t  [  69  ] .  

   Hepatosplenic T-Cell Lymphoma 

 Hepatosplenic T-cell lymphoma (HSTL) is an 
extranodal and systemic neoplasm derived from 
cytotoxic/memory T cells of the innate immune 
system and is characterized by marked sinusoidal 
in fi ltration of the liver, spleen, and bone marrow 
by medium-sized lymphocytes (CD3 + , CD4 − , 
CD5 − , CD8 +/− , CD56 +/− , TCR a [alpha]/ b [beta] − , 
TCR  g [gamma]/ d [delta] + , EBER − , granzyme 
M + , granzyme B + ). Most cases have clonal rear-
rangements of  g [gamma]/ d [delta] TCR and 
few have a/b rearrangements. Isochromosome 
7q is present in most cases and copy numbers 
seem to increase with disease progression  [  70  ] . 
HSTL is a rare lymphoma (1.4 % of all T-cell 

NHL) and usually presents in young patients 
(median age is 35) with male predominance 
 [  8  ] . Up to 20 % of HSTL arise in chronically 
immune-suppressed patients, as in solid organ 
transplant recipients or after chronic antigenic 
stimulation  [  71  ] . HTSL was reported in patients 
with Crohn’s disease especially after treatment 
with azathioprine and in fl iximab  [  72  ] . Most 
patients present with B symptoms, marked 
hepatosplenomegaly, and cytopenias secondary 
to bone marrow involvement. Bone marrow is 
usually involved and hemophagocytosis may 
be evident on presentation. The clinical course 
is typically aggressive despite treatment with 
intensive anthracycline-based chemotherapy 
regimens  [  71  ] . Pentostatin-  [  73  ]  and platinum/
cytarabine-based  [  71  ]  regimen also has some 
activity. In a recent series of 15 patients, 50 % 
of patients achieved CR but the medical overall 
survival was 1 year  [  74  ] . Autologous and allo-
geneic SCT may be in option in  fi t patients who 
sustained a CR with induction chemotherapy.  

   Enteropathy-Associated T-Cell 
Lymphoma 

 Enteropathy-associated T-cell lymphoma (EATL) 
is a rare disorder than accounts for less than 1 % 
of all NHL. More than 90 % of cases of EATL 
arise on a background of active celiac disease 
and involves the proximal jejunum or less com-
monly the ileum  [  75  ] . Many patients have a 
DQA1*0501 or DQB1*0201 HLA haplotype 
that is commonly associated with celiac disease 
 [  76  ] . EATL usually presents as multiple ulcer-
ated mucosal lesions invading into the intestinal 
wall and leading to bowel perforation. Less com-
monly, the tumor may invade other organs. EATL 
is usually characterized by a pleomorphic cellu-
lar in fi ltrate. Tumor cells have a characteristic 
phenotype (CD3 + , CD5 − , CD7 + , CD8 − , CD56 − , 
CD103 + ), and most cases have rearranged 
TCR b [beta]. An even rarer type II (monomor-
phic) EATL represents only 10–20 % of all cases 
of EATL. Type II EATL is characterized by 
small/medium monomorphic cells (that have the 
same phenotype as the classic type except being 
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CD8 + , CD56 + ) and is not associated with celiac 
disease  [  77  ] . Most cases of EATL (58–70 %) 
harbor complex segmental ampli fi cations of the 
9q31 chromosomal region, which are typically 
absent in other forms of PTCL  [  78  ] . Most 
patients have adult-onset celiac disease and pres-
ent with abdominal pain associated with bowel 
perforation. EATL can be effectively prevented 
with control of celiac disease with a gluten-free 
diet, as other celiac-disease-associated NHLs. In 
a proportion of patients, there is a prodromal 
period of refractory celiac disease associated 
with ulcerative jejunitis  [  75  ] . EATL is an aggres-
sive disorder with a reported 5-year survival rate 
of only 20 %  [  8  ] . Treatment is complicated with 
intestinal perforations,  fi stula formation, and 
malnutrition. Treatment of EATL typically 
involves an anthracycline-based regimen along 
with gluten-free diet and support with total par-
enteral nutrition (TPN). A retrospective study of 
26 patients with EATL treated with an intensive 
chemotherapy regimen (ifosfamide, vincristine, 
etoposide, and methotrexate) followed by ASCT 
reported rates of PFS and OS at 5 years of 52 and 
60 %, respectively  [  79  ] . Although a randomized 
trial is needed for a direct comparison, these 
rates are much higher than those expected from 
treatment with chemotherapy alone.  

   Subcutaneous Panniculitis-Like 
T-Cell Lymphoma 

 Subcutaneous panniculitis-like T-cell lymphoma 
(SPTCL) is a rare lymphoma that in fi ltrates the 
subcutaneous fat without epidermal or dermal 
involvement. The neoplastic cells vary in size and 
in fi ltrate the fat lobules usually sparing the septa 
 [  80  ] . The neoplastic cells are usually CD8 +  CD56 −  
granzyme B +  EBER −  and have clonally rearranged 
TCR a [alpha]/ b [beta] genes. Visceral dissemina-
tion is rare with this disease  [  80,   81  ] . In contrast 
to the 3rd edition of the WHO classi fi cation, cases 
expressing the  g [gamma] d [delta] TCR are excluded 
from SPTCL designation and are reclassi fi ed as 
primary cutaneous  g [gamma] d [delta] T-cell lym-
phoma. Primary cutaneous  g [gamma] d [delta] 
T-cell lymphomas may show panniculitis-like 

features but commonly involve the epidermis and 
dermis and typically run a more aggressive course 
than SPTCL  [  82  ] . Some SPTCL lesions have 
overlapping features with lupus profundus pan-
niculitis, and the diagnosis of systemic lupus ery-
thematosus (SLE) has been documented in 20 % 
of patients. The median age of presentation is 
35 years but 20 % of patients are under the age of 
20  [  83  ] . Patients usually present with skin plaques 
or violaceous nodules, hepatosplenomegaly 
(which is almost always reactive with no evidence 
of lymphomatous involvement), lung in fi ltrates, 
and fever. Lymphadenopathy is rare. Systemic 
symptoms are present in at least 50 % of patients. 
Liver function abnormalities and cytopenias are 
common  [  80,   81  ] . A frank  hemophagocytic syn-
drome occurs in 10–20 % of patients and confers a 
poor prognosis  [  83,   84  ] . Otherwise, the prognosis 
of SPTCL is usually good with a 5-year median 
OS of 80 %  [  83  ] . Traditional anthracycline-based 
combination chemotherapy has been used but one 
study suggests that more conservative regimens 
may be as effective, including chlorambucil, pred-
nisone, and cyclosporine  [  85  ] . A distinction from 
cutaneous  g [gamma] d [delta] T-cell lymphomas is 
important as SPTCL carries a much better prog-
nosis  [  83  ] .  

   Adult T-Cell Leukemia/Lymphoma 

 Adult T-cell leukemia lymphoma (ATLL) 
accounted for 9.6 % of all PTCL diagnoses in 
the International Peripheral T-cell Lymphoma 
(IPTCL) project  [  8  ] . ATLL is causally related 
to HTLV-1 and is more common in regions of 
the world where HTLV-1 infection is endemic: 
Southwestern Japan, the Caribbean basin, and 
parts of Central Africa  [  86,   87  ] . In the United 
States, the incidence of ATLL is 0.05 cases per 
100,000 and is more common in African-
Americans  [  88  ] . HTLV-1 infection alone is not 
suf fi cient to cause the disease and the disease 
had a long latency; the cumulative incidence of 
ATLL is 2.5 % among all HTLV-1 carries in 
Japan. HTLV-1 is transmitted by blood products 
and through breast milk  [  86  ] . A widespread 
screening program for HTLV-1 was commenced 
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in Nagasaki where carrier mothers were 
identi fi ed prior to starting breast-feeding. The 
Nagasaki ATLL Prevention Program resulted in 
a decrease of mother-to-child transmission of 
HTLV-1 from 20.3 to 2.5 % by substituting bot-
tle-feeding for carrier mothers  [  89  ] . Most ATLL 
patients present with disseminated disease 
widespread lymph node and peripheral blood 
(PB) involvement. The skin is involved in more 
than 50 % of cases. Other organs that may be 
involved are the spleen, liver, lung, gastrointes-
tinal tract (GI), and the central nervous system 
(CNS). ATLL is characterized by a broad spec-
trum of cytologic features; small, large, 
 anaplastic, and AITL-like forms were described 
 [  86  ] . Lymph nodes in some patients with early 
form of ATLL show an expanded EBV +  B-cell 
clone and may exhibit a Hodgkin-like histology 
 [  90  ] . In the PB, typically polylobated “ fl ower” 
cells are seen but small cells with convoluted 
nuclei may be seen in the chronic variant (see 
below). The typical phenotype of neoplastic 
cells is CD2 + , CD3 + , CD5 + , CD7 − , CD4 +/− , and 
CD8 +/− . CD25 is strongly positive in most cases 
and CD30 may be positive in large transformed 
cells  [  86  ] . Cells are typically positive for the 
chemokine receptor CCR4 and FOXP3, mark-
ers of regulatory (Treg) T-cells. Hence, ATLL is 
believed to arise from Treg cells which would 
explain the immune de fi ciency state observed 
with this disorder  [  91  ] . TCR genes are clonally 
rearranged in ATLL and the most common 
karyotypic changes involve trisomy or partial 
trisomy of 3q, 6q, 14q, and inv(14)  [  92  ] . 

 The median age of presentation varies based 
on geographic distribution; the mean age of pre-
sentation was 62 years, in the IPTCL project, 
with slight male predominance  [  8  ] . Several clini-
cal variants of ATLL have been identi fi ed: acute, 
lymphomatous, chronic, and smoldering ATLL 
 [  93  ] . The acute variant is the most common and 
is characterized by a leukemic phase (with typi-
cally very high white count), generalized lymph-
adenopathy, hypercalcemia (with or without lytic 
bone lesions), hepatosplenomegaly, fever, skin 
rash (simulating mycosis fungoides), elevated 
LDH, and eosinophilia. Most patients have an 

associated T-cell immunode fi ciency with fre-
quent opportunistic infections with Pneumocystis 
jirovecii, strongyloidiasis, and fungal infections. 
The lymphomatous variant is similar to the acute 
variant except for PB involvement. The chronic 
variant is associated with exfoliative skin rash, 
subtle or absent lymphocytosis in the PB, and no 
hypercalcemia. In the smoldering variant, the PB 
white cell count is normal with a small morpho-
logically normal ATLL clone (<5 %), no hyper-
calcemia, and frequent skin and pulmonary 
lesions. Progression from the chronic and the 
smoldering forms to the acute forms occurs in 
25 % of cases usually after a long duration  [  93  ] . 

 The prognosis of the acute variants of ATLL 
is poor with median survival of 6–12 months 
and a 5-year OS of only 14 %  [  8,   93  ] . The indo-
lent variants of ATLL have favorable prognosis 
with a median survival of 2–5 years  [  94  ] . 
Watchful waiting is an acceptable option in 
selected patients with chronic/smoldering ATLL 
who are asymptomatic and have no high-risk 
features  [  94  ] . In addition to imaging, bone mar-
row biopsy, upper GI endoscopy with biopsy, 
and lumbar puncture should be considered for 
staging evaluation. Patients had been tradition-
ally treated with standard anthracycline-based 
chemotherapy regimens, but the results have 
been disappointing because of frequent relapses 
 [  95  ] . A novel  regimen, VCAP-AMP-VECP 
(also known as LSG15), which includes treat-
ment with vincristine, cyclophosphamide, dox-
orubicin, prednisone, ranimustine, vindesine, 
etoposide, and carboplatin, was proposed by 
the Japan Clinical Oncology Group (JCOG) 
and resulted in a higher 3-year OS rate of 24 % 
when compared to 13 % with every 2 weeks 
CHOP. This was at the expense of more toxicity 
and treatment-related mortality  [  96,   97  ] . 
Intrathecal chemotherapy is recommended for 
all patients who are actively treated because of 
the high rate of CNS involvement (10–25 % at 
diagnosis or relapse)  [  98,   99  ] . Results of ASCT 
had been disappointing because of the exten-
sive involvement of PB in most patients and 
frequent early relapses  [  100  ] . Allogeneic SCT 
may be considered for selected patients who are 
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medically  fi t, who have an available donor, and 
whose disease is in remission. Retrospective 
data are available from Japan regarding 386 
patients with ATL who underwent allogeneic 
SCT from an HLA-matched related donor (154 
patients), HLA-mismatched related donor (43 
patients), unrelated marrow donor (99 patients), 
or unrelated cord blood donor (90 patients). 
After a median follow-up of 41 months, the 
estimated 3-year survival rate was 33 %. Four 
factors were signi fi cantly associated with worse 
outcomes: age >50 years, male sex, disease not 
in complete remission at the time of HCT, and 
unrelated donor source  [  101  ] .  

   Treatment of Relapsed/Refractory 
Disease 

 Unfortunately, most patients with PTCL will 
not achieve remission or will relapse  [  22  ] . 
Patients with PTCL who relapse, or fail to 
attain a CR, after frontline chemotherapy have 
poor prognosis overall and rare long-term sur-
vival. Traditional salvage chemotherapy regi-
mens including ICE (ifosfamide, carboplatin, 
etoposide), DHAP  (dexamethasone, high-dose 
cytarabine, and cisplatin), ESHAP (etoposide, 
methylprednisolone,  cytarabine, and cisplatin), 
single-agent gemcitabine, gemcitabine/cisplatin/
dexamethasone, and  gemcitabine/oxaliplatin had 
been used with mixed results. Published experi-
ence is largely limited to case reports of patients 
with PTCL and phase II trials in a heterogeneous 
population of patients with aggressive NHLs. 
Patients with PTCL have comprised a minority 
of the patients included in trials of these regi-
mens for aggressive NHL. With these regimens, 
overall response rates for patients with PTCL 
are approximately 40–50 %  [  102  ] . A novel regi-
men of dose-dense CHOP along with etoposide 
and bleomycin (CyclOBEAP) had a promising 
activity in 84 previously untreated patients with 
PTCL with a 5-year PFS and OS of 69 and 72 %. 
However, this study included patients with low- 
and intermediate-risk IPI, and the 5-year OS for 
patients with PTCL-NOS who has a high-risk 

IPI score was still inferior at 25 %  [  103  ] . The 
results of the pivotal PROPEL (Pralatrexate in 
Patients with Relapsed or Refractory Peripheral 
T-Cell Lymphoma) trial has recently been pub-
lished. Pralatrexate is a novel antifolate agent that 
showed a signi fi cant preclinical activity in mod-
els of T-cell NHLs. This was multinational phase 
II trial that enrolled a total of 115 patients with 
PTCL. These were heavily pretreated patients; 
median number of prior treatment was 3 and 16 % 
had prior ASCT. The majority of these patients 
had PTCL-NOS (53 %). The ORR to pralatrex-
ate 30 mg/m 2  weekly for six of every 7 weeks 
along with folic acid 1 mg by mouth daily and 
vitamin B12 injections monthly was 27 % (with 
10 % CRs), and the mean duration of response 
was 10.1 month. The median PFS was 3.5 month 
and the median OS was 14.5 months. Pralatrexate 
was generally well tolerated; the most common 
grade 3/4 adverse events were thrombocytopenia 
(32 %), mucositis (22 %), neutropenia (22 %), 
and anemia (18 %)  [  104  ] . 

 Several trials examined the role of alemtu-
zumab, a monoclonal antibody against CD52 
(a surface antigen that is expressed on 50 % of 
PTCL), in patients with PTCL either alone or in 
combination with chemotherapy  [  105  ] . In 2 small 
pilot studies, alemtuzumab, as a single-agent, had 
an ORR of 36–60 %  [  106,   107  ] . Three small tri-
als examined the addition of alemtuzumab to 
standard CHOP (or CHOP every 2 weeks), and 
a signi fi cant ef fi cacy was observed with ORR 
as high as 90 % with a highest median OS of 
23 months. The cost was an unacceptably high 
rate of infectious complications, with occasional 
mortalities, despite the use of growth factors. The 
rate of cytomegalovirus (CMV) reactivation was 
as high as 35 % with frequent invasive CMV dis-
ease, invasive fungal disease, bacterial sepsis, and 
EBV +  lymphoproliferative disorders  [  108–   110  ] . 
The role of CHOP plus alemtuzumab in PTCL is 
unde fi ned. The regimen has signi fi cant activity 
but also worrisome infectious toxicity. There are 
additional reports of alemtuzumab being used in 
combination with other agents, such as pentosta-
tin, gemcitabine, and cladribine, but a paucity 
of systematized data precludes any meaningful 
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comment about the future of such combinations 
 [  102  ] . A phase II trial of single-agent denileukin 
diftitox (DD), a recombinant interleukin-2 (IL-2)-
diphtheria toxin fusion protein that is approved by 
the United States FDA for patients with persistent 
or recurrent cutaneous T-cell lymphoma (CTCL) 
expressing the CD25 component of the IL-2 recep-
tor, in patients with relapsed or refractory PTCL 
reported an ORR of 61 %. Toxicities included 
hypoalbuminemia, transaminitis,  fl u-like symp-
toms and/or an infusion reaction, and vascular 
leak syndrome  [  111  ] . A recently reported multi-
institutional phase II trial of CHOP plus DD in 49 
newly diagnosed patients with PTCL showed an 
ORR of 68 % with 57 % CRs. Median PFS for the 
49 patients was 12 months and 2-year estimated 
OS was 60 %. Median response duration for 32 
 responders was 29 months. The combination of 
CHOP plus DD was generally well tolerated; the 
most frequent grade 3/4 adverse events were leu-
kopenia (20 %), thrombocytopenia (12 %), and 
febrile neutropenia (12 %). DD-associated tox-
icities included infusion-related rigors, hypoal-
buminemia, and acute hypersensitivity reactions 
 [  112  ] . Based on these encouraging results, a mul-
ticenter randomized trial comparing CHOP to DD 
with CHOP is being initiated. 

 The ef fi cacy of bortezomib, a proteasome 
inhibitor used in the treatment of multiple 
myeloma, in PTCL was observed in a phase 
I clinical trial that enrolled 13 patients with 
 aggressive NK/T-cell lymphomas where the CR 
rate was 62 %  [  113  ] . The NF k [kappa]B pathway, 
whose activity is downregulated by bortezomib, 
is critical for the proliferation and survival of 
normal T cells, and a differential expression of 
NF k [kappa]B pathway genes has been observed 
in most subtypes of PTCL  [  18  ] . A phase II trial 
of bortezomib (1.3 mg/m 2  on days 1, 4, 8, and 11 
of a 21-day cycle) in 15 patients with relapsed/
refractory PTCL (2 patients) or CTCL reported 
an ORR of 67 % with 2 CRs. Of the two patients 
with PTCL, one attained a CR. The responses 
were durable, lasting on average 7–14 months 
 [  114  ] . The primary toxicity of bortezomib in 
this setting appears to be similar to that seen 
in patients with multiple myeloma and mainly 
consists of neuropathy and thrombocytopenia. 

The GELA group had examined the addition of 
bortezomib to an intensi fi ed CHOP-like regimen 
ACVBP (dose-intensi fi ed doxorubicin, cyclo-
phosphamide, vindesine, bleomycin, and predni-
sone) in 57 previously untreated patients, mostly 
of the AITL and PTCL-NOS subtypes in attempt 
to enrich for NF k [kappa]B-overexpressing 
PTCLs. In this trial, the CR rates were 45 % after 
induction and 45 % after consolidation cycles. 
The ORR and survival was not different than the 
old historic cohort treated with ACVBP  [  115  ] . 
A phase II study of lenalidomide, another anti-
myeloma agent, at a dose of 25 mg/m 2  daily for 
21 days of a 28-day cycle was conducted in 24 
relapsed PTCL patients. The ORR was 30 % with 
a PFS of 95 days. Toxicities included neutropenia 
and thrombocytopenia in 20 and 33 % of patients, 
respectively  [  116  ] . 

 Histone deacetylase (HDAC) inhibitors are 
potent inducers of histone acetylation, which 
results in the expression of tumor suppressor 
genes that had been previously silenced by 
deacetylation. This gene expression leads to cell 
cycle arrest and apoptosis. There are a number 
of HDAC inhibitors being used or studied in 
T-cell lymphoma, including vorinostat, 
romidepsin (also known as depsipeptide), 
panobinostat, and belinostat. Both romidepsin 
and vorinostat are approved by the US FDA for 
the treatment of CTCL that failed one prior ther-
apy  [  102  ] . The ef fi cacy of romidepsin, as single 
agent, in relapsed/refractory PTCL was 
con fi rmed in a recent multi-institutional phase 
II trial of 45 heavily pretreated patients (median 
number of prior treatments = 3). In this trial, the 
ORR was 38 % with 18 % CRs. The median 
duration of response was 8 months for all 
patients who responded and 29.7 months in 
patients who achieved a CR  [  117  ] . The results 
of a pivotal multinational phase II trial of 
romidepsin in 130 relapsed/refractory PTCL 
had been recently presented. These were also 
heavily pretreated patients with at least two 
prior treatments and 16 % have failed an ASCT. 
In that trial, the ORR was 26 % with 15 % CRs 
with a median duration of response of 12 months 
 [  118  ] . Romidepsin was generally well tolerated 
in both trials, and the major toxicities reported 



22113 T-Cell Lymphomas

were constitutional, gastrointestinal, and throm-
bocytopenia. Based on the results of these two 
trials, romidepsin has very recently received an 
accelerated approval by the US FDA for the 
treatment of PTCL in patients who have received 
at least one prior therapy. Belinostat, given as an 
IV infusion for 5 days every 3 weeks, has shown 
ef fi cacy in a recent multinational phase II trial 
in 53 patients including 19 with refractory PTCL 
and 29 with refractory CTCL. The ORR in 
patients with PTCL was 32 % with 2 CRs and 
median response duration of 8.9 months. Severe 
(grade 3/4) adverse events reported included 
peripheral edema, apraxia, adynamic ileus, pru-
ritus, rash, thrombocytopenia, and infection. 
One patient died of ventricular  fi brillation 6 days 
after discontinuing treatment. There have been 
concerns regarding the potential for HDAC 
inhibitors to prolong the QT interval and result 
in cardiac arrhythmias  [  119  ] . A multicenter 
phase II registration trial of belinostat in relapsed 
PTCL patients is underway, and a cohort dose 
escalation study of oral belinostat is ongoing in 
patients with relapsed lymphoma.  

   Novel Therapies 

 Because many of the standard chemotherapeutic 
agents don’t work well for PTCL, new alterna-
tives are currently explored. Many agents, 
 including monoclonal antibodies (MAb) and 
immunoconjugates, are in various phases of 
development from preclinical to phase I/II stud-
ies (Table  13.2 ). In a recent interim analysis of a 
multicenter phase II trial of brentuximab vedotin 
(SGN-35), an antibody-drug conjugate that deliv-
ers the highly potent antimicrotubule agent 
monomethyl auristatin E (MMAE) to CD30 +  
malignant cells, an impressive overall response 
rate of 87 % (with a CR of 57 %) was observed. 
In this study, 75 % of patients were ALK − , 27 % 
had prior ASCT, and the mean number of prior 
treatments was two  [  120  ] . These are preliminary 
yet very exciting data and will likely change the 
landscape for treatment of ALCL specially 
patients with relapsed/refractory disease or ALK −  
patients where there aren’t much options cur-

rently available to offer these patients. Siplizumab 
is an anti-CD2 MAb. CD2 is an adhesion mole-
cule highly expressed on activated T cells and 
NK cells and on the majority of cells from patients 
with T-cell lymphoma and leukemia. In a phase I 
trial in patients with CD2 +  lymphoproliferative 
disease, siplizumab showed clinical activity, 
inducing CRs in two patients with large granular 
lymphocyte leukemia (LGL), 3 PRs in patients 
with ATLL, and 1 PR in a patient with CTCL 
 [  121  ] . However, siplizumab also predisposes 
patients to the development of lymphoprolifera-
tive syndrome though it may be possible to pre-
vent that with prophylactic rituximab  [  122  ] . CD4 
is expressed in half of all T cells and by most 
CTCL and nodal PTCL cells. Zanolimumab, an 
anti-CD4 MAb, is being used in both disease 
types, though clinical development for CTCL is 
farther along. Zanolimumab was shown to be 
active and well tolerated in a study of 21 PTCL 
patients, with an ORR in 24 % of patients  [  123  ] . 
Clinical studies of zanolimumab in combination 
with CHOP are ongoing and include a phase I/II 
dose escalation trial in patients with noncutane-
ous CD4 +  PTCL. Antiviral agents were examined 
in ATLL given the direct causal link between 
HTLV-1 and the disease. The use of interferon 
and zidovudine has been shown to induce 
responses in up to 50 % of patients with acute or 
lymphomatous ATLL  [  124  ] . In a recent meta-
analysis of 245 patients with ATLL, the 5-year 
OS rates were 46 % for 75 patients who received 
 fi rst-line antiviral therapy, 20 % for 77 patients 
who received  fi rst-line chemotherapy, and 12 % 
for 55 patients who received  fi rst-line chemother-
apy followed by antiviral therapy. In a subset 
analysis, the patients with acute, chronic, and 
smoldering ATLL signi fi cantly bene fi ted from 
 fi rst-line antiviral therapy, whereas patients with 
lymphomatous ATLL experienced a better out-
come with chemotherapy. Multivariate analysis 
showed that  fi rst-line antiviral therapy 
signi fi cantly improved overall survival (hazard 
ratio = 0.47)  [  125  ] . Despite that the difference 
between the treated groups was highly statisti-
cally signi fi cant, considering the potential selec-
tion bias in a retrospective design, future 
prospective studies are needed to further de fi ne 
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the role of antiviral agents in patients with ATLL. 
KW-0761 is a defucosylated, humanized, mono-
clonal antibody with enhanced antibody- 
dependent cellular cytotoxicity (ADCC) that 
binds to CC chemokine receptor 4 (CCR4). CCR4 
is expressed in ATLL, PTCL-NOS, and CTCL. 
A phase I study of KW-0761 in patients with 
CCR4-positive ATLL and PTCL showed an ORR 
of 31.3 %  [  126  ] . An interim analysis of a multi-

center phase II trial of KW-0761 in 27 patients 
with relapsed ATLL showed an ORR of 54 % 
with 27 % CRs. The drug was well tolerated and 
the major toxicities were hematologic, cutane-
ous, and infusion/hypersensitivity reactions 
including Stevens-Johnson syndrome  [  127  ] . 
These are early yet quite encouraging results 
given that historic ORR to salvage therapy in 
ATLL had been in single digits. Plitidepsin, a 

   Table 13.2    Novel agents currently in clinical trials for PTCL   

 Type of agent  Name  Description  Disease(s)  Status 

 Antifolates  Pralatrexate  10-deazaaminopterin  PTCL, CTCL  Approved 
for PTCL 

 Conjugates  LMB-2  Anti-Tac (anti-CD25 fused to 
Pseudomonas toxin) 

 CTCL, PTCL (esp 
ATL) 

 Phase II 

 Denileukin 
diftitox 

 IL-2 targeting domain fused with 
diphtheria toxin 

 CTCL, PTCL  Approved 
for CTCL 

 Brentuximab 
vedotin 

 CD30 antibody conjugated to monom-
ethyl auristatin E 

 CD30+ T-cell 
lymphoma 

 Phase II 

 HDAC inhibitors  Belinostat  PXD101  CTCL, PTCL  Phase II 
 Panobinostat  LBH589  CTCL, ATL  Phase II 
 Romidepsin  Depsipeptide  CTCL, PTCL  Approved 

for CTCL 
 Vorinostat  Suberoylanilide hydroxamic acid 

(SAHA) 
 CTCL  Approved 

for CTCL 
 Immunomodulatory 
agents 

 Lenalidomide  Derivative of thalidomide  PTCL, CTCL  Phase II 

 Immunosuppressive 
agents 

 Cyclosporine  Inhibitor of the NF-AT transcription 
complex 

 A1TL  Phase II 

 Monoclonal 
antibodies 

 Alemtuzumab  Anti-CD52  PTCL  Phase III 
 Bevacizumab  Anti-VEGF  PTCL (esp AITL), 

NK cell 
 Phase II 

 Iratumumab  Anti-CD 30  CD30+ ALCL  Phase I/II 
 KW-0761  Anti-CCR4  ATL, PTCL  Phase II 
 SGN-30  Anti-CD30  CD30+, ALCL  Phase II 
 Siplizumab  Anti-CD2  PTCL, NK cell, ATL  Phase I 
 Zanolimumab  Anti-CD4  CTCL, PTCL  Phase II 

 Nucleoside analogs  Cladribine  Purine nucleoside analog  PTCL  Phase IV 
 Clofarabine  Purine nucleoside analog  PTCL, NK cell  Phase I/II 
 Fludarabine  Purine nucleoside analog  PTCL, CTCL  Phase II 
 Forodesine  Metabolic enzyme inhibitor  PTCK, CTCL  Phase II 
 Gemcitabine  Pyrimidine nucleoside analog  PTCL  Phase II 
 Nelarabine  Purine nucleoside analog  T-ALL, T-NHL  Phase II 
 Pentostatin  Metabolic enzyme inhibitor  PTCL  Phase II 

 Proteasome inhibitors  Bortezomib  Proteasome inhibitor  CTCL  Phase II 
 Signaling inhibitors  Enzastaurin  Selective inhibitor of protein kinase C  PTCL, CTCL  Phase II 

 R788  Syk inhibitor  PTCL  Phase II 

  From Foss et al.  [  139  ] , used with permission  
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naturally occurring cyclic depsipeptide originally 
isolated from the Mediterranean tunicate  Aplidium 
albicans , had a signi fi cant preclinical activity 
against human lymphoma and leukemia cells 
through induction of CD95-mediated apoptosis 
 [  128  ] . In a recent interim analysis of a multina-
tional phase II clinical trial of 29 patients with 
relapsed/refractory PTCL, plitidepsin had a mod-
est activity with an ORR of 20 % with 6.8 % CRs 
and median OS of 10 months. The interesting 
part is that hematological toxicity was very mild 
in this study, and the authors proposed that pliti-
depsin may be an attractive option in patients 
with PTCL who have severe cytopenias or 
 extensive bone marrow involvement  [  129  ] . We 
have recently reported an interim analysis of a 
phase II trial of 27 patients with relapsed/refrac-
tory NHL treated with dasatinib, a potent, broad-
spectrum inhibitor of  fi ve critical oncogenic 
tyrosine kinase families: BCR-ABL, SRC, c-KIT, 
PDGF receptors ( a [alpha] and  b [beta]), and eph-
rin (EPH) receptor kinases that are currently 
approved by the US FDA for the treatment of 
chronic myeloid leukemia (CML). Dasatinib had 
a modest activity with an ORR of 32 % in 19 
patients who were evaluable at the time of analy-
sis. The interesting part is that the two patients 
who sustained a CR had PTCL; both patients 
remained alive, and disease-free, for over 3 years 
since start of treatment  [  130  ] .  

   Role of Stem Cell Transplantation 

 High-dose chemotherapy and autologous stem 
cell transplantation (ASCT) have been proposed 
to improve the inferior results obtained with con-
ventional chemotherapy for PTCL. Patients with 
chemotherapy-sensitive response to salvage 
therapy have long-term disease-free survivals of 
35–45 % with ASCT  [  131,   132  ] . Because of the 
poor results with standard therapy and the 
dif fi culty of attaining a second CR with standard 
therapy, some centers are using high-dose ther-
apy and ASCT in CR1 for all high-risk patients 
with PTCL  [  133,   134  ] . In small studies, this 
strategy demonstrated a high disease-free sur-

vival yet data from large randomized clinical tri-
als are lacking. The use of allogeneic SCT 
transplantation had been proposed as an alterna-
tive harnessing a potential graft-versus-lym-
phoma (GVL) effect. The morbidity and mortality 
remains high in PTCL undergoing an allogeneic 
SCT, yet a 5-year OS of 63 % was reported  [  135  ] . 
A recent retrospective analysis from the center 
of blood and marrow transplantation (CIBMTR) 
registry of 101 patients with PTCL showed infe-
rior adjusted 3-year PFS of allogeneic versus 
autologous SCT, 36 % versus 47 % which didn’t 
reach statistical signi fi cance. The 3-year OS was 
signi fi cantly inferior with allogeneic versus 
autologous SCT, 47 % versus 59 % probably 
because of higher risk of treatment-related mor-
tality, TRM (hazard ratio = 3.03). The relapse 
risk after allogeneic SCT was lower though (haz-
ard ratio = 0.5). The authors concluded that 
patients undergoing ASCT for PTCL appear to 
be selected for less advanced disease and greater 
chemosensitivity, making direct outcome com-
parisons with allogeneic SCT dif fi cult. 
Allogeneic SCT is an effective strategy for high-
risk patients yet TRM is problematic. Higher 
numbers of chemotherapy regimens prior to 
transplant adversely impacted both TRM and 
survival, suggesting that SCT should be consid-
ered earlier in the disease course  [  136  ] . A recent 
report from a single institution reported higher 
3-year PFS in patients with PTCL with nodal 
histologies compared to extranodal disease, 
45 % versus 6 %  [  137  ] . Many questions remain 
unanswered about the role of SCT in PTCL: 
should all patients with high-risk PTCL undergo 
SCT, what is the proper induction regimen, and 
does ASCT in CR1 alter the natural history of 
the disease? Multicenter trials are needed to 
answer these important questions. More recently, 
reduced-intensity conditioning (RIC) has 
emerged as an attractive alternative, in an attempt 
to reduced excessive TRM seen with traditional 
myeloablative allogeneic SCTs. A small pilot 
study of RIC in PTCL demonstrated a 3-year OS 
and PFS of 81 and 64 %, respectively  [  138  ] . This 
approach appears promising in highly selected 
patients.      
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   Diagnostic Approaches to Burkitt 
Lymphoma 

   Morphology and Immunophenotype 

 Historically, the diagnosis of Burkitt lymphoma 
(BL) was based solely on histomorphological 
 fi ndings. The lymphoma tissue has a character-
istic “starry sky” appearance due to a repetitive  
pattern of medium-sized lymphoblasts inter-
spersed with macrophages. Cytomorphological 
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  Abstract 

 Diagnostic criteria for Burkitt lymphoma (BL) are a strong expression 
of mature B-cell antigens, chromosomal translocations involving  MYC  
t(8;14) in 80 % and more rarely t(8;22) or t(2;8), and a very high pro-
liferation index. Clinically, 80 % of patients with a sporadic form of BL 
show extranodal manifestations, most often an abdominal mass. Owing to 
fast progression, tumor lysis syndrome at diagnosis or after initiation of 
therapy warrants immediate therapeutic intervention. Treatment regimens 
consist of four to eight cycles of short intensive sequential therapy blocks 
with high-dose (HD) fractionated alkylating agents, HD methotrexate, and 
HD cytarabine. Complete remission is achieved in about 80 % of adults 
and overall survival is 60 %. Stem cell transplantation is not superior and 
therefore has no place in  fi rst-line treatment. The addition of the anti-CD20 
antibody rituximab with sequential high-dose chemotherapy has improved 
CR rates to >80–100 % and survival rates to 70 to <90 %.  

      Burkitt Lymphoma       
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features of BL lymphoblasts include deeply baso-
philic cytoplasm, round nuclei with one or more 
nucleoli, and frequent cytoplasmic lipid vacuoles. 
This cytomorphological appearance is referred 
to as “L3” in the French–American–British 
(FAB) classi fi cation of acute leukemias  [  1  ] . 
Immunological methods like immunohistochem-
istry or  fl ow cytometry (for cell suspensions such 
as bone marrow or minced lymph node tissue) 
detect the expression of mature B-cell antigens: 
surface IgM (sIg), usually with monotypical 
light chain ( k [kappa] or  l [lambda]) restriction, 
and CD19, CD20, CD22, CD79a, and the ger-
minal center antigens BCL6 and CD10 are posi-
tive, while CD5, BCL2, and TdT are typically 
negative. Recent work has indicated that CD44 
is typically negative  [  2,   3  ] . BL cells show an 
extraordinarily high mitotic division rate, as visu-
alized by immunostaining for the MKI67 protein 
(Ki-67 index nearly 100 % positive). This makes 
BL the most rapidly proliferating neoplasm of 
hematological origin. 

 It became apparent quite early, however, that 
these morphological and immunological criteria 
do not always readily enable a clear separation 
from other high-grade lymphomas, and thus, the 
terms “variant Burkitt lymphoma” and “Burkitt-
like lymphoma” were coined  [  4,   5  ] . Burkitt-like 
lymphoma cells have been described in the 2001 
World Health Organization (WHO) classi fi cation 
as exhibiting a greater pleomorphism in nuclear 
size and shape with fewer but more prominent 
nucleoli  [  5  ] . In addition, several case reports 

have described aberrant antigen expressions in 
BL (Table  14.1 ).   

   Endemic, Sporadic, and HIV-Associated 
Burkitt Lymphoma and the Role 
of Epstein–Barr Virus 

 Apart from being classi fi ed on the basis of its 
morphological, immunological, and genetic fea-
tures, BL has been further subdivided according 
to its geographic origin and its association with 
human immunode fi ciency virus (HIV) infection. 
Three types are distinguished: endemic BL (eBL), 
which is found mainly in tropical Africa where it 
was  fi rst described in 1958 by Denis Burkitt  [  6  ] ; 
sporadic BL (sBL) which occurs in temperate cli-
mates; and HIV-associated BL (HIV-BL) which 
develops in patients infected with HIV type 1 or 
2. The three types are histologically indistinguish-
able but differ in their clinical presentation. While 
eBL occurs almost exclusively in children and 
involves the jaw or facial bones in around 50 %, 
sBL can be found in all age groups and rarely 
affects the facial bones. The most striking differ-
ence between the three types is their association 
with Epstein–Barr virus (EBV). EBV, which was 
actually  fi rst discovered in cell lines derived from 
endemic BL  [  7  ] , is found in more than 90 % of 
endemic cases but in only up to 15 % of sporadic 
and about 40 % of HIV-associated BL cases. 
Despite years of intense research, the role of this 
herpes virus in the etiology of BL still remains 

   Table 14.1    Diagnostic features of Burkitt lymphoma   

 Findings typical for Burkitt 
lymphoma  Atypical  fi ndings 

 Differential diagnosis to be 
considered 

 Histology  Monomorphous medium-sized 
blasts, “starry sky” 

 No starry sky, heterogeneous 
blasts 

 Other high-grade lymphomas 

 Immunohisto-
chemistry and  fl ow 
cytometry 

 CD19+, CD22+, CD79a+, 
BCL6+, CCND1−, BCL2−, 
CD5−, Ki-67 > 95 %, CD10+, 
sIg+, TdT−, CD44− 

 CCND1+, CD5+, BCL2+, 
Ki-67 < 95 %, CD10−, sIg−, 
TdT+, CD44+ 

 Mantle cell lymphoma, 
follicular lymphoma, DLBCL, 
aggressive lymphoma (NOS), 
BCP ALL 

 Cytomorphology  FAB L3  No FAB L3 morphology  BCP ALL, other high-grade 
lymphomas 

 Cytogenetics  Chromosomal translocations 
involving  MYC  on 8q24: 
t(8;14), t(2;8), t(8;22) 

 No MYC translocation, 
additional translocations 

 DLBCL, double-hit lymphoma/
multiple-hit lymphoma 

   NOS  not otherwise speci fi ed,  BCP  B-cell precursor  
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largely abstruse  [  8  ] . It has been suggested that 
the rare EBV-negative BL cases in tropical Africa 
might actually represent African “sporadic type” 
BLs  [  9  ]  and that the terms “endemic” and “spo-
radic” are misleading because they should denote 
different etiologies rather than different geo-
graphic origins  [  10  ] . A higher degree of somatic 
hypermutation was found in EBV-positive BL, 
leading to the hypothesis that EBV-positive and 
-negative BL might arise from different cells of 
origin, e.g., the former from memory B cells or 
late germinal center lymphoblasts and the latter 
from more immature early centroblasts  [  9  ] .  

   Genetics: The Central Role of MYC 

 The key genetic hallmark of BL is the deregula-
tion of the  MYC  oncogene.  MYC  is an evolution-
arily conserved gene and apparently plays a key 
role not only in B-cell lymphopoiesis but also in 
the development of a large number of different 
tumors of both hematopoietic and non- 
hematopoietic origin. Gene expression data sug-
gest that hundreds to thousands of genes are 
modulated by  MYC   [  11  ] , whose expression in BL 
is typically dysregulated by chromosomal trans-
locations involving immunoglobulin (IG) gene 
loci (Fig.  14.1 ).  MYC  is found to be translocated 

to the heavy chain ( IGH ) gene locus on chromo-
some 14q32 in around 85 % of cases, to the light 
chain lambda ( IGL ) locus on chromosome 22q11 
in around 10 %, and to the light chain kappa 
( IGK ) locus on chromosome 2p11 in 5 % of cases 
 [  12  ] . Rare translocations to non-IG loci have also 
been described  [  13  ] . However,  MYC  transloca-
tions are not speci fi c for BL but are also found in 
a subset of patients with diffuse large B-cell lym-
phoma (DLBCL) and occasionally in patients 
with other B-cell neoplasms such as multiple 
myeloma  [  12  ] . Since DLBCL is much more com-
mon than BL, a signi fi cant percentage of lym-
phoma patients with  MYC  translocation are 
diagnosed with DLBCL.  

 Different diagnostic procedures are used 
for assessing  MYC  alterations in BL. Classical 
cytogenetic analysis requires vital and prolifer-
ating cells and generates a low-resolution whole-
genome overview (a karyogram). It can provide 
valuable information not only on the type of  MYC  
translocation (e.g., t(8;14)) as well as on other 
aberrations present (e.g., t(14;18) with  BCL2-
IGH  fusion) but may sometimes fail to detect 
existing aberrations owing to a low percentage 
of blasts or insuf fi cient cell viability. Interphase 
 fl uorescence in situ hybridization (FISH) requires 
no vital cells but only intact cell nuclei and can 
visualize the presence of a  MYC  translocation 

der(8)

t(8;14)(q24;q32) t(2;8)(p11;q24) t(8;22)(q24;q11)

der(14)

der(8) der(2)
der(8) der(22)
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IGH MYC

IGK

MYC

IGL

  Fig. 14.1     MYC  translocations are a typical cytogenetic 
hallmark of Burkitt lymphoma. In around 85 % of cases 
 MYC  is juxtaposed to the immunoglobulin heavy chain 

( IGH ) locus, in around 10 % to the light chain lambda 
( IGL ) locus and in 5 % to the light chain kappa ( IGK ) 
locus       
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with a higher sensitivity than metaphase cytoge-
netics. However, other concurrent chromosomal 
alterations will not be detected without additional 
separate FISH analyses. Long-distance PCR can 
be used to detect the t(8;14)/ MYC-IGH  transloca-
tion with relatively high sensitivity and requires 
no cells but only intact (i.e., non- fi xed) genomic 
DNA. This special PCR technique is more com-
plex than standard FISH and provides additional 
molecular insight into the t(8;14) chromosomal 
translocation  [  14  ] . 

 Thus, BL can only be diagnosed correctly by 
taking into account histo-/cytomorphological, 
immunophenotypic, and genetic features. At pres-
ent, no single diagnostic criterion differentiates BL 
from other related high-grade lymphomas. The 
2008 WHO classi fi cation avoided the term 
“Burkitt-like” or “atypical” Burkitt lymphoma 
used in the 1994 REAL and 2001 WHO 
classi fi cations and introduced a number of new 
lymphoma entities to better distinguish BL from 
other lymphoma subtypes  [  15  ] . Most importantly, 
the term “double-hit” lymphoma was coined  [  16  ] . 
Double-hit lymphomas show a  MYC /8q24 translo-
cation in combination with another recurrent trans-
location, mainly t(14;18) with  BCL2-IGH  fusion. 
Some cases present with complex translocations 
involving multiple loci besides  MYC  (most fre-
quently  BCL6 /3q27,  BCL2 /18q21,  BCL3 /19q13), 
resulting in “triple-hit” or even “quadruple-hit” 
lymphomas. “Double-hit” or “multiple-hit” lym-
phomas are aggressive neoplasms with an unfavor-
able prognosis. In the past, they were often 
classi fi ed as BL-like, DLBCL, or BL. This lym-
phoma category is still evolving, but it underscores 
the necessity for thorough genetic characterization 
at diagnosis, including cytogenetics and FISH.  

   Gene Expression Pro fi ling 
in Burkitt Lymphoma 

 Attempts have been made to de fi ne BL by its 
gene expression pro fi le  [  17,   18  ] . A Burkitt 
“gene signature” was derived from a set of con-
ventionally de fi ned typical BL cases that had 
been carefully reviewed by an expert panel of 
hematopathologists. The use of this molecular 
classi fi er to analyze large sets of cases conven-

tionally diagnosed as BL and DLBCL resulted 
in reclassi fi cation of several samples as either 
“molecular BL” or “molecular DLBCL.” The 
two groups showed marked differences in their 
gene expression pro fi les, the most prominent 
being a higher expression of  MYC  target genes 
and a lower expression of genes involved in the 
nuclear factor kappa B pathway (e.g., CD44, 
MUM1) in the group with the BL gene signature. 
Subsequent analyses further re fi ned the BL gene 
signature and disclosed differences between sBL 
and HIV-BL on the one hand and eBL on the 
other  [  19  ] . The microRNA expression pro fi le of 
BL was found to differ from that of DLBCL but 
no signi fi cant differences were detected between 
sBL, eBL, and HIV-BL  [  20  ] . Although some ret-
rospective analyses have suggested that such a 
molecularly de fi ned BL signature might be use-
ful in guiding therapeutic decisions, prospective 
trials are still needed to validate its clinical rel-
evance. Gene expression pro fi ling of BL is not 
yet used in the routine clinical setting.   

   Clinical Characteristics 

 The median age of adult patients is 25–35 years. 
Burkitt lymphoma shows a rapid tumor growth. 
Patients often present with bulky disease, e.g., 
abdominal masses. Mesenteric and retroperito-
neal lymph nodes are often involved, while 
peripheral lymphadenopathy is less prominent. 
Extranodal disease is seen in 70–80 %, including 
the tonsils, ovaries, mammary glands, kidney, 
pleural effusions, central nervous system (CNS), 
and rarely liver and spleen. The high tumor bur-
den is often accompanied by a tumor lysis syn-
drome (TLS) which needs immediate treatment 
intervention. The serum LDH is elevated in more 
than half of the patients owing to the high cell 
turnover. High white blood cell count (WBC) is 
seen in only very few patients, and low platelet 
counts ( £ 25/nl), hemoglobin <80 g/dl, and granu-
locytopenia (<500/ m [mu]l) are rare. 

 Occasionally BL in fi ltrates also the bone mar-
row. If the bone marrow shows more than 25 % BL 
blasts or if BL cells are detectable in the peripheral 
blood smear, this condition is designated “Burkitt 
leukemia.” Other terms that were used earlier are 
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“L3 ALL” or “(mature) B-ALL.” Burkitt leukemia 
often shows an increased WBC and a higher fre-
quency (up to 25 %) of anemia, thrombocyto-, or 
neutropenia. Almost all cases show LDH levels 
that are at least twice the norm. Clinically, there is 
a high rate of CNS involvement, up to 20–30 % 
with a wide variation in the different reports, 
requiring CNS focussed therapeutic measures. 

 Staging is usually performed according to the 
St Jude/Murphy and the Ann Arbor system, com-
plemented by the International Prognostic Index 
(IPI) or the age-adjusted IPI (aaIPI). When elderly 
patients are included, the ECOG performance 
status should also be taken into account.  

   Current Chemotherapy: Treatment 
Principles 

 Since the doubling time of blast cells in Burkitt 
lymphoma/leukemia is very short (~25 h)  [  21  ] , it 
was postulated that each cell should enter the cell 
cycle once, which requires a prolonged duration of 
drug concentration. Thus, high-dose fractionated 

drugs were given in repeated treatment cycles of 
4–5 days. The intervals between the cell cycles are 
short to prevent recovery of the malignant clone. 

 The treatment strategies for Burkitt lym-
phoma/leukemia were pioneered in pediatric 
studies. Murphy et al.  [  22  ]  introduced fraction-
ated high doses of cyclophosphamide (HDC) 
and high-dose methotrexate (HDMTX), in addi-
tion to vincristine, doxorubicin, and cytarabine. 
The German BFM (Berlin–Frankfurt–Münster) 
group initiated a B-ALL protocol for children 
using six cycles of HDMTX and fractionated 
doses of cyclophosphamide or ifosfamide, in 
addition to cytarabine, teniposide, doxorubicin, 
and steroids  [  23,   24  ] . The  Société française 
d’oncologie pédiatrique  (SFOP) used high-dose 
cytarabine (HDAC) in addition to HDC and 
HDMTX, vincristine, prednisone, and doxorubi-
cin  [  25  ] . With these protocols the outcome in 
children improved substantially to CR rates from 
89 to 92 % and event-free survival (EFS) from 
50 to 87 %. These successful pediatric approaches 
have been adapted for adults with Burkitt lym-
phoma/leukemia. 

   Table 14.2    Treatment results in adult Burkitt lymphoma/leukemia with short intensive sequential chemotherapy   

 Regimen  Author  Year  Disease  Age   N   CR (%)  EFS  OS (%) 

 Codox-M/
IVAC 

 Magrath et al.  [  26  ]   1996  BL  25 (18–59)  41  95  92 % 2 
years  20 

 Adde et al.  [  27  ]   1998  BL  26  92 
 Mead et al.  [  28  ]   2002  BL  35 (15–60)  52  77  73 
 Lacasce et. al.  [  29  ]   2004  BL  47 (18–65)  14  71 
 Moleti et al.  [  30  ]   2007  BL  <21  35  91  83 
 Mead et al.  [  31  ]   2008  BL  37 (17–76)  58  68 

 B-NHL 
 GMALL 

 Hoelzer et al.  [  32  ]   1996  L3  34 (15–65)  24  63  49 
 L3  35  74  51 

 Hoelzer et al   .  [  40  ]   2002  BL, L3  118  83  70 
 B-ALL  89  75  38 

 Rizzieri et al.  [  41  ]   2004  BL, L3  47 (17–78)  92  74  50–
54 

 Hyper-CVAD  Thomas et al.  [  35  ]   1999  BL, L3  58 (17–79)  26  81  49 
  <60 years    14    93    77  
  >60 years    12    17  

 Thomas et al.  [  36  ]   2006  BL, L3  48 (16–79)  48  85  53 
 CMVP-16/
Ara-C/CDDP 

 Di Nicola et al.  [  37  ]   2004  BL, L3  36  22  77  77 

 LMB  Divine et al.  [  42  ]   2005  BL  33 (18–76)  72  72  65  70 
 Choi et al.  [  39  ]   2009  BL, L3  48 (34–63)  11  90  82 

 Weighted 
mean 

 83  62 
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 The CODOX-M/IVAC regimen for BL was 
developed at the NCI by Magrath for children as 
well as adults  [  26  ] . This regimen includes four 
cycles of alternating CODOX-M/IVAC for high-
risk patients. It combines fractionated cyclophos-
phamide (1,600 mg/m 2 ), doxorubicin, vincristine, 
HDMTX (6,720 mg/m 2  over 24 h) alternating 
with fractionated ifosfamide (7,500 mg/m 2 ), 
etoposide, and HDAC (8,000 mg/m 2 ) together 
with intrathecal methotrexate and cytarabine. 

 In a cohort of 41 patients including 20 adults, 
the CR rate was 95 % and the 2-year EFS 92 %. 
The toxicity in this protocol consisted of an infec-
tion rate of 50 % and severe stomatitis in up to 
60 % of CODOX-M cycles. This regimen was 
used by several other study groups treating 
older patients up to 76 years (see Table  14.2 ) 
 [  26–  32,   35–  37,   39–  42  ] . It may be noted from 
these studies that the CR rates are high in all age 
groups but that the EFS/OS in the three studies 
with a median age of 35–37 years decreased to 
68–73 %.  

 The German Multicenter Study Group for 
Adult Acute Lymphoblastic Leukemia (GMALL) 
conducted several studies for Burkitt lymphoma/
leukemia (B-ALL/NHL83, B-ALL/NHL86, 
B-NHL90) based on the pediatric BFM protocols. 
In these GMALL B-NHL studies, the patients 
received a gentle cytoreductive pre-phase with 
cyclophosphamide (200 mg/m 2 /day) and predni-
sone (60 mg/m 2 /day) on days 1–5. This pre-phase 
therapy was aimed at stabilizing the clinical con-
dition of the patient and reducing the risk of TLS. 

 The B-NHL 83 protocol was primarily 
designed to treat patients with Burkitt leukemia, 
who had obtained a very poor outcome with 
the conventional ALL protocols  [  32  ] . The regi-
men consisted of six cycles of 5-day alternating 
courses including fractionated cyclophosphamide 
and methotrexate 500 mg/m 2 , in addition to con-
ventional-dose cytarabine, teniposide, and pred-
nisone or doxorubicin. CNS prophylaxis consisted 
of intrathecal methotrexate, cytarabine, and dex-
amethasone along with CNS irradiation of 24 Gy 
after the second cycle. The median age was 34 
(15–65) years. In 24 patients the response rate 
was 63 % and the OS 49 % (Table  14.2 ). In the 
B-NHL86 protocol, methotrexate was increased 

to 1,500 mg/m 2  and cyclophosphamide was alter-
nated with ifosfamide. Twenty-six (74 %) out of 
35 patients achieved a CR and the OS was 51 %. 
In the B-NHL90 treatment protocol, CNS irradia-
tion after cycle 2 was omitted since it aggravated 
cytopenias, leading to a delay in further treat-
ment. It was compensated by increasing metho-
trexate from 1,500 to 3,000 mg/m 2  and shortening 
the interval between each cycle to 14 days. The 
response rate in 118 patients with Burkitt leuke-
mia, B-NHL increased to 83 % and the OS was 
70 %. In 89 patients with Burkitt leukemia, CR 
rate was 75 % and OS 38 %. The toxicity mostly 
consisted of severe but reversible WHO grade III 
and IV mucositis. 

 The pediatric LMB 95 protocol was adapted 
for adults in the French lymphoma cooperative 
groups (GELA and GOELAMS). After a cytore-
ductive pretreatment the protocol consisted of 
two induction and two consolidation cycles fol-
lowed by up to four maintenance cycles. Important 
drugs were high-dose methotrexate with a dose 
range of 1,000–8,000 mg/m 2  depending on age 
and CNS disease and high-dose cytarabine with 
1,000–3,000 mg/m 2  if the CNS was involved and 
intensifying therapy was necessary. Seventy-two 
adults with a median age of 33 (range: 18–76) 
years were reported. At 2 years the CR rate was 
72 % and the 2-year EFS and OS were 65 and 
70 % (Table  14.2 ). Risk factors were age above 
33 years and an elevated LDH. 

 The M.D. Anderson Cancer Center has 
explored the hyper-CVAD scheme, based on the 
Murphy regimen to treat adult Burkitt lymphoma/
leukemia patients. The regimen consists of four 
cycles with hyperfractionated cyclophosphamide 
1,800 mg/m 2  alternating with four cycles of 
methotrexate 1,000 mg/m 2  for 24 h and cytara-
bine 3,000 mg/m 2  every 12 h for four doses. In 
an early report by Thomas  [  35  ] , 26 patients were 
included with a median age of 58 (17–79) years. 
The overall CR rate was 81 and 93 % for the 
patients <60 years. An overall survival of 49 % 
was achieved which greatly differed between the 
patient group aged <60 years with 77 % com-
pared to 12 patients 60 years or older of 17 %. 
The rate of induction death was 19 %. In a larger 
study  [  36  ]  comprising 48 patients, the high CR 
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rate of 85 % and the overall survival of 53 % were 
con fi rmed (Table  14.2 ). 

 In a somewhat different regimen, the CMVP-
16/Ara-C/CDDP scheme, cisplatin was included, 
also based on a pediatric approach successfully 
used in children with advanced BL. For 22 adult 
patients the CR rate was 77 % and the OS 77 % 
con fi rming the results obtained with other regi-
mens but was not superior  [  37  ] . In a very small 
cohort of 11 patients with a median age of 48 
years (34–63), a high CR rate of 90 % and an OS 
of 82 % were obtained  [  39  ] . 

 Taken together, the treatment results in adult 
Burkitt lymphoma/leukemia with short intensive 
sequential therapy showed a substantial improve-
ment. The weighted mean for the CR rate is 
~80 % and for OS is ~60 %. All regimens obtained 
similar results, probably somewhat inferior in 
some studies patients with Burkitt leukemia com-
pared to lymphoma and in the older patient 
cohorts.  

   Toxicities and Supportive Care 

 Treatment of Burkitt lymphoma/leukemia 
requires immediate and careful supportive man-
agement of the patients since they are at high-
est risk of a tumor lysis syndrome (TLS)  [  43  ] , 
either present already at diagnosis or developing 
under subsequent chemotherapy. Risk factors for 
a TLS are bulky disease, elevated LDH, elevated 
white blood cell count, and preexisting renal 
insuf fi ciency. The clinical monitoring includes 
renal function with creatinine clearance,  fl uid 
balancing, and serum electrolytes, particularly 
calcium, phosphate, and uric acid. Immediate 
hyper fi ltration with 150–250 ml/h is required. 
The treatment with allopurinol, which blocks the 
conversion of xanthine and hypoxanthine to uric 
acid, is recommended. In more severe cases of 
TLS, recombinant uric oxidase, Rasburicase, is 
immediately effective  [  43  ] . Carboxypeptidase 
G2 might be the drug of choice if MTX elimina-
tion is delayed after high-dose methotrexate. In a 
study with 43 patients (CNS 16, ALL 13, NHL 
12), it was also effective in the patients with CNS 
involvement  [  44  ] . 

 During the intensive chemotherapy cycles, 
oral mucositis mainly caused by high-dose 
 methotrexate is the major obstacle for the patients. 
In the GMALL B-NHL studies, WHO grade 3–4 
mucositis occurs in 30–40 % which is painful and 
limits life quality. A new approach is the use of 
the mucosal growth factor palifermin, which has 
proven successful in the prevention of severe 
mucositis after stem cell transplantation and is 
currently explored in Burkitt lymphoma/leuke-
mia in the ongoing GMALL-B-ALL/NHL 2002 
study. There is also a risk of infections, particu-
larly owing to the combination of mucositis and 
neutropenia which is aggravated by the short 
2-week cycle intervals. If granulocytes are below 
500/ m [mu]l, G-CSF is recommended in several 
studies and in some is given prophylactically to 
all patients. Since time/dose intensity is so impor-
tant for the overall outcome of Burkitt lymphoma/
leukemia patients, rigorous prophylaxis and sup-
portive treatment is mandatory to avoid or reduce 
treatment delays. 

 High frequency of neurologic complication, 
severe sensory problems, or cortical dysfunction 
is now largely avoided by reduction of high doses 
of cyclophosphamide, HD-C, or HDMTX and 
omission of CNS irradiation.  

   Hematopoietic Stem Cell 
Transplantation 

 Stem cell transplantation, either autologous or 
allogeneic, has been explored in BL in several 
studies with contradictory results (Table  14.3 ) 
 [  45–  52  ] . The largest series of patients is a EBMT 
registry matched study comprising lymphoma 
patients who had received either an allogeneic or 
an autologous stem cell transplantation  [  47  ] . 
There were 284 Burkitt NHLs comprising 213 
out of 14,687 patients with autologous and 71 out 
of 1,185 patients with allogeneic transplants reg-
istered between 1982 and 1998. In the autologous 
cohort, 77 (36 %) relapsed at 2.5 years compared 
to 19 (27 %) in the allogeneic cohort. However, 
the treatment-related mortality (TRM) in the 
allogeneic transplant group was 31 %. There was 
a wide age range from young children up to 
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patients 84 years old. The overall survival for 
autologous SCT was with 37 % superior to the 
OS after allogeneic SCT of 27 % at 2.5 years. 
Thus, the lower relapse rate was outweighted by 
the higher TRM rate in the allogeneic setting, 
resulting in a similar overall survival.  

 The European Group for Blood and Marrow 
Transplantation reported 70 patients treated with 
high-dose therapy and autologous stem cell trans-
plantation in  fi rst remission (CR) or at relapse 
 [  46  ] . The median age was 31 (16–57) years; the 
overall survival rate for the entire group was 53 % 
at 3 years and 72 % for the patients transplanted 
in  fi rst CR compared to 37 % for patients with 
chemosensitive relapse. In chemoresistant 
patients the overall survival was 7 %. 

 The Dutch–Belgian Cooperative Trial Group 
for Hemato-Oncology (HOVON) initiated a pro-
spective study to evaluate a short intensive 
sequential therapy followed by autologous stem 
cell transplantation in adult Burkitt, Burkitt-like, 
and lymphoblastic lymphoma  [  48  ] . Twenty-seven 
patients with a median age of 36 (15–64) years 
were included (Table  14.3 ); the majority (81 %) 
had a CR at the time of transplant, while the 
remaining patients were at least in partial remis-
sion. The overall response rate was 93 %, the OS 
at 5 years was 81 % for Burkitt/Burkitt-like lym-
phoma, and the event-free survival was 73 %. 

However, patients with CNS or extensive bone 
marrow involvement were excluded. Grade 
III–IV mucositis was seen in 39 % of patients 
after induction and after BEAM. 

 In a Canadian study in British Columbia 
between 1987 and 2003, patients received cyclo-
phosphamide, HDMTX 3,000 mg/m 2 , a CHOP-
like regimen, or CODOX-M  [  45  ] . Twenty-seven 
out of 43 patients proceeded to hematopoietic 
stem cell transplantation (HCT), while the 
remaining patients had refractory disease or other 
contraindications. The EFS for the 21 pts receiv-
ing an autologous HCT and the six allografted 
was 51 % at 3 years (Table  14.3 ). 

 In a single-center transplant study of the 
University of Minnesota, 25 patients with a 
median age of 16 (range, 4–65) years received an 
auto-HCT and 13 patients with a median age of 
13 (2–62) years received an allo-SCT  [  49  ] . In this 
study with a long follow-up of 10 years, the pro-
gression-free survival (PFS) was 21 %, and the 
overall survival 23 % after auto-HCT compared 
to 31 % for allo-HCT (Table  14.3 ). 

 In a further recent study with a long follow-up, 
a cohort of 69 patients with Burkitt-lymphoblastic 
lymphoma was included. The median age was 47 
(7–72) years  [  50  ]  and all stages were included. 
The OS for lymphoblastic/Burkitt NHL was 
reported as 85 %. For patients surviving in remis-

   Table 14.3    SCT in Burkitt lymphoma   

 SCT  Age  Disease stage  No. pts  PFS/EFS  OS 

 Autologous 
 Chopra et al.     [  51  ]   22 (1–44)  All stages  8  38 % 
 Sweetenham et al.  [  46  ]   31 (16–57)  CR1  70  84 %  72 % 3 years 

 >CR1, res.  47  15 %  37 % 3 years 
 Peniket et al.  [  47  ]   35 (0–84)  All  213  37 % 2.5 years 
 Gada et al.  [  49  ]   16 (4–65)  25  21 % 10 years  23 % 10 years 
 van Imhoff et al.  [  48  ]   36 (15–64)  At least PR  27  81 % 5 years 
 Song et al.  [  45  ]   36 (16–62)  All  21 auto  51 % 3 years 

 6 allo 
 Majhail et al.  [  50  ]   47 (7–72)  All  69  85 % 10 years 
 Gross et al.  [  52  ]   <18  17  27 % 5 years 
 Allogeneic 
 Chopra et al.  [  51  ]   23 (1–40)  All  8  25 % 
 Peniket et al.  [  47  ]   29 (2–74)  All  71  27 % 2.5 years 
 Gada et al.  [  49  ]   13 (2–62)  13  31 % 10 years  31 % 10 years 
 Gross et al.  [  52  ]   <18  24  31 % 5 years 
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sion for at least 2 years after autologous SCT, the 
EFS was about 60 % at 15 years. 

 Two other reports compared autologous ver-
sus allogeneic HCT. In a small study published 
1992  [  51  ] , the PFS for eight patients with autolo-
gous SCT was 38 and 25 % for the allogeneic 
patients (Table  14.3 ). Also in a somewhat larger 
study published in 2010  [  52  ] , 70 patients with an 
autograft had a 5-year EFS of 27 %, and for 24 
patients who underwent allogeneic SCT, the PFS 
was 31 %. In a small series of six Burkitt leuke-
mia patients with a median age of 24 years (range 
24–27), the survival rate was 50 % at >10 years. 
This may also support the assumption that there 
is a graft-versus-leukemia/lymphoma effect  [  32  ] . 

 In conclusion there is a great variation in the 
EFS and OS in autologous SCT, mostly in 
the order of 30 %, but also up to 80 %. This might 
be due to different selection criteria, e.g., if only 
CR1 patients were included or if patients with 
CNS involvement or bone marrow in fi ltration 
were excluded. Prognostic factors differ in nearly 
all studies. The overall results are not superior to 
those achieved with short intensive sequential 
chemotherapy.  

   Chemoimmunotherapy 

 In adult Burkitt lymphoma/leukemia further 
treatment, intensi fi cation of chemotherapy is lim-
ited owing to toxicity, particularly in older 
patients. A new option emerged with the avail-
ability of antibody therapy. Based on the encour-
aging experience with the anti-CD20 monoclonal 
antibody rituximab in other NHLs, rituximab was 
combined with the established short intensive 
chemotherapy regimen. 

 The GMALL study group initiated the proto-
col B-ALL/NHL-2002 which uses rituximab in 
combination with chemotherapy  [  32  ] . Rituximab 
was administered at a dose of 375 mg/m 2  on day 
1 before each chemotherapy cycle and thereafter 
twice for consolidation at monthly intervals for a 
total of eight applications. Two alternating cycles 
with 4 doses of high-dose cytarabine (HDAC) at 
2,000 mg/m 2  every 12 h were added for patients 
below age 55. Patients older than 55 received 

methotrexate 500 mg/m 2 , but no HDAC to avoid 
toxicity. The CR rate in 115 BL patients was 
90 %. Three-year OS was 91 % in patients of age 
15–55 and 84 % in patients >55 years. Among 70 
Burkitt leukemia patients, the CR rate was 83 %; 
3-year OS in younger versus older patients was 
79 and 39 %, respectively. CNS relapses occurred 
in 3 of 22 older CR patients which were most 
likely related to the exclusion of HDAC. 
Therefore, HDAC in a lower dose of 1,000 mg/
m 2  is included in the current protocol for Burkitt 
leukemia patients. In contrast to the Burkitt lym-
phoma pts >55 years, leukemic patients did 
equally as well as the younger patients. 

 In a pilot study 2003, 82 patients from 39 cen-
ters entered the protocol. Out of 53 evaluable 
patients, the CR rate was 91 % in mature B-ALL 
and 96 % in Burkitt NHL; the overall survival 
was 70 and 80 %, respectively. Rituximab admin-
istration did not result in excessive toxicity. In the 
meantime more than 227 patients have been 
included. The overall survival is 88 % for Burkitt 
NHL and 70 % for mature B-ALL, which is a 
considerable improvement compared to the pre-
vious trial  [  53  ] . When the GMALL immuno-
chemotherapeutic approach was applied in 
HIV-positive Burkitt NHL, combined with anti-
retroviral HAART therapy, the survival rate 
improved to 77 %  [  54  ] . 

 In a trial by the Cancer and Leukemia Group 
B (CALGB 9251), adult patients with Burkitt or 
Burkitt-like leukemia/lymphoma received a sim-
ilar high-intensity chemotherapy and rituximab, 
intensi fi ed in cycle 2 and given for a total of eight 
times  [  55  ] . The intended 7-therapy courses could 
be completed in 75 out of 105 enrolled patients. 
Eighty-two percent achieved a CR and 87 % of 
those remained in CR. There was a clear differ-
ence in outcome based on IPI score with a 2-year 
EFS and OS for low-risk patients of 98 and 
92 % versus 55 and 55 % for high-risk patients, 
respectively. 

 In the approach at the M.D. Anderson Cancer 
Center, rituximab was added to the hyper-CVAD 
regimen (cyclophosphamide/vincristine/adri-
amycin/dexamethasone HDMTX/HDAC)  [  36  ] . 
Rituximab was given at the beginning and end of 
the  fi rst four chemotherapy cycles, for a total of 
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eight doses. In 31 patients with newly diagnosed 
Burkitt NHL or mature B-ALL, 86 % complete 
responses were observed, and the 3-year overall 
survival was 89 %. The authors observed a 
signi fi cant reduction in relapse rate and an 
improvement in outcome, particularly in elderly 
patients. This study revealed no additional toxic-
ity compared to the previous protocol with che-
motherapy only. 

 Rituximab (R) was also added to the 
CODOX-M/IVAC regimen for a total of 4 doses. 
In the 40 R+ patient cohort, the overall response/
CR rate was 90 %/90 % compared to 85 %/81 % 
in the 47 R− patients. The PFS and overall sur-
vival in the R+ arm was 70 and 73 % compared 
to 61 and 68 % in the R− arm. The outcome for 
the R+ patients was not statistically signi fi cantly 
superior to the R− patients, and it was discussed 
whether more frequent dosing of rituximab might 
provide the optimal bene fi t. 

 In a recent U.S. NCI study, dose-adjusted 
infusional chemotherapy was combined with 
rituximab  [  33  ] . Four patients in the small series 
of 17 patients with a median age of 27 (18–66) 
were HIV-positive. All patients responded with 
CR and the OS was 100 % and EFS 92 %, respec-
tively. This single study needs con fi rmation with 
more patients, a longer follow-up, and hopefully 
more institutions. 

 In conclusion it appears that rituximab added to 
short intensive chemotherapy regimen has substan-
tially increased the survival rate of adult patients 
with mature B-ALL/Burkitt NHL by 20–30 %.  

   Salvage Therapy and Treatment 
of Refractory/Relapsed Burkitt 
Lymphoma 

 In most reports salvage therapy for patients after 
induction or consolidation is not reported in 
detail. In the GMALL B-NHL studies, patients 
with initial CNS involvement received a cranial 
irradiation of 24 Gy, and those with remaining 
bulky disease but otherwise in CR received a bulk 
irradiation with 36 Gy. 

 The outcome in refractory/relapsed patients 
with different chemotherapy regimens was dismal. 

From a variety of new and innovative drugs con-
sidered  [  34  ] , 57 so far have not been transferred to 
BL. The OS was also poor in patients with refrac-
tory disease, receiving SCT, most likely because 
of the fast progression and the dif fi culty to  fi nd a 
donor in due time. 

 What could be further concepts? Early detec-
tion of relapse by evaluation of minimal residual 
disease (MRD) as in pediatric Burkitt leuke-
mia  [  38  ]  might be an option also for adults. In 
Burkitt lymphoma con fi rmation of a CR by 
 fl udeoxyglucose positron emission tomography 
(FDG-PET) and by follow-up for earlier detec-
tion of relapse is currently under investigation. 

 However, the overall cure rate of >80 % of BL 
patients is extremely promising and ways to dees-
calate therapy—as already done for low disease 
stages—are now considered.      
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   Introduction 

 Lymphoblastic lymphoma is a malignancy of 
immature T or B cells. The distinction between 
lymphoblastic lymphoma (LBL) and acute lym-
phoblastic leukemia (ALL) appears to be arbi-
trary. Morphologically and immunophenotypically 
both entities seem indistinguishable. Bone mar-
row involvement of  ³ 25 % is taken to be indica-
tive of a diagnosis of ALL. Bulky mediastinal 
mass without overt spillover of “lymphoma” cells 
to bone marrow or blood is considered to be 

indicative of “lymphoma” diagnosis. The World 
Health Organization classi fi cation combines both 
entities as precursor lymphoma/leukemia. 

 Among children with NHL, the incidence of 
LBL is 30 % but LBL is a rare entity among 
adults with NHL, comprising <2 %. On the other 
hand, among adults with ALL, the frequency of 
LBL is about 25 %, while among children with 
ALL, it is 12–15 %. The incidence among adults 
is bimodal with one peak at age <20 years and 
another at >50 years. The male to female ratio is 
2.5:1 and the median age is younger in males  [  1  ] . 
B-cell LBL comprises about 10 % of all LBLs. 

 Symptomatic supradiaphragmatic lymphade-
nopathy associated with cough, wheezing, short-
ness of breath, and B symptoms in an adolescent 
or young adult male is the “classical” presentation. 
Acute respiratory distress can develop due to 
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mediastinal mass; pleuro–pericardial effusions are 
common and can rarely lead to tamponade. Other 
extramedullary sites of involvement can include 
skin, CNS, liver, spleen, and gonads. Most patients 
present with bone marrow involvement. For 
patients with bone marrow involvement, a spinal 
tap with CSF cytology is imperative as the chance 
of CNS involvement is high among these patients 
even though the overall frequency of CNS involve-
ment is 5–10 % among patients with LBL. 

 Mediastinal and marrow involvement are 
uncommon in B-LBL, while extranodal involve-
ment is frequent  [  2,   3  ] . Peripheral blood counts 
may be normal in LBL in contrast to patients with 
ALL indicating preserved bone marrow function. 

 An arbitrary cutoff of 25 % marrow involve-
ment has been used to distinguish between ALL 
and LBL. Gene expression pro fi ling followed by 
unsupervised hierarchical clustering can identify 
non-overlapping signatures between T-ALL and 
T-LBL  [  4  ] . Adhesion molecules, extracellular 
protein, and CARD10 (a member of the caspase 
recruitment domain family) encoding genes were 
overexpressed in T-LBL, while CD47, a regulator 
of cell proliferation and apoptosis, was overex-
pressed in the T-ALL cohort. Findings from com-
parative expressed sequence hybridization 
(CESH) indicated that T-LBL is derived from 
thymocytes, while T-ALL is derived from T-cell 
progenitors in the bone marrow  [  5  ] .  

   Suggested Initial Workup 

 The Ann Arbor staging system is the commonly 
followed staging system for adult LBL. Suggested 
initial work up includes:

   Physical examination with lymph node survey  • 
  Complete blood count with differential and • 
platelet count  
  Electrolytes including phosphorus, uric acid, • 
lactate dehydrogenase  
  Chest radiograph  • 
  CT scan of chest, abdomen, and pelvis  • 
  Bone marrow aspiration/biopsy with immuno-• 
histochemistry,  fl ow cytometry, cytogenetic, 
T-cell receptor, and immunoglobulin gene 
rearrangement studies  

  Mediastinal or extramedullary disease site • 
biopsy if bone marrow not involved  
  Spinal tap with spinal  fl uid cytology  • 
  Cytologic assessment of pleural  fl uid or other • 
effusions  
  Positron emission tomography (optional)    • 
 Apart from blood counts and electrolytes, the 

workup should include parameters like phospho-
rus, potassium, uric acid, and lactate dehydroge-
nase that can indicate tumor lysis. Imaging studies 
can help to assess extramedullary involvement 
particularly mediastinal involvement. Positron 
emission tomography (PET) scan can be consid-
ered at baseline as persistence of PET-avid dis-
ease on follow-up scans after completion of 
therapy may indicate areas of viable disease that 
can possibly be irradiated. Bone marrow aspira-
tion and biopsy studies should be accompanied 
by cytogenetic studies, immunophenotyping 
studies, and molecular studies for T-cell receptor 
and immunoglobulin heavy chain gene rearrange-
ment. Apart from disease characterization, these 
studies can help minimal residual disease (MRD) 
evaluation at follow-up. In patients with minimal 
or no bone marrow involvement, mediastinal 
biopsies may be needed to establish diagnosis. 
Central nervous system involvement incidence is 
higher in patients with mediastinal involvement, 
and spinal tap with intrathecal administration of 
chemotherapy should be part of initial workup. 
Tapping of effusions with cytologic, biochemi-
cal, and  fl ow cytometric examination can help to 
determine disease involvement.  

   Pathology 

 Morphologically LBL blasts are indistinguish-
able from ALL blasts. The cells diffusely in fi ltrate 
lymph node effacing the nodal architecture; a 
“pseudo-follicular” pattern may be seen due to 
restrictions imposed by tissue planes. A starry-
sky pattern caused by the presence of tangible 
body macrophages can be seen and mitoses are 
frequent. B-LBL may have pro-B (CD19+, cyto-
plasmic 79a+, cytoplasmic CD22+, nuclear 
TdT+), common (CD10+), or pre-B immunophe-
notype (CD20+, cytoplasmic mu heavy chain+). 
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They also commonly express CD24 and PAX5. 
The presence of surface immunoglobulin does 
not rule out B-LBL. 

 T-ALL/LBL cells are usually positive for TdT, 
CD7, and cytoplasmic CD3. Aberrant expression 
of myeloid antigens like CD13 or 33 is not 
uncommon  [  6  ] . Cytoplasmic CD3 (cCD3) in the 
absence of surface CD3 (sCd3) is a fairly speci fi c 
 fi nding for T-LBL/ALL. The distinction between 
cytoplasmic and surface CD3 should be made by 
 fl ow cytometry and not by immunohistochemis-
try. CD1a, when present, also favors the diagno-
sis of T-LBL/ALL. The European Group for the 
Immunologic Classi fi cation of Leukemia (EGIL) 
 [  7  ]  divides T-ALL/LBL in to four groups: 
pro(cCD3+, CD7+, CD2−, CD5−, CD8−, 
sCD3−,CD1a−), pre (cCD3+, CD7+, CD2+ and/
or CD5+ and/or CD8+, sCD3−, CD1a−), corti-
cal/thymic (CD1a+), and mature (sCD3+, 
CD1a−). From a prognostic point of view, this 
can be simpli fi ed in to three groups: early – 
sCD3−/CD1a−, cortical or thymic – sCD3−/
CD1a+, and mature – sCD3+/CD1a−  [  8  ] , with 
the cortical or thymic group having better prog-
nosis (Table  15.1 ). A recent report from the 
UKALLXII/ECOG 2993 study also con fi rmed 
the better prognosis in adult T-ALL with CD1a+ 
blasts  [  9  ] . In this study CD13 positivity in T-ALL 
was associated with poor outcome.   

   Karyotypic Abnormalities 

 Speci fi c karyotypic abnormalities beyond that in 
B-ALL have not been described for B-LBL. The 
literature describing karyotype abnormalities in 
B-LBL is scant. Similarly, karyotypic abnormali-
ties speci fi c to T-LBL have not been adequately 
studied and most large reports include patients 

with T-ALL. On the other hand, as extent of bone 
marrow involvement may vary in T-LBL, cytoge-
netic studies from bone marrow samples may not 
be representative. This may be re fl ected in the 
fact that in a small cohort of 13 pediatric patients, 
cytogenetic abnormalities were detected in 85 % 
 [  10  ] , while a report from MD Anderson Cancer 
Center (MDACC) involving 33 patients (karyo-
typing done in 73 % of patients) reported cytoge-
netic abnormalities in only two patients  [  11  ]  and 
these two patients did not carry a karyotypic 
abnormality typical of T-ALL/LBL. In the pedi-
atric report, translocations at 14q11.2 likely 
involving the T-cell receptor alpha/delta locus 
(TCR A/D) occurred in 4 (31 %). In another 
report including 50 adult patients  [  12  ]  (33 T-ALL 
and 17 T-LBL), no signi fi cant differences were 
found between the two groups for the frequency 
of translocations involving 14q11-13, 7q32-36, 
or 7p15, where T-cell receptor alpha and delta, 
beta, and gamma subunit genes reside. On the 
basis of karyotype, patients could be classi fi ed 
into three groups: group A, 14q11, 7q32-36, or 
7p15 translocations; group B, other transloca-
tions, and/or deletions; and group C, diploid. 

 T(9;17)(q34;q23) abnormality, however, 
appears to occur exclusively in LBL, perhaps 
pointing to the existence of subsets of LBLs that 
are distinct from T-ALL  [  12  ] . A myeloprolifera-
tive disorder, now collectively termed 8p11 
myeloproliferative disorder, is associated with 
eosinophilia, T-LBL, development of AML, and 
cytogenetic abnormalities including t(8;13)(p11-
12;q11-12), t(8;9)(p11;q32-34), or t(6;8)
(q27;p12)  [  13  ] . In the t(8;13) abnormality, 
 fi broblastic growth factor receptor 1 (FGFR1) is 
fused with a zinc- fi nger gene, ZNF198 (also 
called FIM), while the t(6;8) translocation results 
in the fusion of FGFR1 and FOP  [  14  ] . 

   Table 15.1    Immunophenotype of adult T-lymphoblastic lymphoma  [  8,   9  ]    

 T-cell phenotype  Frequency (%)  Prognosis 

 CD marker  Early  Cortical or thymic  Mature 
 CD1a  −  +  −  20  Poor 
 cCD3  +  +  +  60  Good 
 sCD3  −  ±  +  20  Poor 

  In Marks et al.  [  9  ]  both lack of CD1a expression and presence of CD13 expression were associated with poor 
outcome  
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 Immunoglobulin heavy chain (IgH) as well as 
T-cell receptor gene rearrangements can occur in 
LBL irrespective of the immunophenotype 
 [  15,   16  ] . This feature can be used to monitor 
MRD by QPCR after therapy, and ideally QPCR 
tests for at least two gene rearrangements should 
be included in the MRD monitoring as clonal 
rearrangements may change or disappear at 
relapse or on therapy  [  17  ] .  

   Molecular Pathogenesis 

 Translocations or deletions in T-ALL/LBL typi-
cally result in the juxtaposition of oncogenic 
transcription factors next to strong regulatory 
 elements related to TCR  b [beta] (TCRB) 
or  a [alpha]– d [delta] (TCRAD) genes. Such 
T-ALL-speci fi c transcription factors include 
basic helix-loop-helix (bHLH) family members 
(TAL1  [  18,   19  ] , TAL2  [  20  ] , LYL1  [  21  ] , BHLB1 
 [  22  ]  etc.), LIM-only domain factors (LMO1  [  23, 
  24  ] , LMO2  [  25,   26  ] ), and homeobox genes 
(TLX1/HOX11  [  27,   28  ] , TLX3/HOX11L2  [  29  ] , 
HOXA  [  30,   31  ] ), MYC  [  32,   33  ]  and MYB  [  34  ] , 
TAN1  [  35  ] , etc. Non-TCR-associated chromo-
somal abnormalities also can activate some of the 
same oncogenes  [  36–  38  ] . T–ALL/LBL is a multi-
step process and involves multiple genetic events 
beyond these translocations. Losses of p16/
INK4A  [  39,   40  ]  and p14/ARF  [  39  ]  tumor sup-
pressor genes are the most common genetic events 
in T-ALL. In addition inactivation of tumor sup-
pressors PTEN  [  41  ]  and NF1  [  42  ]  and activation 
of genes driving proliferation like NRAS  [  43  ] , 
LCK  [  44  ] , and JAK1  [  45  ]  contribute to develop-
ment of T-ALL. Activating mutations in NOTCH1 
are encountered in over 50 % of T-ALL  [  46  ] , 
which provides a potential therapeutic target.  

   NOTCH1 Signaling 

 NOTCH1 is a class 1    membrane receptor that is 
activated by delta-like and jagged ligands 
(reviewed in  [  47  ] ). The extracellular subunit of 
NOTCH1 (N 

EC
 ) contains a negative regulatory 

region (NRR) composed of three Lin12/NOTCH 

repeats (LNR). The LNR domains fold over the 
heterodimerization (HD) domain and prevent 
spontaneous activation of NOTCH1 receptor in 
the absence of ligand. Upon ligation of the ligand, 
a conformational change in the NRR region 
allows the cleavage of the HD domain by 
ADAM10 and ADAM17 metalloproteases. This 
is followed by a second proteolytic cleavage in 
the transmembrane region of NOTCH1 catalyzed 
by  g -secretase. This releases the intracellular 
domain of NOTCH1, allowing its translocation to 
the nucleus. In the nucleus it binds to the RBPJ-
CSL DNA-binding protein leading to recruitment 
of the mastermind family of coactivators and 
p300. Eventually this leads to gene expression. 
RNA polymerase II holoenzyme forms a com-
plex with NOTCH1-RBPJ-CSL-Mastermind-like 
transcriptional complex to trigger phosphoryla-
tion of NOTCH1 at the PEST domain. This phos-
phorylation targets NOTCH1 for degradation by 
the FBXW7/SCF ubiquitin ligase complex and 
proteasomal pathway. 

 NOTCH1 activation in T-ALL can occur 
through two mechanisms. One is through loss of 
inhibitory regulation exerted by NRR and the 
other through disruption of its proteasomal deg-
radation. Loss of inhibitory regulation by NRR 
leads to ligand-independent activation or consti-
tutive proteolysis of NOTCH1. Mutations in the 
c-terminal PEST domain of NOTCH1 lead to 
deletion of sequences that are necessary for tar-
geting NOTCH1 for proteasomal degradation. 
The FBXW7/SCF ubiquitin ligase complex 
degrades NOTCH1 and mutations in arginine 
residues in FBXW7 that recognize phosphoryla-
tion sites on NOTCH1 also lead to impaired pro-
teasomal degradation of NOTCH1. Dual 
mutations in the HD and PEST domains of 
NOTCH1 or coexistence of a HD domain muta-
tion in NOTCH1 with a mutation in FBXW7 is 
present in approximately 20 % of patients with 
T-ALL. 

 MYC oncogene is a direct downstream target 
of NOTCH1. NOTCH1-MYC activation leads to 
increased expression of genes implicated in ana-
bolic growth, ribosomal biogenesis, protein trans-
lation, and nucleic acid and amino acid metabolism. 
NOTCH1-MYC also upregulates the PI3K-AKT-
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mTOR pathway. The activation of PI3K-AKT-
mTOR pathway downstream of NOTCH1 is 
essential for T-cell development. NOTCH1 can 
also increase expression of the transcriptional 
downregulator HES1 that inhibits PTEN. PTEN 
is a negative regulator of PI3K and downregula-
tion of its expression by HES1 leads to activation 
of the PI3K pathway. Activation of HES1 by 
NOTCH1 signaling also leads to suppression of 
CYLD, a negative IKK regulator, and this in turn 
activates the NF k [kappa]B pathway in T-ALL.  

   Prognostic Factors in Lymphoblastic 
Lymphoma 

 Based on immunophenotype, B-LBL may have 
better outcome than T-LBL  [  3,   48  ]  but this has 
not been uniformly reported  [  11,   49  ] . GMALL 
studies in adult T-ALL have identi fi ed early and 
mature immunophenotypes to be associated with 
poor outcomes  [  8  ]  (Table  15.1 ) and advocated a 
risk-adapted approach to therapy. CD1a positiv-
ity and absence of CD13 expression were associ-
ated with better outcomes in the UKALLXII/
ECOG 2993 study  [  9  ] . Immunophenotypic risk 
strati fi cation has not been speci fi cally reported 
for T-LBL. 

 No speci fi c cytogenetic abnormality has 
been linked to prognosis except that t(9;17)
(q34;q23), translocation restricted to patients 
with LBL, is associated with a poor prognosis 
 [  50  ] . In adults, early-stage disease, younger age 
(<30 or <40 years), low LDH levels, the absence 
of a leukemic phase at diagnosis, and, in par-
ticular, the attainment of CR have been associ-
ated with a good prognosis  [  51,   52  ] . Similarly, 
advanced stage disease, CNS disease at presen-
tation, and bone marrow involvement have been 
associated with a poor prognosis  [  1,   53  ] . With 
more effective therapy attainment of CR has 
been the most important determinant of out-
come  [  11,   54  ] . The size of the mediastinal mass 
and response to steroids used in the prophase 
have also been shown to be strong prognostic 
factors  [  55  ] . While MRD at various time points 
after therapy has been linked to poor outcome 
in adult ALL,  [  56–  60  ]  systematic assessment of 

the role of MRD in prognosis in LBL has not 
been carried out.  

   Treatment of Adult Lymphoblastic 
Lymphoma 

 Treatment of adult LL has evolved by drawing 
from the pediatric experience. Approaches that 
have contributed towards improving treatment 
results include adoption of ALL-like therapy, 
CNS and extramedullary disease directed treat-
ment, and maintenance therapy. The role of radi-
ation in CNS prophylaxis and control of 
mediastinal disease is still evolving. 

 While outcomes with radiotherapy alone were 
dismal in the pediatric population, in 1971 Aur 
et al.  [  61  ]  reported improved outcomes with the 
combination of chemotherapy and radiotherapy. 
Non-randomized comparison of ALL-like 
LSA2-L2 regimen indicated that DFS and OS 
were clearly superior with LSAL2 therapy  [  62  ] . 
The patients treated on the LSA2-L2 protocol 
had a DFS of 73 % at a median follow-up time of 
70+ months  [  63  ] . Randomized comparison of a 
four-drug regimen of COMP and a ten-drug regi-
men of LSA2-L2 demonstrated the superiority of 
the LSA2-L2 regimen in children with LL (2-year 
failure-free survival rate, 76 % vs. 26 %, respec-
tively;  P  = 0.0002)  [  64  ] . Long-term follow-up 
con fi rmed that patients treated on the LSA2-L2 
regimen had a better EFS than those treated with 
COMP (5-year EFS of 64 % vs. 35 % for 
LSA2-L2 and COMP, respectively)  [  65  ] . CNS 
prophylaxis was limited to intrathecal methotrex-
ate and sites of bulky disease were radiated in 
both arms. While treatment durations were simi-
lar between COMP and LSA2-L2 arms, anthra-
cycline, asparaginase, cytarabine, thioguanine, 
hydroxyurea, and carmustine were incorporated 
in the LSA2-L2 regimen. The Pediatric Oncology 
Group compared results of a six-drug A-COP+ 
(Adriamycin, vincristine, prednisone, cyclophos-
phamide, methotrexate, and hydrocortisone) regi-
men to LSA2-L2 regimen in pediatric patients 
with LL. The A-COP arm included cranial radia-
tion as well as mediastinal radiation, while the 
LSA2-L2 arm provided radiation to mediastinal 
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tumor only. Though this study con fi rmed the 
effectiveness of the LSA2-L2 regimen, 3-year 
survival and disease-free survival were not 
signi fi cantly different, (62 % vs. 72 % and 53 % 
vs. 58 %, respectively, for A-COP+ and LSA2-L2) 
 [  66  ] . While the lack of difference may be due to 
sample size, incorporation of effective therapies 
like anthracycline might have contributed posi-
tively to the A-COP+ regimen. 

 The LSA2-L2 regimen was modi fi ed in the 
LMT81 regimen to add ten courses of high-dose 
systemic methotrexate (in addition to intrathecal 
methotrexate) to improve CNS prophylaxis  [  67  ] . 
Radiation was limited to patients with initial tes-
ticular or CNS involvement and with residual 
mediastinal mass. The CR rate was 96 % and 
only one among 77 patients without CNS involve-
ment at presentation had isolated CNS relapse 
indicating the effectiveness of CNS prophylaxis 
with systemic and intrathecal methotrexate. 
Three-year EFS and OS were 75 and 76 %, 
respectively. Magrath et al.  [  68  ]  also reported 
effective CNS prophylaxis and 3-year OS of 
81 % with a regimen that combined CHOP-like 
therapy with high-dose methotrexate infusion 
followed by leucovorin rescue. Finally the Berlin-
Frankfurt-Munster (BFM) group  [  69  ]  reported a 
5-year EFS of 90 % among children with T-LL 
with a regimen of eight-drug induction over 9 
weeks followed by an 8-week consolidation that 
included methotrexate 5 g/m 2  × 4. Patients with 
stage III/IV disease (the majority of patients) 
received an additional 7-week reinduction/
intensi fi cation and cranial radiotherapy. The 
8-week consolidation containing high-dose meth-
otrexate was termed extra-compartment M phase 
and was directed to better control extramedullary 
disease. Similar to the BFM report, among 119 
patients with T-LL enrolled in a Children’s 
Leukemia Group trial and treated with a regimen 
based on the BFM regimen, the EFS at 6 years 
was 77.5 % and OS was 81 %  [  55  ] . Cranial irra-
diation was omitted even for patients with CNS 
involvement at diagnosis. These reports indicate 
that ALL-type chemotherapies improve outcome 
of LL among children and young adults and may 
reduce/eliminate the need for mediastinal and 
cranial radiation. 

 Initial approaches to treatment of adult LL 
were based on NHL-like therapies. Voakes et al. 
 [  70  ]  reported a CR rate of 53 % in a cohort of 32 
patients mostly treated with a CHOP-like regi-
men. CNS relapse was frequent among patients 
who did not receive CNS prophylaxis. The addi-
tion of agents like asparaginase and high-dose 
methotrexate improved upon results that can be 
achieved with CHOP-like regimen. The Stanford/
North California Oncology Group (Stanford/
NCOG) reported an overall response rate of 100 % 
(95 % CR) and 3-year actuarial freedom from 
relapse (FFR) of 56 % in a cohort of 44 adults 
with LL with a regimen that added asparaginase 
to CHOP-like induction, included maintenance 
with methotrexate and 6-mercaptopurine, and 
incorporated CNS prophylaxis  [  53  ]  (Table  15.2 ). 
Within this cohort, patients who received early 
CNS prophylaxis with IT methotrexate and cra-
nial radiation had a CNS relapse rate of 3 % ver-
sus 30 % in the group that received later CNS 
prophylaxis with IT methotrexate and high-dose 
methotrexate. The LSA2-L2 regimen designed to 
treat childhood lymphoma was modi fi ed to treat 
15 adult patients with T-LL (median age 25 year, 
range 16–73)  [  71  ] . CNS prophylaxis and medi-
astinal radiation were included and the mainte-
nance phase continued for a total treatment period 
of 3 years. Eleven patients (73 %) achieved CR 
and median survival of complete responders was 
in excess of 71 months. The improved outcomes 
with more aggressive NHL-like or ALL-like regi-
mens have been con fi rmed in reports from various 
groups  [  49,   51,   72  ] . Hoelzer et al.  [  54  ]  reported a 
90 % CR rate among 45 patients with T-LBL 
treated on one of two German Multicenter Study 
Group for Adult Acute Lymphoblastic Leukemia 
(GMALL) protocols designed for ALL with OS 
and DFS at 7 years of 51 and 62 %, respectively. 
Prophylactic cranial radiation and mediastinal 
radiation (24 Gy) were included but there was no 
extended maintenance beyond 1 year of therapy. 
Despite inclusion of prophylactic mediastinal 
radiation, most relapses occurred in the mediasti-
num. In contrast to the pediatric BFM regimen 
 [  69  ] , these adult GMALL studies did not include 
high-dose methotrexate “extra-compartment M” 
therapy. The MD Anderson group treated 33 
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patients LBL (80 % T-LBL, 70 % stage III/IV) 
with Hyper-CVAD or the modi fi ed Hyper-CVAD 
regimen(fractionated cyclophosphamide, vincris-
tine, Adriamycin, and dexamethasone alternating 
with methotrexate and cytarabine) along with IT 
chemotherapy for CNS prophylaxis and mediasti-
nal radiation to patients with mediastinal disease 
at presentation  [  11  ] . The CR rate was 91 % and 
the estimated 3-year PFS and OS rates were 66 
and 70 %, respectively. Slower achievement of 
CR was not associated with worse outcome. 
Recent updates of results con fi rm the effective-
ness of the Hyper-CVAD regimen or its variants 
in patients with LBL  [  73  ] . Thus, ALL-like regi-
mens have improved CR rates and survival out-
comes among adult patients with LBL as in 
pediatric patients.  

 Intensi fi cation of induction/consolidation che-
motherapy of LBL is expected to improve results. 
Incorporation of asparaginase, repeated cycles of 
systemic methotrexate, and nucleoside analogs 
like nelarabine may be expected to improve 
response and survival among patients with LBL 
provided regimen related toxicities do not limit 
escalation of therapy.  

   Autologous Stem Cell Transplantation 

 Autologous stem cell transplant (auto-SCT) has 
been pursued as part of induction/consolidation 
chemotherapy or as salvage for relapsed disease. 
A retrospective analysis of 214 patients with LBL 
who underwent auto-SCT and registered in the 
Lymphoma registry of the European Group for 
Bone Marrow Transplantation (EBMT) showed 
that patients transplanted in  fi rst CR had a 6-year 
actuarial overall survival of 63 % compared with 
15 % for those with resistant disease at the time 
of transplantation and 31 % for transplantation in 
second CR  [  74  ] . About half the patients included 
in this report received auto-SCT in  fi rst CR. 
Though the survival data from this study appears 
to be better compared to historical data with che-
motherapy for patients beyond  fi rst CR, the role 
of auto-SCT at  fi rst CR could not be con fi rmed. 
The EBMT and United Kingdom Lymphoma 
Group undertook a randomized trial of auto-SCT 

versus conventional-dose consolidation and 
maintenance chemotherapy as postremission 
therapy in adults with lymphoblastic lymphoma 
in  fi rst CR  [  75  ]  (Table  15.3 ). One hundred nine-
teen patients were entered onto this prospective 
randomized trial; 98 patients were eligible for 
randomization and only 65 were randomized. 
The use of auto-SCT in adults with lymphoblas-
tic lymphoma in  fi rst remission produced a trend 
for improved relapse-free survival ( P  = .065) but 
did not improve overall survival ( P  = .71) com-
pared with conventional-dose therapy.  

 The T-LBL/ALL-GOELAL02 study ran-
domized patients with T-LBL to reinduction 
chemotherapy or intensi fi ed conditioning fol-
lowed by auto-SCT, after an induction regimen 
of the type used for ALL  [  76  ] . While good-risk 
patients were randomized, patients with poor-
risk disease (bone marrow involvement and age 
over 35 years old or leukocytosis >30 × 10 9 /L 
or failure to achieve marrow remission after 
one induction course)received a second induc-
tion course and auto-SCT. No differences in OS 
were observed between good-risk and high-risk 
groups; among the good-risk group, no differ-
ences in OS were noted between chemotherapy 
and auto-SCT.  

   Allogeneic Stem Cell Transplantation 

 A retrospective review of 62 patients (30 under-
went SCT, auto-SCT = 18, allo-SCT = 12) treated 
with ALL or NHL-like regimens suggested that 
patients undergoing allogeneic stem cell trans-
plantation (allo-SCT) had a trend to better OS 
 [  77  ] . Levine et al.  [  78  ]  carried out a retrospective 
review of 204 patients who underwent autolo-
gous (auto,  n  = 128) or HLA-identical sibling 
(allo,  n  = 76) SC transplantations from 1989 to 
1998 and were reported to the International Bone 
Marrow Transplant Registry (IBMTR) or 
Autologous Blood and Marrow Transplant 
Registry (ABMTR). According to this analysis, 
allo-SCT did not provide any survival bene fi t 
even though relapses were less frequent in the all-
SCT group. As reported in other studies, SCT in 
 fi rst CR was associated with better survival. 
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 In summary, the role of auto or allo-SCT in 
patients with LBL in  fi rst CR is not de fi ned. 
Patients with high-risk disease may bene fi t from 
SCT in  fi rst CR, but this needs to be con fi rmed. 
Among patients with refractory or relapsed dis-
ease, SCT may offer better outcome than conven-
tional chemotherapy alone.  

   Radiation Therapy 

   Cranial Radiation 

 The non-Hodgkin’s Lymphoma-Berlin-Frankfurt-
Munster (NHL-BFM) 95 trial tested the need for 
prophylactic cranial radiation therapy (PCRT) by 
excluding PCRT among patients with CNS-
negative stage III/IV LBL who respond well to 
induction therapy  [  79  ] . The historical control 
group was comprised of the patients enrolled in 
combined trials NHL-BFM90 and NHL-BFM86; 
both trials included PCRT and treatment regi-
mens were identical to NHL-BFM 95 except for 
the amount of l-asparaginase and daunorubicin 
during induction. Among patients with stage III/
IV LBL and good response to induction, exclu-
sion of PCRT did not result in inferior DFS. 

 Among trials in adult patients incorporating 
ALL-like regimens  [  11,   54  ] , CNS prophylaxis in 
the GMALL trial included PCRT and IT chemo-
therapy, while the MD Anderson Cancer Center 
trial included IT chemotherapy alone. Isolated CNS 
relapse rates were 2–3 % in these trials. It appears 
that early institution of CNS prophylaxis with IT 
chemotherapy may be suf fi cient particularly if an 
ALL-like therapy is pursued. Incorporation of 
high-dose methotrexate and cytarabine in induc-
tion/consolidation regimen also potentially obvi-
ates the need for PCRT.  

   Mediastinal Radiation 

 Mediastinal radiation is used as part of LBL ther-
apy in two settings: all patients presenting with 
mediastinal disease or patients with residual mass 
after induction/consolidation. The need for medi-
astinal radiation among children with LBL is 

questionable. Among children treated with an 
ALL-like BFM regimen  [  69  ] , mediastinal relapse 
was only 7 % despite the fact that mediastinal 
radiation was not administered, even to patients 
with mediastinal involvement at presentation. 
Residual mediastinal masses that were resected 
were all necrotic. The use of high-dose metho-
trexate as part of “extra-compartment M phase” 
therapy as used in pediatric BFM regimens, 
repeated doses of anthracycline, and use of cyclo-
phosphamide in reinduction therapy for stage III/
IV disease likely contributed to the low incidence 
of mediastinal relapse. 

 Among adults, the mediastinum is one of the 
most frequent sites of relapse. Both in the GMALL 
study  [  54  ]  and the MD Anderson study  [  11  ] , 
approximately 10–15 % of patients relapsed in the 
mediastinum (about 50 % of all relapses) despite 
the use of mediastinal radiation as part of initial 
therapy. A summary of the MD Anderson experi-
ence among patients treated with Hyper-CVAD or 
a CVAD regimen suggested bene fi t from using 
26–39 Gy of mediastinal radiation  [  80  ] . The use 
of high-dose methotrexate, particularly at the 
doses used in the pediatric protocols, is uncom-
mon in adults due to potential nephrotoxicity. On 
the other hand incorporation of asparaginase and 
nelarabine into induction/consolidation may 
reduce the incidence of mediastinal relapse.   

   Minimal Residual Disease 

 Minimal residual disease (MRD) detection in 
ALL can be carried out by three methods: (1) 
multiparameter  fl ow cytometric immunopheno-
typing, (2) real-time quantitative polymerase 
chain reaction (RQ-PCR)-based detection of 
fusion gene transcripts or breakpoints, and (3) 
RQ-PCR-based detection of clonal immunoglob-
ulin (Ig) and T-cell receptor (TCR) gene rear-
rangements. With immunophenotyping and 
RQ-PCR-based analysis of clonal gene rear-
rangements, MRD detection can be extended to 
80–90 % of patients with ALL and with sensitivi-
ties approaching (10 −3 –10 −4  to 10 −4 –10 −5 ). 

 As MRD positivity at end of induction is 
higher in adults and presence of MRD predicts 
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for relapse or a high-risk disease  [  57,   59,   60, 
  81,   82  ] , it is important to incorporate MRD eval-
uation in treatment of adult ALL. Prospective 
MRD monitoring of adult ALL has been carried 
out in a limited number of clinical trials, but a 
GMALL trial  [  58  ]  and a Northern Italy Leukemia 
Group (NILG) trial  [  56  ]  clearly show that risk 
strati fi cation based on MRD is clinically impor-
tant and may be used for therapeutic decisions. 

 No MRD evaluation of LBL in adults has been 
prospectively carried out. Moreover, as some 
patients with LBL will not have bone marrow or 
blood involvement, the value of MRD monitoring 
from bone marrow or blood samples may be ques-
tioned. On the other hand among children with 
T-LBL,  fl ow cytometric immunophenotyping 
using CD3+/TdT+T-LBL can detect the presence 
of T-LBL cells in the bone marrow from more than 
2/3 of cases including those with stage II/III dis-
ease, indicating the presence of disease dissemina-
tion at diagnosis  [  83  ] . Detection of T-LBL cells in 
marrow by multiparameter  fl ow cytometry allows 
for MRD monitoring during therapy.  

   Salvage Therapy 

 A Cancer and Leukemia Group B study (CALGB 
19801)  [  84  ]  demonstrated single-agent activity 
of nelarabine, a purine nucleoside analog, in adult 
patients with relapsed/refractory T-ALL/LBL 
(T-ALL = 26 patients, T-LBL = 13 patients). The 
ORR was 41 % (CR 31 %) and grade 3/4 neuro-
toxicities were encountered in 18 %. In a larger 
study of 126 patients  [  85  ] , the CR rate was 36 % 
with grade 3/4 neurotoxicity in 7 %. Autologous 
 [  74  ]  or allogeneic SCT following successful sal-
vage therapy can produce durable responses. 
Though front-line therapies are very successful 
in children, salvage outcomes are quite poor 
 [  86,   87  ]  and SCT offers better long-term  outcomes 
in this setting.  

   Conclusion 

 The issue of LBL being a separate entity from 
ALL is debatable. Nevertheless, the use of 
ALL-like therapy or intensi fi cation of NHL-
like therapies has improved outcomes in adult 

LBL. The role of radiation in cranial prophy-
laxis or mediastinal disease control is still 
evolving. Addition of nucleoside analogs, 
monoclonal antibodies, PI3k/Akt inhibitors, 
drugs targeting NOTCH1 activation, etc. is 
expected to improve outcome in LBL.      
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   Introduction 

 The risk of developing non-Hodgkin lymphoma 
(NHL) and Hodgkin lymphoma (HL) in human 
immunode fi ciency virus (HIV)-positive individu-
als has been estimated to be increased about 
respectively 200-fold and 20-fold compared to 
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  Abstract 

 Patients infected with human immunode fi ciency virus (HIV) are at greater 
risk of developing non-Hodgkin lymphoma (NHL) than the general popu-
lation. As highly active antiretroviral therapy became available, the sur-
vival of many NHL patients has become comparable to that of HIV-negative 
patients. In addition, Hodgkin lymphoma (HL) has become one of the 
most common cancers in this population. HIV-HL is a different entity 
from HL in HIV-negative subjects with a poorer prognosis that is associ-
ated with tumor subtype, Epstein-Barr virus (EBV) infection, and “B” 
symptoms. 

 This review considers the prognostic factors and new approaches to the 
treatment of patients with AIDS-related NHL and HL. Both developments 
can also be attributed to new treatment strategies, such as the use of effec-
tive infusional regimens, rituximab combinations, and also high-dose 
therapy with autologous stem cell transplantation. Functional imaging 
such as positron emission tomography and computed tomography (FDG-
PET) may help guide treatment strategy and minimize long-term toxicity. 
However, unresolved issues persist, such as the optimal therapy for patients 
with Burkitt ARL or central nervous system involvement.  

      AIDS-Related Lymphoma       

     Nicolas   Mounier        and    Michele   Spina        
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the general population. Whereas the decline of 
the incidence of AIDS-related lymphomas (ARL) 
has been noted since the development of highly 
active antiretroviral therapy (HAART), the inci-
dence of HL seems to remain relatively stable  [  1  ] . 
The aggressive presentation of HIV-related lym-
phomas in immunosuppressed patients raises the 
problem of the best therapeutic attitude: using 
more aggressive chemotherapies to reach com-
plete remission (CR) without increasing the risk 
of opportunist infections.  

   HIV Non-Hodgkin Lymphoma 

   Epidemiology and Pathology 

 According to the World Health Organization, 
ARL are divided into three categories:  fi rstly, 
lymphomas also occurring in immunocompetent 
patients, such as diffuse large B-cell lymphoma 
(DLBCL) (including centroblastic, immunoblas-
tic, and anaplastic variants) and Burkitt’s lym-
phoma (BL); secondly, lymphomas occurring 
more speci fi cally in HIV-infected patients, such 
as primary effusion lymphoma (PEL) and plas-
mablastic lymphoma (PBL); and thirdly, lym-
phomas also occurring in other immunode fi ciency 
states, such as the polymorphic or posttransplant 
lymphoproliferative disorders associated with 
HIV infection like B-cell lymphoma  [  2  ] . 

 Guiget et al. investigated the incidence of 
AIDS-de fi ning cancers by systematically testing 
78 models for each cancer  [  3  ] . The only model 
retained for non-Hodgkin lymphoma included 
current immunode fi ciency, current viral replica-
tion, and antiretroviral therapy. The relative risk 
(RR) of non-Hodgkin lymphoma increased as the 
CD4 cell count fell (RR = 4.9 for CD4 <200 cell/
mm 3 ; RR = 11.6 for CD4 <100 cell/mm 3 ) and viral 
replication rose (RR = 1.5 for viral load >10 4 ; 
RR = 2.9 for viral load >10 5 ). HAART during at 
least 6 months decreased that risk with a RR at 
0.8. Coinfection with HCV did not increase the 
risk of non-Hodgkin lymphoma, and the associa-
tions of non-Hodgkin lymphoma with the current 
CD4 cell count, viral load, and HAART were not 
modi fi ed. 

 Despite effective treatment of HIV infection, 
some patients still develop ARL. Gerard et al. 
analyzed 128 patients with HIV-associated NHL 
and undetectable plasma HIV-RNA, according to 
the duration of HIV suppression  [  4  ] . They found 
that NHL occurred mainly within the  fi rst 
18 months following HIV suppression. In the 83 
patients developing NHL after long-term HIV 
suppression, the level of CD4 cell count was 
higher (359 vs. 270 cell/mm 3 ,  p  < 0.02), but the 
association with EBV and the prognosis were 
similar to that observed in the remaining patients 
with recent HIV suppression. Recently, Landgren 
et al. found that the presence of elevated free light 
chain (FLC) levels, a marker of polyclonal B-cell 
activation, is a strong risk factor for ARL  [  5  ] . 
After matching 66 NHL patients with 225 
 lymphoma-free controls, they showed a dose– 
response pattern up to 2–5 years before diagnosis 
(e.g., NHL risk 8.13-fold higher with FLC 
 concentration at least 2.00 times the upper limit 
of normal compared with normal levels). In 
 contrast, IgG, IgM, and IgA levels were similar 
in NHL patients and controls.  

   Prognostic Factors 

 In the post-HAART era, the median overall sur-
vival (OS) increased from 6 months to 4 years, 
similarly to HIV-negative patients with aggres-
sive lymphoma. From now on, lymphoma-related 
factors like the achievement of complete remis-
sion or a high International Prognostic Index 
(IPI) score have a stronger impact on survival 
than factors associated with the underlying HIV 
infection. Consequently the IPI score (age, dis-
ease stage, extranodal involvement, performance 
status, LDH levels) is the most discriminating 
negative prognostic factor in patients with ARL, 
together with Burkitt subtype  [  6–  8  ] . 

 At the present time, large-scale gene expres-
sion pro fi ling (GEP), however, has led to the rec-
ognition of new subtypes of DLBCL  [  9  ] . Though 
still retaining the histological description of a 
neoplasm of large B lymphoid cells with a dif-
fuse growth pattern, DLBCL can now be subdi-
vided into diseases that arise from B cells at 
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different stages of differentiation with distinc-
tive molecular characteristics, so-called the ger-
minal center B-cell-like (GCB) and activated 
B-cell-like (ABC) molecular subgroups. Genes 
associated with GCB DLBCL included known 
markers of germinal center differentiation such 
as CD10 and the bcl-6 gene. In contrast, most 
genes that de fi ned ABC DLBCL were not 
expressed by normal germinal center B cells, but 
instead were induced during in vitro activation 
of peripheral B cells such as cyclin D2 and 
CD44. These results suggested that GCB 
DLBCL appears to arise from germinal center B 
cells, whereas ABC DLBCL likely arises from 
post-germinal center B cells that are blocked 
during plasmacytic differentiation. Moreover, 
Dunleavy et al. recently showed that, among 
ARL, only the tumor histogenesis was associ-
ated with lymphoma-speci fi c outcome with 
95 % of germinal center B-cell (GCB) versus 
44 % of non-GCB DLBCL progression-free sur-
vival (PFS) at 5 years  [  10  ] . 

 For lymphomas occurring more speci fi cally in 
HIV-infected, such as primary effusion lym-
phoma and plasmablastic lymphoma, data are 
very scarce. 

 PEL is a rare high-grade B-cell non-Hodgkin’s 
lymphoma associated with Kaposi sarcoma-asso-
ciated herpesvirus/human herpesvirus 8 (KSHV/
HHV-8) infections. The prognosis is poor, with 
reported median OS shorter than 1 year. Based on 
a retrospective series of 28 patients, Boulanger 
et al. identi fi ed two prognostic factors as being 
independently associated with impaired clinical 
outcome: poor performance status and the 
absence of HAART before PEL diagnosis  [  11  ] . 

 PBL is a distinct variant of diffuse large 
B-cell lymphoma (DLBCL). Pathologically, 
PBL lacks expression of CD20 but, because of 
its plasmacytic differentiation, expresses plasma 
cell markers such as CD38, CD138, or MUM1 
(multiple myeloma oncogene 1). The clinical 
course of PBL is characteristically aggressive, 
with a reported median OS around 1 year. Recent 
literature review has been provided by Castillo 
et al.  [  12  ] . They reported that advanced stage and 
failure to achieve remission were independent 
adverse prognostic factors. 

 Finally, HIV infection has also been associ-
ated with an increased risk of developing various 
types of malignancies, including low-grade lym-
phomas or aggressive peripheral T-cell lympho-
mas (PTCL)  [  12,   13  ] . However, this is a rare 
occurrence with no more than a 100 cases reported 
in the literature. Recently, Castillo et al. reported 
on 51 PTCL patients: the most common subtypes 
were PTCL unspeci fi ed (61 %) and anaplastic 
large cell lymphoma (ALCL, 22 %)  [  12  ] . None 
of the ALCL patients tested expressed ALK. The 
median OS was 12 months. In the multivariate 
survival analysis, the use of HAART and patients’ 
performance status were independent adverse 
prognostic factors.  

   Chemotherapy for DLBCL 

 In recent years, the introduction of rituximab has 
signi fi cantly improved the survival of people with 
DLBCL in the general population as compared 
with patients receiving CHOP alone  [  14  ] . Based 
on these data, several authors have explored the 
feasibility and effectiveness of rituximab in com-
bination with chemotherapy in patients with ARL 
(Table  16.1 )  [  8,   15–  18  ] . The  fi rst trial took place 
in France and used rituximab + CHOP in combi-
nation to treat 61 patients. A 77 % CR rate was 
reported. After a median follow-up of 33 months, 
2-year OS was 75 % and PFS was 69 %  [  15  ] . 

   Table 16.1    Chemotherapy combined with rituximab for 
non-Hodgkin lymphoma   

 Authors  Chemotherapy 
 Sample 
size  CR (%) 

 2-year 
OS (%) 

 Boue 
et al.  [  15  ]  

 R-CHOP  61  77  75 

 Ribera 
et al.  [  16  ]  

 R-CHOP  81  69  56 

 Kaplan 
et al.  [  17  ]  

 R-CHOP  99  55  55 

 Spina 
et al.  [  8  ]  

 R-CDE  74  70  64 

 Sparano 
et al.  [  18  ]  

 R-EPOCH  106  73  70 

   R-CHOP  Rituximab, Cyclophosphamide, Adriamycin, 
Vincristine, Prednisone,  R-CDE  Rituximab, 
Cyclophosphamide, Doxorubicine, Etoposide,  R-EPOCH  
Rituximab, Etoposide, Prednisolone, Vincristine, Cyclo-
phosphamide, Doxorubicin  
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A phase II study was performed in Spain using 
the same treatment regimen. Out of 60 patients 
the following rates were achieved: CR 69 % and 
3-year OS 56 %  [  16  ] . Severe (grade 3–4) neu-
tropenia is a common complication of rituximab 
chemotherapy, occurring in 33–78 % of patients 
 [  8,   17  ] . Consequently, the use of G-CSF support 
and opportunistic infection prophylaxis are man-
datory during rituximab-based chemotherapy. 
Presently, caution in the use of rituximab, espe-
cially in patients with CD4 counts <50/ m [mu]L, 
is advocated  [  17  ] . However, the bene fi t of ritux-
imab for tumor control should not be underesti-
mated  [  19  ] .  

 Continuous infusional chemotherapy is an 
alternative regimen in ARL. Little et al. performed 
a study with the new continuous infusional “dose-
modi fi ed” EPOCH (etoposide, prednisolone, 
vincristine, cyclophosphamide, doxorubicin) 
regimen to treat good-prognosis patients (median 
CD4 >200 cell/mm 3 )  [  20  ] . Results are very sat-
isfactory both in terms of CR (74 %) and 4-year 
OS (60 %). Recently Sparano et al. showed the 
increase ef fi cacy of EPOCH combined to ritux-
imab with a CR rate of 73 % and 2-year OS and 
PFS rates of 70 and 66 %, respectively  [  18  ] . 

 The Italian Cooperative Group on AIDS and 
Tumors (GICAT) performed a study on the 
administration of rituximab and infusional CDE 
every 4 weeks for a total of 6 cycles with con-
comitant HAART. Totally 74 patients were 
enrolled and 70 % reached CR. Non-opportunistic 
infections developed in 23 % of the patients 
 during neutropenia; 14 % of the patients were 
diagnosed with AIDS-de fi ning opportunistic 
infections during chemotherapy or in the  fi rst 
3 months after conclusion of the treatment plan. 
Again, results are very satisfactory in term of 
2-year OS (62 %) and PFS (86 %)  [  8  ] .  

   Chemotherapy for Other Subtypes 
of ARL 

 Burkitt lymphoma (BL) is a full- fl edged entity 
which has been considered as a more aggres-
sive tumor than DLBCL. Galicier et al. evaluated 
an intensive chemotherapy regimen (LMB86) 

for 63 patients with St Jude stage IV AIDS-
related Burkitt  [  21  ] . The estimate 2-year OS 
and DFS were 47 and 68 %, respectively. Two 
poor- prognosis factors were identi fi ed: low CD4 
count (<200 cell/mm 3 ) and ECOG performance 
 status more than 2. Patients with 0 or 1 factor 
had good outcome (2-year OS at 60 %) contrast-
ing with patients with 2 factors (2-year OS at 
12 %). Consequently some studies performed the 
 feasibility of intensive aggressive chemotherapy 
regimens (i.e., CODOX-M/IVAC or PETHEMA-
LAL3/97), which are usually used in the  treatment 
of BL in the general population  [  22  ] . The results 
of investigations reported a 63–68 % CR rate, 
a 46–60 % PFS at 2 years, and the same toxic-
ity as in the general population, which con fi rms 
the feasibility of the above regimens also in HIV 
 setting  [  23  ] . Very recent results with combination 
of CODOX-M/IVAC to rituximab are encourag-
ing (2-year OS 73 %). In patients not candidate 
to such intensive chemotherapy, the R-EPOCH 
seems to be a good alternative  [  18  ] . 

 Turning to lymphomas which occurred more 
speci fi cally in HIV-infected (such as PEL or 
PBL), no speci fi c treatment regimen has been 
recommended. Apart from exceptional reports of 
antiretroviral therapy-induced response, only few 
patients achieved CR. Impaired clinical condi-
tion and severe immunode fi ciency enhanced the 
chemotherapy toxicity and increased the risk of 
treatment-related mortality. For PEL treatment, 
some cases of CHOP-induced remission have 
been reported in patients simultaneously treated 
with HAART  [  11  ] . In addition, several precau-
tions are then required to avoid severe toxicities, 
especially in a context of severe hypoalbumin-
emia and abundant effusions. When clinical con-
dition or visceral failures hamper chemotherapy 
use, interferon alfa might represent an alternative. 
For PBL the prognosis is strongly associated with 
achieving a complete clinical response to CHOP 
or CHOP-like chemotherapy  [  24  ] . The role of 
more intensive regimens is currently unclear. 
Further research is needed to improve responses 
using novel therapeutic agents and strategies. 

 Lymphoma progression is the leading cause of 
death in 35–55 % of the patients with HIV-NHL 
receiving chemotherapy, of whom around half 
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need second-line chemotherapy following pro-
gression or relapse of the disease. As ARL 
patients can bene fi t from the same  fi rst-line treat-
ment than non-HIV, the high-dose chemotherapy 
followed by autologous stem cell transplantation 
(ASCT) was also investigated within the relapse/
refractory framework  [  25  ] . Recently, Diez-Martin 
et al. performed a retrospective study to compare 
the survival between HIV-positive and HIV-
negative lymphomas for patients who undergo 
ASCT  [  26  ] . They showed similar rates of relapse, 
OS, and PFS in both cohorts. Consequently, since 
the HAART era, HIV patients should be consid-
ered within the same criteria rate for ASCT as 
HIV-negative lymphomas.   

   HIV Hodgkin Lymphoma 

   Epidemiology and Pathology 

 The relative risk of HIV patients to develop a HL 
is higher than that of the general population 
 ranging from 5 to 25-fold, with an increase in 
incidence of this disease in the post-HAART era 
 [  27,   28  ] . According to Powles et al., HAART is 
associated with an increased risk of disease (stan-
dardized incidence ratios (SIR) 2.67)  [  29  ] . This 
might be explained because the risk of HL peaks 
when CD4 counts range from 150 to 199 CD4 
cells/ m [mu]L, as reported by Biggar et al.  [  30  ] . 
As the overall effect of HAART is to increase the 
CD4 count level, it paradoxically increases HL 
incidence, leading to speculate that, with severe 
immunosuppression, the cellular background 
surrounding the Reed-Sternberg tumoral cells 
may be altered. However, this pattern disappeared 
in a sensitivity analysis censoring follow-up 
when a serious AIDS-de fi ning event was diag-
nosed, and then, the relation between CD4 cell 
count and incidence of Hodgkin’s lymphoma was 
linear. This  fi nding might indicate that serious 
AIDS-de fi ning events and Hodgkin’s lymphoma 
are competing risks at very low CD4 cell counts 
 [  3  ] . In contrast to HL of the general population, a 
high frequency of EBV association has been 
shown in HL (80–100 %) tissues from HIV-
infected people  [  31,   32  ] . The elevated frequency 

of EBV association with HIV-HL indicates that 
EBV probably does represent a relevant factor 
involved in the pathogenesis of HIV-HL. 

 The Italian series demonstrated that  [  33  ]  
HIV-infected patients are more likely to present 
with an unfavorable histologic subtype than non-
HIV-infected patients (mixed cellularity (MC) 
and lymphocyte-depleted (LD) were generally 
observed in the second peak of incidence in older 
HIV-negative patients, whereas the nodular scle-
rosis (NS) subtype predominates in young adults 
without HIV), “B” symptoms (i.e., fever, night 
sweats, and/or weight loss more than 10 % of the 
normal body weight), advanced-stage disease, or 
extranodal disease. Bone marrow involvement 
can be found in more than 50 % of patients in 
certain series and may be the initial feature at 
diagnosis in 20 % of cases, so that bone marrow 
biopsy is mandatory  [  34  ] .  

   Prognostic Factors 

 The classical prognostic criteria of the general 
population, such as stage, bone marrow involve-
ment, bulky disease, B symptoms, and high 
erythrocyte sedimentation rate, are applicable in 
the HIV setting  [  35,   36  ] . Recently, Spina et al. 
reanalyzed a European series on 596 patients 
 [  37  ] . In comparison, patients which have never 
been treated by HAART, patients in HAART 
before the onset of HL are older, have less 
extranodal involvement (in particular liver and 
spleen), less B symptoms, a higher leukocyte, 
neutrophil count, and hemoglobin level, higher 
CD4 cell count, and fewer patients with detect-
able HIV viral load. It demonstrated the positive 
impact of the use of HAART (hazard ratio (HR) 
2.27,  p  = 0.01). Moreover, multivariate analy-
sis con fi rmed that the so-called International 
Prognostic Score (IPS) (HR 1.57,  p  = 0.02) and a 
number of CD4 cell count higher than 200/ m [mu]
L (HR 1.43,  p  = 0.04) were predictive for treat-
ment failure. A similar study, carried out within 
the Spanish group GESIDA, observed that the 
median OS was not reached in HAART group and 
was 39 months in no-HAART group ( p  = 0.0089); 
the median disease-free survival (DFS) was not 
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reached in HAART group and was 85 months in 
no-HAART group ( p  = 0.129). Factors indepen-
dently associated with CR were a CD4 cell count 
>100/ m [mu]L and the use of HAART. 

 In addition, Hoffman et al. reported that the 
response to HAART is a key point  [  38  ] . In fact, 
whereas the median OS in patients who did not 
respond to HAART was comparable with those 
reported in previous cohorts in the pre-HAART 
era (18.6 months), the median OS in patients that 
responded to HAART was not reached.  

   Chemotherapy 

 Even though HAART combined with conven-
tional chemotherapy regimens has yielded a 
strong effect on outcome in HIV-HL patients, 
treatment strategy still remains to be improved in 
order to increase OS (Table  16.2 )  [  39–  42  ] . The 
ABVD regimen (i.e., doxorubicin, bleomycin, 
vinblastine, dacarbazine, considered as the stan-
dard therapy for HL in the general population), 
plus HAART and G-CSF, produced encouraging 
results in terms of mortality rate (only 10 %), CR 
(87 %), and relapse (11 %), as reported by Xicoy 
et al.  [  39  ] . However, due to the aggressiveness of 
HIV-HL, two other regimens, BEACOPP (i.e., 
bleomycin, etoposide, doxorubicin, cyclophos-
phamide, vincristine, procarbazine, and predni-
sone) and Stanford V (i.e., mechlorethamione, 
doxorubicine, vinblastine, vincristine, bleomy-
cin, etoposide, and prednisone), were developed 
as alternative to ABVD. In the post-HAART era, 
they were tested in HIV-HL patients. Stanford V 
regimen plus G-CSF and concomitant HAART 
was reported by Spina et al.  [  40  ] . Of 59 patients 
with HIV-HL, 53 had an objective response: 48 
(81 %) achieved CR and 5 (8 %) achieved partial 
remission (PR) and 6 patients (10 %) progressed. 
With a median follow-up time of 17 months, 33 
(56 %) patients were alive and disease-free. Both 
have similar hematological toxicity (grade 3–4 
neutropenia in 78 and 75 % of patients, respec-
tively). BEACOPP regimen with concomitant 
HAART, reported by Hartman et al., showed that 
the CR rate was 100 %  [  41  ] . Overall, these stud-
ies suggest that more intensive regimen may be 

as effective in HIV-HL as it is in the HIV-negative 
population with HL, but, due to the treatment-
related toxicity, the question remains to de-esca-
late or to escalate.    

   Supportive Therapy and Follow-Up 

   Interactions Between Antineoplastic 
and Antiretroviral Therapies 

 The use of concomitant antineoplastic chemo-
therapy and HAART has proved to be feasible 
and effective in patients with HIV-related malig-
nancies; however, some interactions, pharma-
cokinetic or pharmacodynamic, between HAART 
and chemotherapy have to be considered. It can 
involve cumulated toxicity on the same organ (e.g., 
myelotoxicity such as severe anemia occurring in 
patients treated by zidovudine, neurotoxicity of 
stavudine associated with vincristine or vinblas-
tine) or toxicity by increase of the plasmatic rates 
of cytotoxic. Indeed, many drugs used in HAART 
regimens have the potential of causing drug inter-
actions as a result of their ability to either inhibit 
or induce the cytochrome P450 enzyme system. 
Since many antineoplastic drugs are also metabo-
lized by the CYP system, coadministration with 
HAART could result in either drug accumulation 
and possible toxicity or rapid drug metabolism 
and decreased ef fi cacy. Unfortunately, very lim-
ited prospective interaction data are available to 

   Table 16.2    Chemotherapy for Hodgkin lymphoma   

 Authors  Chemotherapy 
 Sample 
size  CR (%)  OS (%) 

 Spina 
et al.  [  40  ]  

 Standford V  56  81  51 
(3 years) 

 Hartmann 
et al.  [  41  ]  

 BEACOPP  12  100  75 
(3 years) 

 Spina 
et al.  [  42  ]  

 VEBEP  28  75  82 
(2 years) 

 Xicoy 
et al.  [  39  ]  

 ABVD  52  87  76 
(5 years) 

   Standford V  Doxorubicin, Mechloretamine, Etoposide, 
Vincristine, Bleomycin, Prednisone,  BEACOPP21  
“ baseline” Cyclophosphamide, Doxorubicin, Etoposide, 
Procarbazine, Prednisone, Bleomycin, Vincristine,  VEBEP  
Epirubicin, Cyclophosphamide, Vinorelbine, Bleomycin, 
Prednisone,  ABVD  Doxorubicin, Bleomycin, Vinblastine, 
Dacarbazine  
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safely guide the combined use of HAART and 
chemotherapy. Table  16.3  lists the potential drug 
interactions and therapeutic considerations of the 
antiretroviral agents used to treat ARL and the 
most common anticancer agents used in the treat-
ment of malignancies found in patients with HIV 
infection. For complete review, see the paper of 
Mounier et al.  [  43  ] .  

 The issue of timing of the administration of 
antiretroviral therapy in combination with 
 chemotherapy (concurrent with chemotherapy 
vs. after treatment) is still unsolved. To avoid 
 possible pharmacokinetic interactions between 
HAART and chemotherapy, Sparano et al. 
 omitted HAART during the administration of 
EPOCH regimen  fi n patients who were never pre-
viously treated with antiretroviral agents. 
However, a particular attention should be paid 
when deferring HAART therapy in all cases 
where the patient has a severe immune de fi ciency 
and/or the chemotherapy regimen used is very 
immunosuppressive. Clinicians must be vigilant 
about implementing infection prophylaxis and 
promptly recognizing, diagnosing, and treating 
bacterial, parasitic, fungal, and viral infections 
that may occur as consequence of therapy. 
Infection prophylaxis should be instituted in all 

NHL patients receiving chemotherapy, irrespec-
tive of their CD4 counts.  

   The Role of PET Scanning 

 Positron emission tomography using [18F]- 
 fl uoro-2-deoxy-D-glucose (FDG-PET) is now 
recognized as an important tool for staging and 
treatment response assessment in Hodgkin and 
non-Hodgkin lymphomas. Within the HIV frame-
work, some preliminary reports suggested FDG 
activity may also correlate with detectable lym-
phoma  [  10,   44,   45  ] . Although initial staging may 
not alter the treatment plan, it can provide addi-
tional information, assess possible involvement 
of critical location, and help to foresee and to 
avoid possible further complications. However, 
experience with PET scanning in the HIV-HL 
needs to be further studied. A baseline study is 
strongly mandatory, since early PET interpreta-
tion is based on a site-to-site comparison of FDG 
uptake both before and after chemotherapy. 

 PET imaging requires cautious reading and 
pertinent clinical correlation to avoid diagnos-
ing benign disease as malignant, such as hyper-
metabolic foci seen in lung or esophagus, which 

   Table 16.3    Antineoplastic agents active in ARL and interaction with antiviral drugs   

 Anticancer therapy 
 Primary isoforms that mediate 
biotransformation 

 Interaction with NNRTI drugs 
(CYP inducers) 

 Interaction with PI drugs 
(CYP inhibitors) 

 Alkylating agents 
 Cyclophosphamide  3A4,2B6, 2D6  ↑  _ 
 Ifosfamide  3A4  ↑  ↓ 

 Procarbazine  2B  _  ↓ 
 Dacarbazine  1A  ↑  ↓ 
 Mechlorethamine  Chemical transformation  _  _ 
 Anthracyclines 
 Doxorubicin  3A4  _  ↓ 
 Mitoxantrone  3A4  _  ↓ 
 Epipodophyllotoxins 
 Etoposide  3A4  ↓  ↑ 
 Bleomycin  Intracellular aminopeptidase  _  _ 
 Vinca alkaloids 
 Vinblastine  3A4  ↓  ↑ 
 Vincristine  3A4  ↓  ↑ 

   NNRTI  non-nucleoside reverse transcriptase inhibitors,  PI  protease inhibitors, ↑ interaction increases concentration of 
active metabolite, ↓ interaction decreases concentration of active metabolite; _ potential for interaction appears 
minimal  
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are common sites of HIV- or chemotherapy-
promoted infections. Nodal FDG uptake can be 
observed in lymphoma, various infections (e.g., 
Mycobacterium avium-intracellulare, Myco-
bacterium tuberculosis, Herpes simplex virus), 
and AIDS-related malignancies such as Kaposi 
sarcoma. In addition, stimulation of bone mar-
row following treatment with G-CSF induces 
a striking increase in FDG uptake in bone 
marrow. Moreover, to take into account the 
possibility of minimal residual uptake, a semi-
quantitative approach has recently been proposed 
for interim PET interpretation in the context of 
an international protocol for advanced-stage HL 
(Table  16.4 )  [  46  ] .  

 Finally, PET/CT is useful for an accurate ini-
tial staging. On the other hand, we also recom-
mend PET/CT to monitor treatment response, 
because PET/CT appears to have a prognostic 
value, since a negative scan always seem associ-
ated with a favorable outcome. Signi fi cance of 
residual uptake at sites of disease, however, needs 
further evaluation (e.g., biopsy). Nevertheless, 
the use of FDG-PET in the follow-up of HL 
patients who achieved CR cannot routinely rec-
ommend and further studies are warranted prior 
to any de fi nite conclusion.   

   Conclusion 

 HIV lymphoma is a singular entity within 
lymphomas. The various studies demonstrated 
that these lymphomas could be treated by 
the standard protocols used in non-HIV 
 lymphomas (i.e., R-CHOP for non-Hodgkin 
lymphomas and ABVD for Hodgkin lympho-

mas) provided that HAART and adequate sup-
portive therapy and anti-infectious prophylaxis 
are given concomitantly. Improvement in the 
response to HAART is essential to achieve 
maximum bene fi ts from the chemotherapy. 
Finally, due to the aggressiveness of the dis-
ease, more effective antineoplastic regimens, 
such as high-dose chemotherapy with ASCT, 
should be considered in therapeutic trials to 
improve the CR rate and OS of these patients.      
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   Introduction 

 The incidence of PTLD is approximately 1 % but 
varies widely depending on the type of transplant, 
the type of immunosuppression, and host factors 
 [  1–  3  ] . PTLD is more common in pediatric than 
adult SOT recipients, which mirrors the increased 
risk of PTLD in EBV-seronegative transplant 
recipients. The highest incidences are seen in 
small bowel transplant recipients, followed by 
dual-organ, lung, and heart SOT patients, with 
renal transplant patients having the lowest rates 
of PTLD  [  1  ] . In HSCT, the incidence varies as a 
function of the kinds of graft manipulation and 
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  Abstract 

 PTLDs are a heterogeneous group of diseases ranging from reactive hyper-
plasia to malignant lymphoma that occur in patients after solid organ 
transplantation (SOT) and hematopoietic stem cell transplantation (HSCT). 
PTLD can occur anywhere from weeks to decades after transplantation. 
Most are Epstein-Barr virus (EBV)-positive. In at least some instances, 
EBV gene expression appears to drive the lymphoproliferation in an envi-
ronment of decreased cell-mediated immunity. Treatment may include 
reducing or changing immunosuppression, rituximab, adoptive T-cell 
therapy, or cytotoxic chemotherapy. Judicious selection of immunosup-
pressive agents, early intervention with rituximab, or utilization of EBV-
targeted therapies is a promising prevention strategy.  
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graft-versus-host disease (GVHD) prophylaxis 
undertaken. 

 Most PTLDs are of B-cell origin  [  1  ] . Greater 
than 75 % of the tumors that arise within the  fi rst 
year posttransplantation are EBV positive, while 
the PTLDs occurring many years after transplan-
tation are typically EBV negative  [  4  ] . Extranodal 
involvement occurs in 70–90 % of patients and 
one third will have involvement of the trans-
planted organ  [  1,   5–  7  ] . A broad spectrum of viral 
latency genes is often expressed including those 
that drive proliferation. Present evidence sug-
gests that lymphomagenesis re fl ects a failure of 
cellular immune responses against the virus-in-
fected cells, at least in part as a consequence of 
immunosuppressive drugs  [  8–  11  ] . The occur-
rence of EBV-negative PTLD suggests that other 
less well-characterized factors also contribute to 
PTLD pathogenesis  [  12,   13  ] . 

 The World Health Organization (WHO) has 
divided PTLDs pathologically into the four sub-
categories: early lesions, polymorphic PTLD, 
monomorphic PTLD, and classical Hodgkin 
lymphoma-type PTLD  [  14  ] . Indolent lymphomas 
such as follicular lymphoma are not classi fi ed as 
PTLD tumors. 

 Primary central nervous system PTLD (PCNS-
PTLD) accounted for approximately 10 % of 
PTLD in early reports  [  15  ]  but is likely <1 % 
based on more recent reports  [  16  ] . Over 90 % of 
PCNS-PTLDs are EBV positive  [  17  ]  and they 
tend to present with parenchymal rather than lep-
tomeningeal involvement  [  16  ] .  

   PTLD Subtypes 

 Early lesions, including plasmacytic hyperplasia 
and infectious mononucleosis-like PTLD, are 
seen within weeks to months of transplantation 
and present as a mononucleosis-like illness with 
lymphadenopathy or oropharyngeal involve-
ment, typically in EBV-seronegative patients 
who received organs from EBV-seropositive 
donors  [  9  ] . These lesions have preserved archi-
tecture with little cellular atypia. They are poly-
clonal, lack cytogenetic abnormalities, and are 
always EBV-associated  [  18  ] . 

 Polymorphic PTLD tumors are comprised of a 
heterogeneous population of cells, including 
plasma cells, immunoblasts, and histiocytes. 
Cellular atypia with a post-germinal center phe-
notype is seen  [  19  ] . Clonal immunoglobulin gene 
rearrangements and EBV association are usual; 
cytogenetic abnormalities are present in 20 % of 
polymorphic tumors  [  12,   20  ] . 

 Monomorphic PTLD tumors are comprised of a 
homogenous, monoclonal population of lympho-
cytes and are further classi fi ed based on the patho-
logical criteria for non-Hodgkin lymphomas (NHL). 
Most commonly, monomorphic PTLDs resemble 
diffuse large B-cell lymphoma, although lesions 
meeting pathological criteria for Burkitt lymphoma, 
plasma cell myeloma, or plasmacytoma can also 
occur  [  20  ] . Cytogenetic abnormalities are seen in 
over 70 % of monomorphic tumors and genetic 
changes associated with aberrant somatic hypermu-
tation are also common  [  12,   13,   18  ] . Most EBV-
negative PTLDs are of the monomorphic subtype. 
NK/T-cell lesions are rare and are always mono-
morphic, monoclonal, and of late onset  [  21  ] . 
Hodgkin lymphoma-type PTLD typically occurs 
many years after transplantation, exhibits the stan-
dard features of classic Hodgkin lymphoma, and is 
nearly always EBV positive  [  20  ] .  

   Pathogenesis 

 Early and polymorphic lesions typically develop 
within days to months of transplantation, while 
monomorphic lymphoma and particularly Hodgkin 
lymphoma to develop late, occurring months to 
years after transplantation. PTLDs occurring within 
months of transplantation are almost always EBV 
positive, while late lesions are more variably EBV-
associated  [  7,   19  ] . EBV negative comprises 
20–40 % of all PTLDs, with most of these occur-
ring years after transplantation  [  12,   22  ] . The major-
ity of NK/T-cell PTLDs are EBV negative, although 
20–30 % are EBV-associated  [  21,   23  ] . The patho-
genesis of EBV-negative PTLD is very poorly 
understood. Some have suggested that unidenti fi ed 
viruses may play a role, while others believe that 
chronic in fl ammation and immune dysregulation 
are likely to explain the pathogenesis.  
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   Risk Factors for the Development 
of PTLD 

 In SOT, one of the greatest risk factors for devel-
oping PTLD is EBV seronegativity of the recipi-
ent at the time of transplantation, as these patients 
are at risk for developing primary EBV infection 
while immunosuppressed posttransplantation 
 [  24  ] . The incidence of PTLD is higher in pediat-
ric transplantation patients likely for this reason. 
EBV-seronegative recipients of organs from 
EBV-seropositive donors are at the highest risk 
 [  6,   25  ] . After SOT, tumors predominantly arise in 
host B lymphocytes. 

 In HSCT patients, the risk factors for develop-
ing PTLD are somewhat different. The type of 
graft manipulation and the approach to GVHD 
prophylaxis are both important factors, highlight-
ing the role of T-cell depletion in PTLD patho-
genesis  [  26  ] . HSCT patients that receive 
unmanipulated marrow or stem cells from HLA-
matched related donors have rates of PTLD of 
1 % or less  [  9  ] , while patients with T-cell-depleted 
grafts have rates of PTLD 15-fold higher. Of 
note, patients who receive grafts that undergo 
nonselective T- and B-cell depletion have a risk 
of PTLD similar to unmanipulated grafts  [  27–  29  ] . 
The use of anti-thymocyte globulin (ATG), either 
for GVHD prophylaxis or treatment, is also asso-
ciated with increased risk for PTLD in HSCT 
patients  [  27  ] . PTLD is typically an early compli-
cation of HSCT due to the unopposed donor 
B-cell proliferation in a T-cell-depleted environ-
ment and arises in donor B lymphocytes  [  9  ] . 
However, late PTLD arising in patients with 
chronic GVHD is well described  [  29  ] . 

 Immunomodulatory drugs play a key role in 
PTLD pathogenesis. With the introduction of the 
calcineurin inhibitor cyclosporine, the incidence of 
PTLD in SOT recipients increased  [  30  ] . With ther-
apeutic drug level monitoring and implementation 
of low-dose cyclosporine protocols, the rates of 
PTLD fell  [  31  ] . The immunosuppressive effects of 
tacrolimus are quite similar to those of cyclosporine 
and whether one agent is more likely to lead to 
PTLD remains controversial  [  2,   6,   32  ] . Comparison 
of regimens that do or do not include MMF has not 
identi fi ed any clear change in risk of PTLD  [  33  ] . 

 In contrast to the immunosuppressive agents 
above, the effects of rapamycin are much less well 
de fi ned. The mammalian target of rapamycin 
(mTOR) pathway is important in lymphocyte pro-
liferation in a variety of settings, including EBV-
associated tumors  [  34  ] . Rapamycin and other 
mTOR inhibitors have antineoplastic activity in 
several tumors, including Hodgkin and NHL, in 
clinical trials. It is worth noting that Kaposi’s sar-
coma (KS) in the posttransplantation setting 
resembles PTLD in many regards. Similar to 
PTLD, KS is associated with a gammaherpesvirus 
(Kaposi’s sarcoma herpesvirus also known as 
HHV-8) and will sometimes regress in response to 
reduction in immunosuppression. In a provocative 
report from Italy, 15 patients with posttransplanta-
tion KS had their immunosuppression changed 
from a calcineurin inhibitor-based regimen to 
rapamycin and, in every case, the tumor regressed 
 [  35  ] . The use of mTOR inhibitors in PTLD patients 
remains an area of active research and interest. 

 Monoclonal antibodies that selectively deplete 
T cells are associated with increased risk of 
PTLD. These include muromonab-CD3 (OKT3), 
ATG, and others  [  36,   37  ] . In contrast, alemtu-
zumab is associated with a much lower risk of 
PTLD or none at all, perhaps because it depletes 
B cells in parallel with T cells  [  38  ] .  

   Evaluation 

 The evaluation of a transplant patient with new 
lymphadenopathy or mass should include a prompt 
biopsy. When the tissue involved is the trans-
planted organ, PTLD must be histologically dif-
ferentiated from graft rejection. EBER in situ 
hybridization and CD20 staining should be per-
formed on tissue specimens. The patient’s immu-
nosuppressive regimen, performance status, and 
organ function should be assessed. Positive EBV 
viral load assays by PCR may increase the index 
of suspicion for PTLD, but are often dif fi cult to 
interpret and should not replace diagnostic biopsy. 
With the diagnosis of PTLD, PET/CT of the chest, 
abdomen, and pelvis should be performed, as well 
as brain imaging (CT or MRI), diagnostic lumbar 
puncture, and bone marrow biopsy in some cases.  
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   Prognostic Factors 

 The prognosis for patients with PTLD has steadily 
improved, with overall survival approximating 
70 % in some series  [  4,   39  ] . As with most can-
cers, poor performance status predicts inferior 
outcomes  [  40  ] , as does advanced stage disease 
and higher International Prognosis Index scores 
 [  4,   6,   41  ] . CNS involvement consistently por-
tends inferior survival  [  16,   40–  42  ] . T-cell PTLDs 
tend to have poorer outcomes compared to those 
of B-cell origin  [  40  ] .  

   EBV Monitoring 

 EBV establishes lifelong infection in resting 
memory B cells. With sensitive PCR techniques, 
viral DNA is readily detected in the lymphocytes 
of most healthy seropositive people. There is 
considerable interindividual variation in the copy 
numbers of viral DNA in individual infected cells 
and variation in the frequency of infected cells. In 
immunocompromised populations, there are 
often higher proportions of infected cells and, in 
some cases, increased copy numbers of viral 
DNA per cell  [  43  ] . Therapies such as rituximab 
often eliminate most circulating memory B cells, 
including EBV-infected B cells. Following such 
therapy, the viral copy number in peripheral 
blood mononuclear cells (PBMCs) may therefore 
not be valuable for monitoring PTLD. Certainly, 
PTLD may progress in patients with no detect-
able EBV DNA in PBMCs. 

 Monitoring viral DNA in plasma is an alterna-
tive, although one must understand the sources of 
plasma viral DNA. In EBV-associated Hodgkin 
lymphoma (HL) and in nasopharyngeal carci-
noma (NPC), EBV copy number in plasma has 
proven useful as a tumor marker. The approach 
works well in NPC and is promising in HL 
because the viral DNA detected seems to be 
mainly tumor-derived  [  44,   45  ] . In contrast, in 
immunocompromised patients, the EBV DNA 
detected in plasma is commonly virion-packaged. 
While virion DNA may re fl ect immunocompro-
mise, it does not necessarily re fl ect PTLD tumor 
burden. In fact, patients can have high EBV copy 

number in plasma without any EBV-associated 
tumor  [  46  ] . A common misconception is that 
high EBV copy number in plasma indicates a role 
for acyclovir or ganciclovir. When the DNA 
detected is tumor-derived rather than virion-
packaged, these antiviral nucleoside analogues 
are not expected to impact copy number in any 
direct way. Plasma EBV copy number can be a 
function of tumor cells releasing cellular DNA in 
association with apoptosis and does not re fl ect 
the viral DNA polymerase-driven synthesis that 
is targeted by these agents. 

 Monitoring any of the measures of EBV DNA 
may be useful in raising the index of suspicion for 
PTLD. Such measurements in transplant patients 
may be useful as triggers for adjustment in immu-
nomodulatory drugs, preemptive treatment with 
rituximab, or initiation of T-cell therapy (dis-
cussed below). The particulars of the laboratory 
test being used (PBMCs, plasma, whole blood) 
should be considered in interpreting the results 
and cytotoxic chemotherapy should never be initi-
ated solely on the basis of these measurements.  

   Treatment 

 Treatment paradigms for PTLD need to consider 
both the risk of graft rejection and its conse-
quences, as well as the pace of tumor progression. 
Many have suggested a stepwise risk-strati fi ed 
treatment approach if the biology and location of 
the PTLD allows the time to do so  [  5,   47,   48  ] . 

 In general, the treatment of PTLD is focused 
on several maneuvers, including reduced immu-
nosuppression (RI), rituximab, EBV-speci fi c 
cytotoxic T-cell therapy, and systemic chemo-
therapy. There are select cases where surgery or 
involved  fi eld radiation have been successful. 
Table  17.1  outlines interventions that have been 
previously tried but that have little utility or 
unnecessary associated risks based on our cur-
rent understanding of PTLD. Table  17.2  dis-
cusses innovative strategies in PTLD treatment 
and the possible biologic factors behind their 
ef fi cacy.   

 Whereas there may be a rationale for antiviral 
agents such as ganciclovir in the prevention of 
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PTLD  [  25  ] , there is no established role in its 
treatment. In vitro, EBV-tumor cell lines are not 
inhibited in their growth by ganciclovir, and as a 
sole agent, ganciclovir is not active in the treat-
ment of EBV-associated malignancy.  

   Reduced Immunosuppression (RI) 

 The decision to reduce immunosuppression, as 
well as the degree to which to do so, must be bal-
anced against the risk of graft rejection, as well as 
the risk of GVHD in HSCT. Aggressive PTLD 
tumors can progress in the days to weeks it takes 
for RI to have any effect. Early lesions or poly-
clonal tumors occurring shortly after transplanta-
tion may respond to RI alone, but PTLDs 
occurring years after transplantation rarely 
respond to this approach  [  9  ] . 

 Some series report complete remission 
rates with RI alone approaching 75 %  [  49  ] , 
while others report that such successes are 

rare  [  5,   6,   17,   47  ] . It is clear that RI is effec-
tive in some circumstances, such as with early 
PTLD. However, RI carries with it the risk of 
graft rejection, which greatly impacts which 
patients are candidates for this approach. In 
making decisions about RI as a therapeutic 
maneuver, we believe it is worthwhile to con-
sider immunosuppressive agents individually. 

 There are some immunosuppressive agents for 
which there is little or no evidence that tapering or 
withdrawal is associated with tumor regression. 
Steroids, sirolimus, and cyclophosphamide are in 
this category. Steroids and cyclophosphamide are 
components of most chemotherapy regimens used 
in PTLD and are clearly active in a broad range of 
B-cell malignancies. If these agents are already 
part of the patient’s immunosuppressive regimen, 
there is little rationale for tapering them for PTLD 
management. Sirolimus is not a “standard” anti-
lymphoma agent, but closely related drugs are 
now being studied for the treatment of lymphoma. 
Thus, we would also be reluctant to taper  sirolimus. 

   Table 17.1    Interventions that may not be justi fi ed   

 Intervention  Arguments against  Associated drawbacks 

 CMV IVIG  Only anecdotal evidence. Randomized trials have 
failed to show bene fi t. May delay primary 
infection in EBV-seronegative recipients or 
reduce CMV-related immune dysfunction 

 Renal impairment 
 Risk of hematologic complications – 
DVT, hemolysis 
 Risk of aseptic meningitis 
 High cost 
 Limited supply 
 Volume load 
 Infusion reactions 

 Reduced 
immunosuppression 

 Graft rejection 
 GVHD (HSCT) 
 Some immunosuppressants have 
antitumor activity (steroids, mTOR 
inhibitors, cyclophosphamide) 

 Ganciclovir  Requires EBV lytic viral gene expression (not 
active in most PTLD tumor cells). 

 Marrow suppression 

 Only relevant to EBV+ tumors 
 Reduction of steroids  Steroids may be bene fi cial due to lympholytic 

activity. Steroids are components of most 
lymphoma chemotherapy regimens. 

 Risk of organ rejection 

 No evidence that steroids are the component of 
immunosuppression that leads to PTLD 

 Adrenal insuf fi ciency 

 Surgery  Ineffective for systemic disease  Surgery-related morbidity 
 Patients with localized disease may do better for 
reasons other than the surgery itself 

 Lesions may be inoperable or result in 
signi fi cant loss of organ function 
 Loss of allograft (nephrectomy) 
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Rather, in patients whose immunosuppressive 
regimens do not include sirolimus, we would con-
sider substituting the calcineurin inhibitor for 
sirolimus  [  50  ] . For renal transplant patients with-
out history of PTLD, a randomized controlled 
trial demonstrated that a change from a calcineu-
rin inhibitor-based regimen to a sirolimus-based 
regimen was associated with a lower rate of malig-
nancy at 2 years  [  51  ] . 

 In contrast, the withdrawal of agents such as cal-
cineurin inhibitors, methotrexate, mycophenolate 
mofetil, and azathioprine has been associated with 
PTLD tumor regression in retrospective reports. 
Tapering or stopping these agents should be consid-
ered,  fi rst weighing the risks of graft rejection and 
estimating the likelihood of response to RI.  

   Role of Surgery and Involved Field 
Radiation Therapy (IFRT) 

 For localized PTLD, successes have been seen 
with RI combined with IFRT or surgical resec-
tion  [  5,   6,   52  ] . In renal transplant patients, 
nephrectomy, and thus withdrawal of immu-
nosuppression, has been curative, although this 

is not a decision made lightly  [  53  ] . For PCNS-
PTLD, cranial radiation has been standard; expe-
rience with high-dose methotrexate, rituximab, 
or other chemotherapy is limited albeit encourag-
ing  [  16,   17,   41  ] . IFRT and RI may be of utility in 
patients with lesions such as localized, plasmacy-
toma-like PTLD  [  54  ] .  

   Rituximab 

 The advent of rituximab has changed the approach 
to PTLD, since most are CD20+ B-cell malignan-
cies. Rituximab spares some PTLD patients from 
more toxic systemic chemotherapy and may allow 
immunosuppressive drugs that prevent graft rejec-
tion to be continued  [  48  ] . Rituximab is well toler-
ated, although there are concerns about hepatitis B 
and C reactivation and decreased B-cell-mediated 
immune function. Prospective studies have shown 
the  fi rst-line use of weekly rituximab with RI to be 
effective in obtaining complete remissions in 
30–60 % of PTLD patients  [  39,   55,   56  ] . There is 
some evidence that EBV-negative tumors occur-
ring late after transplantation are less likely to 
respond to rituximab  [  56  ] , as well as evidence that 

   Table 17.2    Interventions that have biologic rationale   

 Intervention  Biologic rationale and potential bene fi ts 

 Combination chemotherapy  Cytotoxic therapy effective against clonally proliferating tumor cells 
 Systemic treatment for a systemic disease 
 Can be used in EBV-positive and EBV-negative PTLDs 

 Rituximab  Targets B cells, the reservoir for latent EBV. May improve ratio of EBV-speci fi c 
cytotoxic T cell to immortalized, proliferating EBV+ B cells 
 Known ef fi cacy in other CD20+ B-cell malignancies 
 No direct threat to transplanted organ 
 Minimal risk of infection or marrow suppression 
 Readily available 
 Generally well tolerated 
 Can be used in EBV-positive and EBV-negative PTLDs 

 Use of mTOR inhibitors  Can serve as immunosuppressant to prevent allograft rejection 
 Has antiproliferative properties that may target PTLD – mTOR pathways are 
activated in PTLD tumors. 
 Can be used in EBV-positive and EBV-negative PTLDs 
 Ef fi cacy as treatment for PTLD remains speculative 

 EBV-speci fi c cytotoxic T cells  Addresses the immune dysregulation (lack of T-cell control of EBV+ B-cell 
proliferation) that lies at the root of PTLD pathogenesis 
 Targeted therapy may limit need for other interventions with greater toxicities 
 No threat to transplanted organ 
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EBV positivity in the tumor predicts rituximab 
response  [  57  ] . Given the role of T-cell depletion 
and B-cell proliferation in PTLD pathogenesis, 
selectively targeting the B-cell compartment with 
rituximab and altering the T- to B-cell ratio makes 
biologic sense. Rituximab has likely contributed to 
the decrease in morbidity and mortality that has 
been seen in PTLD over recent years.  

   Combination Chemotherapy 

 Chemotherapy-related toxicities are of concern 
when choosing regimens for transplant patients 
with PTLD. Hematologic toxicities, such as neu-
tropenia, can result in serious complications in this 
population that is already quite vulnerable to infec-
tion. The potential toxicities to the transplanted 
organ are also factors to be considered when choos-
ing a chemotherapy regimen. For example, there is 
some evidence that allografted hearts may be more 
sensitive to anthracyclines than native hearts, show-
ing signs of cardiac toxicity well below the gener-
ally accepted threshold  [  52  ] . However, it is dif fi cult 
to parse out the degree to which continuing the 
patient’s immunosuppressive regimen, or even a 
fraction of the regimen, contributes to the infec-
tious, hematologic, and end-organ complications 
seen when chemotherapy is used in PTLD. 

 Several chemotherapy regimens have been 
effective in obtaining complete remissions in PTLD 
patients. ProMACE/CytaBOM has been used 
owing to its low anthracycline dose, particularly for 
cardiac transplantation patients or those with 
reduced cardiac ejection fractions  [  47,   52  ] . 
R-CHOP has proven to be effective in large series 
of PTLD patients  [  6  ] . Gentler regimens such as low 
doses of cyclophosphamide and prednisone have 
been successful in pediatric PTLD patients  [  58  ] .  

   Donor Lymphocyte Infusion (DLI) 

 For allogeneic HSCT recipients with PTLD, DLI 
has been used with success, even in aggressive 
subtypes  [  59  ] . DLI is now most typically used in 
combination with rituximab  [  60  ] . The major 
complication of DLI is GVHD.  

   EBV-Speci fi c T-Lymphocyte Infusion 

 Donor-derived EBV-speci fi c T cells are effective 
in preventing PTLD in high-risk HSCT settings 
and are often effective in treating PTLD  [  61  ] . In 
SOT patients, autologous EBV-speci fi c cytotoxic 
T cells have been used similarly, although contin-
ued immunosuppression to maintain solid organ 
grafts has limited the long-term persistence and 
expansion of these T cells. EBV-speci fi c cyto-
toxic T-cell lines engineered to be resistant to cal-
cineurin inhibitors are being investigated  [  62,   63  ] . 
Because over 90 % of the population has been 
exposed to EBV and mounted an immune 
response to the virus, healthy blood donors are a 
readily available source of EBV-speci fi c T cells. 
These healthy donor EBV-speci fi c T cells have 
been successfully used in SOT patients who 
developed PTLD, with HLA matching for donor 
selection  [  64  ] . Methods are being optimized to 
eliminate delays and reduce costs associated with 
the production of such cell lines, as well as to 
tailor the products to the tumor being treated  [  65  ] . 
We anticipate that such approaches will be more 
widely available in the near future.  

   HDAC Inhibitors and Antiviral 
Therapies 

 In a phase I/2 study, the combination of arginine 
butyrate, a HDAC inhibitor, and ganciclovir in 
patients with EBV-positive tumors, including 
patients with PTLD, led to regression of these 
tumors, which had been resistant to other therapies 
 [  66  ] . Whether arginine butyrate was functioning to 
upregulate viral kinases and sensitize tumor cells to 
ganciclovir or was exerting a direct anti-lymphoma 
effect is not clear. The role of HDAC inhibitors in 
PTLD treatment remains to be determined.  

   Prevention 

 Because EBV-seronegative patients who receive 
organs from EBV-seropositive donors are at the 
highest risk for PTLD, it would be attractive to 
select EBV-negative organ donors. However, 
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given the ubiquitous nature of EBV, this is not 
practical. An alternative approach is to vacci-
nate the seronegative recipient. Vaccines con-
sisting of the epitopes of several immunodominant 
viral latency proteins (“polytope”) appear prom-
ising but have not yet been clinically vetted. 
Also of interest are innovative approaches to 
transplantation, such as the coupling of SOT 
with HSCT from the same donor to reduce the 
need for long-term immunosuppression, which 
might dramatically change the incidence of 
PTLD overall  [  67  ] . 

 Optimization of immunosuppressive regi-
mens may prevent PTLD. Shortening the dura-
tion of immunosuppression may also reduce the 
incidence of PTLD. HLA-matched related donor 
allogeneic HSCT recipients can receive high-
dose cyclophosphamide treatment at days 3 and 
4 after transplant as their sole immunosuppres-
sion, thus decreasing the duration of posttrans-
plantation immunosuppression from months to 
days  [  68  ] . 

 Many centers have monitored blood EBV 
DNA levels in patients after transplantation in 
attempts to better de fi ne which patients are at 
high risk for developing PTLD  [  69–  71  ] . When 
faced with rising EBV DNA levels, some cen-
ters reduce the patient’s immunosuppression 
and initiate antiviral therapy  [  70,   71  ] . Preemptive 
rituximab infusions in the setting of rising EBV 
DNA levels have also been studied in HSCT 
patients, with promising results  [  72,   73  ] . Other 
centers administer EBV-speci fi c cytotoxic T 
cells in the setting of rising EBV viral loads, 
which appear to be remarkably effective in 
HSCT recipients  [  74  ] . 

 The role for antiviral prophylaxis with acy-
clovir, ganciclovir, or related antiviral nucleo-
side analogues in preventing EBV-associated 
PTLD is controversial. The argument in favor of 
antiviral prophylaxis presumes that by eliminat-
ing the production of infectious virions and thus 
new rounds of infection, it is possible to reduce 
the incidence of PTLD. The proposition has 
never been prospectively tested but has biologic 
plausibility, particularly in seronegative SOT 
recipients, and is supported by retrospective 
data  [  25  ] .  

   Future Directions 

 Many unanswered questions related to PTLD 
remain, with current research attempting to 
address many of these topics. More sophisticated 
approaches to EBV monitoring that distinguish 
virion DNA from infected cell DNA may prove 
bene fi cial as a guide to therapy. However, the 
optimal utilization to EBV monitoring (prophy-
laxis, vs. “preemptive” therapy based on rising 
EBV viral load in blood, vs. therapy for estab-
lished tumor) remains to be de fi ned. EBV-speci fi c 
T-cell infusions are clearly effective in HSCT 
patients and sometimes in SOT patients, although 
this approach does not yet have a clear place in 
PTLD treatment algorithms. Still unde fi ned but 
promising is the role of mTOR inhibitors as anti-
proliferative agents, both in PTLD prevention 
and treatment. Similarly, HDAC inhibitors may 
be important for direct antitumor properties or as 
inducers of viral enzymes that render these EBV-
associated tumors susceptible to antiviral nucleo-
sides such as ganciclovir.      
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   Introduction 

 Primary cutaneous B-cell lymphomas (PCBCL) 
often present with a different clinical behavior 
and prognosis from their nodal equivalents, for 
that reason they are included as a separate entity 
in the classi fi cation systems for non-Hodgkin’s 
lymphomas. PCBCL are much less common than 
primary cutaneous T-cell lymphomas and repre-
sent approximately 20–15 % of all primary cuta-
neous lymphomas  [  1  ] . Following two consensus 
meetings in Lyon, France (2003), and Zurich, 

Switzerland (2004), a consensus classi fi cation 
grouped PCBCL into  fi ve categories  [  1–  3  ] :
    1.    Primary cutaneous marginal zone B-cell lym-

phoma (PCMZL)  
    2.    Primary cutaneous follicle center lymphoma 

(PCFCL)  
    3.    Primary cutaneous diffuse large B-cell lym-

phoma, leg type (PCLBCL, LT)  
    4.    Primary cutaneous diffuse large B-cell lym-

phoma, other (PCLBCL, O)  
    5.    Intravascular large B-cell lymphoma (IVLBCL)     

 This classi fi cation was adopted by the updated 
version of the World Health Organization (WHO) 
classi fi cation in 2008  [  4  ] . Recent clinical, histo-
logic, immunohistochemical, and molecular 
genetic studies have resulted in establishing and 
validating the different entities adopted by the 
WHO/EORTC classi fi cation  [  5–  8  ] ; therefore, we 
will use the categories de fi ned by the joint effort 
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of WHO and EORTC as the backbone of this 
chapter. 

    Staging workup includes a complete his-
tory and physical exam, photography of the 
skin lesion, and laboratory studies, such as 
a complete blood cell count with differential 
and comprehensive blood chemistry measure-
ment, including lactate dehydrogenase, and, in 
selected cases, serum electrophoresis to exclude 
a monoclonal gammopathy and/or  fl ow cytom-
etry on peripheral blood, bone marrow aspirate, 
and biopsy. Adequate imaging studies, includ-
ing contrast-enhanced computed tomography 
(CT) scan with and without positron emission 
tomography (PET)/CT, and getting the correct 
pathological diagnosis are primordial to design 
therapy. It is generally accepted to consider 
PCMZL and PCFCL as indolent types for local 
treatment as opposed to the PCBCL (LT) and 
PCBCL (O) that are considered more aggres-
sive and need a systemic multiple chemotherapy 
treatment.  

   Primary Cutaneous Marginal Zone 
B-Cell Lymphoma 

   Histopathology, Immunophenotype, 
and Genetic Features 

 This category of lymphoma includes cases pre-
viously designated as primary cutaneous immu-
nocytoma and cases of cutaneous follicular 
lymphoid hyperplasia with monotypic plasma 
cells. Primary cutaneous marginal zone lym-
phomas (PCMZL) show nodular to diffuse 
in fi ltrates that spares the epidermis; they are 
composed of small to medium lymphocytes with 
abundant cytoplasm, marginal zone B cells. In 
addition lymphoplasmacytoid cells, and plasma 
cells, admixed with numbers of centroblasts and 
many reactive T cells  [  9,   10  ] . The in fi ltrates are 
frequently surrounded with monotypic plasma 
cells at the periphery and in the super fi cial der-
mis. Reactive germinal centers are frequently 
seen. The marginal zone B cells express CD20, 
CD79, and bcl-2; they are typically negative for 
CD5, CD10, and bcl-6  [  11  ] . Unlike marginal B 

cell of the stomach, PCMZL will rarely show 
translocation t    (18:180)(q21; q21); rather, it 
shows immunoglobulin heavy chain (IgH) rear-
rangement, including t (14; 18)(q32; q21) and t 
(3; 14)(p14.1; q32) observed in a minority of 
cases  [  12,   13  ] . A link between PCMZL and 
Borrelia burgdorferi infection has been sug-
gested in European patients  [  14–  16  ]  but was not 
seen in patients from Asia or the United States 
 [  17,   18  ] . Other investigators reported PCMZL 
developing in preexisting areas of autoimmune 
disease, acrodermatitis chronica atrophicans, or 
previous vaccination sites.  

   Clinical, Presentation, and Therapy 

 This type of lymphoma represents 2–16 % of all 
cutaneous lymphomas  [  5  ] . Most patients present 
with multiple lesions (72 %)  [  19  ] . Lesions are 
non-painful red to violaceous papules, plaques, 
or nodules preferentially localized on the trunk or 
upper extremities. Ulceration is uncommon. 
Median age at presentation is 50 years and the 
duration of symptoms before diagnosis range 
from 1 to 180 months. There is a reported ten-
dency of recurrence in the skin (46 %)  [  20  ]  but 
rarely in extracutaneous sites. Interestingly spon-
taneous resolution of these lesions has been 
observed  [  9,   10,   17,   21  ] . 

 Patients with solitary or few lesions are usu-
ally treated with local radiation therapy with a 
dose ranging from 10 to 45 Gy; the reported CR 
reaches 99 %  [  20  ] . Some patients are also treated 
with local excision especially if done for diag-
nostic purposes. In patients with associated B. 
burgdorferi infection, systemic antibiotics should 
be the  fi rst line of therapy.    Other treatments 
reported include intralesional steroids, inter-
feron, rituximab, and single-agent chlorambucil 
 [  22  ] . Patients, who present with multifocal skin 
lesions that cannot be contained within a safe 
radiation  fi eld, are usually treated with systemic 
therapy. Systemic therapy can be single agent 
like chlorambucil or rituximab or multiple agents 
like CHOP (cyclophosphamide, doxorubicin, 
vincristine, and prednisone) or COP-omitting 
doxorubicin.  
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   Outcome and Prognostic Factors 

 The majority of patients will achieve a complete 
remission to any modality of therapy used. The 
lymphoma-speci fi c survival is close to 100 %. 
Patients who present with solitary lesions enjoys 
a 5-year relapse-free survival of 77 % versus 
39 % for those who presents with multifocal skin 
lesions  [  9,   19,   23,   24  ] . Attempt to achieve com-
plete remission should be aimed at with single or 
multiple lesions on  fi rst presentation. On the 
other hand with multiple recurrences, since cuta-
neous relapses do not signify a worse prognosis, 
treatment should be aimed at palliation rather 
than sustained complete remission, the adverse 
effects of therapy have to be weighed against the 
long survival and the low death-related lym-
phoma in these patients.   

   Primary Cutaneous Follicle 
Center Lymphoma 

   Histopathology, Immunophenotype, 
and Genetic Features 

 Primary cutaneous follicle center lymphoma 
(PCFCL) is de fi ned as a tumor of neoplastic fol-
licle center cells, with nodular or diffuse in fi ltrates 
sparing the epidermis. It is well de fi ned as an 
entity now in the WHO/EORTC classi fi cation to 
clarify the original doubt of its presence and its 
attribution to be a variant of PCMZL or pseudo-
lymphoma. Location and growth rate affects the 
pathological diagnosis. Lesions arising on the 
scalp and/or early small lesions show a clear-cut 
follicular growth pattern than lesions on the trunk 
and/or older lesions  [  25,   26  ] . The growth over 
time will efface the follicular pattern; at an early 
stage the abnormal follicles are composed of 
malignant bcl6+ bcl2- cells in a network of 
CD21+ or CD35+ follicular dendritic cells; the 
neoplastic B cells with progression to tumors will 
increase, while the reactive T cells decrease; 
therefore, the follicular pattern is no more visible 
 [  27  ] . In addition, in the later stage the cells are 
more of a monotonous population of large follicle 
center cells. Immunophenotypically the  neoplastic 

cells express CD20 and CD79a; at the early stage 
pre-tumor surface immunoglobulins can be pres-
ent. PCGCL consistently express bcl6, while 
CD10 expression is mainly seen in follicular pat-
tern. In most cases t (14; 18) and bcl 2-protein 
expression is extremely rare, con fi rming the dif-
ference between nodal and cutaneous follicular 
lymphoma  [  25,   28  ] .  

   Clinical Presentation and Therapy 

 PCFCL is the most common PCBCL; it can pres-
ent with solitary or multiple sites of plaques and 
tumors that can be tender but not ulcerative. 
Scalp, forehead, and trunk are the most common 
locations. The median age is 61 years  [  8,   25  ] . The 
rate of growth from papules to a tumor might take 
several years. Local radiation therapy is the pre-
ferred therapy for single and cluster but multiple 
skin lesions. The rate of achieving complete 
remission (CR) with radiation therapy is near 
100 %. The typical dose is 20–54 Gy. The 
reported relapse rate is 30 %  [  29  ] . It is worth to 
mention that currently most patients are treated 
with a dose of  £ 30 Gy with an electron  fi eld that 
would cover around 2 cm all around the edge of 
the skin lesion to prevent marginal miss of the 
radiation  fi eld  [  30,   31  ] . Other modalities of ther-
apy include local excision, intralesional inter-
feron, and rituximab  [  20  ] . Anthracycline-based 
chemotherapy has been rarely used; cases with 
very extensive disease or extracutaneous relapse 
might justify its use.  

   Outcome and Prognostic Factors 

 Patients with PCFCL have an excellent outcome 
with a 5-year overall survival of more than 95 % 
 [  25,   26,   30,   31  ] . Patients treated with radiation 
therapy achieve a complete remission and an 
overall survival of 100 % with 73–89 % relapse-
free survival according to different studies. These 
results are independent of the number of lesions 
at presentation or the pattern of growth (follicu-
lar or diffuse). Clinicians should noticed that the 
presence of diffuse large centrocytes although 
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makes it look like primary cutaneous large 
cell but the clinical behavior still  fi ts PCFCL. 
Rijlaarsdam et al. reported a high rate of recur-
rence for lesions located to the lower extremities. 
In addition, recent studies report that the presence 
of bcl2 expression by more than 50 % of neoplas-
tic B cells in PCFCL with a diffuse proliferation 
of large centrocytes is associated with an unfa-
vorable prognosis  [  32  ] ; this very same  fi nding is 
considered by the WHO/EORTC classi fi cation as 
a reason to raise suspicion about a systemic lym-
phoma involving the skin secondarily. 

 In conclusion, radiation therapy is the pre-
ferred treatment for solitary or localized multiple 
skin lesions. Patients with extensive or recurrent 
disease multiagent chemotherapy should be rarely 
considered; these patients should be treated with 
palliative approach to symptomatic lesions and 
the risk of therapy should be carefully considered 
in such disease with an indolent behavior.   

   Primary Cutaneous Diffuse Large 
B-Cell Lymphoma, Leg Type 

   Histopathology, Immunophenotype, 
and Genetic Features 

 The term “leg type” was proposed by Vermeer 
et al. in 1996  [  33  ]  and adopted by the WHO/
EORTC classi fi cation. These lymphomas show 
diffuse monotonous in fi ltrates of centroblasts and 
immunoblasts, which extend to the subcutaneous 
tissue and, usually, destroy the adnexal structures 
 [  33,   34  ] . As opposed to other cutaneous types 
described above, the leg type frequently shows 
mitotic  fi gures and scarce centrocytes, reactive T 
cells, or stromal reaction. Neoplastic cells typi-
cally express CD20 and CD79a and are negative 
for CD5 and CD10. An important feature of this 
lymphoma is the strong positivity for bcl 2- protein 
and MUM-1/IRF4  [  11,   32,   35,   36  ] . It is worth to 
mention that bcl 2 can be negative in 19 % of leg 
type and positive in 28 % of non-leg type; there-
fore, its presence does not strongly correlate to 
the anatomic site  [  37,   38  ] . Although bcl 2 expres-
sion is strong, t (14; 18) is not found in the leg 
type. Chromosomal translocations involving 
c-MYC, bcl6, and IgH genes are frequent in leg 
type compared to PCFCL  [  39  ] . 

 Chromosome imbalance with gain of 18q and 
7q and loss of 6q occurs in up to 85 % of cases 
 [  36  ] . Recent studies suggested that the worse out-
come of leg type compared to follicle center is 
related to an activated B-cell gene expression 
pro fi le  [  40  ] . The etiology of cutaneous LBCL is 
unknown, recent studies looked at the association 
of this lymphoma type with infectious agents 
including HHV-8, EBV, and B. burgdorferi and 
could not identify any association  [  38  ] .  

   Clinical Presentation and Therapy 

 Patients usually present with rapidly growing red 
to bluish tumors on the leg; the term leg type is 
better than “large B-cell lymphoma of the leg” 
since it re fl ects the predominant but not exclusive 
anatomic location of these tumors. This type of 
lymphoma affects elderly patients with a median 
age of 68 years. In contrast to the indolent cutane-
ous lymphoma discussed earlier, these lymphomas 
tend to relapse in extracutaneous sites, as shown 
by Grange et al., who reported extracutaneous 
relapse in 24 out 48 patients (50 %)  [  34  ] . In view 
of the aggressive nature of this disease, it is treated 
like a diffuse large B-cell lymphoma with anthra-
cycline-based chemotherapy combined with ritux-
imab  [  41,   42  ] . Very few studies reported on the 
use of anthracycline-based chemotherapy; the 
reported CR ranges from 81 to 92 %; the relapse 
rate range from 9 to 54 %. Longer follow-up is 
needed on the use of multiagent chemotherapy. 

 With a high rate of relapse of 58 %  [  20  ] , local 
radiation therapy should be reserved as a consoli-
dation or as a palliative modality  [  43  ] .  

   Outcome and Prognostic Factors 

 Multivariate analysis of disease-speci fi c survival 
of patients with leg type and as compared to their 
counterpart in other sites showed that round cell 
morphology, duration of skin lesions before diag-
nosis, and size and extent of skin lesions were 
independent adverse prognostic factors. Further 
analysis of the relation between number and extent 
of skin lesions and survival showed that only 1 out 
11 (9 %) patients with solitary tumor compared to 
12 of 23 (52 %) with multiple tumors on one leg, 
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and 7 out of 14 (52 %) with generalized skin 
lesions die of lymphoma. The 5-year disease-
speci fi c survival ranges from 55 to 63 %  [  44  ] . The 
number of lesions had no prognostic value in 
another study by Kodama et al.  [  38  ] , while mor-
phology, site, and the expression of bcl 2, MUM-
1, and FOX-P1 were strongly linked to prognosis. 
In conclusion, it is established that PCBCL leg 
type is a separate entity with an inferior outcome 
and it should be treated with aggressive systemic 
therapy with and without radiation therapy.   

   Primary Cutaneous Diffuse Large 
B-Cell Lymphoma, Other 

   Histopathology, Immunophenotype, 
and Genetic Features 

 They present with diffuse growth pattern com-
posed of large transformed B cells that lack the 
typical features of PCLBCL, LT, or the diffuse 
growth pattern of PCFCL. These tumors contain a 
monomorphic population of centroblast-like cells 
with a mixed in fl ammatory background. The large 
neoplastic cells express pan-B-cell antigens. 

 This type includes morphologic variants of 
diffuse large B-cell lymphoma, such as anaplas-
tic or plasmablastic subtypes or T-cell/histiocyte-
rich large B-cell lymphomas.  

   Clinical Presentation, Treatment, 
and Outcome 

 They are generally a skin manifestation of a sys-
temic lymphoma, as in plasmablastic type in the 
setting of HIV infection or immune de fi ciency. 
They are clinically more indolent like PCFCL 
and PCMZL with an excellent prognosis  [  45  ] .   

   Intravascular Large B-Cell Lymphoma 

   Histopathology, Immunophenotype, 
and Genetic Features 

 This is a highly malignant large cell lymphoma 
with systemic spread with presence of tumor cells 
in the lamina of the small vessels. The skin and 

nervous system are preferential sites. Tumors 
express B-cell markers in most cases with over 
expression of bcl2 protein  [  46,   47  ] .  

   Clinical Presentation, Treatment, 
and Outcome 

 Patients have widely systemic disease in most 
cases; the skin lesions have a violaceous patches 
and plaques or telangiectatic lesions usually 
involving the trunk and legs. Patients with only 
skin presentations tend to have a better prognosis. 
In view of the aggressive presentation, multiagent 
chemotherapy is the treatment of choice with and 
without radiation therapy  [  48  ] . 

    In summary, identi fi cation of the different 
subtypes of cutaneous B-cell lymphoma is of 
prime importance to classify patients into indo-
lent versus aggressive pattern and to subsequently 
determine if a local therapy with minimal side 
effects such as radiation or multiagent chemo-
therapy such as anthracycline based (with ritux-
imab) is the way to treat.       
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   Introduction 

 Cutaneous T-cell lymphomas (CTCLs) are a het-
erogeneous group of non-Hodgkin’s lymphomas. 
They are characterized by their unique clinical 
features, histology, and immunohistochemistry 
pro fi ling of the neoplastic T lymphocytes 

in fi ltrating the epidermis, dermis, subcutaneous/
fat, or adnexal structures. The term “cutaneous 
T-cell lymphoma (CTCL)” was formally adopted 
in 1979 at a conference sponsored by the National 
Cancer Institute to describe the group as a hetero-
geneous group of malignant T-cell lymphomas 
with primary manifestations in the skin  [  1  ] . An 
updated EORTC-WHO classi fi cation system is 
now widely used to subclassify these disorders 
based on clinical behavior and surface markers 
(Table  19.1 )  [  2,   3  ] .  

 Since mycosis fungoides (MF) is the most 
common form of CTCL, “CTCL” is often used 
synonymously with MF or its leukemic variant, 
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Sézary syndrome. However, CTCL also includes 
the CD30 +  lymphoproliferative disorders, 
peripheral T-cell lymphomas, gamma delta lym-
phomas, and other rare variants (Table  19.1 ). 
MF is characterized by pleomorphic skin lesions 
resembling eczema or psoriasis that contain 
atypical CD4 + CD45RO +  helper/memory cells 
invading the epidermis (epidermotropism) or 
adnexa (folliculotropic MF). Alibert, in 1806, 
 fi rst described a patient with facial tumors, 
 possibly the folliculotropic variant of mycosis 
fungoides (MF) or possibly transformed MF  [  4  ] . 
A leukemic variant of MF presenting with gen-
eralized erythroderma (as well as keratoderma 
and pruritus) is known as Sézary syndrome (SS). 
SS can present de novo with erythroderma, pru-
ritus, and blood involvement or it may evolve 
from preexisting MF lesions  [  5  ] . Histologically, 
in de novo SS, there is an absence of epidermot-
ropism with cells surrounding the dermal ves-
sels and lack of epidermotropism. SS arising 

from MF will retain some of the epidermotro-
pism or folliculotropism making the diagnosis 
easier  [  6  ] . 

 Recently, two studies have provided evi-
dence of molecular differences between MF 
and SS. Campbell et al., using  fl ow cytometry, 
found that the leukemic T cells express CCR7 
and L-selectin and the differentiation marker 
CD27, a phenotype consistent with central 
memory T cells  [  7  ] . On the other hand, cells 
extracted from MF lesions lacked 
CCR7/L-selectin and CD27 but strongly 
expressed CCR4 and CLA, which is a pheno-
type suggestive of skin resident effector mem-
ory T cells  [  7  ] . Molecular phenotyping of 
T-cell DNA also revealed differences in chro-
mosomal number variants, suggesting that MF 
and SS differ  [  8  ] . Patients may also have aber-
rant T cells in their blood without meeting the 
other criteria for SS (stage IVA), and con-
versely, erythroderma without blood involve-
ment (stage IIIA) can exist.  

   Epidemiology 

 The  fi rst epidemiologic study of CTCL in the 
United States was conducted by Weinstock et al. 
 [  9  ] . In a follow-up study of SEER databases from 
1973 to 2002, Criscione and Weinstock reported 
that the overall age adjusted MF/SS of CTCL was 
6.4/million persons, with approximately 1,500 
new cases reported in the USA each year  [  10  ] . 
The peak incidence is in the sixth to seventh 
decade. The annual incidence of CTCL had 
increased by 2.9 × 10 –6 /year over the duration of 
the study period. Higher incidences were reported 
for males 8.7 × 10 −6  compared to females (vs. 
4.6 × 10 −6 ) and African Americans (9 × 10 −6 ) 
 compared to Caucasians (6.1 × 10 −6 ). Racial 
 differences decreased with age. Our study showed 
that early-onset and more aggressive MF present 
in young African American females is more 
likely to progress  [  11  ] . Of interest, higher density 
of MF was associated with high density of physi-
cians, higher education, and home values which 
might re fl ect increased change of diagnosis at an 
earlier stage  [  10  ] .  

   Table 19.1    EORTC-WHO classi fi cation system for 
cutaneous t-cell lymphomas with primary cutaneous man-
ifestations  [  2  ]    

 Cutaneous T-cell and NK-cell lymphomas 
  Mycosis fungoides 
  MF variants and subtypes 
  Folliculotropic MF 
  Pagetoid reticulosis 
  Granulomatous slack skin 
  Sézary syndrome 
  Adult T-cell leukemia/lymphoma 
   Primary cutaneous CD30 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 peripheral T-cell lymphoma, 

unspeci fi ed 
   Primary cutaneous aggressive epidermotropic CD8 

T-cell lymphoma (provisional) 

   Cutaneous  g [gamma]/ d [delta] T-cell lymphoma 
(provisional) 

   Primary cutaneous CD4 small/medium-sized 
pleomorphic T-cell lymphoma (provisional) 

  From Burg et al.  [  2  ] ; © American Society of Hematology. 
Used with permission  
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   Molecular and Immunologic 
Pathogenesis 

 The pathogenesis of MF and other forms of 
CTCL, with the exception of human 
T-lymphotropic virus-1/adult T-cell leukemia 
and lymphoma, is incompletely known. Clonal 
emergence of T cells appears to require a series 
of genetic mutations leading to the generation 
of clones with enhanced T-cell signaling, pro-
liferation, and mobility. Clonal emergence of 
one or more dominant clones may be associated 
with loss of the remaining T-cell repertoire that 
could contribute to immunosuppression  [  12  ] . 
MF/SS is initiated when antigen presentation 
activates expansion of a T cell through IL-2. 
Secondly, mutations in Fas/Fas ligand promote 
T-cell survival instead of promoting activation-
induced cell death (AICD)  [  13–  15  ] . Mutations 
in the Fas gene may contribute to the develop-
ment and progression of MF by allowing clonal 
expansion of activated T cells and reducing sus-
ceptibility to CD8 +  cytotoxic, antitumor immune 
responses. Additionally, CD4 +  T cells express-
ing Fas ligand and lacking Fas may induce 
apoptosis of CD8 +  tumor-in fi ltrating cytotoxic 
T cells and allow the accumulation of the malig-
nant clone  [  15  ] . 

 Since MF often starts as a chronic, indolent 
dermatitis, Tan  fi rst suggested in 1974 that it 
arises as a delayed hypersensitivity reaction to a 
chronic persistent antigen  [  16  ] . If this is the case, 
then exposure of genetically susceptible individ-
uals to speci fi c but private environment (e.g., 
viral, chemical, infectious) and/or endogenous 
(e.g., antigenic) factors may trigger the emer-
gence of MF. Speci fi c antigens or conditions pro-
posed include chemicals and infectious agents 
including the HTLV-1 retrovirus  [  17  ] , smoking, 
medications, atopy, and sun exposure  [  18  ] . Other 
epidemiologic case-control studies have failed to 
support the hypothesis that MF is initiated by a 
single chronic antigen stimulation  [  18  ] . In eryth-
rodermic patients, we have found an association 
between colonization with  Staphylococcus aureus  
expressing superantigens capable of stimulating 
the speci fi c T-cell receptor V beta 2 which was 
clonally expanded in patients’ blood  [  19  ] . In 

 support of the superantigen hypothesis, eradica-
tion of staphylococcus colonization can result in 
marked clinical improvement or even complete 
responses  [  20  ] . 

 Further evidence for Tan’s hypothesis is that 
MF is associated with human leukocyte antigens 
(HLA) class II antigens DR5 and DQB1*O3 
 [  21  ] . The association of HLA chains, the T-cell 
receptor chains, and accessory adhesion mole-
cules that facilitate the immune response is 
known as the immunologic synapse. Class II 
molecules on antigen-presenting cells are able 
to present processed peptides to the antigen-
speci fi c T-cell receptor expressed on a naïve 
CD4 +  lymphocyte  [  22  ] . Antigen-presenting 
Langerhans cells located in the epidermis attract 
clusters of CD4 +  T cells and are known as 
Pautrier’s microabscesses, a pathognomonic 
feature used to diagnose MF by skin histology. 
Engagement results in the clonal proliferation 
and activation of a CD4 +  T-lymphocyte subset 
de fi ned by its T-cell beta or gamma receptor 
gene rearrangements  [  22  ] . CD4 +  helper/inducer 
T lymphocytes with a T-helper type 1 (Th 

1
 ) 

effector cell phenotype are a seminal component 
of cell-mediated immunity (CMI) and adaptive 
immune responses. 

 Cytokines secreted by Th 
1
  cells include inter-

leukin (IL)-2, interferon-gamma, interleukin-12 
and tumor necrosis factor (TNF), and boost cel-
lular immunity; Th 

1
  cytokines are lost with pro-

gression from patch-stage MF to Sézary syndrome 
 [  23  ] . Histopathologic and immunopharmacologic 
studies indicate that skin-in fi ltrating and circulat-
ing malignant CD4 +  T lymphocytes in patients 
with MF and SS express a Th 

2
  cytokine pro fi le of 

IL-4, -5, and -10  [  23  ] . This contributes to 
depressed cellular immunity in patients who have 
advanced MF/Sézary syndrome. In patients with 
Sézary syndrome, the dominance of Th 

2
  clones 

results in eosinophilia, pruritus, and decreased 
Th 

1
  cutaneous delayed-type hypersensitivity 

reactions  [  24  ] . Thus, the restoration of 
T-lymphocyte subset homeostasis, or improve-
ment in the Th 

1
 /Th 

2
  lymphocyte ratio, is a ratio-

nal goal for the development of targeted therapies 
and may underlie the success of allogeneic stem 
cell transplantation  [  25  ] . 
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 It is noteworthy that Th 
1
  lymphocytes, espe-

cially cytotoxic CD8 +  cells, are the principal 
effector cells of cell-mediated immunity against 
tumor cells. Loss of CD8 +  in fi ltrating lympho-
cytes has long been recognized as a poor prog-
nostic factor in MF  [  26  ] .  

   Cytogenetics 

 Various chromosomal deletions on chromosomes 
1p, 17p, 10q, and 19 and gains on 4q, 18, and 17q 
have been detected on comparative genomic 
hybridization analysis  [  27,   28  ] . These copy num-
ber variant loci contain key genes in fl uencing cell 
growth, such as the tumor suppressor, p53 on 
17p, and stat transcription factors on 17q. In addi-
tion, microsatellite instability has been detected 
in patients with MF  [  29,   30  ] . Another group has 
implicated the c-Myc pathway in MF and SS pro-
liferation  [  8  ] . These data implicate mutations in 
tumor-suppressor genes as well as oncogenes 
may underlie clonal expansion and disease 
progression. 

 To this end, a broad spectrum of new therapies 
for CTCLs, including biologic response modi fi ers, 
monoclonal antibodies (mAbs), histone deacety-
lase inhibitors, and purine nucleoside phosphory-
lase (PNP) inhibitors, has emerged as potential 
treatments that target malignant T lymphocytes 
 [  31,   32  ] .  

   Staging and Diagnosis 

 MF most often evolves slowly from a chronic 
dermatitis with limited skin involvement—
patches or plaques (T1) on <10 % of the body in 
areas that are shielded from sunlight exposure 
 [  5,   33  ] . Patients can stay as T1 inde fi nitely, but 
over time and without treatment, MF can prog-
ress to more extensive skin involvement with 
patches or plaques over more than 10 % of the 
body (T2) or to tumor formation (T3) or to gener-
alized erythroderma (T4) with blood involvement 
(B2). Further progression to nodes or visceral 
areas may occur over time but is rare. Advanced 
stage of MF (>IIB) is more likely to progress to 

large-cell transformation that is de fi ned by hav-
ing >25 % of the malignant T cells having nuclei 
four times normal size  [  34,   35  ] . Individual 
patients may present de novo at any T stage along 
the spectrum of progression. 

 MF, unlike other peripheral T-cell lymphomas 
of the skin  [  36  ] , is staged using the tumor, node, 
metastasis, blood (TNMB) staging system, grad-
ing skin involvement, the presence of lymph 
nodes, visceral disease, and blood involvement at 
the time of diagnosis (Tables  19.2  and  19.3 )  [  3  ] . 
The stage of MF is classi fi ed by the extent of skin 
involvement: T 

1
  (patches/plaques covering <10 % 

of body surface), T 
2
  (patches/plaques covering 

  ³  10 % of body surface), T 
3
  (tumors), or T 

4
  (eryth-

roderma) (Table  19.3 ). At the time of diagnosis, 
these stages are reported in 42, 30, 15, and 12 % 
of patients, respectively  [  5  ] .   

 The International Society for Cutaneous 
Lymphomas (ISCL)/European Organization for 
Research and Treatment of Cancer (EORTC)  [  3  ]  
revised the previous Mycosis Fungoides 
Cooperative Group (MFCG) classi fi cation and 
staging system for CTCL  [  37  ] . The update took 
into account the degree of peripheral blood 
involvement, which is a major prognostic factor 
for MF/SS patients but did not alter clinical stage 
in the previous classi fi cation system  [  3  ] . The B 
designation can be used for assessing blood 
involvement (Table  19.3 ), with B 

0
  signifying 

  £  5 % atypical (Sézary) cells, B 
2
  signifying posi-

tive clonal rearrangement of the T-cell receptor, 
 and  either   ³  1,000/  m  L Sézary cells  or  one of the 
following: (1) increased CD4 +  or CD3 +  cells with 
CD4/CD8 ratio   ³  10 or (2) increased CD4 +  cells 
with abnormal immunophenotype including loss 
of CD7 or CD26. B 

1
  is now de fi ned as >5 % 

Sézary cells and less than B 
1
 . 

 Under the ISCL/EORTC update, erythroder-
mic MF patients without overt lymph node 
involvement (T 

4
 N 

0–2
  M 

0
 ) are now differentiated 

into two subgroups based on the blood 
 involvement: stage IIIA (T 

4
 N 

0–2
 M 

0
  B  

 0 
 ) or IIIB 

(T 
4
 N 

0–2
 M 

0
  B  

 1 
 )  [  3  ] . B 

2
  is now comparable with 

lymph node involvement (N 
3
 ). Stage IVA repre-

sents either blood involvement (B 
2
 ), which is des-

ignated as IVA 
1
 , or lymph node involvement (N 

3
 ), 

which is designated as IVA 
2
 . Therefore,  erythrodermic 



29119 Cutaneous T-Cell Lymphomas: Mycosis Fungoides and Sézary Syndrome

patients are stage III, and erythrodermic patients 
with SS would be at least stage IVA 

1
  or IVB if they 

also have bone marrow involvement. Scarisbrick 
et al.  [  38  ]  and Vidulich et al.  [  39  ]  found that worse 
prognosis in erythrodermic patients was associated 
with H4 or SS cell counts of >10,000 cells/ul com-
pared to SS counts of 1,000–10,000 cells/ul. 

 We recommend that bone marrow biopsy be 
done when there is blood involvement as marrow 
involvement is rarely seen in its absence. There is 
not a speci fi c independent rating system for bone 
marrow involvement. We propose that major 
bone marrow involvement should warrant stage 
IVB which is used for visceral involvement. If 
there is an aggregate or minimal bone marrow 
involvement, we propose to consider staging the 
patient as IVA. The ISCL/EORTC recommends 
bone marrow biopsy speci fi cally for patients with 
B 

2
  blood involvement or unexplained hemato-

logic abnormalities  [  3  ] . 
 Another change re fl ected in the ISCL/EORTC 

classi fi cation system is the elimination of the T 
0
  

category for “clinically and/or histopathologi-
cally suspicious lesions,” since clinical staging 
should be performed only for patients who have a 
de fi nitive diagnosis of MF/SS and/or algorithmic 
diagnosis of early MF  [  33  ] . The T 

0
  stage could be 

used in MF/SS patients whose lesions have clini-
cally resolved or in rare cases of clinically invis-
ible MF which have positive histology  [  40  ] . The 
term “parapsoriasis” is often used in the cases of 

suspicious clinical lesions in the absence of diag-
nostic histology. 

 The updated classi fi cation also eliminated the 
need for biopsy of lymph nodes that are not 
enlarged on physical examination or imaging for 
staging purposes. A clinically abnormal peripheral 
node is now de fi ned as measuring   ³  1.5 cm in the 
longest transverse diameter or any size of palpable 
peripheral node that is  fi rm, irregular, clustered, or 
 fi xed on physical examination  [  3  ] . The revision 
also further speci fi ed histopathologic grading sys-
tems for lymph nodes. Table  19.4   [  41–  44  ]  com-
pares the histopathologic staging of lymph nodes 
in the updated ISCL/EORTC classi fi cation system 
with the Dutch system  [  41  ]  and the National 
Cancer Institute-Veteran’s Affairs (NCI-VA) 
classi fi cation system  [  42–  44  ] . The new system 
also divided N 

1
  and N 

2
  rating to include a and b to 

represent T-cell clone negative and positive, 
respectively, de fi ned by PCR or Southern blot 
analysis of the T-cell receptor gene.  

 The ISCL/EORTC revision also considers vis-
ceral involvement to include splenomegaly on 
physical examination and by imaging that shows 
either enlargement or focal defects that are not 
cystic or vascular, even without biopsy 
con fi rmation. On the other hand, liver disease 
should be con fi rmed with biopsy. However, 
hepatic enlargement or focal defects that are not 
cystic or vascular on at least two imaging tech-
niques may be considered to show tumor involve-
ment. Any abnormalities found on imaging of the 
lungs or visceral organs other than the above 
would still warrant pathological evaluation, since 
they could be secondary to another malignancy 
or infectious disease.  

   Clinical Presentation of Mycosis 
Fungoides 

 The clinical presentation of MF is extremely 
 variable, and indeed heterogeneity of skin lesions 
is one of the diagnostic criteria for early disease 
(Fig.  19.1 )  [  33  ] . The overlapping clinical features 
of CTCLs present a challenge to successful 
 diagnosis and medical management. Classic MF 
presents as faint-pink patches which can be 

   Table 19.2    ISCL/EORTC revision to the staging of 
mycosis fungoides and Sézary syndrome  [  3  ]    

 Stage   T    N    M    B  

 IA  1  0  0  0.1 
 IB  2  0  0  0.1 
 IIA  1.2  1.2  0  0.1 
 IIB  3  0–2  0  0.1 
 III  4  0–2  0  0.1 
 IIIA  4  0–2  0  0 
 IIIB  4  0–2  0  1 
 IVA 

1
   1–4  0–2  0  2 

 IVA 
2
   1–4  3  0  0–2 

 IVB  1–4  0–3  1  0–2 

  From Olsen et al.  [  3  ] ; © American Society of Hematology. 
Used with permission 
  B  blood,  M  metastasis,  N  node,  T  tumor  
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   Table 19.3    ISCL/EORTC revision to the classi fi cation of mycosis fungoides and Sézary syndrome  [  3  ]    

 TNMB stages  Description 

 Skin 
 T 

l
   Limited patches, a  papules, and/or plaques b  covering <10 % of the skin surface. It may further 

stratify into T 
1a

  (patch only) vs T 
1b

  (plaque ± patch) 
 T 

2
   Patches, papules or plaques covering  ³ 10 % of the skin surface. It may further stratify into T2a 

(patch only) vs T2b (plaque ± patch) 
 T 

3
   One or more tumors c  ( ³ 1-cm diameter) 

 T 
4
   Con fl uence of erythema covering  ³ 80 % body surface area 

 Node 
 N 

0
   No clinically abnormal peripheral nodes d ; biopsy not required 

 N 
1
   Clinically abnormal peripheral lymph nodes; histopathology Dutch grade 1 or NCI LN 

0–2
  

 N 
1a

   Clone negative e  
 N 

1b
   Clone positive e  

 N 
2
   Clinically abnormal peripheral lymph nodes; histopathology Dutch grade 2 or NCI LN 

3
  

 N 
2a

   Clone negative e  
 N 

2b
   Clone positive e  

 N 
3
   Clinically abnormal peripheral lymph nodes; histopathology Dutch grades 3–4 or NCI LN 

4
 ; clone 

positive or negative 
 N 

x
   Clinically abnormal peripheral lymph nodes; no histologic con fi rmation 

 Visceral 
 M 

0
   No visceral organ involvement 

 M 
1
   Visceral involvement (must have pathology con fi rmation f  and organ involved should be speci fi ed) 

 Blood 
 B 

0
   Absence of signi fi cant blood involvement:  £ 5 % of peripheral blood lymphocytes are atypical 

(Sézary) cells g  
 B 

0a
   Clone negative e  

 B 
0b

   Clone positive e  
 B 

1
   Low blood tumor burden: >5 % of peripheral blood lymphocytes are atypical (Sézary) cells but 

does not meet the criteria of B 
2
  

 B 
1a

   Clone negative e  
 B 

1b
   Clone positive e  

 B 
2
   High blood tumor burden:  ³ 1,000/ m L Sézary cells g  with positive clone e  

  From Olsen et al.  [  3  ] ; © American Society of Hematology. Used with permission. 
  B  blood,  M  metastasis,  N  node,  NCI  National Cancer Institute,  T  tumor 
  a For skin, patch indicates any size skin lesion without signi fi cant elevation or induration. Presence/absence of hypo- or 
hyperpigmentation, scale, crusting, and/or poikiloderma should be noted 
  b For skin, plaque indicates any size skin lesion that is elevated or indurated. Presence or absence of scale, crusting, and/
or poikiloderma should be noted. Histologic features such as folliculotropism or large-cell transformation (>25 % large 
cells), CD30 +  or CD30 - , and clinical features such as ulceration are important to document 
  c For skin, tumor indicates at least one 1-cm diameter solid or nodular lesion with evidence of depth and/or vertical 
growth. Note total number of lesions, total volume of lesions, largest size lesion, and region of body involved. Also note 
if histologic evidence of large-cell transformation has occurred. Phenotyping for CD30 is encouraged 
  d For node, abnormal peripheral lymph node(s) indicates any palpable peripheral node that on physical examination is 
 fi rm, irregular, clustered,  fi xed or 1.5 cm or larger in diameter. Node groups examined on physical examination include 
cervical, supraclavicular, epitrochlear, axillary, and inguinal. Central nodes, which are not generally amenable to patho-
logic assessment, are not currently considered in the nodal classi fi cation unless used to establish N 

3
  

histopathologically 
  e A T-cell clone is de fi ned by PCR or Southern blot analysis of the T-cell receptor gene 
  f For viscera, spleen and liver may be diagnosed by imaging criteria 
  g For blood, Sézary cells are de fi ned as lymphocytes with hyperconvoluted cerebriform nuclei. If Sézary cells are not 
able to be used to determine tumor burden for B 

2
 , then one of the following modi fi ed ISCL criteria along with a positive 

clonal rearrangement of the TCR may be used instead: (1) expanded CD4 +  or CD3 +  cells with CD4/CD8 ratio of 10 or 
more or (2) expanded CD4 +  cells with abnormal immunophenotype including loss of CD7 or CD26  
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 discreet lesions or diffuse areas. In skin of color, 
early MF lesions are often hypopigmented or 
hyperpigmented or have multiple colors. Lesions 
can be purple, red, salmon colored, orange, 
brown, grey, or white in color. Use of a Wood’s 
light can distinguish hypopigmentation from 
depigmentation seen with vitiligo. Early lesions 
of any shade may also have dryness or  fi ne  scaling 
present and may or may not have symptomatic 
itching. The most common sites of early lesions 
are in photo-protected areas (e.g., the buttocks, 
medial thighs, and breasts) which is another 
 criteria used for early diagnosis. The lesions are 
insidious or vague in onset and may come and go 
unrecognized and be misdiagnosed for years 
being passed off as dermatitis, eczema, or dry 
skin. Lesions may be well demarcated or with 
diffuse borders becoming con fl uent. When the 
in fi ltrate involves follicles or adnexal structures, 
the clinical lesions are follicular papules or accen-
tuation or areas of alopecia. The MF variant 
“poikiloderma vasculare atrophicans” is charac-
terized by large patches of red, brown, and white 
colors with telangiectasias and atrophy. PVA 
most often involves the bathing trunk area, 
 buttocks, or breasts and is dif fi cult to clear due to 
melanophages and pigment alteration.  

 Over a variable time period, MF can evolve 
from  fl at patches (eczematous lesions) into more 
in fi ltrated and scaly plaques (psoriasiform 
lesions), and dermal in fi ltrates can give rise to 
tumors and ulceration (T3). Patients with MF 

may also have coexistent lymphomatoid papulo-
sus (LyP) which are self-regressing papules with 
high expression of CD30. Since the latter recep-
tor is also seen in anaplastic large T-cell lym-
phoma, LyP may be mistaken for transformation 
of MF. MF patients may present with or become 
erythrodermic (de fi ned as >80 % pink or red 
color of their body surface) and may or may not 
have signi fi cant blood involvement. 
“Erythrodermic MF” is used when patients do 
not have signi fi cant blood involvement to be 
labeled as SS  [  39  ] . Since staphylococcal coloni-
zation is frequently associated with development 
of erythroderma with signi fi cant improvement 
when addressed, erythrodermic patients should 
have baseline cultures of skin performed rou-
tinely, and staph colonization should be eradi-
cated since staph sepsis is the most common 
cause of death, usually as the result of central line 
placement  [  20  ] . 

 The diagnosis of early MF requires a combi-
nation of speci fi c clinical and histological  fi ndings 
which are detailed in a new algorithm proposed 
by the ISCL  [  33  ] . Early patch-stage MF is notori-
ously dif fi cult to diagnose histologically as it 
evolves over time from chronic eczematous or 
psoriasiform dermatitis. Multiple skin biopsies 
are often performed before the diagnosis is 
assured. Biopsies should be taken from the  oldest, 
established skin lesions or the thickest lesions 
following a 4-week washout from topical 
 corticosteroid or other therapy. The International 

   Table 19.4    Histopathologic staging of lymph nodes in mycosis fungoides and Sézary syndrome  [  3  ]    

 Updated ISCL/EORTC 
classi fi cation 

 Dutch system  [  41  ]   NCI-VA classi fi cation  [  42–  44  ]  

 N 
1
   Grade 1: dermatopathic lymphadenopathy (DL)  LN 

0
 : no atypical lymphocytes 

 LN 
1
 : occasional and isolated atypical 

lymphocytes (not arranged clusters) 
 LN 

2
 : many atypical lymphocytes or in 

three to sixcell clusters 
 N 

2
   Grade 2: DL; early involvement by MF 

(presence of cerebriform nuclei >7.5  m m) 
 LN 

3
 : aggregates of atypical lympho-

cytes; nodal architecture preserved 
 N 

3
   Grade 3: partial effacement of LN architecture; 

many atypical cerebriform mononuclear cells 
(CMCs) 

 LN 
4
 : partial/complete effacement of 

nodal architecture by atypical lympho-
cytes or frankly neoplastic cells 

 Grade 4: complete effacement 

  From Olsen et al.  [  3  ] ; © American Society of Hematology. Used with permission 
  CMCs  cerebriform mononuclear cells,  DL  dermatopathic lymphadenopathy,  LN  lymph node,  MF  mycosis fungoides  
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  Fig. 19.1    Heterogeneous clinical lesions of patients with MF at all T stages.  Pink patches (T1) on sun-shielded area 
of early MF Stage IA. ( a - c ); Hyperpigmented plaques on body and foot (T2) ( d - e )

a

e

c

b

d

 



29519 Cutaneous T-Cell Lymphomas: Mycosis Fungoides and Sézary Syndrome

Society for Cutaneous Lymphomas (ISCL)  [  33  ]  
proposed a new diagnostic algorithm for the 
 diagnosis of early MF, based on a point system 
evaluating clinical appearance, histopathologic 
diagnosis, molecular biology (clonal T-cell 
 receptor gene rearrangement), and immunopa-

thology (Table  19.5 )  [  3,   33  ] . At least four points—
two clinical and two histological—are required 
for the diagnosis. The clinical criteria include 
persistent dermatitis, heterogeneous lesions 
appearing on sun-shielded areas, or poikiloderma 
(Table  19.5 ). Figure  19.1  shows the spectrum of 

f

h

g

i

Fig. 19.1 (continued) Exfolative erythroderma (T4) with erythrodermic MF or Sezary Syndrome and staphylococcus 
colonization  ( g - h ); MF Tumor T3 Stage IIB ( i )          



296 M. Duvic

MF lesions including patch, plaque, tumor, and 
erythroderma.  

 Minimal diagnostic histologic criteria for 
early MF include a super fi cial perivascular 
in fi ltrate of lymphocytes with enlarged, hyper-
chromatic, cerebriform nuclei ( atypical lympho-
cytes ) and the presence of CD4 +  T-cell 
 epidermotropism . The clustering of clonal T cells 
around epidermal Langerhans’ cells (Pautrier’s 
microabscesses) (Fig.  19.2a ) shows the depen-
dence of the T cells on antigen presentation by 
dendritic cells. Only a subset of cases (4–38 %) 
have Pautrier’s microabscesses  [  45  ]  and more 
commonly seen are single T cells lining up along 
the basal layer or single epidermal T cells. Skin 
biopsies from diffuse erythroderma in de novo 
Sézary syndrome will not show epidermotropism 
but rather perivascular atypical lymphocytic 
in fi ltrates (Fig.  19.2b )  [  6  ] . Furthermore, if an MF 
patient has nodal biopsy  fi rst without examina-
tion of the skin, the diagnosis will be that of 
“peripheral T-cell lymphoma,” since MF cannot 
be diagnosed in a node. Patients presenting with 
nodal peripheral T-cell lymphoma should also 
have a careful history and skin exam to exclude 

the diagnosis of MF/SS which can be treated less 
aggressively.   

   Current Treatment Strategies 

 Based on the pathophysiology and absence of a 
cure for MF/SS, the application of a stage-focused 
skin-directed treatment approach is recom-
mended for patients with early-stage MF and has 
recently been reviewed in detail  [  46,   47  ] . The 
EORTC has recently published consensus recom-
mendations for the stage-dependent management 
of patients with MF/SS; however, more agents 
are likely available in the United States  [  48  ] . 
A treatment algorithm by stage is shown in 
Fig.  19.3 .  

 Since the atypical T cells are skin-homing 
lymphocytes, skin-directed therapies can pro-
duce long-term remissions that can last for many 
years. Most of the agents available for use topi-
cally induce the apoptosis of T cells and may 
also alter epidermal differentiation that may pro-
vide growth factor support to the malignant cells. 
There is currently no evidence that aggressive 

   Table 19.5    Algorithm for the diagnosis of early mycosis fungoides  [  3,   33  ]    

 Criteria  Major (2 points)  Minor (1 point) 

 Clinical 
 Persistent and/or progressive patches and plaques plus  Any 2  Any 1 
  (1) Non-sun-exposed location 
  (2) Size/shape variation 
  (3) Poikiloderma 
 Histopathologic 
 Super fi cial lymphoid in fi ltrate plus  Both  Either 
  (1) Epidermotropism without spongiosis 
  (2) Lymphoid atypia a  
 Molecular/biological 
 Clonal TCR gene rearrangement  NA b   Present 
 Immunopathologic 
  (1) CD2,3,5 less than 50 % of T cells  NA b   Any 1 
  (2) CD7 less than 10 % of T cells 
  (3) Epidermal discordance from expression of CD2,3,5, or CD 7 on dermal T cells 

  This research From Olsen et al.  [  3  ] ; © American Society of Hematology. Used with permission 
 Original material was reprinted from Pimpinelli et al.  [  33  ] ; with permission from Elsevier 
  MF  Mycosis fungoides,  NA  not applicable,  TCR  T-cell receptor 
  a Lymphoid atypia is de fi ned as cells with enlarged hyperchromatic nuclei and irregular or cerebriform nuclear 
contours 
  b Not applicable since it cannot ful fi ll any major criteria  
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upfront chemotherapy is able to cure MF or 
impact overall survival  [  49  ] ; hence, sequential 
skin-directed therapy for early-stage patients is 
recommended  [  50  ] . 

 In early stages of MF, frontline therapy rec-
ommended  fi rst is topical steroids with low 
to higher potency  [  46  ] . For small and limited 
lesions, including coexisting lymphomatoid 
papulosis, clobetasol or targretin gel is very 
effective  [  51  ] . When larger areas need to be 
treated or for adjuvant therapy in SS, triam-
cinolone or hydrocortisone cream is recom-

mended, sparing intertriginous areas. Retinoids 
are most effective for hypertrophic plaques, 
scalp alopecia, or acral lesions on palms or 
soles  [  52  ] , and nitrogen mustard is used in ste-
roid-resistant T1 or T2 patients for follicular 
lesions and as adjuvant therapy after stopping 
UVB or radiation. One generally reserves pho-
totherapy alone or with biological response 
modi fi ers for more extensive skin disease (T2). 
Chemotherapy does not cure CTCL patients, 
and monotherapy agents with high response 
rates are preferred to combination therapies in 

  Fig. 19.2    Mycosis 
fungoides, patch-plaque 
lesion. ( a – c ) Routine H&E 
stained sections demonstrate 
skin ( a , 10×) with a lichenoid 
lymphocytic in fi ltrate 
occupying the super fi cial 
dermis with marked 
epidermotropism ( b , 20×). 
The cells exhibit cytologic 
atypia, including enlarged, 
hyperchromatic, hyperconvo-
luted nuclei, and they form 
numerous Pautrier microab-
scesses in the epidermis ( c , 
40×). Immunohistochemical 
studies demonstrate the 
in fi ltrate to be comprised 
predominantly of CD3 +  ( d , 
40×), CD4 +  ( e , 40×) T cells. 
CD8 ( f , 40×) highlights rare 
cells in the in fi ltrate 
(Courtesy of Michael 
Tetzlaff, MD, Assistant 
Professor, Department of 
Pathology, UT-MD Anderson 
Cancer Center, Houston, TX)           

a

b
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d

cFig.19.2 (continued)
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these highly immunocompromised advanced 
patients. Non-ablative allogeneic transplanta-
tion following electron beam radiation may 
be successful in selected patients, but there 
are risks including mortality from infection, 
recurrent disease after transplant, and chronic 
graft-versus-host disease  [  25  ] .  

   Skin-Directed Topical Therapies 

   Emollients 

 Use of skin emollients containing lipids or 
glycerin is very helpful as an adjunct therapy 
for patients with early MF, just as they are in 

e

f

Fig.19.2 (continued)
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patients with eczema, atopic dermatitis, and 
psoriasis. Hydration or repair of a compromised 
epidermal barrier helps decrease erythema, pru-
ritus, and scaling within lesions and diminishes 
in fl ammatory cytokines. In the only random-
ized, blinded, placebo-controlled trial to date 
investigating topical treatments of MF, BCX-34 
(peldesine) cream was evaluated against a pla-
cebo control vehicle of 100 % glycerin for its 
ef fi cacy in treating patch and plaque MF. 
Although 28 % of the treated patients responded 
to the drug, 24 % of patients using the glycerin 
base placebo also responded to treatment 
( p -value = 0.677), including patients with com-
plete response  [  53  ] . These data suggest an 
important adjunct role for emollients in the 
treatment of early MF patients. Glycerin-based 
moisturizers (e.g., in Cetaphil, intensive care 
lotions), Vaseline or Aquaphor, and the newer 
lipid barrier repair lotions (e.g., Ceravé, 
Restoraderm) can be purchased over the coun-
ter. Emollients should be applied generously to 
wet skin after bathing for maximal ef fi cacy.  

   Topical Corticosteroids 

 Corticosteroids (CS) remain the most commonly 
used initial therapies for early-stage MF; their 
use often precedes a de fi nitive diagnosis of MF in 
many patients. Topical steroids also have an 
adjunct role in combination with other skin- 
directed or systemic therapies for patients at all 
stages. Although no randomized placebo- 
controlled trials have been conducted, early anec-
dotal studies indicated total response rates of 
80–90 %  [  54–  56  ] . The largest prospective study 
was conducted by Zackheim et al. who evaluated 
79 patients with patch-stage Tl and T2 MF  [  57  ] . 
Tl and T2 patients were treated with class I–III 
compounds, and the remainder of T2 patients 
applied either class II or III CS. The overall 
response rate (ORR) was higher for Tl (94 %) 
than for T2 (82 %) patients. Complete responses 
(CRs), as de fi ned by complete clinical regression 
of all MF lesions for a minimum of 4 weeks, were 
achieved in 63 % of the T1 and 25 % of T2 
patients. Posttreatment biopsy specimens were 

T
herapy failures

Experimental therapy

Chemotherapy

Denileukin diftitox

PUVA

Electron beam

UVB

Nitrogen mustard

Topical corticosteroids

IA
(limited patch,

plaque)

IB, IIA
(generalized

patch, plaque)
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(tumors)

III
(erythro-
derma)

IVA, IVB
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Bexarotene gel

PUVA + IFN/other
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Oral bexarotene

  Fig. 19.3    Treatment of MF by stage. Stage is across the  top  of the diagram from T1 ( left ) to T4 ( right )       
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obtained in seven patients who achieved CR, and 
all showed histological clearing. This study 
underscores the need to take patients off steroids 
before doing a biopsy to make the diagnosis of 
MF, since steroids will get rid of the epidermic T 
cells that are required for a diagnostic biopsy. 
Unfortunately, after discontinuation of topical 
steroids, responses are not sustained in all 
patients, and long-term use of potent steroids 
may result in atrophy. Only 37 and 18 % of T1 
and T2 patients attained lasting CRs, and 43 and 
50 % of T1 and T2 patients, respectively, attained 
partial remissions (PR)  [  57  ] . 

 Triamcinolone 0.1 % cream with warm wet-
wrap occlusion is very effective in all stages of 
MF, reducing redness, scaling, and pruritus, espe-
cially in erythrodermic patients  [  58  ] . It is advis-
able to use the lowest potency CS to achieve 
disease responsiveness while avoiding adverse 
effects. For example, hydrocortisone 2.5 % com-
pounded in Eucerin can provide both steroid and 
lubrication following initial treatment with higher 
potency steroids and is especially useful in areas 
like face, groin, and axilla where atrophy is more 
likely. Advantages of topical corticosteroids are a 
response comparable to other topical MF treat-
ments, low cost, availability, patient acceptance, 
product stability, minimal side effects, and famil-
iarity with drug class. Further evaluation of short- 
and long-term ef fi cacy and relapse rates with a 
larger study group would be helpful. Topical CS 
is often used in combination with other skin-di-
rected and systemic therapies and may abrogate 
the irritancy of topical nitrogen mustard and topi-
cal retinoids.  

   Retinoids and Rexinoids 

 Retinoids are vitamin A derivatives that modulate 
proliferation and differentiation of both keratino-
cytes and lymphocytes. Retinoids are steroid-like 
ligands for RAR or RXR retinoid receptors 
belonging to the large superfamily of steroid hor-
mone receptors. Other receptors in this family 
include glucocorticoid, thyroid hormone, and 

vitamin D 
3
  receptors that are DNA-binding pro-

teins. Ligand-receptor dimers bind to speci fi c 
retinoid response elements in the DNA of pro-
moters forming nuclear transcription complexes 
that modulate gene transcription. 

 Given systemically, retinoids modulate path-
ways involved in in fl ammation, cellular differen-
tiation, apoptosis, and sebaceous gland 
differentiation  [  59  ] . 

 The  fi rst RXR receptor-selective retinoid, 
called a rexinoid, is oral bexarotene which was 
approved for skin manifestations of CTCL in 
1999  [  60–  62  ] . RAR retinoids, including accutane, 
etretinate, and now acitretin, have been widely 
used in MF since the 1980s and were the  fi rst bio-
logical agents used for managing CTCL patients. 
Topical retinoids and rexinoids have fewer side 
effects than oral retinoids but are not used topi-
cally over wide areas due to cost and irritation. 
Bexarotene 1 % gel was approved by the United 
States Food and Drug Administration (FDA) for 
treatment of refractory IA and IB MF skin lesions 
 [  60,   63  ] . The response to topical bexarotene was 
found to be dependent upon dose and frequency 
of application, and local irritation was also dose 
related. In a phase I/II trial of 67 stage IA–IIA 
patients, CR (de fi ned as clearing of all treated 
lesions) was reported in 21 % of 67 patients  [  64  ] . 
An additional 42 % of patients experienced partial 
responses (PR) and with disease progression in 
only 16 %. Improvements in lesional erythema, 
scaling, pruritus, and plaque elevation were 
reported, and overall severity improved in 51 % of 
patients. Relapse-free intervals averaged 
11–21 weeks but have been reported up to 5 years 
with maintenance application  [  64  ] . In a phase III 
clinical trial of topical bexarotene therapy in 50 
patients with refractory stage IA, IB, or IIA MF, 
the overall response rates by Physician’s Global 
Assessment of Clinical Condition, Composite 
Assessment of Index Lesion Disease Severity, and 
primary end-point classi fi cation were 44, 46, and 
54 %, respectively  [  63  ] . 

 Adverse reactions are few and predominantly 
mild to moderate in severity and are reversible 
with a break in therapy. Local reactions included 
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pruritus, pain, and irritation where the gel is 
applied. Irritation is managed by decreasing 
 frequency of application or using low- to mid-
potency topical corticosteroids  [  65  ] . Severe dose-
related and treatment-limiting toxic reactions 
reported in 19 % of patients include facial edema, 
pain, neuralgia, skin necrosis, rash, and ulcer-
ation; however, only 3 % withdrew from studies 
because of adverse reactions  [  63  ] . Bexarotene is 
considered a pregnancy category X drug. 
Although signi fi cant systemic absorption is low 
with topical use, pregnant women should not use 
this product, and women of childbearing age 
must use reliable methods of contraception. 

 Tazarotene is a synthetic retinoid with af fi nity 
for RAR-  g  [gamma] and RAR-  b  [beta] receptors, 
not RAR-  a  [alpha] receptors or RXR receptors. 
RAR-  g  [gamma] is the predominant receptor in the 
epidermis, and its selectivity eliminates many of 
the treatment-limiting irritation reactions associ-
ated with generalized activation of all RAR sub-
types. Tazarotene gel and cream are FDA approved 
for the topical treatment of psoriasis and acne vul-
garis  [  66,   67  ] . Tazarotene also can prevent or 
improve steroid-induced atrophy  [  65  ] . The 
bene fi cial effects of tazarotene for photoaging  [  68  ]  
and basal cell carcinoma formation  [  69,   70  ]  make 
it an attractive alternative therapy to counteract 
side effects of prolonged phototherapy  [  71  ] . 

 We conducted a small open-label pilot study 
assessing the ef fi cacy and tolerability in 20 
patients with MF involving <20 % body surface 
area (BSA)  [  52  ] . Sixteen MF patients with 99 
index lesions were treated for at least 4 weeks 
with tarazotene 0.1 % gel applied once daily for 
12–24 weeks. This regimen cleared 35 % of MF 
index lesions. Although no complete responses 
occurred, 63 % of all patients enrolled experi-
enced partial responses with 58 % of patients 
experiencing at least a moderate (>50 %) global 
improvement of all index lesions. Histopathology 
and immunohistochemistry results showed reduc-
tions in lymphocytic in fi ltrates and percentage 
of CD45RO (+) lymphocytes and increases in 
the percentage of CD8 +  lymphocytes during the 
course of therapy. 

 The most common adverse reactions with 
the 0.1 % aqueous gel of tazarotene were mild 

to moderate erythema, pruritus, burning, dryness, 
desquamation, and irritation  [  52  ] . Fissuring, 
allergic dermatitis, and nausea are less common 
but have been reported. As with bexarotene, 
 topical tazarotene has possible teratogenic poten-
tial as enough is absorbed and is not recom-
mended for use during pregnancy. 

 Alitretinoin, or 9-cis-retinoic acid, is a natu-
rally occurring pan-acting retinoid that activates 
both RARs and RXRs. The FDA approved the 
0.1 % gel for treatment of cutaneous lesions of 
AIDS-related Kaposi’s sarcoma  [  72  ] . A total of 
six MF patients were treated with alitretinoin gel 
in a phase I–II study and one case report  [  73  ] . 
After local application of 0.1 % alitretinoin gel 
twice daily, patients experienced signi fi cant 
improvement in scaling, plaque elevation, and 
erythema. One patient attained CR of a recalci-
trant lesion on the sole. There is a higher inci-
dence of local reactions in comparison with other 
retinoids. 

 In clinical practice, topical retinoids are most 
effective in thicker psoriasiform plaques and even 
tumors, plaques, for lymphomatoid papulosus 
 [  51  ] , for facial or hand lesions, and scalp or fol-
licular MF lesions  [  74  ] . Regrowth of hair in areas 
of alopecia is another bene fi cial effect  [  75  ] . 
Retinoids may counteract steroid atrophy but are 
too irritating to use in the intertriginous areas 
where atrophy is most likely to occur. Topical 
retinoids are helpful adjuvants with UVB photo-
therapy and an alternative to steroids or nitrogen 
mustard in children or young adults with MF.  

   Nitrogen Mustard (Mustargen) 

 Early-stage MF with disease limited to the skin 
that is refractory to topical steroids or retinoids 
can be managed successfully with topical nitro-
gen mustard (NM, Mustargen, mechlorethamine 
hydrochloride). This drug has been used for 
 treating MF since 1959 and allows large areas of 
the body to be treated in contrast to the former 
agents  [  76  ] . NM is an alkylating agent that reacts 
with DNA, resulting in the donation of alkyl 
groups to DNA, disrupting DNA synthesis. The 
action of NM may be mediated by a combination 
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of cytological properties and immune stimulation. 
In the past, NM was mixed in water or, more 
recently, in petroleum ointment for clinical use 
but was not approved by the FDA. The compound-
ing requirement as well as an exorbitant increase 
in price has made topical NM dif fi cult to obtain 
for many patients. A large randomized non-inferi-
ority trial has been completed, and the data has 
been submitted to the FDA for approval. 

 Remissions with the use of NM ointment may 
require 6–12 months or longer to achieve  [  76  ] . 
Complete response (CR) rates are reported from 63 
to 75 % in stage IA and IB patients, making it as 
effective as corticosteroids, without unwanted atro-
phy or adrenal suppression  [  77–  79  ] . There is a high 
median overall 5-year survival of 94 % for patients 
with stage IA (Tl) and 85 % for stage IB (T2) MF 
patients who have used NM  [  78,   80,   81  ] . An 11 % 
complete cure rate has been demonstrated, and 
complete responses (CRs) have also been reported 
with nitrogen mustard monotherapy in both T3 and 
T4 patients  [  79  ] . In general, the effectiveness of 
NM is predominately found among patients with 
patch- or plaque-stage MF because NM may not 
adequately penetrate far enough into the reticular 
dermis to clear tumors. After cessation of mainte-
nance therapy, MF relapses at the same rate as in 
patients without maintenance therapy; therefore, 
after relapse, NM may be restarted with similar 
bene fi cial effect  [  81  ] . 

 In one study, freedom-from-progression rates 
in Tl disease at 5 and 10 years were 92 and 85 % 
and in T2, 83 % at 5 and 10 years, respectively 
 [  5,   82  ] . One third of Tl patients enjoy long-term 
disease-free survival with CRs of up to 14 years, 
as reported by Vonderheid  [  79  ] . This indicates 
that long-standing remissions are possible with 
topical nitrogen mustard topical therapy. Nitrogen 
mustard has been helpful for maintenance to pro-
long remissions obtained with other methods 
such as total skin electron beam (TSEB)  [  83  ] . We 
have also found topical NM to be useful to treat 
patients with CD30 +  anaplastic large-cell lym-
phoma (ALCL) and in managing patients with 
lymphomatoid papulosis when other agents failed 
or could not be used. 

 NM is generally well tolerated without the 
toxicity caused by systemic administration. The 

most common side effects are irritant contact der-
matitis or allergic contact dermatitis, occurring in 
20–80 % patients treated with an aqueous solu-
tion. These side effects occur less frequently 
(<5 %) with the ointment formulation of 10 % in 
aquaphor  [  80  ] . Approximately 75 % of patients 
who develop intolerance to NM demonstrate pos-
itive to weakly positive patch tests. There may be 
the bene fi cial effect of developing contact derma-
titis with subsequent clearing of MF lesions  [  84  ] . 
Other reactions include urticaria, pruritus, xero-
sis, and hyperpigmentation. Long-term, nonmel-
anoma skin cancers, especially squamous cell 
carcinoma, may occur with prolonged treatment 
with an incidence of approximately 11 %, and 
patients should be under skin cancer surveillance 
even if their MF is in remission  [  80  ] .  

   Carmustine 

 Carmustine (bis-chlorethylnitrosuea, BCNU) is a 
nitrosourea alkylating agent used to treat early 
MF since the early 1970s but is rarely used today 
 [  85  ] . Carmustine undergoes spontaneous, nonen-
zymatic degradation to form electrophiles that 
alkylate DNA, leading to cross-linking of DNA. 
Like nitrogen mustard, it can be used in two for-
mulations: a weak alcohol solution or ointment 
formulation. CR was achieved in 85 % of Tl 
patients and in approximately 50 % of T2 patients 
 [  86,   87  ] . Of individuals attaining CRs, relapse-
free survival at 5 years was 37–60 % in Tl patients 
and 12–32 % in T2 patients. At 8 years, 26 % of 
Tl patients and 12 % T2 patients continued to be 
relapse-free  [  86,   87  ] . 

 Adverse effects with carmustine are more com-
mon and more severe than for nitrogen mustard. 
The most common reactions are erythema and 
tenderness, often followed by persistent telangi-
ectasias that are dif fi cult to distinguish from MF 
lesions or radiation changes. Allergic contact der-
matitis occurs less frequently than with nitrogen 
mustard and has been reported in less than 10 % 
patients  [  88  ] . The total percutaneous absorption 
or carmustine may be up to 28 % (detected by uri-
nary excretion) with systemic side effects such as 
mild to moderate myelosuppression that occurs in 
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3–7 % of patients treated with either ointment or 
aqueous solution  [  89  ] . A complete blood count 
should be monitored during treatment. Although 
carmustine is an ef fi cacious therapy for early MF 
and can be widely applied to involved areas, it is 
not used widely as a  fi rst-line agent due to its high 
frequency of side effects, and it remains a second- 
or third-line treatment for refractory skin-limited 
MF.  

   Topical Methotrexate 

 Methotrexate is a potent competitive inhibitor of 
dihydrofolate reductase, thereby selectively 
inhibiting DNA synthesis and preventing mitosis. 
Methotrexate also may block migration of acti-
vated T cells and decrease cutaneous lymphocyt-
ic-associated antigen (CLA) positive T-cell 
interactions with endothelial E-selectin  [  90  ] . Oral 
and parenteral forms are approved by the FDA 
for treatment of lymphoma  [  91  ] . Low-dose oral 
and intravenous methotrexate has been used for 
the treatment of advanced MF (Sézary syndrome) 
 [  92  ]  and has demonstrated some ef fi cacy in treat-
ing resistant patch, plaque, and tumor MF  [  93  ] . 
Oral methotrexate is also commonly used to sup-
press lymphomatoid papulosis  [  94,   95  ] . 

 Topical formulations provide ef fi cacious local 
concentrations while minimizing systemic expo-
sure. One percent methotrexate has been com-
pounded with Laurocapram (Azone ® ), a lipophilic 
compound with penetration-enhancing properties 
 [  96,   97  ] . Two pilot phase I/II studies of 14 patients 
total evaluated the ef fi cacy of this compound in 
stage IA and IB MF  [  98  ] . Three patients attained 
partial remissions (PR) de fi ned as greater than 
50 % improvement. Four additional patients 
improved less than 50 %, and none had progres-
sive disease (PD). Further studies are needed to 
establish proper concentration, frequency of 
application, long-term follow-up data, and dura-
tion of treatment needed to attain optimal ef fi cacy. 
Its role as adjuvant therapy has not been investi-
gated. Topical methotrexate may avoid immuno-
suppressive effects with systemic administration 
including emergence of B-cell lymphoma in 
patients with rheumatoid arthritis  [  99,   100  ] .  

   Topical Calcineurin Inhibitors 

 The calcineurin inhibitors tacrolimus and pime-
crolimus were approved by the FDA for the topical 
treatment of atopic dermatitis but have not been 
systematically studied in MF patients. Tacrolimus 
and pimecrolimus bind to the cellular protein, 
FK506-binding protein, and the complex binds to 
and inhibits the enzyme calcineurin’s ability to 
dephosphorylate nuclear factor of activated T cells 
(NFAT), a key transcription factor  [  101  ] . Blocking 
NFAT prevents transcription of the cytokine T-cell 
growth factor IL-2 and prevents T-cell activation, 
decreases cytokine production, and downregulates 
IgE receptors  [  101,   102  ] . Tacrolimus also blocks 
superantigen-induced T-cell proliferation caused 
by  Staphylococcus aureus  in patients with atopic 
dermatitis. It may reduce staph colonization with 
staph which would be also desirable in MF patients 
 [  20,   103  ] . 

 Topical tacrolimus potentially offers an anti-
in fl ammatory effect, while avoiding the atrophy 
and acneiform eruptions commonly associated 
with the use of topical corticosteroids. An anec-
dotal case of a 29-year-old man with patch-stage 
MF was treated with tacrolimus ointment 0.1 % 
twice daily for 1 month and achieved complete 
remission  [  104  ] . 

 While topical tacrolimus may be useful for 
facial lesions of early-stage MF, we found that 
pimecrolimus had been used in several patients 
preceding a diagnosis of folliculotropic MF 
(Duvic, submitted). Further studies are needed to 
evaluate the role of topical tacrolimus and pime-
crolimus cream in MF patients, especially since 
they are immunosuppressive agents when given 
parentally with the risk of allowing lymphoma to 
emerge.  

   Imiquimod: Toll Receptor Agonist 

 Imiquimod is a novel topical immune response 
modi fi er belonging to the imidazoquinolone fam-
ily of drugs  [  105  ] . It interacts with toll-like recep-
tors, especially TLR-7 and has indirect antiviral 
and antitumor effects. Imiquimod is approved for 
the topical treatment of genital and perianal 
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warts/condylomata acuminate, actinic keratoses 
on the face and scalp, and super fi cial basal cell 
carcinomas. Imiquimod activates both the innate 
and acquired immune systems  [  106  ] . Imiquimod 
induces synthesis and release of the cytokines 
interferon (IFN)-  a  [alpha], tumor necrosis factor 
(TNF)-  a  [alpha], interleukin (IL)-6, and IL-12 
that activate the adaptive immune response 
toward the TH-1 or cell-mediated pathway, while 
inhibiting the TH-2 pathway. Since progression 
of MF is characterized by an increasing tumor 
burden of TH-2 cytokine-producing cells, imi-
quimod is an obvious and attractive topical agent 
for MF. The same rationale underlies the use of 
CpGs (small pieces of DNA that mimic bacterial 
or viral genome, which stimulates the immune 
system through toll receptor) that also induce a 
TH-1 response  [  106  ] . 

 The evidence for imiquimod in CTCL is based 
only on anecdotal case reports. A stage IA MF 
patient’s lesions completely cleared after 
4 months of treatment with imiquimod nightly 
 [  107  ] . In another case series reported by Deeths 
 [  108  ] , six patients with stage IA to IIB mycosis 
fungoides treated their lesions with topical imi-
quimod 5 % cream three times per week for 
12 weeks with both a histologic and clinical 
response rate of 50 %. 

 Data from isolated case reports and pilot 
 studies indicates that imiquimod may be useful in 
the treatment of MF lesions. However, a random-
ized double-blind trial is needed to determine the 
safety and ef fi cacy of this drug in the treatment of 
MF and to determine the most ef fi cacious dosing 
regimen.   

   Phototherapy 

   Ultraviolet B Phototherapy 

 Ultraviolet light B (UVB) phototherapy is well 
 tolerated and effective for the treatment of early-
stage MF patients and as adjuvant therapy for 
patients who also need systemic therapy. Clinical 
studies of UVB therapy have demonstrated a com-
pete response rate as high as 74 % in patients with 
stage I disease and a median time to remission of 

approximately 5 months  [  109,   110  ] . Generally, 
remissions induced by UVB phototherapy are long 
lasting with a median duration of 22–51 months. 
UVB in sunshine is most convenient, but UVB 
may be administered in a home light box or through 
the dermatology of fi ce. Although burning may 
occur with UVB phototherapy, the treatment is 
generally well tolerated  [  111  ] . 

 Narrowband UVB (310 nm) has been shown 
to be effective for the treatment of mycosis fun-
goides in recent years. It is considered more 
effective than broadband UVB and nearly as 
effective as psoralen plus ultraviolet A (PUVA) 
phototherapy  [  112  ] . In a small study of eight 
patients with patch-stage MF, complete clearance 
of MF was achieved in six cases, and four patients 
had prolonged remissions. Mean duration of clin-
ical improvement was 20 months. Narrowband 
UVB is preferable to PUVA because it does not 
require injection of oral psoralens which have 
side effects of nausea, headaches, and dizziness. 
Also protective eyewear is not required after 
treatment and UVB may be given during preg-
nancy. Narrowband and broadband UVB may 
have less photocarcinogenic risk than PUVA. 
Although potentially as effective as PUVA, it 
may be more dif fi cult to wean a patient from nar-
rowband UVB without relapse (Duvic, unpub-
lished data).  

   Ultraviolet A-1 Phototherapy 

 Ultraviolet (UV) A-1 ranges between 340 and 
400 nm and is thought to work mainly through 
induction of apoptosis in T-helper cells present 
in the dermal compartment  [  113  ]  without reduc-
ing epidermal Langerhans cells  [  114,   115  ] . 
Continuation of UVA-1 phototherapy leads to a 
gradual increase in the number of apoptotic 
T-helper cells and a subsequent reduction of the 
in fl ammatory in fi ltrate and clinical improvement 
 [  116  ] . Early apoptosis appears to be highly 
speci fi c for UVA-1 and is mediated through 
the generation of singlet oxygen species 
 [  113,   117  ] . Diseases treated with UVA-1 include 
 cutaneous T-cell lymphoma, atopic dermatitis, 
cutaneous mastocytosis, scleroderma, morphea, 
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and  graft-versus-host disease (GVHD)  [  113  ] . In a 
study of three patients with stage IA and IB MF, 
skin lesions began to resolve after only a few 
UVA-l exposures  [  117  ] . Complete clearing was 
observed between 16 and 20 exposures, regard-
less of whether the high- or medium-dose regi-
men had been employed. The main acute side 
effects of UVA-1 phototherapy are erythema, pig-
mentation, and reactivation of herpes simplex 
infection.  

   Photodynamic Therapy 

 Photodynamic therapy (PDT) involves the activa-
tion of a photosensitizer by light of the appropriate 
wavelength to induce a therapeutic effect. 
Activation of the photosensitizer leads to the for-
mation of reactive oxygen species, especially sin-
glet oxygen or free radicals, promoting apoptosis 
and tumor destruction. PDT has been approved by 
the FDA only for the treatment of actinic keratosis 
 [  118  ] , with only anecdotal information for MF. 
Hypericin and  d -aminolevulinic acid (ALA) topi-
cal formulations have each been investigated for 
their value as photodynamic compounds for the 
treatment of MF. In one study, seven lesions from 
four patients with cutaneous T-cell lymphomas 
(MF stage IB, CD30 +  anaplastic T-cell lymphoma, 
CD8 +  CTCL, and MF stage IIB) were treated with 
photodynamic therapy  [  119  ] . In another study, 
four patients with partial remissions from conven-
tional therapies received ALA-PDT and achieved 
complete remissions  [  120  ] . In a third study,  fi ve 
MF tumors had complete responses following irra-
diation with a total light dose of 380 J/cm 2   [  121  ] .  

   Excimer Laser 

 Recently, several small case series have evaluated 
the ef fi cacy of the monochromatic 308-nm exci-
mer laser to treat individual lesions of early-stage 
MF and lymphomatoid papulosis  [  122,   123  ] . In 
 fi ve patients with stage IA MF, excimer laser was 
used twice weekly until clinical clearance or 
minimal residual activity was achieved  [  123  ] . 
A complete clinical response was obtained in 

four of the  fi ve patients’ lesions, and minimal 
residual activity was observed in the  fi fth patient. 
Posttreatment biopsies of the treated areas showed 
a marked decrease of in fl ammatory in fi ltrates, 
with loss of epidermotropism and Pautrier’s 
microabscesses  [  123  ] . Excimer laser may be a 
bene fi cial new treatment for early-stage MF 
lesions; however, it needs further study and 
clari fi cation to determine its role as an adjunctive 
therapy for MF.   

   Total and Local Skin Electron 
Beam Therapy 

 Total skin electron beam (TSEB) is perhaps the 
most effective of the skin-directed therapies for 
patients with skin-limited disease, including 
tumors. Combined international data of 1,165 
patients receiving TSEB therapy have shown com-
plete response rates of close to 70 %  [  124–  127  ] . 
Complete response rates are highest in patients 
with T1-limited disease, although given their 
already favorable prognosis TBSEB is usually 
reserved for patients with greater skin involve-
ment. Five-year disease-free survival was shown 
to be 40–60 % for stage IA, 25 % for stage IB, 
15 % for stage IIA, 2–20 % for stage IIB, and 
10–25 % for stage III, patients  [  124  ] . 

 Patients with disease stages greater than stage 
IA who achieve a complete response are prone to 
relapse. TBSEB is effective in patients with stage 
IIB tumor disease; however, complete responses 
may be short lived due to relapse with new 
lesions. The use of adjuvant nitrogen mustard 
after TBSEB remission can increase disease-free 
survival from approximately 15–55 % at 5 years 
in patients with T2 stage disease  [  128  ] . Patients 
with T4 stage erythrodermic MF may also have 
prolonged remissions when TBSEB is combined 
with extracorporeal photochemotherapy (ECP), 
and it is important for disease palliation  [  129  ] . 

 Side effects of TSEB include erythema, swell-
ing, exfoliation, tenderness, blister formation, 
alopecia, anhidrosis, and nail loss  [  130  ] . Effects 
are usually transient although hair and nail 
 thinning may persist and skin aging is common. 
There is also an increased risk of developing 
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 nonmelanoma skin cancers, which is higher in 
patients who receive adjuvant PUVA or topical 
nitrogen mustard. Due to the side effect pro fi le of 
TBSEB, studies are under way to determine the 
ef fi cacy of low-dose TSEB which has the advan-
tage of shorter time course and potential for 
repeated use and reduced side effects.  

   Systemic Biological Response 
Modi fi ers 

 Biological response modi fi ers, such as interferon 
(IFN)-  a  [alpha] oral and oral retinoids, are usu-
ally reserved for second-line therapy in patients 
with extensive skin involvement, relapse, or 
refractory to topical therapy but is  fi rst-line ther-
apy for patients with SS. As discussed above, as 
MF advances there is a shift from Th1 to Th2 
cytokines leading to eosinophilia, atopy, and 
immunosuppression  [  131  ] . Biological response 
modi fi ers are important and very effective modu-
lators of the immune response. The prototypic 
and most effective agent is alpha interferon that 
increases gamma interferon and TNF production, 
generating a cytotoxic T-cell response to the 
tumor that is mediated by CD8 +  cells. Interleukin 
12 is also induced by gamma interferon and 
induces a CD8 +  T-cell response  [  132,   133  ] . 
Retinoids also cause T-cell apoptosis, modulate 
antigen-presenting cells, and modulate epidermal 
differentiation  [  134  ] . 

   Interferons 

 Interferons comprise interferon-  a  [alpha], 
 interferon-  b  [beta], and interferon-  g  [gamma]. 
Interferons have antiproliferative, cytotoxic, 
and immunomodulating actions in CTCL. 
Administration of interferon-  a  [alpha] or Intron-A 
is usually initiated at a low dose of one to  fi ve mil-
lion units subcutaneously given three times a week 
and gradually increased as tolerated. IFN-  a  [alpha] 
plus photopheresis is commonly administered as 
frontline combined immunomodulatory therapy to 
patients with SS or erythrodermic-CTCL  [  135  ] . 
Bexarotene is also added at lower doses. 

 The combination of PUVA plus IFN-  a  [alpha] 
is also widely used and appears to be synergistic. 
In a study of 39 patients with all stages of MF and 
SS, 36 of 39 patients achieved a complete 
response (62 %) or partial response (28 %) with 
median duration of 28 months, while on the com-
bined regimen of IFN-  a  [alpha] and PUVA  [  136  ] . 
The response and response duration is superior 
with a combination of PUVA and IFN, to either 
treatment alone  [  137,   138  ] . However, patients 
may develop anti-interferon antibodies that may 
induce tolerance and resistance to response from 
drug. Combined therapy may suppress anti-inter-
feron antibody formation  [  139  ] . In a study of 24 
MF patients treated with combination of PUVA 
and IFN, none developed antibodies  [  140  ] . 
Interferon-alpha and PUVA are usually initiated 
concurrently, each given three times per week. 
PUVA administration is tapered gradually after 
the patients clear. 

 Interferon-  a  [alpha] has been studied in combi-
nation with other therapies. Surprisingly, a combi-
nation of IFN-  a  [alpha] plus retinoids has complete 
response rates similar to that observed with either 
therapy used alone  [  141–  143  ] . Surprisingly, the 
combination of bexarotene plus IFN-  a  [alpha] 
induced a response rate of only 39 %  [  144  ]  with 
95 % con fi dence interval [CI] 17–64 %, compared 
to the higher response rate of bexarotene mono-
therapy for advanced and early MF (45–54 %) 
 [  58,   59  ] . However, in a case series of only 12 
patients with refractory late-stage MF, an 83 % 
complete response rate was demonstrated using 
interferon and oral tretinoin together  [  145  ] . 

 IFN-  a  [alpha] has also been used in combina-
tion with systemic chemotherapeutic agents and 
may be bene fi cial when combined with 
 fl udarabine or vinblastine compared to either 
chemotherapy alone  [  146,   147  ] . The response to 
IFN-  a  [alpha] plus pentostatin (overall response 
rate of 41 %)  [  148  ]  was similar to response with 
pentostatin alone (overall response rate for CTCL 
ranging from 14 to 60 %,   ³  35 % for majority of 
trials)  [  149–  154  ] . 

 Disease stage is predictive of response to IFN-
  a  [alpha] therapy as a single agent, with more 
complete responses in patients with stage I 
(62.5 % complete remission) compared with 
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stage III–IV disease (16.5 % complete remission) 
 [  155  ] . Duration of disease is also a predictor of 
response, and patients who have had the disease 
longer may perform less well on IFN-  a  [alpha] 
 [  139,   156  ] . 

 IFN-  g  [gamma] and IFN-  b  [beta] have not dem-
onstrated superiority to IFN-  a  [alpha] and are less 
well studied. In a phase II study of 16 patients 
who received intramuscular recombinant IFN-
  g  [gamma], 31 % of patients demonstrated partial 
responses, and none were in complete clinical 
remission  [  157  ] . There is one case of a patient 
achieving complete response after intravenous 
administration of IFN-  g  [gamma] (14–16 MU/
week) for 22 weeks  [  158  ] . Rook has reported 
responses to addition of interferon-gamma in SS 
patients who have failed to improve with interfer-
on-alpha and photopheresis  [  159–  163  ] . 
Interferon-  b  [beta] has been studied the least, and 
preliminary data shows poor ef fi cacy in the treat-
ment of CTCL  [  162  ] . 

 Adverse effects of IFN-  a  [alpha] and IFN-
  g  [gamma] include  fl u-like symptoms consisting 
of fever, chills, myalgias, and malaise which may 
be reduced by premedication with acetamino-
phen  [  139  ] . Leukopenia, thrombocytopenia, hep-
atitis, mental status changes, fatigue, diarrhea, 
and anorexia are dose-related side effects. IFN-
  a  [alpha] is associated with a 6 % incidence of 
thyroid dysfunction; hypothyroidism is more 
common than hyperthyroidism  [  163  ] .  

   Interleukin-12 

 Cytokines are important in the pathogenesis of 
CTCL, and defects in IL-12 production may play 
a role in the cytokine pro fi le shift from Thl to Th2 
type that accompanies disease progression 
 [  131,   164  ] . IL-12 plays a signi fi cant role in the 
activation and differentiation of cytotoxic T lym-
phocytes  [  165  ] . Recombinant 1 L-12 normalizes 
1FN production, enhances cell-mediated cyto-
toxicity, and augments natural killer cell cytotox-
icity when added to peripheral blood mononuclear 
cells from advanced CTCL patients  [  133  ] . 

 Three clinical trials with recombinant human 
IL-12 have shown its potency in treating CTCL 

patients. However, the drug has been removed 
from clinical development and is no longer avail-
able for investigation. IL-12 administered subcu-
taneously was associated with a 50 % response 
rate  [  166,   167  ] . Repeated administration of IL-12 
induces a reversible suppression of IL-12-
dependent responses, which may be secondary to 
decreased IL-12 receptor (IL-12R) expression 
and increased degradation of IL-12 signaling fac-
tors  [  166,   168  ] . IL-12 has also demonstrated 
ef fi cacy as an intralesional agent in two patients 
with tumors  [  166  ] . A multicenter study of 23 MF 
patients treated with subcutaneous IL-12 at a 
dose of 300 ng/kg reported a partial response rate 
of 43 %. Adverse effects included low-grade 
fever, headache, depression, and one death from 
sudden onset upper respiratory infection with 
hemolytic anemia  [  132  ] . IL-2 following IL-12 
was associated with synergistic enhancement 
re fl ecting a promising therapeutic bene fi t for 
CTCL  [  169  ] . IL-12 is also a powerful adjuvant 
therapy used for tumor vaccinations.  

   Isotretinoin, Etretinate, Acitretin 

 Oral retinoids, whose metabolites bind to retinoic 
acid receptors (RAR), have been widely used for 
CTCL for several decades. Isotretinoin, etretinate 
(which is no longer on the market), and acitretin 
have all been used. Most data centers around 
etretinate and isotretinoin, and cumulative data 
show an ORR of 50 % that is similar to that of 
bexarotene  [  170–  173  ] . These agents are also 
often used in combination with PUVA  [  170  ] , 
photopheresis  [  174,   175  ] , or interferon  [  83,   176  ] . 
We reported long-term disease control and com-
plete responses with isotretinoin in combination 
with interferon-alpha, which were used as the 
 fi rst arm of a combination approach (see com-
bined modality protocol in section “  Combination 
Chemotherapy    ”in Chap.   6    , for details on this 
study)  [  83,   176  ] . Although response rates are 
similar with retinoids plus PUVA versus PUVA 
alone, the bene fi ts of combination therapy 
included lower PUVA dose to clear and a longer 
remission on retinoid maintenance  [  170  ] . There 
has been no demonstrated improvement in the 
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response rates of chemotherapy plus retinoids 
versus chemotherapy alone  [  172  ] . Side effects of 
RAR retinoids include dryness, alopecia, arthri-
tis, hepatitis, and bone spurs, and are less well 
tolerated than those seen with bexarotene.  

   Oral Bexarotene 

 Retinoids regulate multiple biologic pathways 
through two families of nuclear receptors: retin-
oic acid receptors (RARs) and retinoid X recep-
tors (RXRs). Retinoid actions on tumor growth 
occur through binding of nuclear receptors, which 
subsequently function as transcription factors 
and mediate gene expression. Oral bexarotene 
was the  fi rst synthetic, RXR-selective retinoid or 
“rexinoid,” to be studied in humans  [  177  ] . In 
December of 1999, bexarotene became the  fi rst 
and only retinoid approved by the FDA for the 
treatment of CTCL. Oral administration and lack 
of immune suppression are advantages treatment 
with bexarotene affords compared to chemother-
apy alternatives. In vitro, bexarotene induced 
apoptosis of CTCL cell lines but required high 
doses, suggesting other effects may be important 
 [  134  ] . Richardson et al. reported that bexarotene 
alters adhesion molecules that govern T-cell 
traf fi cking resulting in a shift of T cells from the 
skin to the periphery  [  178  ] . 

 Response to bexarotene monotherapy is dose 
dependent with an optimal dose of 300 mg/m 2 /
day. Two multicenter trials, one involving early-
stage disease and the other advanced-stage 
patients, led to FDA approval of bexarotene 
 [  61,   62  ] . Higher doses of bexarotene led to higher 
response rates. The pivotal trial started at 650 mg/
m 2 /day, was reduced to 500 mg/m 2 /day, and then 
to an optimal dose of 300 mg/m 2 /day based on 
response and dose-limiting toxicity. The response 
rates for early-stage MF were 67 % at doses 
above 300 mg/m 2 /day versus 54 % at 300 mg/m 2 /
day  [  159  ] . The response rates for advanced-stage 
disease patients were 55 % at >300 mg/m 2 /day 
and 45 % at 300 mg/m 2 /day  [  62  ] . Dose-limiting 
toxicity, hyperlipidemia with pancreatitis, 
occurred in a few patients at a dose of >300 mg/
m 2 /day. Lack of response at lower-dose levels 

was the rationale for 300 mg/m 2 /day as the opti-
mal dose for response and tolerability. At the 
optimal dose, overall response was 48 % in the 
combined group of early- and late-stage MF 
patients  [  61,   62  ] . 

 We evaluated 70 patients with stage IA–IVB 
CTCL treated with oral bexarotene as a mono-
therapy or in combination with other agents and 
con fi rmed a response rate of 48 % for bexarotene 
monotherapy versus a response rate of 90 % when 
combined with two lipid-lowering agents  [  179  ] . 
Bexarotene may also reduce tumor and lymph 
node burden and has demonstrated ef fi cacy in 
treating some patients with large-cell transforma-
tion and erythrodermic MF  [  179,   180  ] . 
Combinations of bexarotene with PUVA, inter-
feron, ECP, and denileukin diftitox may lead to 
higher overall response rates of 90 %  [  179  ] . 

 The most common adverse effects reported 
with bexarotene are dose dependent and include 
hypertriglyceridemia (82 %), hypercholester-
olemia (30 %), central hypothyroidism (29 %), 
headache (20 %), asthenia (16 %), pruritus (13 %), 
and leukopenia (11 %)  [  62  ] . Hypertriglyceridemia 
can be prevented or reduced in severity by lipid-
lowering agents and synthroid replacement, 
initiated with treatment. We prefer feno fi brate 
145 mg with addition of atorvastatin if needed. 
Low-fat diet and omega 3 fatty acids are also 
helpful. Gem fi brozil should not be used to con-
trol bexarotene-induced hypertriglyceridemia as 
it is paradoxically associated with higher bexaro-
tene levels, increased hypertriglyceridemia, and 
increased risk for pancreatitis. 

 Initially, thyroid function by free thyroxine 
levels should be monitored frequently initially. 
Thyroid replacement in the form of levothyrox-
ine should be administered to keep the free T 

4
  

normal. While the patient takes bexarotene, we 
generally give 25   m  g of levothyroxine for each 
75 mg capsule of bexarotene and increase the 
levothyroxine by 25   m  g for each additional bex-
arotene tablet given. In a study at MD Anderson 
Cancer Center (MDACC), we  fi rst demonstrated 
that bexarotene suppresses thyrotropin secretion 
leading to reversible central hypothyroidism 
with low thyroid-stimulating hormone (TSH) 
and T 

4
  levels. Note that since bexarotene reduces 
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mRNA of TSH, TSH levels will always be 
low when patients are on bexarotene  [  181  ] . 
Normalization of thyroid function occurs as 
early as 8 days after cessation of therapy  [  181  ] , 
and patients should be weaned off levothyroxine 
if bexarotene is discontinued. Bexarotene 
binds to RXR receptors, and they can bind to 
 peroxisome proliferator- activated receptors 
(PPARs), increasing insulin sensitivity leading 
to hypoglycemia in diabetic patients on insulin. 
Thus, glucose levels should be monitored 
 carefully, especially in diabetic patients.  

   HDAC Inhibitors 

 Histone deacetylases (HDAC) are enzymes which 
remove acetyl groups from core histone proteins 
 [  182  ] . Core histone proteins sterically control 
access of transcription factors to DNA and there-
fore modulate gene transcription. HDAC inhibi-
tors are small molecules that bind to and block 
deacetylation by HDACs. Various HDACs with 
different selectivities appear to be effective in 
CTCL and are being investigated as antineoplas-
tic agents in clinical trials. HDAC inhibitors 
repress deacetylation of tumor-suppressor genes 
and cell cycle regulatory genes, leading to the 
arrest of neoplastic cell growth and apoptosis 
 [  183  ] . HDAC inhibitors may also work as antian-
giogenesis agents by decreasing VEGF expres-
sion  [  184,   185  ] . HDAC enzymes are divided into 
families (Class I–IV) based on homology to yeast 
HDAC proteins  [  186,   187  ] . 

 HDAC inhibitors have demonstrated additive 
or synergistic effects with anthracyclines, tumor 
necrosis factor-related apoptosis-inducing ligand 
(TRAIL), and all-trans retinoic acid  [  164,   183, 
  184,   188–  190  ] . They are ef fi cient radiation modi-
fying agents and may be used as clinical radiation 
sensitizers/protectors  [  191  ] . A multicenter study 
combining low-dose electron beam radiation 
with vorinostat is in progress (Y. Kim, 2012 per-
sonal communication). 

 Vorinostat (Zolinza ® ; Merck, Whitehouse 
Station, USA), formerly suberoylanilide 
hydroxamic acid (SAHA), which was FDA 
approved for the treatment of relapsed or 

 refractory CTCL in October of 2006, is an orally 
bioavailable inhibitor of class I and II HDACs 
 [  183,   185  ] . In addition to vorinostat, the HDAC 
inhibitors romidepsin (depsipeptide, FK-228), 
belinostat (PXD101), and LAQ824/LBH589 
(panobinostat) have demonstrated therapeutic 
bene fi t as monotherapy in CTCL  [  192  ] . 

 Vorinostat has demonstrated antineoplastic 
effects in leukemia, lymphoma, and solid tumor 
models in vivo  [  184,   190,   193,   194  ] . Preclinical 
studies have shown that vorinostat causes accu-
mulation of acetylated histones in treated patients’ 
tumors and blood cells and induces apoptosis in a 
broad range of cancer cell lines including Sézary 
cells  [  195  ] . Romidepsin also induces apoptosis 
of CTCL cells in vitro  [  196  ] . Vorinostat induces 
tumor cell apoptosis at concentrations to which 
normal cells are relatively resistant  [  197  ] . Both 
vorinostat and romidepsin down-modulate 
expression of the Th2 cytokine, IL-10 which is 
overexpressed in tumor cells  [  198  ] . 

 Kelly et al. at Memorial Sloan-Kettering per-
formed a dose-escalation study of 37 patients 
with advanced cancer given vorinostat/SAHA by 
2-h intravenous infusions  [  189  ] . The starting dose 
of 75 mg/m 2 /day was escalated to <900 mg/m 2 /
day with no dose-limiting toxicities. In part B of 
the trial, vorinostat was administered for 5 days 
every 1–3 weeks for solid tumor patients ( n  = 17) 
and 5 days for 3 weeks for those patients with 
hematologic malignancies ( n  = 12). The maxi-
mum-tolerated dose (MTD) in hematologic 
malignancies was 300 mg/m 2 /day × 5 days for 
3 weeks, and median duration of therapy was 
6.4 weeks (range: 1.6–40 weeks)  [  189  ] . In their 
report of 73 patients with hematologic or solid 
tumors treated with oral vorinostat, the MTD was 
400 mg/day and 200 mg twice daily for continu-
ous daily dosing and 300 mg twice daily for 3 
consecutive days per week. Thrombocytopenia 
was reported in 87 % of the patients with hema-
tologic malignancies compared with 44 % of the 
patients with solid tumors. 

 In 35 patients with hematologic malignancies 
treated in phase I with either intravenous ( n  = 12) 
or oral vorinostat ( n  = 23) at continuous doses in 
the range of 400–600 mg/day or 200–400 mg 
twice daily, vorinostat demonstrated activity in 
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Hodgkin’s disease, diffuse B-cell lymphomas, 
and CTCL (one MF patient with a >4-month PR) 
 [  199  ] . Observed dose-limiting toxicities were 
anorexia, dehydration, diarrhea, fatigue, neutro-
penia, and thrombocytopenia. 

 In a phase II dose-ranging trial, 33 patients 
with refractory or relapsed CTCL (stage IA–IVB) 
were treated with oral vorinostat in one of three 
sequential dosing cohorts  [  183  ] . Four of the 33 
patients participated in two different dosing 
cohorts. Patients had a median of  fi ve prior thera-
pies (range: 1–15), 85 % had advanced stage (  ³   
IIB) CTCL, and a third had SS. Twenty-four per-
cent of patients achieved a documented PR, 
de fi ned by   ³  50 % decrease in severity-weighted 
assessment tool (SWAT) score, and one-third had 
pruritus relief, stable disease, or both. Responses 
were seen in a broad spectrum of patients: early-
stage refractory MF, tumor stage with large-cell 
transformation, and in nodal and/or blood involve-
ment. The median duration of response was 
15.1 weeks (range 9.4–19.4 weeks) overall, 
which was lowest (9.4 weeks) in the intermittent 
dosing group of 300 mg twice daily 3 days out of 
7 and highest (16.1 weeks) in the group treated 
with 400 mg/day. Grade 3/4 thrombocytopenia 
was most common (42 %) in the cohort treated 
with 300 mg twice daily continuously for 14 days 
and less common (8 %) in the other two cohorts. 
The most common toxicities were fatigue, diar-
rhea, altered taste, nausea, and dehydration. 
Overall, the 400 mg/day dose provided the most 
favorable risk-bene fi t pro fi le and was selected for 
the pivotal registration trial  [  200  ] . 

 In the phase IIB multicenter trial, oral vorinos-
tat 400 mg/day was administered to 74 patients 
with stage IB–IVA MF/SS  [  200,   201  ] . The ORR 
was 29.7 %, 32 % patients had pruritus relief, and 
one patient with facial tumors had a near com-
plete long-lasting response. Median time to pro-
gression (TTP) in all patients was 4.9 months. 
Eleven percent of patients had related serious 
adverse events, 11 patients required dose 
modi fi cations, and there were three deaths in the 
study including one patient with hypertension 
and valvular heart disease. The most common 
drug-related adverse events were gastrointestinal 
symptoms (diarrhea [49 %], nausea [43 %], 

anorexia [26 %], dysgeusia, dry mouth, vomiting, 
constipation, and anorexia) or fatigue (46 %), 
thrombocytopenia, weight decrease, alopecia, 
muscle spasms, increase in creatinine, anemia, 
and chills  [  200  ] . Caution is indicated in patients 
with a history of deep-vein thrombosis or on war-
farin therapy due to reported adverse events of 
pulmonary embolism and thrombocytopenia. 
ECG changes including ST-T wave changes, and 
QT prolongation was observed but were clini-
cally insigni fi cant  [  200  ] . 

 Romidepsin is a cyclic pan-HDAC inhibitor 
that has been approved by the FDA in November 
2009 for treatment of patients with CTCL who 
have received at least one prior systemic therapy 
 [  202  ] . Approval was based on two phase II stud-
ies, including a multicenter international study 
 [  203  ] . The overall response rate was 38 % with 
 fi ve complete responses, and median duration of 
response was 15 months. More recently, depsi-
peptide (romidepsin) also received approval for 
peripheral T-cell lymphoma based on a response 
rate of 38 % and median duration of response of 
8.9 months (2–74 months)  [  204,   205  ] . It is admin-
istered intravenously at 14 mg/m 2  for 3 weeks out 
of 4 and has a slightly higher overall response 
rate than vorinostat. The adverse events are simi-
lar to other HDAC inhibitors. Both histone 
deacetylase inhibitors were associated with 
decrease in pruritus scores in patients who had 
baseline pruritus.  

   Photopheresis 

 Extracorporeal photochemotherapy (ECP, photo-
pheresis) combines phototherapy with leuka-
pheresis and is based on the DNA-damaging 
effect of light combined with photoactivated 
8-methoxypsoralen (8-MOP) on pathogenic 
T Iymphocytes  [  206–  208  ] . Psoralens are 
furocumarins, a group of chemicals which 
strongly absorb UV light maximally in the UVA 
range  [  209  ] . The most extensively used therapeu-
tic psoralen, 8-MOPP, intercalates between DNA 
base pairs. Upon exposure to UVA radiation, 
covalent cross-linking of DNA occurs resulting 
in proliferative arrest of treated cells. The 
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 combination of photosensitizing agent 8-MOP 
and mononuclear cells collected by apheresis are 
irradiated by ultraviolet light A (UVA) ex vivo 
and reinfused into the patient. 

 The precise mechanism of action of ECP is 
not completely elucidated. Multiple mechanisms 
are thought to generate an immune response or 
vaccination against tumor cell antigens and gen-
eration of cytotoxic CD8 cells. Treatment effects 
include photodestruction of cells, induction 
of T-cell apoptosis, monocyte activation and 
 maturation, stimulation of cytokines, and stimu-
lation of cell-mediated immune response 
with changes in immune reactivity of the patient 
 [  159,   210–  214  ] . 

 In an animal model, ECP reverses GVHD by 
inducing donor regulatory T cells  [  215  ] . 

 CTCL patients, especially those with erythro-
dermic MF and Sézary syndrome, have been 
treated with ECP for more than 20 years using 
the FDA-approved device for CTCL  [  216  ] . ECP 
has recently shown promising results for SS  [  217  ]  
and has been found to be effective for GVHD 
 [  216  ] . It is also effective to treat solid organ trans-
plantation rejection and is being investigated as 
therapy for multiple autoimmune diseases. 
Whether the mechanism of action is the same in 
different conditions is unknown. 

 In 1987, Edelson et al. published the  fi rst mul-
ticenter trial suggesting the bene fi ts of ECP in 
CTCL  [  218  ] . Twenty-seven of 37 patients (73 %) 
had greater than 25 % improvement, with an aver-
age 64 % decrease in cutaneous involvement after 
22 weeks. Additionally, 88 % percent of lympho-
cytes in the treated cell concentrate were not 
 viable after treatment. Infusion of the damaged 
cells led to a reduction in the CD4 + /CD8 +  ratio. 
Long-term follow-up demonstrated that erythro-
dermic patients treated with ECP had prolonged 
survival (median 60 months) compared to historic 
control groups (median 30 months)  [  218  ] . 

 Follow-up studies involving ECP as a mono-
therapy have shown partial response rates from 
20 to 88 % and complete response rates 
of 13–33 % of patients  [  219–  233  ] . Studies 
 demonstrating that ECP clinically improves and 
prolongs survival in patients with erythrodermic, 
and advanced-stage CTCL support the use of 

ECP as  fi rst line for stages III and IV patients 
 [  208,   225,   234–  240  ] . There is controversy regard-
ing the bene fi t of ECP in SS in prolonging 
 survival  [  241  ] . Fraser-Andrews et al. found no 
signi fi cant difference in overall survival of 29 
patients with SS who had received ECP (median 
39 months) compared with 15 patients who did 
not receive ECP (median 22 and 27.5 months) 
 [  241  ] . Opponents argued that the study was lim-
ited by a small study population, patients were 
inadequately treated, ECP patients were heavily 
pretreated, and the ECP-treated patients may 
have had worse disease  [  234,   235  ] . We have stud-
ied overall survival in a cohort of 124 erythroder-
mic CTCL patients who were treated with 
ECP-combined immunotherapy, and their median 
survival overall was twice that reported by other 
centers  [  242  ] . Median survival of 2.5 years, 
reported previously, was limited only to leukemic 
SS patients whose count exceeded 10,000 SS 
cells. Prospective studies are needed to con fi rm 
the importance of ECP over immunomodulator 
therapy alone in patients with SS. 

 Certain features in patients with CTCL make 
ECP more likely to have a favorable therapeutic 
effect, and the presence of CD8 +  T cells is thought 
to be required  [  221,   222,   243–  248  ] . ECP respond-
ers have been reported to have absence of bulky 
lymphadenopathy or visceral involvement, dis-
crete lower numbers of Sézary cells (10–20 % of 
mononuclear cells), limited leukemia 
(WBC < 20,000/mm 3 ), short duration of disease 
(less than 2 years), normal numbers of cytotoxic 
T cells and normal natural killer cell activity, 
early response to treatment (within 5 months of 
treatment), and plaque stage less than 10–15 % of 
the skin surface  [  221,   222,   243–  248  ] . ECP should 
always be given prior to chemotherapy as it 
requires an intact immune response. 

 The role of ECP for early-stage patients 
remains to be established, but some dramatic 
responses have occurred. In a recent review by 
Miller et al., 124 early-stage patients treated with 
ECP or ECP plus adjuvant therapy from 1987 
to 2007 were identi fi ed in 16 different reports 
 [  174,   208,   219,   221,   225,   226,   232,   237,   240, 
  248–  255  ] . Response rates for early-stage patients 
varied from 33 to 88 %. Most of these reports had 
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insuf fi cient patient numbers to enable adequate 
statistical analysis within each cohort. We 
recently treated 19 patients with early-stage MF 
with photopheresis with favorable and durable 
responses noted  [  256  ] . Large-scale randomized 
prospective studies are needed to establish if ECP 
is bene fi cial in this patient population.  

   Combined Immunomodulatory Therapy 

 To improve response rates to ECP, interferon 
(IFN) and/or systemic retinoids have been added 
as a combined immuno-modality regimen  [  135  ] . 
Oral bexarotene is the most commonly used 
retinoid for combined modality therapy. Although 
the optimal dose is 300 mg/m 2 , as a monotherapy, 
lower doses 75–225 mg are generally used with 
photopheresis to avoid lipemic plasma. Patients 
who were initially on ECP monotherapy experi-
enced higher response rates when systemic retin-
oids were added to their regimen  [  174  ] . The 
addition of IFN-  a  [alpha]-2b, the  fi rst reported 
therapy used with ECP, may also have a synergis-
tic effect with ECP  [  250,   257  ] . The dose of IFN 
used with ECP is also lower: one to  fi ve million 
units subcutaneously three times weekly and can 
be increased as tolerated. Anemia from the ECP, 
interferon, and bexarotene is often present after 
prolonged therapy. Zackheim criticized studies 
comparing ECP as a monotherapy versus ECP 
combined with interferon because other studies 
have documented that IFN-  a  [alpha]-2b maybe 
be as good or better when used as monotherapy 
 [  258  ] . Prospective, randomized studies are lack-
ing to con fi rm these observations. 

 Maintenance with ECP following total skin 
electron beam therapy (TSEB) may improve over-
all survival  [  259  ] . Wilson et al. evaluated patients 
who achieved a PR or CR to TSEB who subse-
quently were treated with either adjuvant chemo-
therapy (doxorubicin/cyclophosphamide) or ECP. 
At 3 years, the group treated with ECP had 
improved overall survival which approached sta-
tistical signi fi cance ( p  < 0.06). They also evaluated 
erythrodermic (T4) patients treated with TSEB 
and concurrent ECP or TSEB only  [  129  ] . Patients 
with CR had a disease-free survival (DFS) of 

63 %. Within this group, DFS was 49 % for 
patients who received TSEB alone versus 81 % 
for patients who had received TSEB and ECP. 

 There has been one report of a higher response 
rates in patients treated with ECP preceded by 
 fl udarabine versus  fl udarabine monotherapy, 
although no signi fi cant improvement in response 
duration or overall survival was observed  [  260  ] . 
Nineteen patients, including SS, erythrodermic 
MF, and MF with peripheral blood involvement, 
were studied. ECP was able to induce a response 
in six patients unresponsive to  fl udarabine alone 
and in three patients who relapsed after 
 fl udarabine. Although a low number of patients 
were treated and the patients were not random-
ized, the authors felt that preliminary results were 
positive and could be the basis for planning 
 randomized multicenter trials on a larger scale.   

   Targeted Therapies 

 New targets for the treatment of CTCL include 
two types of agents: those which directly target 
the clonal tumor cells based on surface markers 
and those which modulate immunomodulatory 
cytokines favoring differentiation toward Th1 
cells. Targeted therapy to the malignant clone is 
preferable to preserve the immune system of 
patients. 

   Denileukin Diftitox 

 Patients who fail interferon and oral bexarotene or 
who have tumors or nodal disease (stage IIB to IV 
MF) are good candidates to receive denileukin 
diftitox (ONTAK ® )  [  261  ] . This is a recombinant 
IL-2-diphtheria toxin fusion protein targeted to 
the IL-2 receptor expressed on T cells, and it does 
not cause myelosuppression. Denileukin diftitox 
was approved by the FDA in 1998 for the treat-
ment of cutaneous manifestations of relapsed 
CTCL. A phase III trial of denileukin diftitox in 
73 patients with refractory CTCL who had 
received   ³  3 prior therapies demonstrated a 30 % 
ORR, a 10 % complete response rate, and a 
median duration of response of 6.9 months from 
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time of  fi rst dose. Denileukin diftitox is quite 
effective in patients with stage IIB tumor disease, 
with a response rate of 50 %, and offers an attrac-
tive tumor burden debulking agent without caus-
ing neutropenia  [  262,   263  ] . Higher response rates 
of 60 % and fewer acute symptoms were seen in 
patients with the highest levels of CD25 expres-
sion in lesional skin biopsies using the  fi xed tissue 
assay. The need for 25 % CD25 expression for 
denileukin diftitox to work is controversial and 
did not show up in a recent larger study  [  264  ] . 

 In a phase I study, denileukin diftitox was com-
bined with bexarotene to increase expression of 
CD25 levels  [  265  ] . Fourteen patients with relapsed 
or refractory CTCL were treated with escalating 
doses of bexarotene (75–300 mg/day), and denile-
ukin diftitox (18   m  g/kg/day × 3 days every 21 days) 
had an overall response of 67 % (four complete 
responses, four partial responses)  [  265  ] . 

 The results of a multicenter phase III double-
blinded randomized trial of denileukin diftitox 
were recently published, showing signi fi cant 
response rates of both 9 and 18   m  g/kg    dose levels 
compared to placebo controls in patients who had 
received less than or equal to 3 prior therapies 
 [  266  ] . Unfortunately, due to manufacturing 
issues, denileukin diftitox had been unavailable 
as of fall 2011. 

 Side effects of denileukin diftitox include con-
stitutional symptoms, hypersensitivity rash, and 
transient elevation of hepatic transaminases, thy-
roiditis with subsequent hypothyroidism, and 
vision changes  [  262,   267  ] . Capillary leak syn-
drome, which is de fi ned as edema, hypoalbumin-
emia, and hypotension, may occur in 20–30 % of 
individuals and is maximal at about day 10. It can 
be severe in some patients secondary to pulmonary 
edema but is generally self-limited. Premedication 
with systemic corticosteroids has been shown to 
decrease the frequency of acute hypersensitivity 
reactions but does not prevent capillary leak syn-
drome  [  268  ] . Administering 500 cc of saline after 
each denileukin diftitox infusion may decrease the 
frequency of capillary leak syndrome but may also 
lead to increased peripheral edema  [  269  ] . It is 
important to carefully monitor the patient’s weight 
before, during, and after therapy and administer 
low doses of furosemide.  

   Targeted Monoclonal Antibodies 

 Monoclonal antibodies targeting key activation 
determinants expressed on T lymphocytes have 
shown clinical ef fi cacy in preliminary studies in 
CTCL. An antibody targeted to the malignant T 
cell speci fi cally would be extremely useful for 
CTCLs administered alone or in combination 
with other agents. 

   Alemtuzumab 
 Alemtuzumab (Campath–H1; Genzyme 
Corporation, Cambridge, MA/Berlex Oncology, 
Wayne, NJ), is a humanized immunoglobulin that 
targets CD52, which is expressed on most T and B 
lymphocytes. A response rate of 50–70 % has been 
reported in CTCL patients treated with alemtu-
zumab  [  270  ] ; however, prolonged depression of T, 
B, and NK cells is reported. Alemtuzumab has 
been associated with immunosuppression leading 
to reactivation of cytomegalovirus and opportunis-
tic infections, and general infectious prophylaxis 
is recommended. Alternative dosing schedules 
with lower doses and subcutaneous administration 
are being investigated. Querfeld et al. reported 
favorable responses when IV was followed with 
lower-dose subcutaneous antibody  [  271  ] .  

   Zanolimumab 
 CD4 is a molecule in the T-cell receptor complex 
that de fi nes the helper T-cell lymphocyte mem-
brane determinant. It is present on 90 % of all 
CTCLs and represents a speci fi c target for therapy. 
Zanolimumab (HuMax-CD4 ®  or HuMax ® , or 
MDX-CD4; Genmab, Copenhagen, Denmark) is a 
humanized monoclonal antibody that binds to 
CD4, blocking receptor-mediated T-cell signaling 
and inducing antibody-dependent cell-mediated 
toxicity of malignant CD4 +  T lymphocytes without 
complement  fi xation or apoptosis. A dose-related 
response was seen in patients with MF/SS treated 
with zanolimumab. There was a 25 % response rate 
at a lower dose of 280 mg/m 2 /week for 16 weeks 
compared to a 75 % response rate at a dose of 
980 mg/m 2 /week  [  272  ] . An ongoing phase II trial 
for registration comparing 8 and 12 mg IV weekly 
infusions accrued most of its subjects but was 
halted due to change in ownership.  
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   SGN-30 (Anti-CD30 Monoclonal Antibody) 
and SGN-35 Brentuximab Vedotin 
 SGN-30 is a chimeric anti-CD30 monoclonal 
antibody targeting cells expressing CD30. CD30 
is also known as tumor necrosis factor-receptor 
family member 8 and the Kiel-1 antigen. CD30 is 
expressed on Reed-Sternberg cells of Hodgkin’s 
disease, in cutaneous anaplastic large-cell lym-
phoma (ALCL), and in lymphomatoid papulosis 
lesions. CD30 is also expressed on lesions of MF 
especially during transformation to large-cell 
lymphoma. CD30 also may be induced by viral 
infections as an activation marker. 

 A 20 % objective response rate in patients with 
systemic nodal CD30+ refractory ALCL has been 
observed in patients treated with antibody alone 
 [  273  ] . In a phase II multicenter trial of patients 
with one or more primary cutaneous CD30+ lym-
phoproliferative disorders (primary cutaneous 
ALCL (PC-ALCL), lymphomatoid papulosis, or 
CD30+ MF), responses were seen in 87 % of 
patients with ALCL, CD30+-transformed MF, 
and lymphomatoid papulosis  [  274  ] . Based on this 
study and high response rates seen in systemic 
relapsed ALCL, there are two investigator- 
initiated phase II trials of the tubulin inhibitor 
conjugated MMAE to CD30 antibody, brentux-
imab vedotin in patients with CD30 +  CTCL, 
ALCL, or lymphomatoid papulosus.  

   Forodesine 
 A novel molecular strategy for treating CTCLs 
is by targeting and inhibiting an enzyme, purine 
nucleoside phosphorylase (PNP). PNP regu-
lates the purine salvage pathway that catalyzes 
the reversible phosphorolysis of ribonucleo-
sides and 2-deoxyribonucleosides of guanine 
and hypoxanthine to the corresponding bases 
and ribose- 1-phosphate or 2-deoxy-1-phoshate. 
Forodesine (formerly BCX-1777; BioCryst 
Pharmaceuticals, Birmingham, AL) is a small-
molecule transition-state analog inhibitor of 
PNP with the structure of a nucleoside analog. 
It is not incorporated into DNA but requires 
presence of the cyclin-dependent kinase (CDK) 
found in cancer cells  [  275  ] . 

 In vitro, forodesine inhibits the proliferation 
of activated human T lymphocytes and acute 

lymphoblastic leukemic T cells  [  276,   277  ] . In a 
phase I, open-label, multicenter, dose-ranging 
study in sequential cohorts of patients with refrac-
tory MF/SS, preliminary data shows that forode-
sine administration reduced body surface area 
affected by CTCL from baseline screening and 
produced a pronounced clinical improvement in 
erythroderma severity during and subsequent to 
forodesine therapy  [  277  ] . A phase II dose-rang-
ing study of oral forodesine found that the opti-
mal biological dose of 80 mg/m 2  gave an overall 
response rate of 37 %  [  275,   277  ] .    

   Single-Agent Chemotherapy 

 In CTCL patients with tumors, nodal, or visceral 
disease, single-agent or combined chemotherapy 
is administered with hope of inducing partial 
remission. Methotrexate, pegylated liposomal 
doxorubicin (Doxil; Ortho Biotech Products LP, 
Bridgewater, NJ); gemcitabine (Gemzar; Eli Lilly 
and Company, Indianapolis, IN), and pentostatin 
(Nipent; SuperGen Inc., Des Plains, IL) have 
been used and studied for CTCL. Pralatrexate, a 
folic acid inhibitor, has shown ef fi cacy in both 
MF and transformed MF in a phase I/II dose- 
escalation trial with optimal dose of 15 mg/kg 
given 3 weeks out of 4. It is currently under inves-
tigation in combination with bexarotene based on 
preclinical activity. The main side effects are 
mouth ulcers and myelosuppression. 

 Single-agent chemotherapy can be effective, 
but the duration of response may be short. Choice 
of therapy is based on stage, concomitant medi-
cal conditions, and prior treatments as each agent 
has a unique side effect and ef fi cacy pro fi le. 

   Gemcitabine 

 Gemcitabine hydrochloride (Gemzar ® ; Eli Lilly 
and Company, Indianapolis, IN), a nucleoside 
analog of deoxycytidine that inhibits DNA syn-
thesis, has shown activity against solid tumors as 
well as hematologic malignancies  [  278  ] . In 1998, 
Zinzani et al.  fi rst documented one CR and four 
PRs to gemcitabine (1,200 mg/m 2 ) in eight 
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patients with cutaneous peripheral T-cell lym-
phoma (PTCL) and four of  fi ve patients with MF 
 [  279  ] . In 2001, Sallah et al. reported an overall 
response rate of 60 % with a median duration of 
response of 13.5–16.2 months in ten patients 
treated with gemcitabine (1,200 mg/m 2 )  [  280  ] . 
The multicenter phase II clinical trial by Zinzani 
et al. of 44 patients (30 MF, 14 PTCLs) treated 
with gemcitabine (1,200 mg/m 2  administered for 
3 of 4 weeks for three courses) reported an ORR 
of 70.5 % and median duration of response of 
15 months  [  281  ] . Similar results were docu-
mented in the phase II study by Marchi et al. of 
32 patients (26 MF, 1 SS, 5 PTCLs) treated with 
gemcitabine (1,200 mg/m 2  once per week for 3 of 
4 weeks for six courses) reported an ORR of 
75 % with a median duration of response of 
10 months (4–22 months)  [  282  ] . 

 We have demonstrated that a lower dose of 
gemcitabine (1,000 mg/m 2  once per week for 
3-week cycles) produced an ORR of 68 % in 25 
patients with advanced-stage and refractory 
CTCL  [  283  ] . It was especially active in patients 
with cutaneous tumors. Gemcitabine can be used 
in combination with a maintenance therapy of 
bexarotene to manage the plaques and patches of 
mycosis fungoides  [  31  ] . Adverse effects of gem-
citabine have most frequently involved bone mar-
row suppression (leukopenia, anemia), mild 
alopecia, generalized hyperpigmentation, and 
elevation of hepatic transaminase and creatinine 
levels  [  283  ] . Three of 25 CTCL patients who 
each had SS developed hemolytic uremic syn-
drome, although the overall incidence previously 
reported was only 0.6 %  [  283  ] . Sapacitabine (also 
known as CYC682), a deoxycytidine analog like 
gemcitabine, was studied in a phase I/II trial but 
was not active at the doses tested.  

   Pentostatin 

 Pentostatin (2  ¢  -deoxycoformycin or dCF or 
Nipent—SuperGen Inc, Des Plaines, IL) is a 
potent inhibitor of adenosine deaminase and is 
selectively toxic to lymphocytes  [  149,   150,   284  ] . 
Griener et al.  fi rst documented an ORR of 39 % 
in 18 patients with stage I to IVB CTCL treated 

with 4–5 mg/m 2  of intravenous pentostatin every 
1–4 weeks. Two patients had CRs with duration 
of response of 4 months to 6 years, and  fi ve 
patients had PRs lasting for 1.5–6 months  [  150  ] . 
Foss et al. reported a 40 % OR rate and 7 % CR 
rate in 94 CTCL patients treated with pentostatin 
studied in multicenter phase II trials. The median 
time to progression ranged from 1.3 to 8.3 months 
 [  285  ] . Kurzrock et al. reported a 71 % OR rate 
and 25 % CR rate in 14 patients with SS and 6 
patients with tumor-stage disease treated with 
pentostatin  [  286  ] . In a phase II study combining 
pentostatin with intermittent high-dose inter-
feron-  a  [alpha], Foss demonstrated median pro-
gression-free survival of responders of 
13.1 months  [  148  ] . Although duration of response 
was longer, response rates (ORR 41 %) were 
similar to those seen with single-agent pentosta-
tin  [  148  ] . Toxicities include hematologic, renal 
insuf fi ciency, nausea, and conjunctivitis  [  285  ] . 
Pentostatin has also been associated with angina 
and myocardial infarction, heart failure, and acute 
arrhythmias in patients with predisposing condi-
tions such as coronary artery disease, congestive 
heart failure, hypertension, and pulmonary metas-
tases  [  287  ] . It is now recommended to correct 
anemia by transfusion if warranted, optimize car-
diac medications, control nausea and vomiting, 
correct any hypercalcemia, reduce pentostatin 
dose for patients with impaired renal function, 
and monitor  fl uid balance to prevent  fl uid over-
load  [  287  ] .  

   Pegylated Liposomal Doxorubicin 

 Doxorubicin (Doxil; Ortho Biotech Products LP, 
Bridgewater, NJ) is an anthracycline with antine-
oplastic effects in nodal lymphomas  [  288  ] , solid 
tumors  [  288  ] , myeloma  [  289  ] , and acute leuke-
mia  [  290  ] . The pegylated liposomal form of dox-
orubicin allows for reduced toxicity, improved 
ef fi cacy, and a longer half-life  [  291  ] . Wollina 
et al.  fi rst published the ef fi cacy and safety of 
liposomal doxorubicin in 2000  [  288  ] . Ten patients 
with MF (stage IB to IVA) were treated with lipo-
somal doxorubicin at a dose of 20 mg/m 2  with an 
OR rate of 80 % and a high CR rate of 60 %. 
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Mean disease-free survival was 13.3 months 
 [  288  ] . In a retrospective multicenter study evalu-
ating 34 CTCL patients treated with various doses 
and schedules of liposomal doxorubicin (20–
40 mg/m 2  every 2–4 weeks), an OR rate of 88 % 
was reported  [  292  ] . Grade 3–4 toxicities included 
three patients with lymphopenia, three with ane-
mia, and one with capillary leak syndrome. Side 
effects include nausea, vomiting, hand/foot syn-
drome, and myelosuppression. Cardiomyopathy 
is dose dependent and not generally seen in 
cumulative doses less than 450–500 mg/m 2 . We 
studied liposomal doxorubicin at 30 mg/m 2  given 
every 3 weeks followed by bexarotene mainte-
nance therapy in a small exploratory phase II trial 
 [  144  ] . The response rate of around 43 % was 
lower than expected based on the other reports in 
the literature. Although patients with transformed 
MF tumors had dramatic responses, their tumors 
relapsed on bexarotene. One patient with blood 
and node and erythroderma (SS) has had a dura-
ble complete response.   

   Combination Chemotherapy 

 Table  19.6  highlights multiple studies that 
reported results of combination chemotherapies 
alone or combined with topical nitrogen mustard 
or total skin electron beam radiation. With com-
bination chemotherapy, the response rates are 
high, but duration of response may be short lived 
 [  49,   293–  298  ] .  

 In 1974, Winkelmann et al.  fi rst advocated 
the use of oral low-dose chlorambucil and pred-
nisolone as a relatively nontoxic chemothera-
peutic option for palliation of advanced Sézary 
syndrome. In 21 patients treated with the 
Winkelmann regimen, the OR rate was 57 % 
with three complete responders (14 %)  [  293  ] . 
CVP (cyclophosphamide, vincristine, predni-
sone), CVPB (cyclophosphamide, vincristine, 
prednisone, and bleomycin), and CHOP (cyclo-
phosphamide, adriamycin, vincristine, and pred-
nisone) have also been ef fi cacious in MF (See 
Table  19.1 )  [  294,   295  ] . In 1998, Hallahan et al. 
treated patients with T3 stage MF with TBSEB 
and MOPP (methotrexate, vincristine, procarba-
zine, prednisone) or COPP (cyclophosphamide, 
vincristine, procarbazine, prednisone) and 
reported a 70 % OR rate and 14 month duration 
of response  [  296  ] . In the  fi rst randomized trial 
for MF, Kaye et al. compared combined modal-
ity (TSE and chemotherapy) with topical sequen-
tial conservative therapy (mechlorethamine, 
PUVA, TSEB, methotrexate) and found no dif-
ference in disease-free survival and overall sur-
vival with either modality  [  49  ] . Zakem et al. 
treated ten patients with stage IIB–IVB MF with 
a combination chemotherapy program consist-
ing of bleomycin and methotrexate weekly, dox-
orubicin every 3 weeks, and topical nitrogen 
mustard daily (BAM-M). The OR rate was 80 % 
with seven patients obtained histologically doc-
umented complete remissions lasting 4–105+ 
months  [  297  ] . 

   Table 19.6    Multi-chemotherapy for mycosis fungoides, selected trials  [  47  ]    

 Therapy   n   Response rate (%)  Duration (months)  Reference 

 Chlorambucil, prednisone  21  57  NR   [  293  ]  
 CVP  17  76  16   [  294,   300  ]  
 CVPB  12  92  11.5   [  295  ]  
 CHOP  12  100  5   [  295  ]  
 COPP/MOPP  21  70  14   [  296  ]  
 CAVE  52  90  NR   [  49  ]  
 BAM-M  10  80  41   [  297  ]  

  Courtesy of Steven M. Horwitz, Sloan-Kettering Cancer Center 
  CVP  cyclophosphamide, vincristine, prednisone,  CVPB  cyclophosphamide, vincristine, prednisone, and bleomycin, 
 CHOP  cyclophosphamide, adriamycin, vincristine, and prednisone,  COPP  mechlorethamine, vincristine, procarbazine, 
prednisone,  MOPP  cyclophosphamide, vincristine, procarbazine, prednisone,  CAVE  cyclophosphamide, doxorubicin, 
etoposide, and vincristine,  BAM - M  bleomycin, adriamycin, methotrexate, topical nitrogen mustard  
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 Although CTCL is often transiently responsive 
to combined regimen chemotherapy, their effect 
on increased survival or ability to induce durable 
remissions is limited. To improve treatment 
ef fi cacy and outcome in CTCL, we reported a 
combined modality protocol using three to four 
consecutive phases of therapy, which was initi-
ated in 1987 at M.D. Anderson Cancer Center 
 [  83  ] . Between 1987 and 2001, 95 patients with 
early-stage (IA–IIA,  n  = 50) or late-stage (IIB–
IVB,  n  = 45) MF were treated initially with subcu-
taneous interferon-  a  [alpha] (IFN-  a  [alpha]) and 
oral isotretinoin for 4 months, followed by total 
body skin electron beam (TSEB), and long-term 
maintenance therapy with topical nitrogen mus-
tard and IFN-  a  [alpha]. Patients with late-stage 
(IIB–IVB) disease also received six cycles of 
combination chemotherapy with cyclophosph-
amide, methotrexate, etoposide, and dexametha-
sone (CMED) before receiving electron beam 
radiation. Standard CMED was given as a 21-day 
cycle according to the following schedule: intra-
venous (IV) cyclophosphamide, 500 mg/m 2  on 
day 1; IV methotrexate, 1 g/m 2  on day 3; IV etopo-
side, 100 mg/m 2  daily on days 1–3; and oral dex-
amethasone, 40 mg daily for 5 days. Combined 
modality therapy yielded a response rate of 85 % 
with a 60 % complete response rate (Table  19.7 ). 
Thirty-eight patients (76 %) with early-stage dis-
ease and 18 of 45 (40 %) patients with late-stage 
MF and SS achieved complete response. Nine 
(24 %) patients with early-stage MF and three 

patients (17 %) with late-stage MF have achieved 
sustained remissions lasting more than 5 years. 
Median disease-free survival (DFS) for early and 
late stages of disease was 62 and 7 months, respec-
tively, with 5-year Kaplan-Meier estimated rates 
of 50 and 27 %, respectively  [  83  ] . The multiphase 
combined modality regimen is well tolerated and 
may yield higher response rates and disease-free 
survival than TSEB therapy alone  [  83  ] .   

   Allogeneic Stem Cell Transplant 

 Non-ablative, allogeneic hematopoietic stem cell 
transplant (HSCT) is now being considered for 
young, healthy patients with advanced CTCL 
(  ³  IIB) who have advanced stages at presentation 
affecting overall survival and fail to respond to 
 fi rst-line therapy. Patients need to have a related 
or unrelated matched donor and be physically 
and emotionally able to undergo the procedure. 
The existence of a graft-versus-T-cell lymphoma 
effect has been suggested in recent reports, par-
ticularly using nonmyeloablative conditioning 
 [  299  ] . Select patients have achieved long-term 
remissions and curative responses  [  299  ] . The 
timing of HSCT is controversial, and patients 
with rapidly progressing MF often become ineli-
gible for treatment. Tumor debulking with 
 chemotherapy for nodal disease or with TBSEB 
for skin involvement needs must be successful. 
Allogeneic stem cell transplant has superior 

   Table 19.7    Response rates by stage for combined modality therapy  [  83  ]    

 Stage 
 % out of 94 patients 
evaluable for response  Partial response (%)  Complete response (%) 

 Overall 
response (%) 

 Median survival 
(years) 

 IA  13.8  8  77  85   a  
 IB  30.9  17  79  96  12.8 
 IIA  8.5  37  63  100  10 
 IIB  26.6  24  48  72  3.2 
 III  4.25  0  25  25  4.6 
 IVA  11.7  55  27  82  2.5 
 IVB  4.25  50  50  100  2.5 
 Overall  100  24  60  84   b  

   a Similar to age-matched control patients 
  b Ninety- fi ve patients were evaluable for survival. The median overall survival time was 119 months. The median sur-
vival times were 145 months for patients with early-stage disease (IA-IIA) and 36 months for those with late-stage 
disease (IIB-IVB),  p  < 0.0001  
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 survival and event-free outcome over autologous 
HSCT in MF/SS  [  300  ] . The procedure remains 
high risk; thus, early-stage patients with good prog-
nosis are not candidates for this procedure. 
Although this is not standard procedure at all cen-
ters, we found that pretreatment with TSEB reduces 
the rate of relapse, lengthens disease-free survival, 
and may reduce severity of acute GVHD.  

   Conclusions 

 Cutaneous T-cell lymphomas, of which myco-
sis fungoides and Sézary syndrome are the 
most commonly encountered, are currently 
uncurable. Patients with early, skin-limited 
disease do extremely well on skin-directed 
therapies and should not be subjected to ther-
apy that will decrease their immune compe-
tency. Novel targeted therapy and combination 
therapies are producing higher response rates 
with more durable remissions. The key to 
 fi nding better treatments is to better understand 
the disease pathogenesis and heterogeneity at a 
molecular level. The best clinical results are 
achieved when skin care and skin-directed 
therapy are combined with effective biological 
response modi fi ers or targeted therapy. New 
therapies under development are exciting pros-
pects to improve the treatment of these dis-
eases. Recent withdrawal or unavailability of 
active agents, including denileukin diftitox and 
liposomal doxyrubicin, has decreased access 
to the most highly effective therapies.      
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   Primary CNS Lymphoma 

 Primary central nervous system lymphoma 
(PCNSL) is a form of extranodal non-Hodgkin 
lymphoma (NHL) that is con fi ned to the central 
nervous system (CNS). PCNSL can affect multi-
ple parts of the neuraxis including the eyes, brain, 
leptomeninges, or spinal cord. An estimated 
3,855 cases of PCNSL were diagnosed in the 
United States from 2004 to 2006, and the number 
of cases is expected to increase further with the 
aging of the United States population  [  1  ] . PCNSL 
accounts for approximately 3 % of all the pri-
mary CNS tumors diagnosed each year in the 
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  Abstract 

 Central nervous system (CNS) lymphomas comprise a diverse group of pri-
mary or secondary neoplasms of the brain and leptomeninges. Primary 
CNS lymphoma, most commonly a diffuse large B-cell lymphoma (DLBCL) 
con fi ned to the CNS, is treated by chemotherapy or chemoradiation strate-
gies that are different from the approaches used for DLBCL elsewhere in 
the body. Secondary CNS lymphoma occurs when a systemic lymphoma 
disseminates to the leptomeninges or the brain. The risk of secondary CNS 
lymphoma is dependent on the lymphoma subtype and the anatomic loca-
tion. Although radiation and intrathecal or intravenous chemotherapy are 
commonly utilized in the treatment of secondary CNS lymphoma, progno-
sis remains poor. Neurotoxicity is a signi fi cant complication of CNS-
directed therapy for primary and secondary CNS lymphomas and the risk is 
highest in older patients treated with whole brain radiation therapy.  
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United States. Between 1970 and 2000, the inci-
dence of PCNSL increased, largely due to the 
human immunode fi ciency virus (HIV) pandemic. 
However, the incidence has stabilized or decreased 
over the last decade to about 0.47 cases per 
100,000 persons  [  2,   3  ] . Congenital or acquired 
immunode fi ciency is the only established risk 
factor for PCNSL and HIV-infected individuals 
are at greater risk of developing this tumor. 

   Pathobiology 

 The majority (90 %) of non-HIV associated 
PCNSL is the diffuse large B-cell (DLBCL) type 
with the remaining 10 % consisting of low-grade 
lymphomas, Burkitt lymphoma, or T-cell lym-
phomas  [  4  ] . Less is known about these rare vari-
ants of PCNSL. Primary CNS DLBCL has an 
angiocentric pattern of growth in the brain that is 
unique to this NHL subtype. Occasionally T-cell 
in fi ltrates are also present, making it dif fi cult for 
the pathologist to discriminate between PCNSL 
and a reactive, in fl ammatory process. 

 PCNSL likely arises from late germinal cen-
ter or post-germinal center lymphoid cells and 
localizes to the CNS because of a poorly under-
stood neurotropism  [  5  ] . Gene expression studies 
have demonstrated 3 gene “signatures” associ-
ated with PCNSL: germinal center B cell, acti-
vated B cell, and type 3 large B-cell lymphoma  [  6  ] . 
While these 3 gene expression patterns parallel 
DLBCL, there are unique molecular features 
of PCNSL. For example, microRNA studies 
have demonstrated different expression patterns 
between PCNSL and systemic DLBCL  [  7  ] . 
Also, extracellular matrix-related genes are 
upregulated in PCNSL compared to systemic 
DLBCL  [  8  ] . Interaction between tumor cells and 
extracellular matrix proteins speci fi c to the CNS 
may offer an explanation for the neurotropism of 
PCNSL. 

 Several genes associated with interleukin-4 
(IL-4), a B-cell growth factor expressed by both 
tumor endothelium and tumor cells, are highly 
expressed in PCNSL including X-box binding 
protein 1 (XBP-1), a regulator of the unfolded 

protein response (UPR) signaling pathway. The 
expression of UPR-related genes is important for 
cell survival under stressful conditions such as 
hypoxia so activation of this pathway may pro-
mote tumor cell survival in the CNS. STAT6, a 
mediator of IL-4 signaling, is expressed by tumor 
cells and tumor endothelium in PCNSL. High 
expression levels of STAT6 are associated with 
reduced survival in PCNSL patients treated with 
chemotherapy  [  6  ] .  

   Clinical Features 

 The median age of immunocompetent patients 
diagnosed with PCNSL is 60  [  9  ] . In 248 immu-
nocompetent patients, 43 % had neuropsychiat-
ric signs, 33 % had symptoms of increased 
intracranial pressure, 14 % had seizures, and 4 % 
had ocular symptoms  [  10  ] . Seizures are less 
common than with other types of brain tumors 
probably because PCNSL involves predomi-
nantly subcortical white matter rather than epi-
leptogenic gray matter. Unlike patients with 
systemic NHL, PCNSL patients rarely manifest 
B symptoms.  

   Diagnostic Evaluation 

 The International PCNSL Collaborative Group 
(IPCG) has established guidelines for the diag-
nostic evaluation of a patient with suspected 
PCNSL (Table  20.1 )  [  11  ] . These guidelines 
establish the extent of disease and con fi rm that 
the disease is restricted to the CNS. Physical 
examination should include palpation of the 
lymphatic chain as well as testicular examina-
tion in males since testicular lymphoma has a 
predilection to disseminate to the brain paren-
chyma. Diagnostic studies include contrast-
enhanced brain imaging; lumbar puncture, if 
not contraindicated (for cell count, protein, glu-
cose, cytology, IgH gene rearrangement, and 
 fl ow cytometry studies); ophthalmologic exami-
nation including slit lamp evaluation; com-
puterized tomography (CT) scans of the chest, 
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abdomen, and pelvis; and bone marrow biopsy. 
Blood tests for HIV, complete blood count, basic 
metabolic panel, and lactate dehydrogenase 
(LDH) level are also recommended. Testicular 
ultrasound should be considered in men. Body 
FDG-PET scans should also be considered in 
evaluating patients with PCNSL for subclinical 
systemic disease. In a retrospective study of 49 
PCNSL patients evaluated with body FDG-PET 
studies, extraneural hypermetabolic lesions were 
identi fi ed in 15 % of subjects  [  12  ] . Subsequent 
biopsy was performed, and 11 % of the hyper-
metabolic lesions were found to be lymphoma, 
while 4 % were other types of cancer.  

 Occult systemic disease was observed in a sub-
set of patients with CNS lymphoma when tumor, 
bone marrow, and blood specimens were con-
currently assessed. Identical polymerase chain 
reaction (PCR) products of clonally rearranged 
immunoglobulin heavy-chain (IgH) genes were 
identi fi ed in the bone marrow aspirates, blood, and 
brain tumor biopsy specimens in 2 of 24 patients 
with “primary” CNS lymphoma. In one of these 
patients, follow-up IgH PCR 24 months after 
diagnosis yielded a persistent monoclonal blood 
product despite a complete radiographic response 
in the CNS  [  13  ] . 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 relapse.  

   Neuroimaging 

 Contrast-enhanced cranial MRI is the imaging 
modality of choice in evaluating a patient with a 
suspected diagnosis of PCNSL. If MRI is not 
possible or contraindicated, a contrast-enhanced 
cranial CT scan is obtained. Typically, immuno-
competent PCNSL patients present with a single, 
homogeneously enhancing brain mass on 
both contrast-enhanced cranial CT and MRI 
(Fig.  20.1 )  [  14  ] . Since PCNSL is characterized 
by a high nuclear to cytoplasmic ratio and high 
cell density, there may be regions of restricted 
diffusion observed on diffusion-weighted MRI 
sequences, and apparent diffusion coef fi cient 
imaging may be useful as a biomarker of response 
to chemotherapy  [  15  ] .  

 In immunocompetent PCNSL patients, lesions 
are solitary in 65 % of cases and are located in a 
cerebral hemisphere (38 %), thalamus/basal gan-
glia (16 %), corpus callosum (14 %), periven-
tricular region (12 %), or cerebellum (9 %)  [  16  ] . 
Isolated spinal cord involvement is rare and 
observed in <1 % of cases, so spinal imaging is 

   Table 20.1    International Primacy CNS Lymphoma Collaborative Group (IPCG) guidelines for baseline evaluation for 
clinical trials   

 Pathology  Clinical  Laboratory  Imaging 

 Centralized review of 
pathology 

 Complete medical and 
neurological examination 

 HIV serology  Contrast-enhanced 
cranial MRI c  

 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,  fl ow 
cytometry, IgH PCR 

 Testicular ultrasound in 
elderly males 

 Serial evaluation of cognitive 
function a  

 24-h urine collection for 
creatinine clearance b  
 Bone marrow biopsy with 
aspirate 

  Adapted from Abrey et al.  [  11  ]  
  a Mini-mental status examination is used commonly although improved instruments are being developed 
  b For patients who will receive high-dose methotrexate 
  c Contrast-enhanced cranial CT should be obtained in patients who have a contraindication for MRI (e.g., pacemaker) or 
who cannot tolerate MRI (e.g., claustrophobia)  
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only necessary if warranted based on clinical 
suspicion or to screen for leptomeningeal 
involvement if lumbar puncture cannot be 
performed.  

   Prognostic Markers 

 Two prognostic scoring systems have been 
 proposed for use in patients with PCNSL. In a 

a b

c

  Fig. 20.1    Magnetic resonance imaging (MRI) scan from 
a patient with PCNSL. Note the homogeneous contrast 
enhancement ( a ) in a periventricular location with 

 surrounding edema (FLAIR image) ( b ) and correspond-
ing dark appearance on ADC imaging( c ) suggestive of 
increased cell density       
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retrospective review of 105 PCNSL patients, the 
International Extranodal Lymphoma Study 
Group (IELSG) identi fi ed age >60, Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status >1, elevated serum LDH level, 
 elevated CSF protein concentration, and involve-
ment of deep regions of the brain as independent 
predictors of poor prognosis  [  17  ] . In patients 
with 0–1 factors, 2–3 factors, and 4–5 factors, the 
2-year survival proportions were 80, 48, and 
15 %, respectively. Another group of investiga-
tors proposed a prognostic model that divides 
PCNSL patients into three groups based on age 
and performance status: those <50 years old, 
those >50 years old with a KPS >70, and those 
>50 with a KPS <70  [  18  ] . Based on these 
 divisions, signi fi cant differences in overall and 
failure-free survival were observed. 

 The search for biomarkers of prognosis for 
patients with PCNSL is an active area of inves-
tigation. BCL-6, a proto-oncogene expressed in 
22–100 % of PCNSL patients, has been associ-
ated with prognosis in some studies but not oth-
ers  [  19–  21  ] . Progression free survival (20.5 vs. 
10.1 months)  [  22  ]  and overall survival (101 vs. 
14.7 months)  [  19,   23  ]  are longer in PCNSL 
patients with BCL-6 expression. These  fi ndings 
are consistent with the observation that BCL-6 
expression is a favorable prognostic marker in 
patients with systemic NHL  [  21,   24,   25  ] . 
However, translocations of BCL6 may be asso-
ciated with a worse prognosis  [  26  ] . In addition, 
expression of FOXP1, a transcription factor, 
is increased in some patients with PCNSL and 
may be associated with poor prognosis  [  27  ] . 
As noted, high expression levels of STAT6 are 
associated with reduced survival in PCNSL 
patients treated with methotrexate  [  5  ] .  

   Treatment 

   Resection 
 Due to the in fi ltrative nature of the tumor, resec-
tion of PCNSL is not a recommended treatment 
except in the rare patient experiencing brain her-
niation due to mass effect. In addition, PCNSL 
may be multifocal involving the leptomeninges, 

the eyes, or the deep regions of the brain making 
complete resection impossible. Median survival 
following surgery alone is 1–4 months  [  28  ] .  

   Corticosteroids 
 Corticosteroids cause tumor regression in up to 
40 % of PCNSL patients likely through direct 
lymphocytolysis and reduced tumor-associated 
edema  [  29  ] . However, corticosteroids should be 
withheld, if possible, prior to a diagnostic biopsy 
as these drugs may disrupt cellular morphology 
making histopathological diagnosis dif fi cult. 
Despite an initial positive response to corticoster-
oids, patients quickly relapse and require alter-
nate treatment strategies. Nevertheless, initial 
radiographic response to corticosteroids in newly 
diagnosed PCNSL patients is a favorable prog-
nostic marker with survival of 117 months in 
responders versus 5.5 months in non-responders 
in one study  [  30  ] .  

   Radiation 
 Given the multifocal and in fi ltrative nature of 
PCNSL, whole brain radiation therapy (WBRT) 
was historically the treatment modality of choice. 
However, WBRT alone is inadequate therapy for 
PCNSL patients, particularly those with CSF dis-
semination of their tumor. Initial radiographic 
response to WBRT is observed in approximately 
90 % of PCNSL patients but relapse usually 
occurs within a few months  [  31  ] . In patients 
receiving WBRT alone without chemotherapy, 
median survival varies from 12 to 18 months and 
5-year survival ranges from 18 to 35 %  [  32,   33  ] . 
A radiation dose–response relationship exists for 
PCNSL as dose reduction from 45 to 30 Gy 
increased relapse risk in one nonrandomized 
study  [  34  ] . Despite initial control of disease, 
WBRT produces delayed neurotoxicity, espe-
cially in those older than 60.  

   Chemoradiation 
 Results of randomized trials in the PCNSL 
patient population are beginning to de fi ne regi-
mens that will shape the management of this dis-
ease (Table  20.2 )  [  35–  40  ] . A randomized trial 
of WBRT versus WBRT and cyclophospha-
mide, doxorubicin, vincristine, and prednisone 
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(CHOP) was terminated early due to poor 
accrual although results demonstrated that a 
combination of WBRT and CHOP was not supe-
rior to WBRT alone  [  41  ] . Given that the agents 
in the CHOP regimen achieve poor CNS levels, 
this was not a surprising result and this treat-
ment regimen was abandoned for patients with 
CNS lymphoma. A randomized trial of metho-
trexate monotherapy (3.5 g/m 2 ) versus metho-
trexate with cytarabine followed by WBRT in 
both arms demonstrated that more patients in the 
combination arm achieved a radiographic 
response (CR and PR) but grades 3 and 4 hema-
tological toxicity were also higher in this arm 
 [  35  ] . Given the high risk of neurotoxicity of 

WBRT, there is a growing consensus to defer 
WBRT in the newly diagnosed PCNSL patient 
population. In the largest randomized trial con-
ducted in the newly diagnosed PCNSL patient 
population, those subjects who achieved a CR to 
methotrexate-based chemotherapy were ran-
domized to receive consolidation with WBRT 
versus observation  [  42  ] . The intent-to-treat anal-
ysis of this trial demonstrated improved PFS in 
the arm that included WBRT but no difference 
in OS. Although the results of this study have 
generated con fl icting interpretations, the study 
provides support for the strategy of deferred 
WBRT in the newly diagnosed PCNSL patient 
population.  

   Table 20.2    Selected treatment studies   

 Chemotherapy regimen  N  IT chemo  WBRT  CR  PR  OS (mo)  PFS (mo) 

  Chemotherapy with RT  
 DeAngelis 
et al.  [  39  ]  

 MTX (2.5 g/m 2 ), 
procarbazine, 
vincristine, 
dexamethasone, 
cytarabine 

 102  MTX  45 Gy  58 % a  
(29/50) 

 36 % a  
(18/50) 

 36.9  24 

 Shah et al. 
 [  40  ]  

 MTX (3.5 g/m 2 ), 
rituximab, 
procarbazine, 
vincristine, 
cytarabine 

 30  None  23.4 Gy 
if CR, 
45 Gy if 
not CR 

 77 % 
(23/30) 

 NA  2 year 
survival 
67 % b  

 40 b  

 Ferreri 
et al.  [  35  ]  

 MTX (3.5 g/m 2 ) 
± cytarabine 

 MTX 
alone: 40 

 None  Added 
based on 
response 
and age 

 MTX alone 
18 % 

 MTX 
alone 23 % 

 3 year 
survival: 

 3 year 
survival: 

 MTX +
 cyt: 39 

 MTX + cyt 
46 % 

 MTX + cyt 
23 % 

 MTX 
alone 
32 % 

 MTX 
alone 
21 % 

 MTX + cyt 
46 % 

 MTX + 
cyt 
38 % 

  Chemotherapy alone  
 Pels et al. 
 [  38  ]  

 MTX (5 g/m 2 ), 
vincristine, 
ifosfamide, 
dexamethasone, 
cyclophosph-
amide, cyt, 
vindesine 

 65  Predniso-
lone, 
MTX, 
cytara-
bine 

 None  61 % 
(37/61) 

 10 % 
(6/65) 

 50  21 

 Gerstner 
et al. 
 [  36,   37  ]  c  

 MTX (8 g/m 2 )  25  None  None  52 % 
(12/25) 

 NA  55.4  12.8 

   RT  radiation therapy,  MTX  methotrexate,  i.v.  intravenous,  ACNU  nimustine,  cyt  cytarabine 
  a Prior to RT since post-RT results not available 
  b Estimated 
  c This study is an update of a previous study  
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 Nonrandomized, uncontrolled studies of lower 
doses of WBRT to reduce the risk of neurotoxic-
ity have been conducted. However, as noted, 
reduction of WBRT dose from 45 to 30 Gy 
increased relapse risk in one such study  [  34  ] . In a 
study of methotrexate, vincristine, procarbazine, 
and rituximab (R-MVP) followed by a reduced 
dose of WBRT (23.4 Gy) for those patients who 
achieved a CR to chemotherapy, the risk of neu-
rotoxicity appeared to be reduced although these 
results await con fi rmation with longer-term fol-
low-up and a randomized trial. There is growing 
preclinical evidence that even single fractions of 
WBRT to mice are associated with irreversible 
injury to neural progenitor cell populations with 
negative behavioral consequences  [  43  ] . Thus, it 
would be surprising that any dose of WBRT 
suf fi cient for cytotoxicity would not result in 
some degree of neurotoxicity.  

   Chemotherapy 
 Given the risk of treatment-related neurotoxicity 
in regimens that include WBRT, a number of 
methotrexate-based regimens have been studied in 
nonrandomized, uncontrolled studies with no clear 
evidence of the superiority of any one regimen. 

 In a multicenter study of 25 patients treated 
with intravenous methotrexate (8 g/m 2 ) mono-
therapy, 52 % of patients achieved a CR, the 
median PFS was 12.8 months, the median OS 
was 55.4 months, and median disease-speci fi c 
survival had not been reached at 72.3 months  [  36, 
  37  ] . In this study, 5 of the 25 patients treated with 
methotrexate alone achieved a CR and have not 
relapsed after a median follow-up of 6.8 years. 
Optimal consolidative therapy after a PCNSL 
patient achieves a CR remains unclear. 

 While methotrexate monotherapy may be effec-
tive for a small subset of patients, most patients 
will require combination chemotherapy to achieve 
a durable response. In patients >60 years of age, a 
regimen consisting of methotrexate, CCNU, pro-
carbazine, methylprednisolone, intrathecal meth-
otrexate, and intrathecal Ara-C was associated 
with a median OS of 14.3 months and a decreased 
risk of neurotoxicity relative to  historical controls 
 [  44  ] . Another regimen including methotrexate, 
Ara-C, vincristine, ifosfamide, cyclophosph-

amide, and intrathecal methotrexate/Ara-C/pred-
nisolone was associated with a 71 % ORR and a 
median OS of 50 months. Despite these promis-
ing results, however, 6 patients died from treat-
ment-related complications and 12 patients had 
Ommaya reservoir infections  [  38  ] . The combina-
tion of methotrexate, temozolomide, and ritux-
imab (MTR) induction followed by consolidation 
with etoposide and cytarabine (EA) has been 
utilized successfully in the multicenter setting 
as induction therapy in PCNSL  [  45,   46  ] . Each 
agent in the MTR regimen has been studied as 
monotherapy in PCNSL patients with activity 
of each agent demonstrated  [  36,   37,   47  ] . In this 
study, 63 % of patients treated with MTR induc-
tion achieved a complete radiographic response 
and the median 2-year progression-free survival 
(PFS2) after MTR + EA was 55 %. However, 
these preliminary results from nonrandomized, 
uncontrolled studies must be con fi rmed in pro-
spective, randomized clinical trials.  

   High-Dose Chemotherapy with Stem Cell 
Rescue 
 Initial studies of high-dose chemotherapy (HDT) 
followed by autologous stem cell transplanta-
tion (ASCT) have involved limited numbers of 
patients and have yielded mixed results likely 
because of the use of heterogeneous therapies 
and outcome measures (Table  20.3 )  [  48–  53  ] . 
Studies of HDT/ASCT utilizing the BEAM 
(carmustine, etoposide, cytarabine, melphalan) 
conditioning regimen demonstrated disappoint-
ing results with a median event-free survival of 
5.6 months  [  48  ] . However, results from studies 
of induction and conditioning regimens includ-
ing thiotepa have been more encouraging. In a 
multicenter, uncontrolled study induction with 
methotrexate, Ara-C, and thiotepa was followed 
by a conditioning regimen consisting of carmus-
tine (400 mg/m 2 ) and thiotepa (5 mg/kg × 2) and 
ASCT with WBRT administered at the end of 
all treatment as consolidation. With a median 
follow-up of 63 months, the 5-year OS was 
69 % for all patients and 87 % for those com-
pleting HDT/ASCT  [  50  ] . However, neurotoxic-
ity was observed in approximately one-quarter 
of the patients. In a follow-up trial, the protocol 
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was modi fi ed with intensi fi cation of the chemo-
therapy dose and restriction of WBRT only to 
patients who did not achieve CR after induction 
therapy. Seven of 11 patients achieved CR fol-
lowing ASCT and 3/11 achieved PR with the lat-
ter group receiving WBRT consolidation. After a 
median follow-up of 25 months, 3-year OS was 
77 %. None of the patients suffered from severe 
neurotoxicity during the follow-up period  [  51  ] . 
HDT/ASCT is likely to assume an increasingly 
important role in younger patients with PCNSL 
in the newly diagnosed and relapsed setting. 
ASCT may be effective in patients with poor 
prognostic features as well  [  54  ] .   

   Intrathecal Chemotherapy 
 A bene fi cial role of intrathecal chemotherapy 
for patients with PCNSL has not been estab-
lished. Historical comparisons have deter-
mined that there appears to be no improvement 
in OS when intrathecal methotrexate is added 
to regimens that already included high doses 
of intravenous methotrexate  [  55  ] . By admin-
istering methotrexate systemically, the risk 
of Ommaya reservoir placement, extra-CSF 
drug delivery, chemical meningitis, and infec-
tion are avoided. In a prospective study of 18 
patients, a polychemotherapy regimen was 
administered without intrathecal chemotherapy 
 [  56  ] . Although the radiographic CR proportion 

was 53 %, the median time to progression for 
responders was only 10 months, shorter than 
that previously reported for this same regimen 
when intrathecal chemotherapy was included. 
Although the authors contend that this early 
relapse was possibly due to the omission of 
intrathecal chemotherapy, this conclusion is 
speculative and should be con fi rmed in a larger, 
randomized trial.  

   Salvage Therapy 
 Despite aggressive treatment, the majority of 
patients with PCNSL will progress or relapse 
and require salvage therapy. Optimal manage-
ment of relapsed or refractory PCNSL has yet to 
be determined and has only been studied in small 
patient series or case reports using heterogeneous 
therapies. In general, prognosis for patients with 
relapsed or progressive PCNSL is poor with a 
median survival of approximately 4.5 months 
 [  57  ] . For patients who initially achieved a CR to 
a chemotherapy regimen that included metho-
trexate, re-treatment with methotrexate may be 
effective  [  58  ] . Temozolomide; topotecan; etopo-
side (VP-16), ifosfamide, and Ara-C (VIA); 
high-dose chemotherapy followed by ASCT; and 
procarbazine, lomustine (CCNU), and vincris-
tine (PCV) have all been studied in patients with 
relapsed or refractory PCNSL with varying 
results  [  47,   59–  61  ] . 

   Table 20.3    Studies of high-dose chemotherapy and ASCT in newly diagnosed PCNSL   

 Reference 
 # of 
pts. 

 Median 
age 

 Induction 
regimen  Conditioning regimen  WBI  CRR[%]  FU[mos]  Survival 

 TRM 
(%) 

 Colombat 
et al.  [  52  ] . 

 25  51  MBVP  BEAM  yes  44  34  4-y EFS: 
46 % 

 4 
 +i.th. 
AraC 

 Abrey et al. 
 [  48  ]  

 28  53  MTX  BEAM  no  18  27  mEFS: 
9 month 

 0 
 AraC 

 Stewart 
et al.  [  53  ] . 

 11  56  MTX  Thiotepa  yes  82  22  3-year 
OS: 61 % 

 18 
 Busulfan 
 Cy 

 Illerhaus 
et al.  [  50  ] . 

 30  54  MTX (8 g)  Thiotepa (10 mg/kg)  yes     76  63  5-year 
OS: 69 % 

 3 
 AraC/TT  BCNU 

 Montemurro 
et al.  [  49  ] . 

 23  55  MTX (8 g)  Bu/TT (10 mg/kg)  yes  69  15  2-year 
OS: 48 % 

 13 

 Illerhaus 
et al.  [  51  ] . 

 13  54  MTX (8 g)  TT (20 mg/ kg)/
BCNU 

 no  54  25  3-year 
OS: 77 % 

 0 
 AraC/TT 
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 Rituximab has been assessed as a salvage 
therapy in PCNSL. In a study of patients with 
relapsed or refractory PCNSL, rituximab mono-
therapy was administered at a dose of 375 mg/m 2  
for eight doses. Radiographic responses were 
observed in 5/12 (42 %) of patients and median 
PFS and OS were 2 and 21 months in all patients 
and 7.6 and 47 months in responders  [  62  ] . 
Rituximab was administered in combination with 
temozolomide in two studies of relapsed or pro-
gressive PCNSL, yielding median survival of 8 
and 14 months  [  63,   64  ] . 

 Radiation as a salvage therapy has also been 
explored. Following WBRT as a salvage strategy, 
74–79 % of patients with relapsed or refractory 
PCNSL can achieve a radiographic response 
 [  65,   66  ] . Median survival after WBRT is 10.9–
16 months, with those patients less than 60 years 
old faring better. These results with WBRT as sal-
vage therapy are comparable to the results when 
WBRT alone is utilized in the newly diagnosed 
PCNSL setting.    

   Secondary CNS Lymphoma 

   Clinical Features 

 The risk of CNS relapse is dependent on the 
underlying type of lymphoma and the anatomic 
site(s) of involvement. Approximately 30–40 % 
of patients with Burkitt and lymphoblastic lym-
phomas develop CNS dissemination. In studies of 
“aggressive” lymphomas, excluding Burkitt and 
lymphoblastic subtypes, the incidence is approxi-
mately 5 %, but this risk is further dependent on 
the underlying clinical features of the speci fi c 
lymphoma type  [  67  ] . In patients with DLBCL, 
factors that appear to increase the risk of CNS 
relapse include older age (>60), more advanced 
disease stage, increased serum levels of lactate 
dehydrogenase (LDH), involvement of >1 extran-
odal site, and the presence of B symptoms  [  67,   68  ] . 
In DLBCL patients who have four to  fi ve of these 
factors, the risk of CNS relapse may be as high as 
25 %  [  67  ] . Involvement of speci fi c anatomic sites 
may also confer higher risk of CNS relapse. 
Patients with testicular NHL have a risk of CNS 

relapse of approximately 15 % with remote 
relapses reported  [  69  ] . Other anatomic sites of 
NHL that may increase risk of CNS release 
include breast, bone, adrenal gland, lung, and skin 
 [  69  ] . Parameningeal location of NHL including 
the epidural space and sinonasal sinuses also 
appears to confer a higher risk of CNS relapse. 

 CNS relapse occurs in the leptomeninges, 
brain parenchyma, or both sites in approximately 
55, 30, and 15 % of cases, respectively  [  70  ] . An 
exception to this distribution is testicular NHL 
in which 64 % of CNS relapses occur in the brain 
parenchyma  [  70  ] . The median time to CNS 
relapse is 5–12 months after lymphoma diagnosis 
and relapse is isolated to the CNS in approxi-
mately 50 % of cases  [  71  ] . CNS relapse is a poor 
prognostic marker with median survival of all 
cases ranging from 2 to 6 months  [  70  ] . 

 The incidence of CNS relapse may be chang-
ing since the introduction of rituximab into 
the treatment regimens for DLBCL. In the 
RICOVER trial, the addition of rituximab to 
CHOP decreased the relative risk for CNS relapse 
to 0.58 (compared to CHOP alone) and prophy-
laxis with intrathecal methotrexate did not confer 
any bene fi t in these patients  [  72  ] .  

   CNS Prophylaxis 

 There are no randomized trials that have de fi ned 
a bene fi cial role of CNS prophylaxis in lym-
phoma. However, it is commonly accepted that 
certain subtypes of NHL with a high risk of CNS 
relapse should receive CNS prophylaxis includ-
ing Burkitt lymphoma and lymphoblastic lym-
phoma. Testicular NHL patients also routinely 
receive prophylaxis. In one study incorporating 
intrathecal methotrexate as CNS prophylaxis, 
3/50 patients relapsed in the CNS  [  73  ] . Beyond 
these subtypes it is not clear which patients should 
receive prophylaxis. DLBCL patients with mul-
tiple risk factors (age> 60, >1 extranodal site, 
elevated LDH levels, B symptoms) might bene fi t 
from CNS prophylaxis although this has not been 
de fi nitively established. Lymphoma patients with 
parameningeal location of disease also could 
bene fi t although this remains to be proven. 
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 The optimal therapeutic and route of deliv-
ery for CNS prophylaxis have not been de fi ned. 
Prophylactic cranial irradiation is associated 
with a risk of neurotoxicity and does not treat 
the entire craniospinal axis and is not advis-
able. Although many protocols include intrath-
ecal chemotherapy (methotrexate, Ara-C) as 
CNS prophylaxis, it is not clear that this is 
justi fi ed as approximately one-third of CNS 
relapses occur in the brain parenchyma and 
there is poor drug penetration of brain paren-
chyma with the intrathecal route of delivery. 
Incorporation of high-dose, intravenous metho-
trexate or Ara-C as CNS prophylaxis could be 
more effective although this has not been estab-
lished  [  74  ] .  

   Treatment 

 There have been few studies of treatment for 
lymphoma patients with brain relapse. In a retro-
spective series of 113 lymphoma (83 % DLBCL) 
patients who developed brain parenchymal 
relapse, the median survival was 1.6 years with 
23 % of patients surviving  ³ 3 years  [  75  ] . Young 
age and use of methotrexate were associated 
with improved survival in a multivariate analy-
sis. In patients with isolated brain or brain and 
leptomeningeal relapse, therapeutic approaches 
used for PCNSL can be employed. There is lim-
ited data that high-dose therapy and autologous 
stem cell transplantation could be bene fi cial in 
this setting  [  76  ] . 

 Leptomeningeal relapse complicates 5–30 % 
of all lymphoma cases depending on the subtype 
 [  77  ] . Multifocal neurological symptoms and 
signs involving different parts of the neuraxis 
are common. Diagnosis is typically made after 
lumbar puncture and CSF analysis for cytology, 
 fl ow cytometry, and IgH polymerase chain reac-
tion. Prognosis is poor and median survival is 
typically 3–6 months  [  72  ] . Treatment includes 
chemotherapy or radiation. Craniospinal radia-
tion would be required to treat the entire CSF 
axis but is rarely employed due to risk of tox-
icity and lack of demonstrated bene fi t. Focal 
radiation to areas of bulky disease or WBRT 

is  sometimes used for palliation of symptoms. 
Agents typically administered by the intrath-
ecal route include methotrexate, Ara-C, and 
liposomal Ara-C. Most agents are adminis-
tered twice weekly although liposomal Ara-C 
is administered twice monthly. In a randomized 
study of 28 patients with lymphomatous men-
ingitis, the cytological response proportion was 
10/14 (71 %) in those patients receiving lipo-
somal Ara-C and 2/13 (15 %) in those patients 
receiving Ara-C  [  78  ] . The risk of symptomatic 
chemical meningitis was higher in the patients 
receiving liposomal Ara-C and dexamethasone 
must be administered with this agent to mitigate 
this risk. In a phase I study of intrathecal ritux-
imab in patients with lymphomatous meningi-
tis, the maximal tolerated dose was 25 mg twice 
weekly and 6/10 patients experienced cytologi-
cal responses  [  46  ] . Clinical trials of intrathecal 
rituximab are ongoing. High doses of intrave-
nous methotrexate and Ara-C have also been 
used in patients with lymphomatous meningitis 
with anecdotal responses reported. 

 In patients who are to receive intrathecal che-
motherapy, a ventricular reservoir is often recom-
mended, as it is the most ef fi cient, reliable, and 
safest method by which to deliver intrathecal 
chemotherapy. Repeated lumbar punctures are 
uncomfortable for patients and may result in 
inconsistent delivery of chemotherapy into the 
subarachnoid space. Distribution of chemother-
apy along the CSF axis also appears to be better 
when administered through a ventricular reser-
voir versus lumbar puncture  [  79  ] . Radionuclide 
CSF  fl ow studies should be obtained in patients 
with suspected CSF  fl ow obstruction as the latter 
increases the risk of neurotoxicity with intrathe-
cal chemotherapy.   

   Neurotoxicity 

 Delayed neurotoxicity is a common complication 
in CNS lymphoma patients treated with chemo-
radiation (WBRT + chemotherapy) or WBRT 
alone  [  80  ] . Treatment-related neurotoxicity most 
commonly occurs in patients older than 60 and 
may present as a subcortical dementia, gait ataxia, 
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and incontinence. MRI changes associated with 
neurotoxicity include periventricular white mat-
ter abnormalities, cortical atrophy, and ventricu-
lar enlargement. Less severely affected patients 
have problems with attention, executive function, 
memory (particularly verbal), and psychomotor 
speed. These clinical features may appear 
6–12 months following WBRT, but it is impor-
tant to note that radiographic changes do not 
always correlate with clinical symptoms, which 
may appear earlier. Pathological studies have 
demonstrated demyelination, neuronal loss, glio-
sis, 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 multifactorial, 
toxicity to neural progenitor cells is likely to play 
a pivotal role  [  43  ] . 

 Studies examining neurotoxicity have several 
methodological limitations including lack of 
baseline evaluations, different de fi nitions of cog-
nitive impairment, and small patient sample sizes 
 [  82  ] . In one study of PCNSL patients, the 5-year 
cumulative incidence of neurotoxicity was 24 %, 
and the use of WBRT was the only signi fi cant 
predictor of development of neurotoxicity on 
multivariate analysis  [  83  ] . This is in contrast to 
chemotherapy alone in which less decline in 
cognitive function is observed despite evidence 
of white matter changes on MRI  [  82,   84,   85  ] . 
One treatment strategy has been to decrease the 
dose of WBRT to 23.4 Gy in patients who 
achieved a complete response to induction che-
motherapy. In a small study of 12 PCNSL 
patients who had serial neuropsychological test-
ing up to 24 months after R-MVP chemotherapy 
followed by low-dose WBRT, there was no 
signi fi cant decline in cognitive function com-
pared to baseline  [  80  ] . However, the small sam-
ple size and high attrition rate may have limited 
the ability of the investigators to detect more 
subtle cognitive changes. 

 There is no effective treatment for neurotoxic-
ity, and patients are often disabled or may die 
from the complications of neurotoxicity without 
evidence of relapsed lymphoma.      
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   History 

 The history remembers that it is on Christmas 
day, 1891, that Emil von Behring infused for the 
 fi rst time a serum allowing to save a child from a 
diphtheria croup. Thus, long before the term “tar-
geted therapy” was used, therapeutic antibodies 
(anti-diphtheria toxin antibodies) already illus-
trated this concept. During the nineteenth cen-
tury, the success of this serotherapy strategy 

    G.   Cartron ,  MD, PhD   (*)
     Department of Hematology , 
 CHRU Montpellier, UMR-CNRS5235 , 
  80 avenue Augustin Fliche , 
 Montpellier   34295 ,  France    
e-mail:  g-cartrton@chu-montpellier.fr  

     P.   Solal-Céligny ,  MD  
     Institut de Cancérologie de L’Ouest ,
  Bld Jacques Monod ,  
 Saint Herblain   44800 ,  France    

  21

  Abstract 

 Monoclonal antibodies are undoubtedly one of the therapeutic revolutions 
of the last 10 years in oncology. Because of the absolute speci fi city of the 
antibody for its target, they epitomize the concept of targeted therapy used 
in the late nineteenth century. Their recent success is due to advances in 
biotechnology in the 1980s that allowed the humanization of murine 
monoclonal antibodies. Today more than 200 monoclonal antibodies are in 
preclinical clinical development and more than a third of them in the  fi eld 
of oncology. Rituximab (MabThera®, Rituxan®) was the  fi rst recombinant 
anticancer monoclonal antibody marketed worldwide. The results obtained 
in non-Hodgkin lymphomas and its rapid clinical development explain 
much of the enthusiasm for this new drug class. Progress in understanding 
the mechanisms of action of this antibody and its ability to interact with 
the immune system should have consequences applicable to all monoclo-
nal antibodies. Monoclonal antibodies can also be used as a tool for deliv-
ering radionuclide, toxin, or cytokine at cellular level. These successes 
explain why antibodies are now a great hope for patients and a model for 
physicians, scientists, and drug manufacturers.  

  Keywords 

 Anti-CD20  •  Radioimmunotherapy  •  Antibody-drug conjugate      

      Monoclonal Antibodies 
for Lymphoma       
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against tetanus and diphtheria largely con fi rmed 
the therapeutic potential of antibodies. The idea 
to use serotherapy in oncology could be attrib-
uted to Paul Gibier who submitted to the Academy 
of Sciences of Paris in 1893 the proposition “to 
infuse to an animal, the juice of human tumor and 
to use the blood or the serum of this animal to 
infuse in the human harboring this tumor.” On 
March 12, 1895, Jules Héricourt and Charles 
Richet treated the  fi rst patient with a sarcoma by 
serotherapy. Despite numerous experiments, the 
modest clinical effects and the heaviness of the 
procedure did not allow an extended use. 

   Biotechnologies Era 

 During the  fi rst part of the last century, it appeared 
that the limitations of serotherapy were mainly 
related to both the polyclonality of the antibodies 
and the immunization induced by the animal ori-
gin of the serum. In this context, the discovery of 
hybridoma technology by Georges Köhler and 
Césare Milstein in 1975  [  1  ]  revolutionized anti-
bodies use. It became then possible to produce 
murine monoclonal antibodies (mAbs) and there-
fore to characterize the target antigen of each of 
these antibodies.    Thus, the production of mono-
clonal antibodies has allowed to the identi fi cation 
of many antigens, among them, leukocyte antigens 
gathered together into clusters of differentiation 
(CD). The identi fi cation that same CD could be 
expressed by both leukemic cells and their normal 
counterparts allowed fantastic progress in the com-
prehension of lymphopoiesis and classi fi cation of 
lymphoproliferative disorders. This raised also the 
therapeutic potential of these mAbs which are able 
to target a speci fi c antigen expressed by tumor 
cells. In 1980, Stevenson team produced for the 
 fi rst time sheep mAbs against idiotype of chronic 
lymphocytic leukemia cells  [  2  ] . The  fi rst lym-
phoma patient was infused 2 years after and expe-
rienced a prolonged response to this antibody  [  3  ] . 
This clinical success illustrated perfectly nearly 
one century later the concept of personalized anti-
cancer serotherapy suggested by Paul Gibier. 

 At the beginning of 1980s, it became clear 
that the non-humanization of mAbs explained 

 immunization, side effects, poor cytolytic activ-
ity, and short ef fi cacy duration leading to limiting 
the clinical use of murine mAbs. In 1984, Sherie 
Morrison  [  4  ]  described for the  fi rst time the technol-
ogy allowing the production of chimeric recombi-
nant mAbs with heavy and light chains obtained by 
fusion of murine variable domains with human con-
stant domains. This important discovery explains 
mainly the success of mAbs. More recently, bio-
technology advances permitted to reduce the part of 
murine counterpart with the production of antibod-
ies exclusively humanized.  

   Rituximab Era 

 In 1984, the second workshop on the human leu-
kocyte cluster of differentiation de fi ned 11 new 
CDs (CD16 to CD26), and among them, CD20 
antigen was expressed by most of B cells and 
B-lymphoma cells. Among mAbs de fi ning this 
cluster, the company  Oncogene  tested the clone 
1F5 (murine IgG2a) in  fi ve lymphoma patients. 
The patients receiving the highest dose experi-
enced a signi fi cant clinical response  [  5  ] . These 
results led  IDEC Pharmaceuticals  company to 
produce a chimeric anti-CD20 antibody con-
structed from the murine parental clone 2B8. 
This murine mAb was humanized with constant 
human  k  (kappa) and  g 1 (gamma1) (human IgG1 
ant-CD20, C2B8) or  k  (kappa) and  g 4 (gamma4) 
(human IgG4 anti-CD20) domains  [  6  ] . The 
human IgG1 version (C2B8) only exhibited 
complement activation and effector cell activa-
tion and induced lymphopenia in macaque. It has 
been developed with the name of rituximab by 
 IDEC Pharmaceuticals  and  Genentech  compa-
nies. The  fi rst phase I clinical trial using ritux-
imab began in 1993, and rituximab was the  fi rst 
recombinant anticancer mAb to have received 
approval to market in the USA (Rituxan®, 1997) 
and in Europe (MabThera®, 1998). This anti-
body was an undeniable revolution in the treat-
ment of malignant non-Hodgkin lymphomas of 
B-cell origin, and this success has contributed to 
the development of this therapeutic class in the 
 fi eld of oncology. Beyond these considerations, 
rituximab is a model for studying mechanisms of 
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action of mAbs and this work should enable prog-
ress in the near future applicable to the majority of 
monoclonal antibodies for therapeutic use.   

   Naked Antibodies: The Rituximab 
Model 

 Rituximab is a “bifunctional” molecule bringing 
together functions related to antigen recognition 
(and therefore speci fi c to the epitope) and other 
functions dependent on the Fc portion (fragment 
crystallizable) common to all IgG1 (Fig.  21.1 ). 
Properties due to the Fc portion can distinguish 
IgG1 and IgG3 classes (Tables  21.1a  and  21.1b ) 
that have the greatest ability to recruit the immune 
system (complement and effector cells) in human. 
In mice, however, it is mainly the IgG2a which has 
this property, highlighting the dif fi culties in inter-
preting experiments using humanized mAbs in 
mouse models. The Fc portion of IgG is also capa-
ble of binding to a receptor called FcRn (or Brambell 

receptor) expressed by endothelial, epithelial, and 
syncytiotrophoblastic cells. The interaction with the 
receptor ensures their transplacental or transepithe-
lial passage and allows the IgG to escape lysosomal 
degradation, which explains their longer half-life 
compared to other isotypes of immunoglobulins.    

Binding to the target
Agonist of antagonist effect Complement binding (C1q)

Effector cells recruitement (FcγRs)
IgG metabolism (FcRn)

Fab
Fc

Ck

Vk

Vh

CH1

CH2

CH3

  Fig. 21.1    Structure of an immunoglobulin G kappa. The 
Fc portion can activate complement cascade and recruit-
ment of effector cells via receptors on the Fc portion of 
IgG1 (Fc g (gamma)R). The Fab (fragment antigen bind-
ing) allows the binding of immunoglobulin to its target. 
The speci fi city of antigen recognition is carried by the 
complementarity determining region (CDR or, in  yellow ) 

carried by the Fv (fragment variable, including variable 
domain heavy chain VH and light V k [kappa]). (PDB and 
IMGT/3Dstructure-DB,   http://imgt.cines.fr:1hzh    ) (Adapted 
from “Anticorps Monoclonaux: une révolution en marche,” 
in “Histoire de la thérapie ciblée.” Reproduced with the per-
mission of John Libbey Eurotext Edition)       

      Table 21.1a    Ability to recruit effector cell with immu-
noglobulins based on their isotype   

 Human  Mouse 

 IgG1  ++  IgG1  + 
 IgG2  −  IgG2a  +++ 
 IgG3  ++  IgG2b  ++ 
 IgG4  −  IgG3  + 
 IgM  −  IgM  − 

   Table 21.1b    Ability to recruit complement with immu-
noglobulins based on their isotype   

 Human  IgG1  IgG2  IgG3  IgG4 

 Classical pathway  +++  +  +++  − 
 Alternate pathway  −  +  −  − 
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   Mechanisms Involved in Target 
Recognition 

 The CD20 antigen is the target of rituximab and 
it is paradoxically the success of this therapeutic 
antibody that has attracted and led to important 
advances in the understanding of this protein and 
its functions. CD20 is a transmembrane protein 
(Fig.  21.2 ) which has characteristics that make it 
an ideal therapeutic target. CD20 is expressed by 
most B cells but is absent or weakly expressed 
on progenitor B or plasma cells, thus maintaining 
immunoglobulin levels and peripheral lymphoid 
reconstitution after treatment. After binding to the 
antibody, the CD20 is not internalized or stripped 
from the cell surface. The homology with the 
murine CD20 is 73 % and is mainly in the trans-
membrane regions. The extracellular domain of 

CD20 human which is the binding site of rituximab 
differs from that of murine CD20 by 16 of the 43 
amino acids  [  7  ] , explaining the absence of binding 
of rituximab to the murine CD20. The function of 
CD20 has long been misunderstood and the role 
of calcium channel has only been recently demon-
strated  [  8  ] . However, knockout mice for the gene 
encoding CD20 do not display any phenotypic 
abnormality  [  9  ]  which may re fl ect either the minor 
role of CD20 in B-cell physiology or a biological 
redundancy with other proteins. The use of anti-
CD20 mAbs has been for a long time the only way 
to understand CD20 functions. Two types of prop-
erties related to two different epitopes have been 
originally identi fi ed: the  fi rst epitope which is the 
binding site of rituximab, but also other anti-CD20 
(2H7, B1), leads to inhibitory signals inducing 
apoptosis and/or  antiproliferative activity, while 

184
142

219–225

KISH FLKM ESLN FIRAH TPY IN IYN CEPA NP SEKN SPST QYCY

TLSH FLKM RRLE LIQTS KPY VD IYDCEPS NS SEKN SPST QYCY Mouse

Human

14
2

1

18
4

     Fig. 21.2    Structure of human CD20. The CD20 protein 
is a no glycosylated protein with four transmembrane 
domains (tetraspan). The extracellular domain bears the 
epitopes recognized by different anti-CD20. The alanine 
and proline at position 170 and 172 residues are important 
in determining the epitope of rituximab. The sequence 

between residues 219 and 225 plays an important role 
during migration of CD20 in lipid rafts (Adapted from 
“Anticorps Monoclonaux: une révolution en marche,” in 
“Histoire de la thérapie ciblée.” Reproduced with the per-
mission of  John Libbey Eurotext Edition )       
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the second is an activation of cell proliferation 
induced by antibody 1F5. In reality there are a vari-
ety of epitopes although some residues are critical 
for the antiproliferative activity  [  7  ] . The binding 
of the antibody to its target can induce the migra-
tion of the antigen within the lipid rafts located on 
the surface of the plasma membrane. This move-
ment is dependent on a sequence of amino acids 
(219–225) that is not present in mice  [  10  ] . This 
property has allowed to the identi fi cation of mAbs 
inducing (antibody type 1: rituximab, 2H7, etc.) or 
not (type 2 antibodies: B1, LY1, etc.) this migra-
tion. The movement of CD20 in these structures 
allows the co-localization with proteins ensuring 
signal transduction. Recent work has demonstrated 
that anti-CD20 may mediate cell death in different 
ways (Fig.  21.3 ). A  fi rst type of anti-CD20 mAbs, 
such as rituximab, induces apoptotic cell death 
process which appears largely caspase dependent. 
Several activation pathways of apoptosis have been 
described including passing through the mitogen-
activated protein kinase (MAP kinase), NF  k  
(kappa) B, protein kinase C (PKC), or ceramides 
or bcl-2. A second subgroup of anti-CD20 mAbs 
can kill cells in a caspase-independent manner. In 
this case, homotypic adhesion could mediate cell 
death through a lysosomal pathway  [  11  ] .    

   Mechanisms Linked to the Fc Portion 

 The ability of the Fc portion of IgG1 to interact 
with effectors of cellular immunity or comple-
ment gives to the whole mAbs belonging to this 
class common cytolytic properties that explain 
much of their therapeutic activity. 

   Complement-Dependent Cell Lysis 
 Complement has a major role in the eradication 
of malignant cells. Activation of the classical 
complement pathway by immunoglobulins 
(IgG1, IgG3 and IgM) requires the prior binding 
of the antibody on its target and then setting the 
C1q protein on at least two Fc portions (Fig.  21.3 ). 
This binding will trigger a proteolytic cascade 
leading to the formation of large amounts of C3b 
which induces the formation of membrane attack 
complex (MAC) and the destruction of the cell 

(complement-dependant cell lysis, CDC). It also 
allows the chemotactic attraction of in fl ammatory 
cells (via C3a and C5a), while C3b opsonization 
of the target cell makes its interaction with com-
plement receptors (CR3 and CR4) expressed by 
immune cells (natural killer cells, monocytes, 
neutrophils). The complement is therefore a sys-
tem allowing both a direct lysis of the target cell 
and the establishment of a cytolytic response. 
Many in vitro studies have shown that rituximab 
induces a CDC on lymphoid cell lines or fresh 
lymphoma cells. Complement activation with 
rituximab was well demonstrated in a syngeneic 
mouse lymphoma model expressing human 
CD20  [  12  ] . In this model, the therapeutic activity 
of rituximab was not found in mice de fi cient in 
C1q. In humans, infusion of rituximab increases 
levels of degradation products of complement 
(C3b/c, C4b/c)  [  13  ] . The role of the level of 
expression of CD20 or protein negatively regulat-
ing the complement (CD46, CD55, CD59) on 
this activity has long been discussed. Results 
have shown clearly that the CDC was correlated 
with the level of expression of CD20 by the target 
cell  [  14  ] . The ability of an anti-CD20 mAb to 
activate complement is also linked to the epitope 
recognized and the ability to relocate CD20 
within lipid rafts  [  15  ] . Thus, rituximab or 2H7, 
which induces a migration, effectively leads 
CDC, while the B1 or LY1 antibodies do not 
induce CDC because of their inability to migrate 
CD20 within lipid rafts.  

   Cell Death Dependant on Receptors 
to the Fc Portion of Antibody 
 The Fc portion of rituximab is able to interact with 
receptors of the Fc portion of IgG or Fc g (gamma)
R (Fig.  21.4 ). By the recruitment of cells express-
ing these receptors (Table  21.2 ), immunoglobu-
lins are involved in the development of immune 
effector mechanisms such as phagocytosis and 
antibody-dependent cell cytotoxicity (ADCC) 
(Fig.  21.3 ). The ability of rituximab to induce 
ADDC or to promote phagocytosis has been dem-
onstrated in vitro in human lymphoma cell lines, 
and the involvement of Fc g (gamma)Rs was fully 
described in a mouse model  [  16  ] . The involvement 
of these receptors, particularly the Fc g (gamma)
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Fig. 21.3 (continued)

  Fig. 21.3    ( a ) Direct cell toxicity. The binding of mAbs 
on CD20 antigen induces direct cell cytotoxicity which 
could be caspase dependant or not. ( b ) Complement-
dependent cytotoxicity  (CDC) . The binding of the anti-
body on its target will allow the activation of the classical 
complement pathway. This activation requires the binding 
of C1q to the Fc portion of the antibody. In addition to cell 
lysis, complement activation will allow migration to the 
site of effector cells and target cells opsonization by C3b. 
Effector cells can then be activated via their C3b recep-
tors (CR3 and CR4). ( c ) Mechanism-dependent cellular 

 cytotoxicity of the antibody ( ADCC ). The binding of the 
antibody to its target allows the recruitment of effector cells 
through their Fc g (gamma)Rs, and cell activation induced 
by this binding will lead to cell lysis (by the degranulation 
of natural killer cells). ( d ) Phagocytosis. mAbs opsonized 
on tumor cell can bind Fc receptors on phagocyte cells 
initiating Fc-dependant phagocytosis. ( e ) Cross presenta-
tion. Peptides derived from phagocytosis of tumor cells by 
macrophages or dendritic cells can be loaded on to MHC 
molecules leading to activation of CD4 +  helper T cells and 
to prime cytotoxic CD8 +  T cells         

FcγRI
(CD64)

FcγRII
(CD32)

γ γ/ζ

FcγRII
(CD16)

Ancrage GPI

a/c a ba/b/c

  Fig. 21.4    Structure of the various receptors of the Fc por-
tion of IgG (Fc g (gamma)R). Fc g (gamma)RIIb is the only 
inhibitory receptor because of the presence of an ITIM 
motif (immunoreceptor tyrosine-based inhibitory motif) in 
its intracytoplasmic portion ( red cylinder ). The presence of 
an ITAM motif (immunoreceptor  tyrosine-based  activatory 

motif) ( blue hexagon motifs ) in intracytoplasmic or within 
an accessory associated with channel gives the other 
Fc g (gamma)R activating properties (Adapted from 
“Anticorps Monoclonaux: une révolution en marche,” in 
“Histoire de la thérapie ciblée.” Reproduced with the per-
mission of  John Libbey Eurotext Edition )       
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RIIIa has been established in human. Indeed, this 
receptor has a nucleotide polymorphism leading 
to substitution of the amino acid at position 158. 
And two receptor variants are possible, one with a 
valine at position 158 (Fc g (gamma)RIIIa-158V), 
the other with a phenylalanine (Fc g (gamma)
RIIIa-158F). This substitution is accompanied by 
a change in the af fi nity of the Fc g (gamma)RIIIa 
for the Fc portion of immunoglobulin IgG1  [  17  ] . 
The in fl uence of this amino acid is not surpris-
ing since it is the site of interaction between these 
two proteins. A study including patients with fol-
licular lymphoma showed that patients homozy-
gous for the high-af fi nity receptor (Fc g (gamma)
RIIIa-158V) had a better clinical and molecular 
response to rituximab  [  18  ] . Since this receptor is 
expressed by monocytes and natural killer cells, 
key players in the ADCC, this cell lysis mecha-
nism is now considered as an important mode of 
action of rituximab. Above all, this work has high-
lighted the importance of the interaction between 
Fc g (gamma)R and the Fc portion of the antibody.    

   Speci fi c Anti-lymphoma Immunity 
 Several experimental results argue for the estab-
lishment of speci fi c immunity in anti-lymphoma 
treatment with rituximab. Indeed, most of the anti-
gen-presenting cells (dendritic cells, macrophages) 
express Fc g (gamma)Rs whose role in the therapeu-
tic activity of antibodies has been demonstrated. In 
addition, a number of clinical observations could 
account for this mechanism: delayed response in 
relation to treatment and increasing duration of 
response to retreatment. Cytolytic mechanisms 
caused by mAbs induce the cross presentation 
(Fig.  21.3 ) of lymphoma-speci fi c antigens by 

 antigen-presenting cells, leading to the establish-
ment of a speci fi c immune response. Some recent 
experimental data  [  19  ]  seem to con fi rm this speci fi c 
anti-lymphoma immunity. Such mechanism could 
lead to a change rituximab use and would open new 
avenues for optimizing its therapeutic activity.  

   Classi fi cation of Anti-CD20 Antibodies 
 According to mechanisms of action, anti-CD20 
mAbs can be separated in two distinct subgroups 
called type I and II  [  20  ]  (Table  21.3 ). Both type I 
and type II mAbs demonstrate ef fi cient phagocy-
tosis and ADCC. Type I anti-CD20 mAbs induce 
migration of the antibody/antigen complex into 
lipid rafts which cluster the antibody Fc regions, 
thus enabling improved C1q binding. In contrast, 
type II mAbs do not induce redistribution into 
lipid rafts leading to relatively ineffective CDC. 
Intriguingly, type II mAbs exhibit far more homo-
typic adhesion and direct killing of target cells. 
Reasons for this difference have long remained 
unknown, but new structural informations sug-
gest that type I mAbs lead CD20 to adopt an 
“open” con fi guration likely linked to its role as a 
calcium channel, whereas type II mAbs leave 

   Table 21.2    Cellular expression of different receptors of the portion of IgG1 (Fc g (gamma)R)   

 Fc g (gamma)
RI 

 Fc g (gamma)
RIIa 

 Fc g (gamma)
RIIb 

 Fc g (gamma)
RIIc 

 Fc g (gamma)
RIIIa 

 Fc g (gamma)
RIIIb 

 Monocyte/macrophage  +  +  +  + 
 Natural killer cell  +  + 
 Neutrophils  +/−  +  + 
 B lymphocyte  + 
 Dendritic cell  +  +  +  + 
 Mastocyte  +/−  +  + 
 Platelets  + 

   Table 21.3    Characteristics of type I and type II anti-
CD20 antibodies   

 Type I anti-CD20 mAbs  Type II anti-CD20 mAbs 

 Localize CD20 to lipid 
rafts 

 Do not localize CD20 to 
lipid rafts 

 High CDC  Low CDC 
 No homotypic adhesion  Homotypic adhesion 
 Low direct cell killing  High direct cell killing 
 Rituximab, ofatumumab, 
R-603 

 B1, obinutuzumab 
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CD20 molecule in “closed” con fi guration with-
out induction of calcium  fl ux  [  11  ] .    

   “New” Anti-CD20 Monoclonal 
Antibodies 

 Progresses in the  fi eld of mAbs are partly related 
to advances in biotechnology. Indeed, it was nec-
essary to reduce the immunogenicity of these 
antibodies to improve their ef fi cacy and safety 
(Fig.  21.5 ). In the  fi eld of hematology, the anti-
bodies developed since the advent of rituximab 
are humanized antibodies in which only a very 
small portion of murine sequences remain. More 
recently, fully humanized monoclonal antibodies 
have been engineered. Rituximab appeared 
poorly immunogenic in the treatment of malig-
nant lymphomas and further humanization should 
not signi fi cantly modify its ef fi cacy in this indi-
cation. However, the frequency of antibodies 

against rituximab in autoimmune diseases cur-
rently justi fi es the development of fully human-
ized anti-CD20 antibodies.  

 The progress made in recent years in under-
standing the mechanisms of rituximab action 
should enable advances applicable to the whole 
therapeutic class (IgG1 antibodies). Thus, the 
in fl uence of polymorphism of Fc g (gamma)RIIIa 
has highlighted the critical role of its interaction 
with the Fc portion. It therefore seemed essen-
tial to improve the af fi nity of the Fc portion for 
Fc g (gamma)RIIIa and to increase its ability to 
recruit effector cells. By 2002, the Genentech 
company produced monoclonal antibodies (anti-
ErbB2) with mutations in the region of the Fc 
portion interacting with Fc g (gamma)RIIIa. These 
antibodies have shown in vitro a higher af fi nity 
for both allotypic forms of Fc g (gamma)RIIIa and 
an increase of their cytolytic capacity  [  21  ] . The 
clinical development of these “mutant” antibodies 
may, however, face problems of increased antigenicity 
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• Immunization

• Pharmacokinetics

• Effector cells recruitment

• Immunization

• Pharmacokinetics

• Effector cells recruitment

• Immunization

• Pharmacokinetics

• Effector cells recruitment

Chimeric mAbs
1984

...ximab

Humanized mAbs
1988–1991

...zumab

Fully human mAbs
1994–1999
...(m)umab

New mAbs
2000–

  Fig. 21.5    Biotechnological advances applied to monoclo-
nal antibodies. For 30 years technological advances have 
allowed the gradual humanization of murine antibodies (rec-
ognizable by the suf fi x-omab) produced by the hybridoma 
technique. The  fi rst step has allowed the production of chi-
meric antibodies such as rituximab (recognizable by the 
suf fi x-ximab) where only the Fc is of murine origin. It was 
then possible to obtain new generation humanized antibod-
ies (identi fi ed by the suf fi x-zumab) where only the CDR 
(determining the idiotype) are of murine origin. Today, there 
are also fully human antibodies (suf fi x-mumab), obtained 
by techniques using transgenic mice or by screening phage 
libraries, but this pseudo-humanization of the idiotype does 

not remove its potential immunogenicity. In practice, it is 
essentially the humanizing of the Fc region (obtained from 
the chimeric antibodies) which has reduced the immunoge-
nicity of recombinant antibodies and improved their 
 pharmacokinetics and their ability to recruit effector cells. 
A third generation of modi fi ed antibodies appeared more 
recently in the aim of improving function, such as a longer 
half-life by mutation of amino acids involved in the interac-
tion with FcRn. It is too early to know the immunogenic 
potential of these new drugs, clinical trials have just begun 
(Adapted from “Anticorps Monoclonaux: une révolution en 
marche,” in “Histoire de la thérapie ciblée.” Reproduced 
with the permission of  John Libbey Eurotext Edition )       
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of the molecule and therefore immunization. In 
1999, the Swiss group of Pablo Umana showed 
that the modi fi cation of oligosaccharides in the 
Fc portion could change the ADCC induced by 
a monoclonal antibody of IgG1 class  [  22  ] . Since 
then, it was established that the fucose content 
of the oligosaccharide in fl uences the af fi nity of 
the Fc portion for Fc g (gamma)RIIIa and ADCC. 
Thus, whatever the phenotype Fc g (gamma)RIIIa-
158V or Fc g (gamma)RIIIa-158F of effector cells, 
a low-fucosylated anti-CD20 antibody induced a 
better ADCC  [  23  ] . It was then possible to pro-
duce antibodies mutated in the region of the Fc 
portion interacting with C1q and FcRn. Some of 
these mutants have improved af fi nity for FcRn 
and increased half-life in monkeys  [  24  ] . The 
clinical relevance of such antibodies is evident in 
terms of rate of administration. In contrast, muta-
tions of the Fc portion of rituximab for a better 
af fi nity to C1q increased in vitro CDC but accom-
panied by a reduction in their ability to induce 
ADCC might limit its clinical development. 
Obinutuzumab (GA101, Roche Pharmaceuticals) 
is a humanized type II anti-CD20 antibody with 
low fucose content into the oligosaccharide of the 
Fc portion leading to an increased ADCC  [  25  ] . 
Similarly, this antibody exhibited a higher level 
of direct cell death activity than that of rituximab. 
This property appears to be related to a change 
of one amino acid (a valine instead of a leucin) 
located into the elbow-hinge region between the 
 fi rst constant domain and variable domain of the 

heavy chain. First clinical trials showed promis-
ing results in both non-Hodgkin’s lymphoma and 
chronic lymphocytic leukemia and prospective 
phase III trials are ongoing. 

 The group of Martin Glennie selected two anti-
CD20 mAbs exhibiting higher CDC than ritux-
imab  [  26  ] . These type I antibodies showed similar 
ability to induce CD20 antigen migration into 
lipid raft but recognized a different CD20 epitope 
from that of rituximab leading to a lower capacity 
of dissociation from the target. Authors demon-
strated that epitope recognized by these antibod-
ies was located on the small extracellular loop of 
CD20 antigen, and they hypothesized that the low 
distance between target epitope and membrane 
cell could explain the high CDC. One of this mAb 
called ofatumumab (Arzerra®, GlaxoSmithKline) 
is currently in clinical development and indicated 
in refractory chronic lymphocytic leukemia.  

   Other Targets, Other Histories? 

 Monoclonal antibodies target different cell popu-
lations including tumor or immune cells and all 
the components of the microenvironment. 

   Targeting Tumor Cells 
 Rituximab success led companies to develop 
mAbs against new lymphoma cell targets 
(Table  21.4 ). Among them, the bene fi t of epratu-
zumab (anti-CD22), galiximab (anti-CD80), and 

 Target  Antibody  Company 

 CD20  Rituximab (MabThera®, 
Rituxan®) 

 Roche, Genentech 

 Ofatumumab (Arzerra®)  GlaxoSmithKline 
 Obinutuzumab  Roche 
 R-603  LFB 
 AME-133v  Lilly 

 CD22  Epratuzumab  Immunomedics 
 CD23  Lumiliximab  Biogen Idec 
 CD37  TRU-016  Abbott 
 CD52  Alemtuzumab  Bayer 
 CD74  Milatuzumab  Immunomedics 
 CD80  Galiximab  Biogen Idec 
 CD194 (CCR4)  KW-0761  Kyowa Hakko Kirin 

 Table 21.4    Monoclonal 
antibodies targeting tumor 
cell antigen  
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lumiliximab (anti-CD23) has been explored in 
prospective phase III studies. However, except 
anti-CD52 mAb (alemtuzumab, MabCampath®), 
approved in relapsed B-CLL, there are no new 
mAbs targeting other NHL antigens than CD20 
approved for clinical use.   

   Targeting Immune Cells 
 More recently, numerous mAbs have been devel-
oped to target cells of the immune system with the 
goal of enhancing antitumor response (Table  21.5 ). 
Thus, targeting of immunoregulatory co-receptors 
such as PD1 or CD137 seems to be a promising 
strategy but has not been undergone extensive 
clinical testing. Cytotoxic T lymphocyte antigen 4 
(CTLA4) is a negative regulator of T-cell activa-
tion that binds CD80 and CD86. CTLA4 block-
ade could therefore prevent and reverse 
antigen-speci fi c CD8 +  T-cell tolerance, enhancing 
adaptive immunity and promoting tumor regres-
sion  [  27  ] . Preclinical data demonstrated that the 
blockade of the inhibitory receptor Fc g (gamma)
RIIb (CD32b) by antagonist mAb could enhance 
cross presentation of tumor antigens and promote 
adaptive immune responses  [  28  ] .   

   Targeting Tumor Microenvironment 
 There are extensive data supporting the role of 
microenvironment in cancer development and 
progression. Thus, targeting cells or matrix pro-
teins of tumor microenvironment (Table  21.5 ) 
could constitute an attractive strategy. The interest 
of targeting vascular endothelial growth factors 
(VEGF) has been well demonstrated in many 

solid tumors, and anti-VEGF mAbs (bevaci-
zumab, Avastin®) have been recently explored in a 
large phase III study in aggressive NHLs. Among 
the other attractive targets in the tumor stroma, 
 fi broblast activation protein (FAP), tenascin, or 
 fi bronectin extra-domain B have not been exten-
sively studied in hematologic malignancies.    

   Immunoconjugates 

 Monoclonal antibodies could be considered as a 
tool targeting radionuclides or drugs to tumor 
cells. Potential advantages of such a strategy are 
to increase cytotoxic effects of the conjugates as 
well as to prevent cellular damages on normal 
cells. However, the binding of radionuclides or 
cytotoxic drug limits the immunologic effect of 
such a strategy. 

   Targeting Radionuclides 

 For 20 years, the linking of radionuclides to mAbs 
has been studied to increase their cytotoxic activ-
ity and to exploit their speci fi c targeting. The FDA 
has approved the use of two radiolabeled anti-
CD20 mAbs for the treatment of B-cell NHLs: 
 90 Y ibritumomab (Zevalin®) and  131 I-tositumomab 
(Bexxar®). Other radiolabeled mAbs using other 
B-cell antigens and/or other radionuclides have 
been developed and are currently under trials. 

 The mAbs used for radioimmunotherapy are 
usually of murine origin since there is no clear 

 Target  Name  Company 

 CD25  Daclizumab (Zenapax®)  Roche 
 CD32B  Anti-CD32B  MacroGenics 
 C40  Dacetuzumab  Seattle Genetics 

 Lucatumumab  Novartis 
 CP-870893  P fi zer 

 CD137  BMS-663513  Bristol-Myers-Squibb 
 PD1  CT-011  CureTech Ltd 

 MK-3475  Merk 
 BMS-936558, BMS-936569  Bristol-Myers-Squibb 

 OX40  Anti-OX40  Portland Providence Medical Center 
 CTLA4  Tremelimumab  P fi zer 

 Ipilimumab  Bristol-Myers-Squibb 

 Table 21.5    Monoclonal 
antibodies targeting 
molecules expressed by 
immune cells or tumor 
microenvironment  
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advantage for using humanized mAbs other than 
the theoretical concern regarding the development 
of HAMA which has not been observed during 
the development of these radiolabeled antibodies. 
Pretreatment with either the unconjugated anti-
body or rituximab is required to coat the circulat-
ing antigens on B cells and to suppress low-af fi nity 
sites such as nonspeci fi c Fc receptors. This pre-
dose results in prolongation of the plasma half-
life of the radiolabeled antibody, thus allowing 
more time to remain in the circulation and to reach 
other sites than normal B-cell reservoirs (spleen). 

 Three types of radionuclides have been tested:
    • b  (beta)-emitters such as  131 I,  90 Y,  186 Re, and, 
more recently,  177 Lu which have long emission 
path lengths (around 300  m (mu)m for  90 Y). 
They are able to bypass tumor antigen hetero-
geneity and to uniformly target a tumor whose 
radius does not exceed the emission range. 
Some of them, e.g.,  131 I, are also  g (gamma) 
emitters and thus allow direct tumor imaging 
and dosimetry, while others, e.g.,  90 Y, are pure 
 b  (beta)-emitters, lack imageable emission, 
and require dosimetry using  111 In (a gamma-
emitting radiometal with chemistry similar to 
 90 Y) as a surrogate. In European countries, this 
imaging and dosimetry step is no more required 
for conventional dosage treatment with ibritu-
momab tiuxetan. Convenience, availability, 
low cost, and familiarity have favored the use 
of these radionuclide types  [  29  ] .  
   • a  (alpha)-emitters produce particles which have 
a much higher energy than  b  (beta)- emitters but 
on a short distance. Although their cytotoxic 
capacities are high, only the targeted cell and the 
immediate neighboring cells are killed, thus 
limiting their use in NHL radioimmunotherapy.  
  Auger emitters such as  • 67 Ga or  125 I are extremely 
cytotoxic and can only be used to treat micro-
scopic residual disease.    
 The link between the radionuclide and the 

mAbs has a crucial importance.  131 I allows a direct 
and easy iodination of the protein and has thus 
been most extensively used. However, deiodina-
tion occurs after internalization of the protein and 
compromises its ef fi cacy. Anti-CD19 or anti-
CD22 antibodies, which are internalized after 
binding to their epitope, are thus unsuitable for 

radioimmunotherapy using iodinated antibodies, 
while anti-CD20 antibodies are convenient. All 
other radionuclides require chemical chelation to 
the protein. Adequate chelating agents possess 
both a functional group which allows conjugation 
to the protein and a site which forms a stable com-
plex with the metallic radionuclide. 

   Radioimmunoconjugates: Clinical Trials 
 Radioimmunotherapy has been used for the treat-
ment of B-cell non-Hodgkin’s lymphomas in sev-
eral circumstances  [  30–  35  ] :   

   Relapsed and Refractory Indolent NHLS 

 Numerous phase II studies of radioimmunother-
apy of indolent (mostly follicular) NHLs have 
been reported. They show overall response rates 
of 60–80 % and complete response (CR) rates up 
to 40 %. The median time to progression (TTP) 
does not exceed 7–10 months. 

 Several features should be underlined:
   Radioimmunotherapy is active even in ritux-• 
imab-refractory patients but with lower response 
rates and shorter TTP than in rituximab naïve 
or sensitive patients.  
  In a small randomized trial  [  • 36  ]  carried out on 
rituximab naïve patients, radioimmunotherapy 
using ibritumomab tiuxetan was superior to ritux-
imab in terms of response and CR rates and TTP.  
  Radioimmunotherapy is also active in patients with • 
transformed indolent NHL, with lower response 
rates than in the absence of transformation.  
  Treatment after more than two relapses, bulky • 
disease, increased serum LDH levels, prior 
autologous stem cell transplantation (ASCT), 
and no response to last therapy have a negative 
in fl uence on radioimmunotherapy ef fi cacy.  
  Although there is no randomized trial,  • 90 Y 
ibritumomab tiuxetan and  131 I-tositumomab 
seem to have similar ef fi cacies.     

   Untreated Indolent NHLS 

 Only one study has been reported in 2005 with 
updated results in 2009  [  37,   38  ] . In 76 previously 
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untreated patients with follicular lymphoma, a 
single treatment with  131 I-tositumomab yielded a 
95 % response rate with 75 % CR rate. The 
median duration of response was 6 years and the 
median progression-free survival was 11 years in 
the 57 CR patients. For unknown reasons, these 
results have not been con fi rmed in other trials.  

   Consolidation After Initial 
Chemotherapy 

 Radioimmunotherapy has also been incorpo-
rated into the frontline treatment of patients with 
indolent NHL. Morschhauser et al.  [  39  ] . reported 
results of a randomized trial comparing consolida-
tion with  90 Y ibritumomab tiuxetan versus observa-
tion in patients with follicular lymphoma who have 
reached complete or partial response following ini-
tial chemotherapy induction. Radioimmunotherapy 
signi fi cantly improved median PFS (36.5 vs. 
13.3 months,  p  < 0.0001). This effect of radioim-
munotherapy consolidation was especially marked 
in patients in PR after induction chemotherapy and 
in patients who had detectable  BCL-2  rearrange-
ment detectable before radioimmunotherapy and 
who became negative after radioimmunotherapy. 
A noted limitation of this trial was that the vast 
majority of patients did not receive rituximab-
based chemotherapy prior to consolidation radio-
immunotherapy. The results of an SWOG trial 
comparing R-CHOP followed by  131 I-tositumomab 
vs. observation are thus eagerly waited.  

   Radioimmunotherapy as a Component 
of Conditioning Regimen for ASCT 

 Radioimmunotherapy has been used either alone 
at high doses or in combination with high-dose 
chemotherapy. 

 Small phase II trials of radioimmunotherapy 
using either  131 I-tositumomab or  90 Y ibritumomab 
tiuxetan at high doses followed by ASCT have 
been reported establishing the feasibility of 
these procedures in some experimented groups. 
Interesting results in term of posttransplant 
progression-free survival have been reported. 

However, because of the complexity of the pro-
cedures, their toxicity requiring prolonged hos-
pitalizations, and a signi fi cant transplant-related 
mortality, this conditioning regimen has not been 
largely used. 

 Several groups have tested the combination of a 
conventional weight-based radioimmunotherapy 
with BEAM chemotherapy and reported the feasibil-
ity of this approach. Trials comparing a conditioning 
regimen with chemotherapy alone vs. chemotherapy 
plus radioimmunotherapy are ongoing. 

 The toxicity of radioimmunotherapy at conven-
tional dosage is mainly myeloid. The cytopenias 
are delayed (starting 6–8 weeks after treatment) 
and most often modest and rapidly reversible pro-
vided that contraindications to usual dose radio-
immunotherapy (thrombocytopenia, bone marrow 
hypoplasia, signi fi cant bone marrow lymphoma 
in fi ltration) have been respected. In patients 
treated after  fi rst-line induction chemotherapy, 
the incidence of grade 4 neutropenia and throm-
bocytopenia were respectively 26.5 and 2 %  [  39  ] . 
There has been concern regarding myelodysplas-
tic syndromes (MDS) occurring late after radioim-
munotherapy. However, the risk seems modestly 
increased compared to patients treated with che-
motherapy only. 

   Ways to Improve 
Radioimmunoconjugates 
 Several approaches are currently tested in order 
to improve the ef fi cacy of radioimmunotherapy:

   Combining radioimmunotherapy with a novel • 
agent that increases the sensitivity of tumor 
cells to ionizing radiation such as bortezomib 
or motexa fi n gadolinium.  
  Combining radioimmunotherapy with an agent • 
that upregulates CD20 expression such as CpG.  
  Fractionating radioimmunotherapy in order to • 
allow a higher cumulative whole-body dose 
(approximately +60 %) than with a single dose.  
  Engineering of the antibody (single-chain Fv • 
fragments, diabodies formed by dimerization of 
Fv fragments, minibodies formed by 2 Fv frag-
ments fused to single constant domains, and 
other immunoproteins) in order to improve 
tumor penetration and to decrease circulation 
time and radiation exposure of normal organs.  



358 G. Cartron and P. Solal-Céligny

  Increasing the tumor to normal organ ratios of • 
absorbed radioactivity by multi-step pretarget-
ing methods. In this method, the targeting 
mAb conjugated to a nonradioactive adapter 
molecule such as streptavidin is administered 
 fi rst. This large antibody molecule allows an 
optimal localization in tumor sites. Following 
this localization, a small molecular weight 
radiolabeled ligand (i.e., biotin) is adminis-
tered, rapidly penetrates the tumor site, and 
binds tightly to the adapter  [  35  ] . This latter 
method has yet only been used in mice bear-
ing lymphoma xenografts.      

   Antibody-Drug Conjugates (ADCS) 

 ADCs allow cytotoxic drugs, attached via chemi-
cal linkers to antibodies that recognize cancer cell 
antigens, to be delivered only to the cells of inter-
est. ADCs have been developed for several 
decades, but, until recently, there use has been 
limited either by the systemic toxicity of the con-
jugated drug(s) that was used (ricin chain A or 
diphtheria toxin) or by the low clinical activity of 
drugs usually given by a systemic route (doxoru-
bicin, antitubulin agents). It has only been in the 
past few years that the critical parameters for opti-
mization have begun to be addressed  [  40,   41  ] . 

 The antigens used for ADC in NHLs (e.g., 
CD19, CD22, CD79, and CD30) undergo rapid 
internalization once the ADC binds to the tumor 
cell through a process known as receptor- mediated 
endocytosis. With few exceptions, once internal-
ized, the ADC is delivered to lysosomes where the 
drug takes advantage of the catabolic environment 
and binds to its pharmacological target. 

 Substantially more potent drugs than conven-
tional cytotoxic agents that were too toxic to use 
in an untargeted manner have been more promis-
ing as ADCs. These include auristatins, may-
tansines, and calicheamicin. The latter is the 
active drug of gemtuzumab ozogamicin, the only 
clinically approved ADC in acute myeloid leuke-
mias. While auristatins and maytansines exert 
their cytotoxic effects by binding to tubulin caus-
ing cycle arrest and apoptosis, calicheamicin is a 
DNA strand-cleaving agent. The linkage between 

the drug and the mAb incorporates two labile 
bonds, a hydrazone which is cleaved under acidic 
conditions within the lysosomes of target cells 
and a sterically hindered disul fi de which under-
goes intracellular reduction. Inotuzumab ozo-
gamicin (CMC-544) is an anti-CD22 ADC which 
uses the same calicheamicin drug linkage. It is 
currently under phase III trials, given either alone 
or in combination with rituximab, in follicular 
and aggressive NHLs. In a phase I/II escalation 
dose trial, the overall response rate was 88 % in 
relapsed follicular NHL and 33 % in relapsed 
aggressive NHL  [  42  ] . However, CMC-544 has 
systemic toxicity (thrombocytopenia, bone mar-
row hypoplasia, hepatitis) most probably because 
of the release of cleaved calicheamicin. 

 This explains why stable linkers have been 
developed. These linkers are not cleaved from the 
antibodies. After internalization, the mAbs are 
degraded, thus releasing the drug still attached to 
the conjugating amino acids  [  39  ] . New ADCs 
combining either a humanized anti-CD22 or an 
anti-CD79b mAb with an auristatin derivative 
have been engineered and demonstrated promis-
ing ef fi cacy in preclinical models  [  39,   43  ] . 

 Brentuximab vedotin (SGN-35) is a chimeric 
IgG1 targeting CD30 conjugated to the antitubu-
lin agent monomethyl auristatin E through a pep-
tide linker that is cleaved after internalization into 
CD30-positive cells  [  44  ] . CD30 is expressed on 
the surface of Reed-Sternberg and Hodgkin cells, 
on anaplastic large-cell lymphomas (ALCLs), 
embryonal carcinomas, and select subtypes of 
B-cell- or T-cell-derived NHLs. Normal expres-
sion of CD30 is limited to a small population of 
activated B cells and T cells and a small portion 
of eosinophils. 

 Younes et al  [  45  ] . have recently reported the 
results of an extended phase I trial of brentux-
imab vedotin in 45 patients with CD30-positive 
lymphoma (Hodgkin’s disease in 42/45). All 
these patients had relapsed or refractory disease 
and 73 % had previously received high-dose ther-
apy with ASCT. The maximum tolerated dose 
(MTD) was of 1.8 mg/kg every 3 weeks. 
Responses were observed in 17/45 (38 %) of the 
patients, including 11 CR, and in 6/12 (4CR) of 
those treated at the MTD. Peripheral neuropathy 
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was the most noticeable adverse event. Several 
phase III trials of brentuximab vedotin are ongo-
ing, especially a randomized trial comparing 
observation to brentuximab vedotin after ASCT 
for relapsed Hodgkin’s disease. 

 Other targets of ADCs in lymphoproliferative 
disorders have been tested. For instance, the 
receptor kinase ROR1, which is selectively 
upregulated in CLL and in mantle cell lympho-
mas, is a promising target  [  46 ,  47  ] . 

 Optimization of the parameters in fl uencing 
ADC activity has led to the development of new 
agents with promising activities. Although several 
challenges lie ahead, it is apparent that continued 
research in this area will feed the clinical product 
pipeline and play an increasingly important role.   

   Other Structures 

 Advances in biotechnologies make now possible 
construction of customized mAbs-based molecules 
with optimized size and af fi nity or with appro-
priate additional functions. Immunocytokines, 
associating mAbs and cytokine (interferon, 
GM-CSF, etc.), could allow to improve effector 
cell recruitment and activity. Bispeci fi c antibod-
ies target simultaneously antigen on lymphoma 
cells (e.g., CD3) and molecules expressed by 
immune effector in order to increase cytotoxic 
effects. Experimental data using radiolabeled 
mAbs suggest tumor penetration does not exceed 
0.01 % of the infused dose per gram of tumor. 
This lack of tumor distribution could make inef-
fective mAbs in certain types of malignancies. In 
order to increase this penetration rate, truncated 
monoclonal IgGs have been engineered. These 
constructs with lower molecular weight than IgG 
(150 KD) include Fab fragments (55 KD), single-
chain Fv (sc-FV, 25 KD), diabody (50 KD), or 
minibody (80 KD). Although they have a low 
molecular weight favoring tumor penetration, 
most of these constructs have however lost the 
interaction site with FcRn increasing blood clear-
ance. A wide range of strategies has been devel-
oped to improve the pharmacokinetic properties 
including the conjugation with polyethylene gly-
col (PEG or albumin). All these new format of 

mAbs are currently extensively evaluated in pre-
clinical model or in early clinical studies.  

   Conclusion 

 Although the idea of treating cancer patients 
with antisera or antibodies has been a research 
topic for more than 100 years, their develop-
ment and clinical usage has really begun 
20 years ago. Since then, there has been an 
“explosion” as well as of the antibodies and of 
the clinical indications. As a proof, in 2011 
approximately 140 and 120 novel mAbs are in 
phase I and phase II studies, respectively, as 
well as a dozen Fc fusion proteins. Among the 
neoplasias treated with mAbs, lymphoprolif-
erative disorders have been not only the main 
indication, allowing to largely improve the 
outcomes of patients, but also constitute a 
model for testing new targets, for molecular 
engineering in order to increase speci fi city 
and activity, for designing clinical trials.      
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   Introduction 

 In 2011, it is estimated that 75,190 people in the 
United States will be diagnosed with lymphoma, 
and approximately 21,000 are expected to die of 
their disease  [  1  ] . Worldwide, the incidence of 
non-Hodgkin lymphoma (NHL) is estimated to 
be 355,000  [  2  ] . Current frontline treatment regi-
mens primarily include established chemotherapy 
drugs with or without the monoclonal antibody 

rituximab and, in some cases, may also include 
radiation therapy  [  3,   4  ] . The standard backbone 
chemotherapy regimen consists of cyclophosph-
amide, doxorubicin, vincristine, and prednisone 
(CHOP), which has been in use for almost four 
decades. Attempts to empirically add more che-
motherapy drugs or increase the doses of the 
CHOP regimen and—in some cases—incorpo-
rate more intensive regimens with stem cell sup-
port failed to improve treatment outcome of most 
lymphomas. These failures underline the impor-
tance of developing novel agents for the treat-
ment of lymphoma and incorporating these novel 
treatment strategies in a comprehensive develop-
ment strategies based on the disease molecular 
and genetic characteristics. 
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  Abstract 

 With increasing number of new drugs and molecular targets, drug devel-
opment continues to suffer from a high failure rate. The two major obsta-
cles are unexpected toxicity and lack of antitumor ef fi cacy in unselected 
patients. To increase response rates of new agents, it will be important to 
preselect patients based on predictive biomarkers. Furthermore, rather 
than developing drugs that target speci fi c mutant or overexpressed onco-
genic proteins, it is more ef fi cient to group several proteins in “oncogenic 
pathways” that can be targeted with a variety of small molecules. This 
brief chapter will cover the most promising agents targeting oncogenic 
pathways under development for the treatment of lymphoma.  
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 During the past decade, genomic technology 
has dramatically improved which now allows a 
robust, comprehensive, and ef fi cient pro fi ling of 
the cancer genome. These advances led to a series 
of breakthroughs in our understanding of car-
cinogenesis and identi fi ed several new molecular 
targets. Importantly, some of these discoveries 
were successfully translated into novel therapies 
for a variety of cancers, including leukemia, lung 
cancer, and melanoma. Similarly, scienti fi c 
advances also identi fi ed a variety of molecular 
and genetic defects that are associated with 
potentially druggable targets in lymphoid malig-
nancies. However, the process of drug develop-
ment for lymphoma continues to face serious 
challenges. Many drugs evaluated in phase I stud-
ies are discontinued because excessive toxicity or 
lack of signi fi cant ef fi cacy. Furthermore, although 
the number of phase II studies enrolling lym-
phoma patients continues to increase, many trials 
lack focus, do not signi fi cantly advance the  fi eld, 
and compete for a relatively small pool of eligible 
patients. It remains a challenge to advance drugs 
with promising clinical activity from early, small 
phase I/II studies to large-scale pivotal trials that 
enroll patients in a timely manner. 

 Over the past three decades, the pathologic 
classi fi cation of lymphoma has signi fi cantly 
improved. The early Rappaport classi fi cation 
included a handful of subtypes that did not re fl ect 
the cell of origin and, not surprisingly, resulted in 
diagnostic inaccuracies. Today, the World Health 
Organization (WHO) currently classi fi es lym-
phoma into 30 major distinctive types. While this 
classi fi cation improved the accuracy and consis-
tency of the histological diagnosis of lymphoma, 
it had little impact on advancing therapy and 
improving the cure rate  [  4  ] . Furthermore, basing 
treatment decisions of different cancers on histo-
pathological features results in grouping tumors 
with different underlying molecular characteris-
tics into one category. This treatment strategy is 
inef fi cient for drug development and exposes a 
large number of patients to potentially toxic drugs 
without providing any bene fi ts. Importantly, even 
though the number of lymphoma histological 
subtypes has increased, recent developments in 
cancer genetics and gene expression pro fi ling 

(GEP) demonstrated that these histological sub-
types are not homogeneous. For example, diffuse 
large B-cell lymphoma (DLBCL) comprises at 
least three distinctive subtypes: germinal center 
B-cell type (GCB), activated B-cell type (ABC), 
and primary mediastinal B-cell lymphoma 
(PMCL)  [  5  ] . It is therefore not surprising to  fi nd 
that patients with different molecular subtypes of 
DLBCL have different treatment outcomes when 
they are treated with the same regimens.  

   Targeting Oncogenic Pathways 
in Lymphoma 

 Genetic alterations of human cancer frequently 
result in deregulation of signal transduction path-
ways that contribute to the oncogenic process. 
This observation generated new strategies for 
pathway-based cancer therapy  [  4  ] . This concept 
represents a potential paradigm shift in cancer 
therapy, as it advocates basing treatment deci-
sions on the presence of speci fi c deregulated 
oncogenic signaling pathway irrespective of the 
histological tissue subtype. However, for this 
strategy to be successful, it will be imperative to 
identify clinical biomarkers that measure  pathway 
activation that can be used to match pathway-
targeted drugs with patients whose tumors are 
associated with an oncogenic pathway. In this 
chapter, we will review the current data on prom-
ising new agents that target well-de fi ned activated 
oncogenic pathways in lymphoma. 

   The PI3K/Akt/mTOR Pathway 

 The phosphatidylinositol 3-kinase (PI3K)/
Akt/mammalian target of rapamycin (mTOR) 
signaling pathway is one of the most aber-
rantly activated oncogenic signaling pathway 
in  cancer, including lymphoma, and therefore, 
it is intensively explored as a target for cancer 
drug development  [  6,   7  ] . Oncogenic activation 
of the PI3K pathway is associated with gain-
of-function mutations in the PI3K p110 a [alpha] 
or p85 a [alpha] isoforms, loss-of-function of the 
 PTEN ,  and less frequently ,  activation mutations 
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in AKT  (Fig.  22.1 )  [  8–  10  ] . In lymphoid malig-
nancies, PI3K pathway activation is rarely asso-
ciated with these mutations, but rather linked to 
constitutive B-cell receptor (BCR) activation and/
or to exposure to survival factors present in the 
microenvironment through activation of receptor 
tyrosine kinases and/or G protein-coupled recep-
tors (GPCR). For example, chemokines, CD30, 
CD40, BAFF, and RANK have all been reported 
to activate PI3K  [  11–  16  ] .  

 Several pharmacologic inhibitors of mTOR 
have been recently evaluated in preclinical and 
clinical studies. The  fi rst-generation small mol-
ecules are allosteric inhibitors (rapalogues), two 
of which have been approved by the FDA and/or 
the EMEA for the treatment of renal cell carcinoma 

(temsirolimus and everolimus), mantle cell lym-
phoma (temsirolimus), and pancreatic neuroen-
docrine tumors (everolimus). The rapalogues 
bind to FK506-binding protein 12 (FKBP12), 
preferentially inhibiting mTORC1, with no 
effect on mTORC2  [  17,   18  ] . Recently, more 
potent small molecules that inhibit the kinase 
domain of mTORC1 and mTORC2 have been 
developed and have demonstrated in vitro activ-
ity even in rapamycin-resistant cancer cell lines 
 [  18  ] . The anticancer property of mTOR inhibi-
tors is somewhat complex, as it involves several 
mechanisms, including induction of autophagy, 
anti-angiogenesis, immunoregulation, and inhi-
bition of protein translation of critical cell sur-
vival proteins  [  19–  21  ] . Because mTOR inhibitors 
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  Fig. 22.1    Activation of signaling pathways may be initi-
ated by receptor activation or by receptor-independent 
mechanisms that may involve genetic mutations of key 
pathway components. Some of these receptors may acti-
vate more than one signaling pathways. Cross talk and 

simultaneous activation of more than one signaling path-
way may require rationally designed combination strate-
gies.  Abbreviations :  JAK  Janus kinase,  mTOR  mammalian 
target of rapamycin,  PI3K  phosphatidylinositol 3-kinase, 
 STAT  signal transducers and activators of transcription       
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primarily induce cell cycle arrest and autophagy 
rather than cell death, in vitro, it is believed that 
their in vivo activity is augmented by modulation 
of the microenvironment, immunity, and angio-
genesis  [  21–  23  ] . 

 Temsirolimus (CCI-779) and everolimus 
(RAD-001) have demonstrated broad clinical 
activity in a wide range of lymphoma subtypes 
in phase II studies (Fig.  22.2 )  [  24  ] . In a phase II 
study reported by the Mayo Clinic group, temsi-
rolimus produced an overall response rate of 38 % 
(13 of 34 patients) in patients with relapsed man-
tle cell lymphoma, and almost all responses were 
partial  [  25  ] . The most common adverse events 
were thrombocytopenia, anemia, neutropenia, 
hyperglycemia, hyperlipidemia, mucositis, and 
fatigue. However, lower responses were observed 
in a follow-up multicenter phase III randomized 
trial that compared temsirolimus with the investi-
gators’ choice of commercially available chemo-
therapy drugs (22 % vs. 2 %)  [  26  ] . Despite the 
low response rate, patients treated with temsiroli-
mus had a longer progression-free survival. These 
modest results led to the approval of  temsirolimus 
by the European EMEA for the treatment of 

patients with relapsed mantle cell lymphoma. 
In a separate phase II study that was led by the 
group from the University of Chicago, temsiroli-
mus produced an overall response rate of 56 % in 
patients with relapsed follicular lymphoma, 36 % 
in diffuse large B-cell lymphoma, and 10 % in 
small lymphocytic lymphoma (Fig.  22.2 )  [  24  ] . 
Everolimus also demonstrated clinical activity in 
both non-Hodgkin and Hodgkin lymphomas, with 
an overall response rates ranging between 18 % in 
small lymphocytic lymphoma and 63 % in patients 
with relapsed T-cell lymphoma (Fig.  22.2 ). These 
results have not been independently con fi rmed.  

 Several inhibitors of AKT and PI3K have 
demonstrated more potent in vitro antican-
cer activity compared with mTOR inhibitors. 
However, the clinical development of such agents 
was delayed because of the excessive toxicity and 
the nonspeci fi city of the earlier compounds  [  8  ] . 
An improved understanding of the PI3K signal-
ing pathway has led to the identi fi cation of PI3K 
isoforms that can be targeted for cancer treatment 
with reasonable safety  [  6,   27  ] . Three different 
PI3K classes have been identi fi ed, but only class 
I has been linked with oncogenesis  [  28  ] . GS-1101 
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(formerly CAL–101) is a potent oral selec-
tive inhibitor of the PI3K isoform p110 d [delta]. 
In human lymphoma cell lines, p110 d [delta] 
expression was observed in >90 % of cases and 
was frequently associated with constitutive phos-
phorylation of Akt. CAL–101 decreased levels 
of phosphorylated Akt and other downstream 
effectors, such as S6 kinase and GSK–3 b [beta], 
resulting in inhibition of growth and induction 
of apoptosis in a variety of lymphoma cell lines 
 [  29  ] . In a phase I study in patients with lymphoid 
malignancies, GS-1101 was administered at 
increasing doses (50–350 mg) orally twice daily 
in 28-day cycles. Although no hematologic DLTs 
were observed, serious hepatic toxic effects and 
infections were reported. Remarkably, 10 (56 %) 
of 18 patients achieved partial response (5 with 
indolent lymphoma and 5 with MCL)  [  30  ] . These 
data, together with results achieved using mTOR 
inhibitors, con fi rm that targeting the PI3K/Akt/
mTOR pathway is a promising strategy for the 
treatment of lymphoma.   

   B-Cell Receptor (BCR) Signaling 
Pathway 

 The functional BCR complex consists of the BCR 
itself and the CD79a/CD79b heterodimer. The 
cytoplasmic domains of both CD79a and CD79b 
have an ITAM (immunoreceptor tyrosine-based 
activation motif). BCR signaling is initiated by 
the activation of Src family tyrosine kinases that 
phosphorylate ITAMs, leading to the recruitment 
and activation of protein tyrosine kinases (PTKs) 
such as Lyn, Syk, and Btk and  fi nally the trans-
duction of signal cascades (Fig.  22.1 ). Src homol-
ogy 2 (SH2) domain—containing leukocyte 
adaptor protein of 65 kD (SLP-65, also known 
as BLNK)—is an adaptor protein that links Syk 
to the activation of phospholipase C- g [gamma] 
(PLC- g [gamma]). Moreover, Syk phosphorylates 
several key proteins, including CD19, B-cell 
adaptor for phosphoinositide 3-kinase (BCAP), 
and the guanine nucleotide exchange factor Vav, 
which contribute to the activation of phosphati-
dylinositol 3-kinases (PI3K) (Fig.  22.1 ). PI3Ks 
are a family of enzymes that phosphorylate the 

3-position of the phosphatidylinositol ring. Class 
I PI3Ks use the substrate phosphatidylinositol-
4,5-bisphosphate (PIP2) to generate phosphati-
dylinositol-3,4,5-trisphosphate (PIP3). In turn, 
PIP3 serves as a docking module for the down-
stream proteins kinases Akt and Btk (Bruton’s 
tyrosine kinase) in B cells. This leads to the acti-
vation of a cascade of signaling molecules that 
regulate cell survival, growth, and immunity. For 
example, Akt activates the serine and threonine 
kinase mammalian target of rapamycin (mTOR), 
whereas Btk contributes to the activation of PLC-
 g [gamma]. 

 An augmented BCR signaling has been 
observed in a variety of B-cell lymphomas, which 
may promote their survival, suggesting that inter-
rupting BCR signaling cascades by small mole-
cules may have a potential therapeutic value in 
B-cell malignancies  [  31–  33  ] . Both Syk and Btk 
inhibitors have been recently developed. In a 
phase II study, fostamatinib demonstrated clini-
cal activity in a variety of B-cell malignancies; 
the highest ORR, 55 %, was observed in patients 
with relapsed SLL or CLL (Fig.  22.2 ). A large 
phase II study of fostamatinib is currently enroll-
ing patients to further con fi rm the agent’s activity 
in patients with CLL. Similarly, a phase I study 
of the Btk small-molecule inhibitor ibrutinib 
(PCI32765) demonstrated clinical activity in a 
variety of B-cell lymphoid malignancies.  

   JAK-STAT Pathway 

 The Janus kinases (JAKs) are a family of four 
intracellular non-receptor tyrosine kinases (JAK1, 
JAK2, JAK3, and TYK2) that primarily trans-
duce signals from cell surface receptors that are 
activated by cytokines and growth factors. JAK3 
expression is restricted to hematopoietic cells, 
whereas the remaining three JAK family mem-
bers are ubiquitously expressed. After a cytokine 
is engaged with its receptor, members of the JAK 
family are phosphorylated, leading to the recruit-
ment and phosphorylation of signal transducers 
and activators of transcription (STAT) proteins on 
tyrosine residues. Subsequently, phosphorylated 
STATs dimerize and translocate to the nucleus, 
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triggering the transcription of target genes that 
are involved in cell proliferation, survival, angio-
genesis, and immunity (Fig.  22.3 ). In humans, 
the STAT family of transcription factors consists 
of seven members; STATs 2, 4, and 6 are acti-
vated speci fi cally by a small subset of cytokines 
(IFN- a [alpha], IL-6, IL-12, IL-13, respectively) 
 [  34  ] . In contrast, STATs 1, 3, 5a, and 5b can be 
activated not only by a large array of cytokines 
but also by growth factors and some G protein-
coupled receptor agonists.  

 Aberrant activation of the JAK/STAT pathway 
has been linked to the oncogenic process in a 
variety of cancers, including Hodgkin lymphoma 
(HL) and non-Hodgkin lymphoma (NHL), mak-
ing it an appealing target for pathway-directed 
therapy. In rare cases, aberrant activation of the 
JAK/STAT pathway in a variety of lymphomas 
has been linked to genomic gains of JAK2, inac-
tivating mutations of suppressors of cytokine sig-
naling (SOCS) proteins, or epigenetic silencing 
of SOCS1 and SHP1 proteins. However, in most 
cases, no genetic abnormalities can be detected. 

 JAK/STAT pathway may also play a role in 
the mechanism of immune escape in HL. STAT6 
activation in HRS cells leads to the secretion of 
the immunosuppressive thymus- and activation-
regulated chemokine (TARC/CCL17) with con-
sequent attraction and homing of Th2 cells in 
areas surrounding HRS cells and consequent 
impairment of immune response. Another mech-
anism of tumor immune evasion is the interaction 
between the programmed cell death 1 (PD-1) 
receptor in tumor in fi ltrating T cells with its 
PD-ligands 1 and 2 [PD-L1 (CD274, B7-H1) and 
PD-L2 (CD273, B7-DC)], expressed on the cell 
surface of a variety of tumor types, including 
Hodgkin lymphoma, primary mediastinal B-cell 
lymphoma, and anaplastic large T-cell Lymphoma. 
The engagement of PD-1 receptor by PD-L1 and 
PD-L2 leads to inhibition of T-cell function and 
promotes apoptosis of cytotoxic T cells and the 
induction of immunosuppressive T regulatory 
(Treg) cells, leading to a decrease in tumor kill-
ing. Recently, the JAK-STAT pathway has been 
shown to be involved in the regulation of PD-L1 
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and PD-L2 expression in HL and anaplastic large 
cell lymphoma (ALCL) cells. 

 On the basis that activated STAT3 and STAT5 
signaling promotes the growth and survival of a 
variety of lymphomas, the novel oral JAK2 small-
molecule inhibitor SB1518 was evaluated in 
patients with relapsed Hodgkin lymphoma and 
non-Hodgkin lymphoma in a phase I study. 
Thirty-four patients received doses of 100–
600 mg/day. Treatment was well tolerated, with 
mostly grade 1/2 toxicities. Gastrointestinal tox-
icities were the most common treatment-related 
events. Cytopenias were infrequent and modest. 
Pharmacologically active concentrations were 
achieved at all doses. SB1518 inhibited JAK2 
signaling at 4 h postdose at all levels. Increases in 
FLT3-L, re fl ecting FLT-3 inhibition, were seen in 
most patients. There were three partial remissions 
and 15 stable diseases, with most responses last-
ing >2 months. Seven of 13 patients who had a 
stable disease demonstrated reductions in their 
tumor measurements ranging between 4 and 
46 %. These encouraging results support a phase 
2 trial of SB1518 in selected lymphomas.  

   Conclusions and Future Directions 

 As more targeted agents are developed for can-
cer therapy, most agents continue to produce 
modest response rates in unselected patients. 
Pretreatment biopsies to examine biomarker sta-
tus and linking biomarkers of oncogenic pathway 
activation to clinical responses will be an impor-
tant step before designing clinical trials that pre-
select patients based on biomarker status. While 
the identi fi cation of driver genetic abnormalities 
that lead to a druggable target is ideal for selecting 
patients for targeted therapy, such single-driver 
genetic abnormalities rarely exist in lymphomas. 
Regardless, many lymphomas seem to be addicted 
to one or more activated oncogenic pathways. An 
emerging strategy is to target different compo-
nents of activated oncogenic pathways, such as 
mTOR and AKT, even though their genes are 
normal. Because most tumors utilize more than 
one oncogenic pathway to promote their survival, 
single-agent targeted therapy will rarely produce 

high response rates or durable responses, indi-
cating that rapid combination strategies to target 
several oncogenic pathways are likely to be more 
successful. Furthermore, pharmacologic inhibi-
tion of a signaling pathway is frequently associ-
ated with upregulation of an alternative survival 
pathway by a negative feedback loop. Rationally 
designed combinations will be needed to inhibit 
these negative feedback loops Eventually, one or 
more targeted agents should be rapidly incorpo-
rated with standard frontline regimens, in a phase 
I/II studies, and new combinations that prove 
to be safe and effective should be randomized 
against standard regimens in biomarker-selected 
patients. Ultimately, this personalized treatment 
approach will improve the cure rate for selected 
patients with lymphoma.      
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  Abstract 

 Both autologous and allogeneic transplants have been extensively studied in 
the management of non-Hodgkin’s lymphomas and may offer a chance of a 
long-term cure for some patients. Autologous stem cell transplantation is 
considered standard therapy for patients with diffuse large B cell lymphoma 
in chemotherapy-sensitive relapse. It is also widely applied for patients with 
T cell histologies both as consolidation of  fi rst remission and in the salvage 
setting. It is also often used in patients with other histologic subtypes like 
follicular lymphoma, primary central nervous system lymphoma, and man-
tle cell lymphoma. Allogeneic stem cell transplantation also confers an 
immune-mediated graft-versus-lymphoma effect which can produce long-
term remissions in selected patients in settings where autologous transplants 
may not be effective. However, when compared to autologous transplants, 
allogeneic transplants are associated with higher complication rates and 
higher transplant-related mortality rates. This is primarily due to the toxicity 
of the high-dose regimen, acute and chronic graft-versus-host disease, and 
the associated risk of infections. Therefore, allogeneic transplants have 
 historically been restricted to patients who are young and have a good per-
formance status. There is recent interest in non-myeloablative or reduced-
intensity conditioning regimen allogeneic transplants as a means of exploiting 
the graft-versus-lymphoma effect with less toxicity and lower regimen-
related mortality. Several trials in lymphoma have been published evaluating 
the role of high-dose therapy and comparing the outcomes of allogeneic or 
autologous hematopoietic stem cell transplantation. In this chapter, we 
review the use of autologous and allogeneic transplants for the common 
subtypes of non-Hodgkin’s lymphoma.  

      Stem Cell Transplantation 
for Non-Hodgkin’s Lymphomas       

     Chitra   Hosing     and    Richard   E.   Champlin           
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   Introduction 

 The overall cure rate in adult patients with non-
Hodgkin’s lymphoma (NHL) is around 30 % 
depending on the histology. Patients with follicu-
lar lymphoma (FL) are rarely cured with conven-
tional treatments, whereas in patients with 
intermediate histology or diffuse large B cell 
lymphomas (DLBCL), the cure rate is approxi-
mately 50 % depending upon prognostic factors. 
T cell NHLs are a heterogeneous group of lym-
phomas accounting for approximately 10 % of 
aggressive lymphomas. Patients with T cell 
NHLs are more likely to present with aggressive 
clinical features, and standard treatments are less 
effective for T cell lymphomas than for B cell 
lymphomas, with the possible exception of ana-
plastic lymphoma kinase (ALK)-positive ana-
plastic large cell lymphoma (ALCL)  [  1,   2  ] . 

 Because NHLs are highly sensitive to myelosup-
pressive chemotherapy and radiation and exhibit a 
steep dose–response curve, administration of high-
dose therapy (HDT) followed by hematopoietic 
transplantation is an attractive strategy to improve 
cytoreduction. Both autologous and allogeneic 
transplantation have been widely studied and may 
offer a chance of a long-term cure for selected cate-
gories of patients. Autologous stem cell transplanta-
tion (ASCT) may be considered standard therapy 
for patients with DLBCL in chemotherapy-sensitive 
relapse. It is also widely applied for patients with 
PTCL-NOS as consolidation of  fi rst remission 
although the evidence is limited. Some patients with 
other histologic subtypes like FL, primary central 
nervous system lymphoma (PCNSL), and mantle 
cell lymphoma (MCL) may also bene fi t from this 
strategy in  fi rst remission, and studies are ongoing to 
identify the optimal role of this approach. Allogeneic 
stem cell transplantation (allo-SCT) also confers an 
immune-mediated graft-versus-lymphoma (GVL) 
effect  [  3  ]  which can produce long-term  remissions in 
selected patients in settings where autologous trans-
plants are generally ineffective. Several registry 

studies have shown that allo-SCT is associated with 
lower relapse rates in patients with lymphoma 
when compared to ASCT using purged bone mar-
row  [  4–  6  ] . Other observations which support the 
presence of a GVL effect are the induction of com-
plete remissions by modulation of immunosuppres-
sive therapy  [  7,   8  ]  and by infusion of donor 
lymphocytes  [  9  ]  in patients relapsing after allo-SCT. 
Aggressive lymphomas are less affected by GVL 
effects when compared to those with indolent histol-
ogy  [  10,   11  ] . However, when compared to ASCT, 
high-dose myeloablative therapy and allogeneic 
transplants are associated with higher complication 
rates and higher transplant-related mortality (TRM) 
rates of approximately 30–40 % at 5 years. This is 
primarily due to the toxicity of the high-dose regi-
men, acute and chronic graft-versus- host disease 
(GVHD), and the associated risk of infections  [  11  ] . 
This risk further increases with age; therefore, allo-
geneic transplants have historically been restricted 
to patients who are young and have a good 
 performance status. There is recent interest in 
 non-myeloablative (NMA) or reduced-intensity 
conditioning regimen (RIC) as a means to therapeu-
tically exploit GVL, with less toxicity and regimen-
related mortality. This approach markedly reduces 
the risk of treatment-related mortality and allows 
use of allogeneic transplants in older patients (up to 
approximately age 75) and those with comorbidities 
who could not tolerate myeloablative regimens  [  12  ] . 
In addition, the risk of acute severe GVHD may also 
be lower in these patients because development of 
GVHD is in part related to the toxicity of the condi-
tioning regimen and subsequent cytokine production 
 [  13,   14  ] . The GVL effect may be augmented by the 
infusion of additional donor lymphocytes in patients 
who achieve successful engraftment. 

 Several trials in NHL have been published 
evaluating the role of HDT and comparing the 
outcomes of allogeneic or autologous hematopoi-
etic stem cell transplantation. However, compari-
son is dif fi cult because of the small number of 
patients enrolled, different selection criteria 
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(often reserving allogeneic transplants for higher 
risk patients or patients who fail autografts), dif-
ferent transplant regimens, and variable follow-up. 
The patient populations studied are often highly 
selected group, and thus the results may not be 
applicable to all patients  [  15  ] . We separately 
review the use of autologous and allogeneic 
transplants for each category of lymphoma.  

   Diffuse Large B Cell Lymphoma 

 DLBCL is the most common form of adult NHL, 
accounting for 25–30 % of cases. This category is 
highly heterogenous based on cytogenetic, molec-
ular, and gene expression pro fi ling analyses. 
DLBCL can be divided into two major molecular 
subgroups: germinal center B cell-like (GCB) and 
activated B cell-like (ABC). Other histologic and 
clinical subgroups include entities such as primary 
mediastinal large B cell lymphoma, or DLBCL 
with features intermediate between DLBCL and 
Burkitt’s lymphoma. In most studies, these sub-
groups are lumped together, and this may affect 
the study outcome. Although DLBCL can be cured 
by current chemotherapy regimens, the prognosis 
of this disease also varies considerably based upon 
prognostic features, and for high-risk patients, 
long-term survival is less than 50 %  [  16  ] . Thus, at 
least half of the patients in high-risk groups will 
fail initial therapy. In patients with recurrent or 
refractory disease, the prognosis with chemother-
apy alone is generally poor. These patients are 
generally recommended to undergo HDT followed 
by ASCT. 

   Autologous Transplantation 
for Relapsed DLBCL 

 ASCT has been the standard of care for relapsed, 
chemosensitive DLBCL since the results of the 
PARMA trial were published in 1995. This study 
demonstrated a superior event-free survival (EFS) 
and OS for chemosensitive patients undergoing 
HDT and ASCT compared with those random-
ized to receive conventional chemotherapy. In this 
study, a total of 215 patients with relapsed NHL 

were enrolled. All patients received two courses 
of conventional chemotherapy with DHAP (dex-
amethasone, cytarabine, cisplatin). The 109 
patients who had a response to chemotherapy 
were randomly assigned to receive four additional 
courses of DHAP chemotherapy plus radiother-
apy (54 patients) or radiotherapy plus intensive 
chemotherapy with BEAC (carmustine, etopo-
side, cytarabine, cyclophosphamide) and autolo-
gous bone marrow transplantation (55 patients). 
The two groups did not differ in terms of prognos-
tic factors. With a median follow-up time of 
63 months, the response rate was 84 % after bone 
marrow transplantation and 44 % after chemo-
therapy without transplantation. At 5 years, the 
rate of EFS was 46 % in the transplantation group 
and 12 % in the group receiving chemotherapy 
without transplantation ( P  = 0.001), and the rate of 
OS was 53 and 32 %, respectively ( P  = 0.038) 
(Fig.  23.1 )  [  17  ] . Initial remission duration of 
fewer than 12 months was an adverse prognostic 
indicator  [  18  ] . In an update of the PARMA study, 
when patients were further classi fi ed according to 
the age-adjusted international prognostic index 
(aaIPI) it was predictive of outcome. The aaIPI at 
relapse correlated highly with OS in patients 
treated on the DHAP arm (5-year OS: 48, 21, 33, 
and 0 % for IPI 0, 1, 2, and 3, respectively;  P  = 
0.006), but not on the BEAC arm (5-year OS: 51, 
47, 50, and 50 % for IPI 0, 1, 2, and 3, respec-
tively;  P  = 0.90). OS was signi fi cantly superior in 
the BEAC arm as compared with the DHAP arm 
in patients with an IPI >0 ( P  < 0.05), but not in 
patients with an IPI of 0  [  19  ] .  
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  Fig. 23.1    Kaplan–Meier curves for event-free survival of 
patients in the transplantation and conventional treatment 
groups (Published with permission from Philip et al.  [  17  ] )       
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 Prince et al. sought to retrospectively identify 
major prognostic factors predicting outcome in 
patients with relapsed, chemotherapy-sensitive 
intermediate-grade NHL who underwent HDT 
and ASCT. They evaluated a number of variables 
(age, histology, stage at diagnosis, immunophe-
notype, extranodal disease, at diagnosis, prior 
BM involvement, bulky disease at diagnosis, 
duration of prior complete remission [CR], num-
ber of cycles of conventional-dose salvage che-
motherapy, tumor burden at relapse, relapse in a 
previous radiation  fi eld, and remission status 
immediately prior to ASCT) in a multivariate 
model. Remission status at ASCT was the only 
signi fi cant variable that predicted for improved 
OS and PFS ( P  = 0.0001). Patients who received 
transplants in CR had a signi fi cantly better 4-year 
OS and progression-free survival (PFS) than 
those who received transplants in partial remis-
sion (PR) [OS 72 % vs. 26 %; PFS 61 % vs. 
25 %]  [  20  ] . In general, patients with refractory 
disease and multiple relapses or those with mar-
row involvement tend to have a worse outcome, 
and less than 20 % achieve durable remissions 
 [  21–  28  ] . Other variables which have been found 
to have prognostic signi fi cance include an ele-
vated LDH  [  24,   27  ] , extensive previous therapy 
 [  24,   29  ] , bulky disease  [  30  ] , poor performance 
status  [  31  ] , and high-grade histology  [  29,   32  ] . 

 Recently, the CORAL (Collaborative Trial 
in Relapsed Aggressive Lymphoma) study was 
performed as a multicenter collaborative effort 
involving 396 patients with refractory or relapsed 
DLBCL. Patients were randomly assigned to either 
rituximab, ifosfamide, etoposide, and carboplatin 
(R-ICE) or rituximab, dexamethasone, high-dose 
cytarabine, and cisplatin (R-DHAP). Responding 
patients received HDT and ASCT. There was no 
signi fi cant difference between R-ICE and R-DHAP 
for 3-year EFS or OS. Three-year EFS was affected 
by prior rituximab treatment versus no rituximab 
(21 % vs. 47 %, respectively), relapse less than ver-
sus more than 12 months after diagnosis (20 % vs. 
45 %, respectively), and IPI of 2–3 versus 0–1 (18 % 
vs. 40 %, respectively). In the Cox model, these 
parameters were signi fi cant ( P  < 0.001). In patients 
who experienced relapse more than 12 months after 
diagnosis, prior rituximab treatment did not affect 

EFS. Patients with early relapses after rituximab-
containing  fi rst-line therapy had a poor prognosis, 
with no difference between the effects of R-ICE 
and R-DHAP. OS according to time of relapse 
onset (more or less than 1 year after initial diagno-
sis) in 241 DLBCL patients previously treated with 
rituximab was highly signi fi cant ( P  = 0.0005). After 
HDT and ASCT, there was no signi fi cant difference 
between R-ICE and R-DHAP with regard to 3-year 
EFS (26 % vs. 35 %;  P  = 0.6) or OS (47 % vs. 51 %; 
 P  = 0.5)  [  33  ] . 

 Rituximab has also been used along with the 
HDT and as maintenance after ASCT  [  34,   35  ] . 
Khouri et al. studied the feasibility of high-dose 
rituximab in combination with high-dose BEAM 
chemotherapy and ASCT in patients with recur-
rent B cell aggressive NHL. Sixty-seven consec-
utive patients were treated. Rituximab was 
administered during stem cell mobilization and 
then again on days 1 and 8 after ASCT. The 
results of this treatment were retrospectively 
compared with those of a historical control group 
receiving the same preparative regimen but with-
out rituximab. With a median follow-up time for 
the study group of 20 months, the OS rate at 
2 years was 80 % for the study group and 53 % 
for the control group ( P  = 0.002). The DFS rate 
was 67 % for the study group and 43 % for the 
control group ( P  = 0.004)  [  35  ] . 

 Vose et al. treated 23 patients with chemother-
apy-refractory or multiply relapsed B cell NHL in 
a phase I trial combining iodine-131 tositumomab 
with high-dose BEAM followed by ASCT. 
Patients with all histologies were eligible for this 
phase I trial. Short-term and long-term toxicities 
were similar to historical control patients treated 
with BEAM alone. With a median follow-up of 
38 months, the OS rate was 55 %, and the EFS 
rate was 39 %  [  36  ] . In a matched-cohort analysis 
of autologous transplant patients with DLBCL, 
Krishnan et al. studied 92 patients who were 
treated with either radioimmunotherapy or TBI-
based conditioning regimens. The radioimmuno-
therapy regimen consisted of (90)Y-ibritumomab 
tiuxetan plus BEAM (Z-BEAM). The TBI-based 
regimen combined fractionated TBI with etopo-
side and cyclophosphamide. Patients in the TBI 
group had higher rates of cardiac toxicity and 
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mucositis, while Z-BEAM patients had a higher 
incidence of pulmonary toxicity. Overall sur-
vival at 4 years was 81 % for the Z-BEAM and 
53 % for the TBI group ( P  = 0.01). The 4-year 
cumulative incidence of relapse/progression was 
40 and 42 % for Z-BEAM and TBI, respectively 
( P  = 0.63). Non-relapse mortality was lower in 
the Z-BEAM group: 0 % compared to 16 % for 
TBI at 4 years ( P  < 0.01). This non-randomized 
retrospective study demonstrated that radio-
immunotherapy-based conditioning was simi-
lar to TBI-based regimen as far as relapse was 
concerned but with lower toxicity, resulting in 
improved OS especially in patients who had 
received  ³ 2 prior regimens  [  37  ] .  

   Autologous Stem Cell Transplantation 
for DLBCL in First Complete Remission 

 Because of the good results obtained with HDT 
and ASCT in patients with relapsed chemosensi-
tive DLBCL, a number of investigators have 

evaluated its role in the up-front treatment of 
high-risk lymphoma. Results of some of these 
studies are summarized in Table  23.1   [  38–  45  ] . 
The LNH-87 trial was a randomized study that 
compared consolidative sequential chemotherapy 
with induction therapy followed by HDT and 
ASCT in patients with aggressive NHL in  fi rst 
CR. There was no difference in outcomes between 
conventional chemotherapy and HDT arms. 
However, in the  fi nal analysis of the study with a 
median follow-up of 8 years and focusing on 
high-intermediate and high-risk patients identi fi ed 
by the aaIPI scores of 2–3 (451 of 956 patients), 
61 % of patients achieved CR after induction 
treatment. After reaching CR to induction ther-
apy, 236 of these higher risk patients were assess-
able for the consolidation phase, with 125 patients 
in the HDT arm and 111 in the sequential chemo-
therapy arm. In the 236 randomized patients, 
HDT was superior to sequential chemotherapy, 
with 8-year DFS rates of 55 and 39 %, respec-
tively ( P  = 0.02; relative risk [RR], 1.56). The 
8-year OS rate was signi fi cantly superior in the 

   Table 23.1    Prospective randomized studies of up-front high-dose therapy and autologous stem cell transplantation 
versus conventional chemotherapy for aggressive diffuse large B cell non-Hodgkin’s lymphomas   

 Study   N   Chemotherapy regimen  Comments 

 Gianni et al.  [  40  ]   50  MACOP-B  EFS, FFR, CR rates superior in 
HDT arm  48  HDT + ASCT 

 Santini et al.  [  42  ]   61  VACOP-B  No difference in intent-to-treat 
analysis  63  VACOP-B + ASCT 

 Haioun et al.  [  38  ]   111  ACBVP × 4 + consolidation  DFS, OS superior in HDT arm 
 125  ACVBP × 4, MTX, +ASCT 

 Kluin-Melemans et al.  [  43  ]   96  CHmP/BV × 8  No difference 
 98  CHmP/BV × 6 + ASCT 

 Milipied et al.  [  44  ]   99  CHOP × 8  EFS superior in HDT arm 
 98  CEEP × 2 + ASCT 

 Gisselbrecht et al.  [  39  ]   181  ACVBP  EFS, OS superior in standard 
chemotherapy arm  189  ECVBP × 3 + ASCT 

 Kaiser et al.  [  41  ]   154  CHOEP × 5  No difference 
 158  CHOEP × 3 + ASCT 

 Martelli et al.  [  45  ]   75  MACOP-B × 12  No difference 
 75  MACOP-B × 8 + ASCT 

   Abbreviations :  MACOP-B  methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone, and bleomycin,  HDT  
high-dose therapy,  ASCT  autologous stem cell transplantation,  FFR  freedom from relapse,  CR  complete remission, 
 VACOP-B  etoposide, doxorubicin, cyclophosphamide, vincristine, prednisone, and bleomycin,  EFS  event-free survival, 
 OS  overall survival,  CHmP/BV  combination of cyclophosphamide, doxorubicin, teniposide, and prednisone, with bleo-
mycin and vincristine added at mid-cycle,  CHOP  cyclophosphamide, vincristine, doxorubicin, prednisone,  CHOEP  
CHOP + etoposide,  ACVBP  doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone,  ECVBP  cyclo-
phosphamide, epirubicin, vindesine, bleomycin, and prednisone  
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HDT arm (64 %) compared with the sequential 
chemotherapy arm (49 %) ( P  = 0.04; RR, 1.51). 
On the basis of the  fi nal analysis of this prospec-
tively treated series of patients, but retrospec-
tively analyzed on the basis of the aaIPI, the 
authors concluded that HDT and ASCT bene fi t 
patients with high-risk disease who achieve CR 
after induction treatment. A subset analysis 
showed that patients who were high or high- 
intermediate risk demonstrated both OS and DFS 
advantage with HDT and ASCT  [  38  ] .  

 Randomized trial LNH93-3 was conducted on 
patients who had poor-prognosis aggressive lym-
phoma and were younger than 60 years with two 
to three factors of the aaIPI to evaluate the bene fi t 
of early HDT with ASCT. Patients were random-
ized between doxorubicin, cyclophosphamide, 
vindesine, bleomycin, and prednisone (ACVBP) 
chemotherapy followed by sequential consoli-
dation and an experimental shortened treatment 
consisting of three cycles with escalated doses of 
cyclophosphamide, epirubicin, vindesine, bleo-
mycin, and prednisone and collection of peripheral 
blood stem cells. On day 60, HDT was admin-
istered with BEAM followed by ASCT. Three 
hundred and seventy patients with aggressive 
lymphoma were analyzed, ACVBP (181 patients) 
and HDT (189 patients). With a median follow-
up of 60 months, 5-year OS and EFS for ACVBP 
and HDT were 60 and 46 % ( P  = 0.007) and 52 
and 39 ( P  = 0.01), respectively. Survival was inde-
pendently affected by age greater than 40 years 
( P  = 0.0003), T cell phenotype ( P  = 0.009), bone 
marrow involvement ( P  = 0.003), and HDT treat-
ment group ( P  = 0.04). In this study, early HDT 
with ASCT in high-risk patients was inferior to 
the ACVBP chemotherapy regimen  [  39  ] . 

 Gianni et al. compared a regimen of six che-
motherapeutic agents administered sequentially 
at high doses, followed by HDT and ASCT. 
Ninety-eight eligible patients were randomly 
assigned to receive either MACOP-B (metho-
trexate, doxorubicin, cyclophosphamide, vincris-
tine, prednisone, and bleomycin) (50 patients) or 
high-dose sequential therapy (48 patients). The 
study design allowed for crossover to the other 
treatment group. After a median follow-up of 
55 months, the patients given high-dose sequential 

therapy, as compared with those treated with 
MACOP-B, had signi fi cantly higher rates of CR 
(96 % vs. 70 %,  P  = 0.001), freedom from disease 
progression (84 % vs. 49 %,  P  < 0.001), freedom 
from relapse (88 % vs. 70 %,  P  = 0.055), and EFS 
(76 % vs. 49 %,  P  = 0.004). The difference in OS 
at 7 years favored the group assigned to high-dose 
sequential therapy (81 % vs. 55 %,  P  = 0.09). In 
this study, high-dose sequential therapy was 
superior to standard-dose MACOP-B in patients 
with DLBCL  [  40  ] . 

 Another trial of the German High-Grade Non-
Hodgkin’s Lymphoma Study Group compared the 
use of HDT as part of primary treatment with 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone plus etoposide (CHOEP) followed by 
involved  fi eld radiotherapy in a phase III random-
ized, multicenter study. Three hundred twelve 
patients with “aggressive” NHL aged  £ 60 years 
with elevated serum LDH levels were included. 
Patients with at least a minor response after two 
cycles of CHOEP received three further cycles of 
CHOEP followed by involved  fi eld radiotherapy 
(arm A) or one further cycle of CHOEP followed 
by ASCT and involved  fi eld radiotherapy (arm B). 
Among 158 patients randomized to arm B, 65 % 
received HDT. With a median observation time of 
45.5 months, OS after 3 years was 63 % for arm 
A and 62 % for arm B ( P  = 0.68). The EFS was 
49 % for arm A versus 59 % for arm B ( P  = 0.22). 
Relapse in arm B was associated with a signi fi cantly 
worse OS than relapse in arm A. Results of this ran-
domized trial comparing CHOP-like chemotherapy 
with early HDT did not support the use of HDT fol-
lowing shortened standard chemotherapy  [  41  ] . 

 In order to assess the ef fi cacy of HDT and 
ASCT compared to conventional chemotherapy as 
 fi rst-line therapy in patients with aggressive NHL, 
Greb et al. performed a systematic meta-analysis of 
published studies. They identi fi ed 15 randomized 
controlled trials including 2,728 patients. HDT 
and ASCT improved CR when compared to con-
ventional chemotherapy (RR 1.11, CI 1.04–1.18). 
Overall, there was no evidence for improved OS 
(HR 1.05, 95 % CI 0.92–1.19) or EFS (HR 0.92, 
95 % CI 0.80–1.05) with ASCT when compared 
with conventional chemotherapy. However, sub-
group analysis indicated OS differences ( P     = 0.032) 
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between good- (HR 1.46, 95 % CI 1.02–2.09) and 
poor-risk (HR 0.95, 95 % CI 0.81–1.11) patients. 
Con fl icting results were reported for poor-risk 
patients, where some studies reported improved 
and others reduced OS and EFS after HDT and 
ASCT. Therefore, one can conclude from this anal-
ysis that there is no evidence that HDT and ASCT 
improve OS and EFS in good-risk NHL patients. 
The evidence for poor-risk patients remains incon-
clusive, and further high-quality randomized stud-
ies are needed  [  46  ] . 

 The Groupe d’Etude des Lymphomes de 
l’Adulte (GELA) group treated 330 patients with 
poor-risk DLBCL with HDT and ASCT. After 
ASCT, 269 responders were re-randomized to 
receive either maintenance rituximab or observa-
tion alone. At a median of 4 years’ follow-up 
from the second randomization, there was a trend 
( P  = 0.1) toward increased EFS for patients who 
received rituximab compared with observation. 
The type of induction therapy did not signi fi cantly 
affect OS at a median 51 months’ follow-up  [  47  ] . 
The Gruppo Italiano Terapie Innovative nei 
Linfomi (GITIL) studied the combination of 
rituximab and HDT in 112 patients with previ-
ously untreated DLBCL and aaIPI score of 2–3. 
They reported an impressive CR rate of 80 %. 
The 4-year OS rate and EFS rates were projected 
to be 76 and 73 %, respectively. In their study, the 
life expectancy of younger patients with aaIPI 
2–3 DLBCL was improved with the early admin-
istration of rituximab-supplemented intensive 
chemotherapy compared with the poor outcome 
following conventional chemotherapy  [  48  ] . The 
LNH2003-3 was a phase 2 trial including patients 
with DLBCL with 2–3 factors according to IPI. 
Patients received 4 cycles of intensive biweekly 
chemotherapy with rituximab, doxorubicin, 
cyclophosphamide, vindesine, bleomycin, and 
prednisolone (R-ACVBP) followed by ASCT in 
responding patients. A case–control study was 
performed by matching (1:1) 181 patients treated 
with R-ACVBP with ACVBP patients not given 
rituximab but submitted to ASCT from a previ-
ous LNH1998-3 trial. With a median follow-up 
of 45 months, there was no difference in out-
comes between patients with 2 or 3 IPI factors. 
The 4-year PFS was signi fi cantly higher in 

R-ACVBP than ACVBP patients (74 % vs. 58 % 
 P  = 0.0005). The gain in 4-year OS was also 
signi fi cant (76 % vs. 68 %,  P  = 0.0494)  [  49  ] . 
Vitolo et al. compared the results of rituximab 
and HDT to those for a historical cohort treated 
with the same dose dense and HDT but without 
rituximab. The 4-year failure-free survival rates 
for the rituximab and historical groups were 73 % 
versus 44 %, respectively ( P  = 0.001); the 4-year 
OS rates were 80 and 54 %, respectively 
( P  = 0.002). A Cox’s multivariable model was 
applied to adjust the effect of treatment for unbal-
anced or important prognostic factors: failure and 
death risks were signi fi cantly reduced in the 
rituximab group compared to the historical group 
 [  50  ] . In another study, maintenance rituximab 
administered weekly or monthly to patients with 
relapsed DLBCL in CR post-ASCT led to statis-
tically signi fi cant superior PFS and OS  [  51  ] .  

   Autologous Transplantation in Patients 
Never Achieving a Complete Remission 

 Vose et al. evaluated 184 patients with diffuse 
aggressive NHL who never achieved a CR with 
conventional chemotherapy and subsequently 
underwent HDT and ASCT. Seventy-nine per-
cent of patients achieved a CR or a CR with 
residual imaging abnormalities of unknown 
signi fi cance after ASCT. The probabilities of PFS 
and OS at 5 years after transplantation were 31 
and 37 %, respectively. For patients who achieved 
a CR after transplantation, the 3-year probability 
of survival was 68 % compared to 11 % for 
patients with a partial or no response ( p  < 0.0001). 
In multivariate analysis, chemotherapy resis-
tance, poor Karnofsky performance status, 
age  ³ 55 years at transplantation, receiving three 
or more prior chemotherapy regimens, and not 
receiving pre- or post-transplant involved  fi eld 
radiation therapy were adverse prognostic factors 
for OS. Thus, HDT and ASCT should be consid-
ered for patients with diffuse aggressive NHL 
who never achieve a CR but who have chemo-
therapy-sensitive disease  [  52  ] . 

 Kewalramani et al. similarly retrospectively 
analyzed outcomes for 85 primary refractory NHL 
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patients who underwent HDT and ASCT. Forty 
patients had a PR after induction therapy, and 45 
patients had primary induction failure. In an intent-
to-treat analysis, the 3-year OS and EFS were 25 
and 22 %. The PR group had a statistically 
signi fi cantly higher OS compared to the induction 
failure group ( P  = 0.015). There was no signi fi cant 
difference in EFS between the groups ( P  = 0.081). 
In the subset of patients who underwent ASCT, 
there was no difference in the OS or EFS between 
the PR and induction failure groups  [  53  ] .   

   Burkitt’s and Burkitt-Like NHL 

 Most of the published transplant series of aggres-
sive lymphomas include only a small percentage 
of patients with Burkitt’s, Burkitt-like, or lympho-
blastic NHL. Although these diseases are highly 
curable in children, the long-term prognosis in 
adults is generally poor. In 1996, Sweetenham 
et al. published the results of adult patients with 
Burkitt’s and Burkitt-like NHL undergoing HDT 
and ASCT. This was a retrospective analysis of 
117 adult patients who were reported to the lym-
phoma registry of the European Group for Blood 
and Marrow Transplantation (EBMT). Seventy 
of these patients received HDT and ASCT in  fi rst 
CR. The actuarial OS rate for the entire group was 
53 % at 3 years. The major factor predicting for 
outcome after transplantation was disease status. 
The 3-year actuarial OS rate was 72 % for patients 
transplanted in  fi rst CR, compared with 37 % 
for patients in chemosensitive relapse, and 7 % 
for chemoresistant patients. For patients trans-
planted in  fi rst CR, disease bulk at the time of 
ASCT was the only factor predictive of PFS and 
OS. The results of HDT and ASCT for patients 
with relapsed disease, particularly chemosensi-
tive relapse, were superior to those reported for 
conventional-dose salvage regimens. However, 
the favorable results for patients transplanted in 
 fi rst CR noted in this analysis require comparison 
with newer dose-intensive regimens  [  54  ] . 

 Lymphoblastic lymphoma is a rare, clinically 
aggressive lymphoma that frequently involves 
the BM and/or central nervous system. Because 

 lymphoblastic lymphoma is similar to acute lym-
phoblastic leukemia, many prefer allo-SCT to 
ASCT. Single-center studies have shown a long-
term DFS rates of 31–77 % with HDT and ASCT 
 [  55,   56  ] . A retrospective analysis of 214 patients 
with lymphoblastic lymphoma who underwent 
HDT and ASCT was reported by the lymphoma 
registry of the EBMT. This included 105 patients 
who underwent ASCT in  fi rst CR. The actuarial 
OS rate at 6 years for the entire group was 42 %. 
Disease status at transplant was the major deter-
minant of outcome: 6-year actuarial OS was 63 % 
for patients transplanted in  fi rst CR, compared 
with 15 % for those with resistant disease at the 
time of transplantation. Transplantation in sec-
ond CR resulted in a 31 % rate of actuarial OS at 
6 years. Results for patients transplanted in sec-
ond CR were superior to those reported for con-
ventional-dose salvage regimens  [  57  ] . In another 
study, 119 adult patients with lymphoblastic 
lymphoma were enrolled on to a prospective ran-
domized. Patients received standard remission 
induction therapy, and responding patients were 
randomized either to continue with a conventional 
consolidation/maintenance protocol or to receive 
HDT and ASCT. A total of 111 were assessable 
for response to induction therapy. The overall 
response rate was 82 % (56 % complete response, 
26 % partial response). Of the 98 patients eligi-
ble for randomization, 65 were randomized, 31 
to ASCT and 34 to conventional chemotherapy. 
With a median follow-up of 37 months, the actu-
arial 3-year relapse-free survival rate is 24 % for 
the chemotherapy arm and 55 % for the ASCT 
arm (hazards ratio = 0.55 in favor of the ASCT 
arm;  P  = 0.065). The corresponding  fi gures for 
OS were 45 and 56 %, respectively (hazards 
ratio = 0.87 in favor of the ASCT arm;  P  = 0.71). 
In this randomized, prospective study, HDT and 
ASCT in adults with lymphoblastic lymphoma 
in  fi rst remission produced a trend for improved 
relapse-free survival but did not improve OS com-
pared with conventional-dose therapy  [  58  ] . 

 Another area of controversy in the  fi eld of 
ASCT is whether contamination of stem cell 
grafts with tumor cells increases the risk of 
relapse. Sharp et al. demonstrated a 5-year relapse-
free survival rate of 64 % for patients receiving a 
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tumor-negative peripheral blood stem cell trans-
plant versus 17 % for those with a contaminated 
graft ( p  < 0.01)  [  59  ] . On the other hand, data from 
the EBMT showed no difference in OS or DFS in 
patients receiving purged versus unpurged grafts. 
However, when the indolent lymphomas were 
analyzed separately, there was an improvement in 
OS with graft purging  [  6,   60  ] . 

   Allogeneic Transplantation for DLBCL 

 The role of allo-SCT in intermediate/aggressive 
lymphomas is uncertain. Myeloablative allo-SCT 
has been examined in a number of phase I and II 
studies in patients with intermediate- or high-
grade NHL. Most were in young patients with 
advanced disease. Results are dif fi cult to inter-
pret because of the lack of randomized controlled 
trials and the impact of eligibility criteria and 
patient selection on outcome. 

 A case-controlled study of patients who reported 
to the EBMT Group was performed to investigate 
the relative roles and ef fi cacy of allo-SCT and 
ASCT in NHL. Of 1,060 patients who were 
reported to the lymphoma registry, 938 patients had 
an ASCT and 122 patients had an allo-SCT. 
Majority of the patients had aggressive histologies. 
One hundred and one allo-SCT patients were 
matched with 101 ASCT patients. The case match-
ing was performed after the selection of the main 
prognostic factors for PFS by a multivariate analy-
sis. The PFS was similar in both types of trans-
plants (49 % vs. 46 %). The overall relapse and 
progression rate for the allo-SCT patients was 23 % 
compared with 38 % in the ASCT patients. This 
difference was not signi fi cant statistically. In the 
lymphoblastic lymphoma subgroup, allo-SCT was 
associated with a lower relapse rate than ASCT 
(24 % vs. 48 %;  P  = 0.035). The PFS, however, was 
not signi fi cantly different because patients with 
lymphoblastic lymphoma who underwent allo-
SCT had a higher TRM (24 % vs. 10 %;  P  = 0.06). 
A signi fi cantly lower relapse/progression rate was 
also observed in patients with chronic GVHD com-
pared with those patients without  [  61  ] . 

 Peniket et al. analyzed 1,185 allogeneic trans-
plants for lymphoma reported to the EBMT registry 

between 1982 and 1998 and compared the results 
with those of 14,687 autologous procedures per-
formed over the same period. Patients receiving 
allo-SCT were subdivided according to histology: 
low-grade NHL ( N  = 231), intermediate-grade NHL 
( N  = 147), high-grade NHL ( N  = 255), lymphoblas-
tic NHL ( N  = 314), Burkitt’s lymphoma ( N  = 71), 
and Hodgkin’s disease ( N  = 167). These patients 
received allogeneic transplants as their  fi rst trans-
plant procedure. Actuarial OS at 4 years from trans-
plantation was as follows: intermediate-grade NHL 
38 %, high-grade NHL 41 %, lymphoblastic lym-
phoma 42 % years, and Burkitt’s lymphoma 37 %. 
Multivariate analysis showed that disease status 
at transplantation signi fi cantly affected outcome. 
A matched analysis was performed: for all catego-
ries of lymphoma, OS was better for ASCT than for 
allo-SCT. Relapse rate was lower in the allo-SCT 
group for low-, intermediate-, and high-grade and 
lymphoblastic NHL. It was equivalent for Burkitt’s 
lymphoma  [  4  ] . 

 Bierman et al. compared the results of synge-
neic, allogeneic, and autologous hematopoietic 
stem cell transplantation for NHL. The databases 
of the International Bone Marrow Transplant 
Registry (IBMTR) and the EBMT were used to 
identify 89 NHL patients who received syngeneic 
transplants; these patients were compared with 
NHL patients who had received allogeneic (T 
cell depleted and T cell replete) and autologous 
(purged and unpurged) transplants. No signi fi cant 
differences in relapse rates were observed when 
results of allo-SCT were compared with synge-
neic transplantation for any histology. T cell 
depletion of allografts was not associated with a 
higher relapse risk but was associated with 
improved OS for patients with low-grade and 
intermediate-grade histology. Patients who 
received unpurged autografts for low-grade NHL 
had a  fi vefold ( P  = 0.008) greater risk of relapse 
than recipients of syngeneic transplants, and 
recipients of unpurged autografts had a twofold 
( P  = 0.0009) greater relapse risk than patients 
who received purged autografts. Among low-
grade NHL patients, the use of purging was asso-
ciated with signi fi cantly better DFS ( P  = 0.003) 
and OS ( P  = 0.04) when compared with patients 
who received unpurged autografts. Contrary to 
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other studies, this study failed to  fi nd evidence of 
a GVL effect but did provide indirect evidence to 
support the hypothesis that tumor contamination 
may contribute to lymphoma relapse and that 
purging may be bene fi cial for patients undergo-
ing ASCT for low-grade NHL  [  6  ] .  

   Reduced-Intensity Conditioning 
Regimens 

 The EBMT database was scanned for a  fi rst allo-SCT 
in relapsed DLBCL after a previous ASCT. A total 
of 101 patients (57 males; median age, 46 years) 
were included. Median follow-up for survivors was 
36 months. Myeloablative conditioning regimen 
was used in 37 patients, and RIC was used in 64 
patients. Three-year non-relapse mortality (NRM) 
was 28 %, response rate (RR) was 30 %, PFS was 
42 %, and OS was 54 %. The NRM was signi fi cantly 
increased in patients  ³ 45 years ( P  = 0.01) and in 
those with an early relapse (<12 months) after ASCT 
( P  = 0.01). RR was signi fi cantly higher in refractory 
patients ( P  = 0.03). A time interval to relapse after 
ASCT of <12 months was associated with lower 
PFS ( P  = 0.03). The use of RIC regimens was fol-
lowed by a trend to a lower NRM ( P  = 0.1) and a 
trend to a higher RR ( P  = 0.1), with no differences 
in PFS and OS. No differences were seen between 
HLA-identical sibling and matched unrelated donor 
transplants  [  62  ] . 

 The French Society of Marrow Transplantation 
and Cellular Therapy registry reported promising 
results of RIC and allo-SCT in 68 patients (median 
age: 48 years). Patients had received a median of 
2 regimens of therapy prior to allo-SCT, and 79 % 
had undergone prior ASCT. Prior to transplanta-
tion, 47 % were in CR. In eighty-two percent of 
patients the donor was an HLA-matched sibling. 
With a median follow-up of 49 months, estimated 
2-year OS, PFS, and the cumulative incidence of 
relapse were 49, 44, and 41 %, respectively. The 
1-year cumulative incidence of NRM was 23 %. 
According to multivariate analysis, patients in CR 
before transplantation had a signi fi cantly longer 
PFS and a lower incidence of relapse than patients 
transplanted during partial remission or stable or 
progressive disease  [  63  ] . 

 Thus, HDT with ASCT may be effective and 
potentially curative in patients with DLBCL with 
partial responses to induction chemotherapy, che-
motherapy-sensitive  fi rst relapse, and high-risk 
patients in  fi rst remission. The impact of the pre-
parative regimen, graft purging, and maintenance 
therapy post-transplant on outcomes is uncertain. 
Younger patients with a good performance status, 
patients with refractory disease or with multiple 
prior relapses, stem cell compromise due to prior 
therapy, bone marrow involvement with tumor or 
bone marrow  fi brosis, and relapse after an autolo-
gous transplant should be considered for allogeneic 
transplantation. Allogeneic transplantation appears 
to be superior to autologous transplant in terms of 
producing a lower relapse rate, but the non-relapse 
mortality continues to be higher in allogeneic 
transplants. Results of allogeneic transplantation 
using NMA or RIC regimens appear to be promis-
ing; however, further studies are needed as higher 
relapse rates have been described in some studies. 
Thus, the toxicity of allogeneic procedures must 
be further reduced before this can translate into an 
improvement in survival. Use of alternative sources 
of stem cells remains investigational although pre-
liminary results are promising  [  64,   65  ] . Use of 
novel preparative regimens with incorporation of 
monoclonal antibodies or radioimmunoconjugates 
may improve outcomes in both allogeneic and 
autologous transplants. Role of maintenance ther-
apy also needs to be de fi ned.   

   Primary Central Nervous System 
Lymphoma 

 PCNSL are rare but aggressive lymphomas and 
represent approximately 4 % of all intracranial 
neoplasms and 4–6 % of extranodal lymphomas. 
In general, the prognosis of untreated PCNSL 
patients is poor with a median survival of 1.5–
3.3 months  [  66  ] . Durable remissions are possible 
with the newer treatment regimens; however, the 
outcome of PCNSL remains unsatisfactory, par-
ticularly when compared with that of patients with 
extra-central nervous system lymphomas of a 
similar stage and histotype. Therefore, consolida-
tion therapies like whole brain irradiation (WBI) 
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or HDT followed by ASCT have been studied in 
these patients. Because of the high incidence of 
neurotoxicity associated with WBI, especially in 
patients over the age of 60, there is interest in pur-
suing non-radiation-based consolidative therapies 
 [  67,   68  ] . There is encouraging data from prospec-
tive, non-randomized studies utilizing HDT/
ASCT as consolidation therapy in the newly diag-
nosed PCNSL patient population  [  69  ] . 

 HDT/ASCT was initially studied in the PCNSL 
patient population in the setting of relapsed or 
refractory disease  [  70  ] . Based on promising 
median PFS and OS results of 41 and 58 months, 
respectively, this strategy was employed in the 
newly diagnosed PCNSL population, initially in 
combination with WBI. Although initial results in 
this setting were disappointing using the BEAM 
conditioning regimen  [  71  ] , subsequent studies 
employed regimens with potentially better CNS 
penetration including busulfan, thiotepa, and car-
mustine  [  72  ] . Recent studies with the latter agents 
have eliminated WBI, and the median PFS and 
OS achieved in these studies are promising. In a 
pilot study, the 3-year progression-free survival 
was 77 % without the use of WBI  [  73  ] . Most stud-
ies have typically included patients younger than 
60–65 years of age given the potential for increased 
risk of toxicity in older patient populations treated 
with HDT/ASCT. Recently, a number of random-
ized trials in the newly diagnosed PCNSL patient 
population have been completed or initiated; data 
from these randomized trials will de fi ne the stan-
dard of care for PCNSL in the future.  

   HIV Lymphoma 

 The introduction of highly active antiretroviral 
therapy (HAART) has signi fi cantly improved the 
survival of HIV-infected patients, allowing the 
use of more aggressive chemotherapy to treat 
lymphomas in this setting. Although the feasibil-
ity of harvesting stem cells and using ASCT for 
NHL was demonstrated before HAART, it was 
after the introduction of these drugs that the 
ef fi cacy of high-dose chemotherapy and trans-
plantation was demonstrated  [  74,   75  ] . Three-year 
PFS rates of 45–75 % have been reported for 

ASCT recipients (although in the Italian experience, 
only 27 of 50 patients for whom transplantation 
was planned actually received it). The Blood and 
Marrow Transplant Clinical Trials Network is 
conducting a US study of ASCT for HIV-infected 
lymphoma patients to expand on the observations 
from these smaller series. Experience with allo-
SCT is very limited.  

   Mantle Cell Lymphoma 

 Mantle cell lymphoma (MCL) has an aggressive 
clinical course with a median survival <3 years 
and is incurable with conventional chemotherapy. 
HDT and ASCT may be effective in chemosensi-
tive patients in  fi rst CR, but patients with resis-
tant or recurrent disease have a high rate of 
treatment failure  [  76,   77  ] . 

   Autologous Transplantation 
in First Complete Remission 

 A number of retrospective, prospective phase II, 
and registry studies evaluating the role of HDT 
and ASCT in MCL have been published  [  78–  82  ] . 
In a large retrospective study of the ABMTR and 
EBMT registry, transplanted patients had a median 
survival of 59 months, which was longer than his-
torical (1990s) series of patients treated conven-
tionally who had a median survival of only 
36 months. One hundred and ninety- fi ve patients 
were included in the analyses with a median fol-
low-up of 3.9 years. The 2-year and 5-year OS 
were 76 and 50 %, and PFS was 55 and 33 %, in 
the transplant and control arms respectively. 
Disease status at transplant was the most signi fi cant 
factor affecting survival: patients with chemosen-
sitive disease but not in CR1 were 2.99 times 
( P  < 0.001) more likely to die than patients trans-
planted in CR1  [  83  ] . The European MCL 
Network’s randomized trial comparing consolida-
tion with myeloablative radiochemotherapy fol-
lowed by ASCT to interferon-alpha ( a [alpha]) 
maintenance in CR1 showed a median PFS bene fi t 
with ASCT (median of 39 months vs. 17 months 
for patients in the interferon- a  arm;  P  = 0.0108). 
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The 3-year OS was similar in the two arms, and 
longer follow-up of these patients may be 
 necessary to show an impact on the OS  [  84  ] . In 
this study, the absence of minimal residual disease 
(MRD) after ASCT strongly predicted for longer 
failure-free interval  [  85  ] . 

 Geisler et al. reported the results of the second 
Nordic MCL trial which enrolled 160 consecutive, 
untreated patients younger than 66 years in a phase 
2 protocol with dose-intensi fi ed induction immu-
nochemotherapy with rituximab. Respon ding 
patients received HDT and ASCT. The 6-year OS, 
EFS, and PFS rates were 70, 56, and 66 %, respec-
tively. There were no relapses beyond 5 years. The 
NRM was acceptable at 5 %. Multivariate analysis 
showed Ki-67 to be the sole independent predictor 
of EFS. The majority of stem cell products and 
patients assessed with PCR after transplantation 
were negative. Compared with their historical 
control, (patients who were enrolled in the Nordic 
MCL-1 trial), the EFS, OS, PFS, the duration of 
molecular remission, and the proportion of PCR-
negative stem cell products were signi fi cantly 
increased ( P  < 0.001). The lack of relapse after 
5 years may suggest a possible cure  [  86  ] . 

 Khouri et al. analyzed the long-term results of 
ASCT in patients with diffuse MCL in  fi rst CR. 
Thirty-three patients with advanced MCL were 
treated with hyper-CVAD regimen (hyperfraction-
ated intense-dose cyclophosphamide, vincristine, 
continuous intravenous infusion of doxorubicin, 
and dexamethasone, alternating with high doses 
of cytarabine and methotrexate) followed by 
ASCT (cyclophosphamide and TBI). At a median 
follow-up of 49 months, the OS and DFS rates at 
5 years were estimated to be 77 and 43 %, respec-
tively, for those transplanted in CR1. A beta2-
microglobulin level  £ 3 mg/L at the time of 
diagnosis or transplantation was found to be 
strongly predictive of longer survival ( P  = 0.0001). 
Tam et al. further updated these results of a risk-
adapted strategy at the MD Anderson Cancer 
Center. Of a total of 121 patients enrolled in 
sequential transplant protocols over a 17-year 
study period, 86 underwent ASCT. At a median 
follow-up of 6 years, the actuarial PFS and OS 
were 39 and 61 %, respectively, with median PFS 
and OS durations of 42 and 93 months for patients 

transplanted in CR1. The addition of rituximab 
resulted in an improvement of PFS for those get-
ting ASCT in CR1  [  87  ] . Gianni et al. treated 28 
previously untreated advanced-stage MCL patients 
younger than 61 years of age with three cycles of 
standard-dose chemotherapy followed by a high-
dose rituximab-supplemented chemotherapy. All 
27 patients who were assessable for response 
achieved a CR, of which 24 remained in continu-
ous complete remission (CCR) after a median 
follow-up of 35 months. The OS and EFS rates at 
54 months were 89 and 79 %, respectively. These 
results compared favorably with the 42 % OS rate 
and the 18 % EFS rate observed in 35 age-matched 
historical controls treated with standard-dose che-
motherapy at the participating centers  [  81  ] . 

 A joint analysis of two parallel single-center 
studies of sequential high-dose therapy for induc-
tion of minimal disease followed by a TBI-
containing myeloablative regimen and ASCT 
enrolled 46 patients with advanced-stage MCL. 
Thirty-four patients were accrued to the protocol 
immediately after diagnosis (“up-front ASCT” 
group). The remaining 12 patients were put on the 
protocol later during the course of their disease 
(“delayed ASCT” group). All patients were in 
remission after mobilization chemotherapy and 
proceeded to ASCT. With a follow-up time of 
24 months post-transplant, the EFS and OS prob-
abilities at 2 years were 77 and 100 % for the up-
front ASCT group compared to 30 % ( P  = 0.0007) 
and 54 % ( P  = 0.0016) for the delayed ASCT 
group. Timing of ASCT and spleen size was 
identi fi ed as an independent predictor of survival 
on multivariate analysis  [  88  ] . An important retro-
spective analysis of 118 MCL patients who under-
went ASCT at 3 different referral centers in 
Germany was reported by Dietrich et al. Cox 
regression analysis of the incidence of relapse 
identi fi ed not receiving rituximab before ASCT 
and undergoing salvage ASCT as predictive fac-
tors for relapse  [  89  ] . Budde et al. found that MIPI 
scores were independently associated with survival 
after ASCT in 118 patients studied (HR 3.5; 
 P  < 0.001) and in the 85 patients who underwent 
ASCT as initial consolidation (HR, 7.2;  P  < 0.001). 
OS rates were 93 60, and 32 % at 2.5 years from 
ASCT for all patients with low-, intermediate-, and 
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high-risk mantle cell lymphoma international 
prognostic index (MIPI), respectively. After adjust-
ment for the MIPI, an intensive induction regi-
men was not associated with improved survival 
after transplantation in all patients (HR, 0.5; 
 P  = 0.10), the initial consolidation group (HR, 
1.1;  P  = 0.86), or in patients  £ 60 years old (HR, 
0.6;  P  = 0.50)  [  90  ] .  

   Relapsed Mantle Cell Lymphoma: 
Autologous Transplantation 

 The results of HDT and ASCT in relapsed/refrac-
tory MCL have been disappointing. In a study 
from the MD Anderson group, of a total of 121 
patients enrolled in sequential transplant proto-
cols over a 17-year study period, 86 underwent 
ASCT. The actuarial 6-year PFS and OS rates 
were 10 and 35 %, respectively, for patients trans-
planted beyond CR1 ( P  = 0.01 and 0.02 compared 
with ASCT in CR1). The median PFS and OS 
durations were 27 and 52 months, respectively. 
These results were inferior for both PFS and OS 
compared with CR1 patients and were main-
tained in a multivariate analysis that accounted 
for differences in baseline factors. Surprisingly, 
in this study, PFS durations were similar regard-
less of disease status at transplantation (medians, 
31, 27, and 23 months for CR, PR, and refrac-
tory relapse, respectively;  P  = NS for all com-
parisons). The presence of B symptoms, elevated 
 b [beta]2 m, use of TBI, and hematopoietic stem 

cell  transplantation-comorbidity index (HSCT-CI) 
score of 3 or greater were associated with inferior 
OS on the univariate analysis. However, none of 
these factors was independently prognostic on 
the multivariate analysis  [  87  ] . 

 In order to improve the results of ASCT, Gopal 
et al. tested the safety and ef fi cacy of using a CD20-
speci fi c monoclonal antibody conjugated with  (131) I 
to deliver high-dose radiation selectively to all lym-
phoma sites. Patients with relapsed or refractory 
MCL received  (131) I-labeled CD20-speci fi c mono-
clonal antibody (Tositumomab ® ) followed 10 days 
later by high-dose etoposide (30–60 mg/kg), cyclo-
phosphamide (60–100 mg/kg), and autologous 
stem cells. Among the patients with measurable 
disease at the time of transplant, the respective CR 
and overall response rates were 91 and 100 %. The 
OS at 3 years from transplantation was estimated at 
93 %, and PFS was estimated at 61 % in this heav-
ily pretreated group of patients  [  91  ] .  

   Relapsed Mantle Cell Lymphoma: 
Allogeneic Transplantation 

 Case reports of patients with chemotherapy-re-
fractory MCL having prolonged remission after 
allo-SCT and patients with disease detectable by 
PCR following allo-SCT converting to negative 
status several months later suggest the presence a 
GVL effect  [  92,   93  ] . Some of the studies evaluat-
ing the role of allogeneic transplantation in MCL 
are summarized in Table  23.2   [  93–  100  ] .  

   Table 23.2    Allogeneic transplantation for mantle cell lymphoma   

 Study   N   Preparatory regimen  TRM/NRM (%)  DFS/EFS/PFS (%)  OS (%) 

 Khouri et al.  [  93  ]   16  cy/TBI  FFP 55 % at 3 years  55 % at 3 years 
 Rifkind et al.  [  98  ]   6  bu/cy  TRM 0  No relapses  Median survival 

post-transplant 
of 4.3+ years 

 Ganti et al.  [  94  ]   17  cy/TBI  EFS 44 % at 5 years  49 % at 5 years 
 Robinson et al.  [  96  ]   22  Multiple  TRM at 1 year 46 %  PFS 31 % at 1 year  38 % at 1 year 
 Morris et al.  [  99  ]   10  FM-alemtuzumab  PFS 50 % at 3 years  60 % at 3 years 
 Maris et al.  [  95  ]   33  Flu-2 Gy TBI  NRM 2 years 24 %  DFS 60 % at 2 years  65 % at 2 years 
 Sorror et al.  [  97  ]   53  Flu-2 Gy TBI  5-year NRM 27 %  PFS 52 % at 5 years  58 % at 5 years 
 Tam and Khouri  [  100  ]   35  FCR/PFA  TRM at 1 year 9 %  PFS 46 % at 6 years  53 % at 6 years 

   Abbreviations :  Cy/TBI  cyclophosphamide/total body irradiation,  bu / cy  busulfan/cyclophosphamide,  PFS  progression-free 
survival,  EFS  event-free survival,  DFS  disease-free survival,  OS  overall survival,  TRM  transplant-related mortality,  NRM  
non-relapse mortality,  FM   fl udarabine/melphalan,  TBI  total body irradiation,  PFA  cisplatin,  fl udarabine, cytarabine  
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   Myeloablative Regimens 
    In a pilot study, 16 patients from MD Anderson 
Cancer Center with diffuse MCL received allo-
SCT. Eleven patients were previously treated, 
including one who failed prior ASCT, and  fi ve 
patients were newly diagnosed. Conditioning reg-
imen was cyclophosphamide and TBI or BEAM. 
Two additional patients received a NMA regimen. 
One patient who received NMA regimen relapsed 
post-transplant but later achieved CR after devel-
oping GVHD. Residual lymphoma was assessed 
in seven patients by polymerase chain reaction 
assay (PCR) for bcl-1 or immunoglobulin gene 
rearrangement. All had detectable disease at the 
time of transplant. When tested within 4-month 
post-transplant, four of these patients attained 
molecular remission, and one converted to a nega-
tive PCR status 7 months later. The OS and failure 
from progression (FFP) at 3 years were both 55 %. 
For patients with chemosensitive disease, FFP 
and OS at 1 year were both 90 % compared with 
44 % ( P  = 0.04) for those who were refractory to 
conventional chemotherapy at the time of trans-
plantation  [  93  ] . The University of Nebraska group 
reported outcomes in patients with chemotherapy-
sensitive MCL undergoing autologous ( N  = 80) or 
allogeneic    ( N  = 17) stem cell transplants. Five-
year estimated EFS (44 % vs. 39 %) and OS (49 % 
vs. 47 %) were similar in both groups. The 5-year 
relapse rate was lower at 21 % in the allo-SCT 
group, compared with 56 % in the ASCT group. 
This was balanced, however, by higher day 100 
mortality rate in patients receiving allo-SCT 
(19 %)  [  94  ] .  

   Non-myeloablative Regimens 
 Preliminary data suggests that allo-SCT after 
NMA conditioning is a promising salvage strat-
egy for patients with relapsed/refractory MCL. 
The high response and low relapse rates with this 
approach suggest that MCL is susceptible to 
GVL response. Updated results on 35 patients 
(median age 58), all with relapsed or refractory 
MCL, who underwent NMA transplant were 
published in 2009 by Tam et al. All patients had 
advanced-stage disease, and 83 % had chemosen-
sitive disease at the time of transplant. With a 
long median follow-up of 56 months (range, 

19–110 months), the median PFS duration was 
60 months, and the median OS had not yet been 
reached. Major determinants of disease control 
were use of PBSC versus BM as source of stem 
cells and achievement of 95 % donor chimerism. 
Among 24 patients meeting both criteria, no lym-
phoma relapses had occurred at a median fol-
low-up of 60 months. The 6-year actuarial PFS 
rate was 46 %, and the 6-year actuarial OS rate 
was 53 %. Importantly, plateaus in the survival 
curves were observed for both PFS and OS, with 
no relapses or deaths occurring in patients fol-
lowed beyond 63 months. These outcomes were 
signi fi cantly superior to a cohort of patients who 
underwent ASCT in salvage setting where 
relapses and deaths occurred in a continuous 
fashion. Compared with ASCT in CR1, NMA 
allo-SCT had an initially lower OS; however, this 
reversed at 8 years because of the lack of late 
deaths among allo-SCT recipients  [  87  ] . 

 Maris et al. carried out HLA-matched 
hematopoietic allo-SCTs in 33 patients with 
relapsed and refractory MCL after NMA condi-
tioning regimen of  fl udarabine and 2 Gy TBI. 
The overall response rate in the 20 patients with 
measurable disease at the time of transplant was 
85 %. The median follow-up was 24.6 months. 
Relapse and non-relapse mortalities were 9 and 
24 %, respectively, at 2 years. The Kaplan–Meier 
probabilities of OS and DFS rates at 2 years were 
65 and 60 %, respectively  [  95  ] . 

 Most studies HDT and ASCT in  fi rst CR of 
MCL report a PFS advantage for ASCT. However, 
up-front ASCT has not been tested in random-
ized trials against intensive chemotherapy regi-
mens (like rituximab/hyper-CVAD).    ASCT 
beyond CR1 are suboptimal and may be bene fi cial 
in only a highly selected group of patients. The 
role of allo-SCT is dif fi cult to de fi ne because of 
the paucity of data, with only a few small phase II 
trials reported. Patients whose disease progresses 
after ASCT generally have a very poor prognosis 
and, if they are suitable candidates, will likely 
bene fi t from an allo-SCT. It is unclear if a sub-
group of patients, i.e., those who are young and 
have high MIPI scores are candidates for allo-
SCT up-front, especially if they are relatively 
young and  fi t and have a sibling donor. Trials are 
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also needed to optimize conditioning regimens 
and investigate post-transplant maintenance ther-
apy. Radioimmunotherapy is currently being 
investigated as part of the conditioning regimens 
for both autologous and allogeneic transplanta-
tion and may improve outcomes.    

   T Cell Lymphomas 

 The most common subtypes are PTCL-NOS, 
angioimmunoblastic lymphoma (AIL), and 
ALCL which may be ALK positive or negative. 
Standard chemotherapy treatments are less effec-
tive for T cell lymphomas than for B cell lympho-
mas, with the possible exception of ALK-positive 
ALCL  [  1,   2  ] . A number of retrospective and a 
few prospective studies of up-front HDT and 
ASCT to improve outcomes in T cell NHL have 
been reported. Most studies are small and have 
included all subtypes of T cell lymphomas includ-
ing the ALK-positive lymphomas that generally 
have a better outcome than other T cell lympho-
mas. Some studies have included patients with 
relapsed disease and those in transplanted in  fi rst 
complete remission. 

   Autologous Transplantation 
in First Remission 

 There have been no randomized PTCL-restricted 
clinical trials evaluating ASCT in  fi rst CR to stan-
dard chemotherapy alone. However, there have 
been a number of prospective phase 2, retrospec-
tive, and randomized cooperative group studies of 

ASCT which have included all types of high-risk 
lymphomas (including PTCL). Some of these are 
summarized in Table  23.3   [  101–  105  ] . Corradini 
et al. reported the combined results of two pro-
spective phase II studies investigating the ef fi cacy 
of high-dose sequential chemotherapy, followed 
by ASCT in 62 patients with advanced-stage 
PTCL (including ALCL). Seventy-four percent of 
patients were able to complete the program. At a 
median follow-up time of 76 months, the esti-
mated 12-year overall OS, DFS, and EFS rates 
were 34 55 and 30 %, respectively. The results of 
ALK-positive ALCL were signi fi cantly better 
than other PTCL patients. Multivariate analysis 
showed that patients who had a CR before ASCT 
had a statistically signi fi cant bene fi t in terms of 
OS and EFS  [  101  ] . A German study by Reimer 
et al. enrolled 83 patients with PTCL who received 
standard chemotherapy followed by HDT and 
ASCT if they were able to achieve a CR or PR. 
Only 66 % of patients were able to receive the 
HDT and ASCT. The main reason for not receiv-
ing ASCT was progressive disease. In an intent-
to-treat analysis, the overall response rate after 
ASCT was 66 %. With a median follow-up time 
of 33 months, the estimated 3-year OS and DFS 
rates for patients in CR and 3-year PFS rate were 
48, 53 and 36 %, respectively. The 3-year OS for 
patients who underwent HDT and ASCT was 
71 %, whereas it was only 11 % for those who did 
not receive a transplant  [  102  ] .  

 D’Amore from the Nordic Lymphoma Group 
performed one of the largest prospective multi-
center phase II study to study the role of intensi fi ed 
treatment schedules using up-front ASCT as  fi rst-
line therapy in newly diagnosed PTCL. A total of 

   Table 23.3    Up-front high-dose therapy and autologous stem cell transplantation for peripheral T cell non-Hodgkin’s 
lymphomas: prospective studies   

 Study   N  
 % going to 
transplant 

 Overall 
response rates 

 Median follow-up 
(months)  Overall survival  PTCL subtypes included 

 Corradini  [  101  ]   62  74  72  76 months  21 % non-ALK-
pos ALCL 

 Including 
ALK-pos ALCL 

 Rodriguez  [  104  ]   26  73  81  35 months  73 % at 3 years  PTCL-NOS 
 D’Amore  [  103  ]   166  70  83  45 months  57 % at 3 years  Excluding ALK-pos 

ALCL 
 Mercadal  [  105  ]   41  41  59  3.2 years  39 % at 4 years  PTCL-NOS 
 Reimer  [  102  ]   83  66  71  33 months  48 % at 3 years  PTCL-NOS 

   Abbreviations :  PTCL-NOS  peripheral T cell lymphoma-not otherwise speci fi ed,  ALK  anaplastic lymphoma kinase  
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166 patients with various T cell histologies 
(excluding ALK-positive ALCL) were enrolled. 
Seventy percent of patients were able to proceed 
to transplant. With a median follow-up time of 
45 months, the 5-year OS and PFS rates were 50 
and 43 %, respectively. Most common cause of 
death was lymphoma relapse  [  103  ] . A number of 
retrospective studies have also shown a bene fi t 
for ASCT in  fi rst CR or PR in patients with T cell 
NHLs. A retrospective study from the Grupo 
Espanol de Linfomas/Trasplante Autologo de 
Medula Osea (GEL-TAMO) group showed a sur-
vival bene fi t for patients receiving HDT and 
ASCT in  fi rst CR. They analyzed 74 patients with 
high-risk PTCL (including ALCL, ALK status 
unknown) who were transplanted in  fi rst CR. 
After a median follow-up time of 67 months from 
diagnosis, the 5-year OS and PFS rates were 68 
and 63 %, respectively. Multivariate analysis 
showed that the only factor associated with a 
shorter OS and PFS was the presence of more 
than two risk factors from the prognostic index 
for peripheral T cell lymphoma-unspeci fi ed (PIT) 
risk system. Patients with ALCL had a better outcome 
than non-ALCL patients, with a 5-year OS of 
84 % versus 61 %, respectively ( P  = 0.058). 
Similarly, the PFS was signi fi cantly higher in the 
ALCL group than in the non-ALCL group (80 % 
vs. 55 %,  P  = 0.036)  [  106  ] . 

 Two randomized GELA trials (LNH-87 and 
LNH-93) evaluated the bene fi t of up-front ASCT 
in aggressive NHLs including a subgroup of 
patients with PTCL. In LNH-93, a shortened che-
motherapy course followed by HDT and ASCT 
was compared with chemotherapy alone, and 
there was no overall bene fi t from ASCT includ-
ing in those patients with a T cell immunopheno-
type  [  39  ] . A matched control analysis was also 
performed on patients with T cell lymphoma 
from this trial as well as from LNH-87 trial (con-
solidative sequential chemotherapy vs. ASCT) 
con fi ning the analysis to those who achieved a 
con fi rmed or uncon fi rmed CR and who were able 
to receive either HDT/ASCT (case group) or 
sequential chemotherapy (control group). In this 
analysis, among the 29 patients with non- 
anaplastic PTCL, there was no difference in DFS 
or OS between the two groups  [  107  ] .   

   Angioimmunoblastic Lymphoma 

 In a retrospective analysis from the EBMT, 146 
patients with AIL who received ASCT were reported. 
After, a median follow-up time of 31 months, the 
actuarial OS was 59 % at 48 months. The cumulative 
incidence of relapse was estimated to be 51 % at 
48 months. Disease status at transplantation was the 
major factor affecting outcome. Patients who under-
went ASCT in  fi rst CR had signi fi cantly superior 
PFS and OS rates. The estimated PFS rates for 
patients who received their transplants in CR were 
56 % at 48 months and 23 % for patients with che-
motherapy-refractory disease  [  108  ] .  

   Enteropathy-Associated T Cell 
Lymphoma 

 Enteropathy-associated T cell lymphoma (ETCL) 
tends to have a very poor outcome  [  109,   110  ] . In 
the Nordic Lymphoma Group study, there were 
21 patients with ETCL. Their 3-year OS and PFS 
rates were 52 and 47 %, respectively  [  103  ] . 
Sieniawski et al. tested a novel regimen of ifosf-
amide, vincristine, and etoposide/methotrexate 
plus ASCT in 26 patients with ETCL. The 5-year 
PFS and OS rates of 52 and 60 %, respectively, 
were signi fi cantly improved compared with the 
historical group treated with conventional anthra-
cycline-based chemotherapy  [  111  ] .  

   ALK-Negative Anaplastic Large 
Cell Lymphoma 

 Few studies have evaluated the role of ASCT in 
ALK-negative patients. In the Nordic Lymphoma 
Group study, there were 31 patients with ALK-
negative ALCL. The 5-year OS and PFS rates were 
73 and 64 %, respectively  [  103  ] . 

 Results of prospective studies demonstrate 
that not all patients achieve a CR or PR to front-
line chemotherapy and are able to move forward 
with HDT and ASCT. The percentage of patients 
who can proceed to ASCT varies from 40 to 73 % 
 [  103–  105  ] . Those who are able to proceed to 
ASCT have outcomes similar to those seen after 



38723 Stem Cell Transplantation for Non-Hodgkin’s Lymphomas

front-line treatments for B cell lymphomas. After 
ASCT, the CR rates vary between 59 and 81 %, 
and OS rates vary from 73 % at 3 years to 39 % at 
4 years. Prognostic factors for better outcomes have 
included low PIT score at transplant, LDH levels, 
and able to achieve a CR prior to transplant. 

   Relapsed or Refractory Disease 

 A number of retrospective, single-institution, and 
registry studies have been published evaluating 
the role of HDT and ASCT in relapsed/refractory 
T cell NHL. In general, the reported results in 
most studies are comparable to those seen with 
ASCT for relapsed B cell NHL  [  112–  121  ] . Others 
have reported inferior outcomes. In a study by 
Smith et al., the relapse-free survival was only 
18 %, and OS was 34 % at 5 years following 
ASCT for PTCL  [  122  ] . Most studies have found 
that the best outcome is seen in patients who are 
in a CR at the time of transplant  [  120,   123,   124  ] . 

 A registry analysis of 123 patients with PTCL 
from the GEL-TAMO database who underwent 
ASCT as salvage therapy was reported by Rodriguez 
et al. The median age at ASCT was 44 years, and 
majority of patients had chemosensitive disease. 
After HDT and ASCT, 73 % of patients achieved a 
CR. At a median follow-up time of 61 months, the 
5-year OS and PFS rates were 45 and 34 %, respec-
tively. The presence of more than one factor of the 
adjusted IPI score and a high beta ( b [beta]) 2-micro-
globulin at transplantation were identi fi ed as adverse 
prognostic factors for both OS and PFS  [  125  ] . Vose 
et al. reported equivalent long-term OS and DFS in 
both relapsed T and B cell NHLs. In their study, 
patients with T cell immunophenotype had a slightly 
better CR rate than those with B cell immunophe-
notype (59 % vs. 42 %,  P  = NS). The actuarial 2-year 
OS was 35 % in the T cell group compared with 
30 % in the B cell group ( P  = NS). The 2-year DFS 
was 28 % for the T cell and 17 % for the B cell 
patients  [  126  ] . Rodriguez et al. transplanted 78 
patients in  fi rst or subsequent PR, second or more 
CR, or refractory disease. In this salvage setting, 
actuarial OS and DFS at 5 years were 45 and 49 %, 
respectively. Interestingly, there were no statisti-
cally signi fi cant differences between the 41 patients 

who were transplanted in PR and the 28 patients 
who were transplanted in second or subsequent CR 
as consolidation therapy. In the six patients who had 
refractory disease at the time of transplant, the 
5-year OS was 0 % indicating that HDT and ASCT 
may not bene fi t this group of patients. Levels of 
LDH, adjusted IPI score, and disease status pre-
transplant correlated with outcome  [  123  ] . EBMT 
registry analysis of 64 adult and pediatric patients 
with relapsed T cell and null cell ALCL was pub-
lished by Fanin et al. At the time of transplant, 47 % 
of patients were in CR. The actuarial OS rate at 
10 years was 70 %. Multivariate analysis showed 
that good performance status at transplant, younger 
age, absence of B symptoms, and absence of extra-
nodal disease indicated a better prognosis  [  127  ] . 
Zamkoff et al.  [  116  ]  identi fi ed 16 patients with 
ALK-negative ALCL who had HDT and ASCT at 
the time of  fi rst relapse. The median PFS in this 
group was only 3 months. Thus, HDT and ASCT 
may not bene fi t patients with relapsed ALK-
negative ALCL  [  116  ] .   

   Cutaneous T Cell Lymphomas 

 Primary cutaneous T cell lymphomas (CTCL) 
are characterized by in fi ltration of the skin by 
malignant T cells. The most common subtypes of 
these rare cutaneous lymphomas are mycosis 
fungoides (MF) and Sezary syndrome (SS). 
Patients with advanced disease have a shortened 
survival. ASCT for CTCL has generally yielded 
disappointing results with most patients’ disease 
progressing within 1 year from transplant  [  128, 
  129  ] . In the relapsed and refractory setting, most 
series of ASCT for T cell NHLs show compara-
ble response rates and survival durations to those 
seen in patients with B cell lymphomas if trans-
planted with chemosensitive disease. Patients 
who have refractory disease and CTCL subtype 
do not bene fi t from this approach. 

   Allogeneic Transplantation 

 Allogeneic transplantation has also been studied 
in patients with relapsed and/or refractory T cell 
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lymphomas. Most studies of allo-SCT are also of 
a retrospective nature, have a small number of 
patients, and include a variety of conditioning 
regimens. Patients who undergo allogeneic trans-
plantation are generally younger than those 
undergoing autologous transplantation. Feyler 
et al. studied 18 patients with relapsed and/or 
refractory T cell lymphomas who underwent an 
allogeneic transplant. After a median follow-up 
time of 57 months, the 3-year OS and PFS rates 
were 39 and 33 %, respectively. The 3-year 
relapse rate was 28 %, and the NRM rate was 
signi fi cant at 39 %  [  124  ] .   

   Angioimmunoblastic Lymphoma 

 A retrospective registry analysis from the EBMT 
reported on the results of allo-SCT in 45 patients 
with AIL. The cumulative incidence of NRM in 
this study was 25 % at 12 months. Patients with 
poor performance status had a signi fi cantly higher 
NRM. Relapse rate was estimated as 20 % at 
3 years and was lower in patients who developed 
chronic GVHD. The PFS and OS rates were 53 and 
64 % at 3 years, respectively, and were signi fi cantly 
better in chemotherapy-sensitive patients. The 
authors therefore concluded that there is a clini-
cally relevant GVL effect in AIL patients  [  130  ] .  

   Cutaneous T Cell Lymphoma 

 In recent years, several authors have reported 
favorable results of allo-SCT in patients with 
CTCL  [  131,   132  ] . A recent meta-analysis com-
pared the outcome of allogeneic versus autolo-
gous stem cell transplantation in patients with 
MF/SS using 39 cases from reported literature. 
The OS and EFS rates were better in patients who 
received allogeneic transplant as compared to 
those who received an autologous transplant. In 
allogeneic group, the most common cause of 
death was GVHD, while majority of the deaths in 
the autologous group were because of progres-
sive disease. Thus, allo-SCT may offer a better 
survival and disease-free outcome versus ASCT 
in MF/SS, likely because of a GVL effect  [  133  ] .  

   NK/T Cell Lymphoma 

 HDT and ASCT have been studied in patients 
with relapsed/refractory in natural killer cell lym-
phoma and leukemia (NK/T cell). Results of 
pooled ASCT studies show that remission status 
prior to transplant is most signi fi cant factor pre-
dicting survival. Lee et al. matched 47 patients 
according to NK/T cell lymphoma international 
prognostic index (NKIPI) risk groups and disease 
status at transplantation with 107 patients from a 
historical control group. After a median follow-up 
of 116.5 months, the median survival time was 
not determined for the ASCT group, but it was 
43.5 months for the control group ( P  = 0.127). In 
patients who were in CR at the time of ASCT or 
at surveillance after remission, disease-speci fi c 
survival rates were signi fi cantly higher in the 
ASCT group compared with the control group 
(disease-speci fi c 5-year survival rate, 87 % for 
ASCT vs. 68 % for non-ASCT;  P  = 0.027). In 
contrast, in subgroup analysis on non-CR patients 
at the time of ASCT, disease-speci fi c survival 
rates were not signi fi cantly prolonged in the 
ASCT group compared with the control group 
(1-year survival rate, 67 % for ASCT vs. 29 % for 
non-ASCT;  P  = 0.141). The impact of ASCT on 
the survival of all patients was signi fi cantly 
retained at the multivariate level with a reduced 
risk of death in these patients ( P  = 0.006)  [  134  ] . 
For patients with relapsed disease achieving CR2, 
data on survival without further therapy are lim-
ited. In these patients, HDT and ASCT also have 
a poor outcome. Based on available data, ASCT 
is not recommended for patients with NK/T cell 
lymphoma in CR1, particularly those with early-
stage disease. Patients who are at high risk for 
relapse based on the NKIPI may bene fi t from up-
front HDT and ASCT in CR1. For patients with 
advanced/refractory disease, the outcome of 
ASCT is poor. Limited data is available for allo-
SCT  [  135  ] . Role of NMA conditioning regimen 
is questionable as clear-cut graft-versus-NK cell 
lymphoma effect has not been established. NMA 
conditioning regimens should be reserved for 
patients who are not suitable candidates for 
myeloablative regimens. Whenever possible, 
these patients should be treated on clinical trials. 
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 PTCL responds favorably to chemotherapy, 
but relapse rates are high. HDT and ASCT in  fi rst 
CR or PR should be considered for patients who 
present with advanced disease and high PIT 
scores. However, there are no randomized PTCL-
restricted studies comparing HDT and ASCT to 
conventional chemotherapy. A European inter-
group phase III trial for primary T cell NHL will 
compare standard CHOP with alemtuzumab–
CHOP therapy followed by up-front ASCT for 
patients younger than 60 years of age and may 
answer this question. Most studies suggest that 
results of ASCT used as a salvage therapy for 
PTCL improve outcomes compared to conven-
tional chemotherapy and therefore should be 
offered to eligible patients with chemosensitive 
disease. For patients with relapsed and/or refrac-
tory disease and for those who relapse after ASCT, 
allo-SCT should be considered if they have an 
available donor and a good performance status. 
NMA and RIC conditioning regimens may pro-
vide GVL effect with acceptable NRM. Alternative 
donor transplants could be considered as part of a 
clinical trial. Studies of allo-SCT as part of front-
line therapy in patients with T cell lymphoma who 
present with aggressive disease are under way.  

   Follicular Lymphoma 

 FL has been traditionally considered to be incur-
able with conventional treatment. Disease course 
is characterized by long median survival but a 
continuous pattern of relapse  [  136  ] . Eventually, 

the lymphoma becomes resistant to chemotherapy 
or undergoes transformation to the more aggres-
sive large cell histology  [  137,   138  ] . HDT and 
ASCT as well as allogeneic transplantation have 
been extensively studied in this group of patients. 

   Autologous Transplantation 

 HDT with ASCT in patients with relapsed or 
recurrent disease has produced DFS rates of 
42–60 % and OS rates of 50–86 % at 2–8 years of 
follow-up  [  139–  141  ] . For patients transplanted in 
 fi rst remission, the DFS rates vary from 63 to 
69 % and OS of 85 % at 3–10 years follow-up 
 [  142  ]  (Table  23.4 )  [  143–  145  ] .   

   Relapsed/Refractory FL 

 There are a number of phase II studies evaluat-
ing the role of ASCT in patients with relapsed/
refractory FL. Rohatiner et al. published mature 
data from a retrospective analysis of myeloabla-
tive therapy supported by autologous BM trans-
plantation in patients with FL as consolidation of 
second or subsequent remission. A total of 121 
patients received cyclophosphamide and TBI 
supported by ex vivo purged autologous BM 
transplantation. With a relatively long median 
follow-up of 13.5 years, there was an apparent 
plateau on the remission duration curve of 48 % 
at 12 years. The 10-year OS and PFS were 54 and 
48 %, respectively. Outcomes in patients treated 

   Table 23.4    Autologous hematopoietic stem cell transplantation for follicular lymphomas in  fi rst complete remission 
(randomized)   

 Study 
 No. of 
patients 

 Preparatory 
regimen 

 Follow-up 
(years)  PFS (%)  OS (%) 

 Lenz et al.  [  143  ]   240  ASCT  4.2  65 at 5 years  84 at 5 years 
 Chemo  33 at 5 years ( P  < 0.0001) 

 Gyan et al.  [  144  ]   172  ASCT  9  64 at 9 years  76 at 9 years 
 Chemo  39 at 9 years ( P  = 0.004)  80 at 9 years ( P  = NS) 

 Sebban et al.  [  145  ]   401  ASCT  7.5  38 at 7 years  71 at 7 years 
 23  28 at 7 years ( P  = NS)  76 at 7 years ( P  = NS) 

   Abbreviations :  ASCT  autologous stem cell transplantation,  PFS  progression-free survival,  OS  overall survival,  NS  not 
signi fi cant  
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in second remission were signi fi cantly better than 
the survival of patients treated beyond second 
remission. Both remission duration and OS were 
also signi fi cantly longer for patients treated in 
second remission compared with an age-matched, 
remission-matched group of patients treated at St 
Bartholomew’s Hospital before the introduction 
of this treatment. However, the development of 
secondary myelodysplasia (s-MDS) and second-
ary acute leukemia (s-AL) resulted in 15 patient 
deaths  [  139  ] . Another study from Dana–Farber 
Cancer Institute of 153 patients with relapsed 
FL who received monoclonal antibody-purged 
autologous BM transplantation showed a DFS 
and OS at 8 years of 42 and 66 %, respectively. 
In their study, patients whose BM was negative 
by PCR for bcl-2/IgH gene rearrangement after 
purging experienced longer freedom from recur-
rence than those whose BM remained PCR posi-
tive. Continued PCR negativity in follow-up BM 
samples was also strongly predictive of CCR. 
The 12-year survival from diagnosis for these 
153 patients was an impressive 69 %  [  140  ] . 

 Bierman et al. presented a retrospective analy-
sis of 100 patients who underwent ASCT for 
relapsed FL. The median follow-up duration of 
surviving patients was 2.6 years (range, 1.0–11.7). 
The OS at 4 years was 65 %, and the FFS was esti-
mated to be 44 %. They did not observe a de fi nite 
plateau in the FFS curve. The only factor that was 
signi fi cantly associated with OS and FFS was the 
number of chemotherapy regimens received prior 
to transplantation. They did not observe any differ-
ences in outcomes between patients with who 
received peripheral blood stem cell transplants and 
unpurged autologous bone marrow transplants 
 [  141  ] . Rohatiner et al. found that the number of 
treatment episodes prior to transplantation ( £ 3 vs. 
>3) was statistically signi fi cant for OS ( P  = 0.01) 
but not for remission duration ( P  = 0.9)  [  146  ] . 
Number of prior chemotherapy regimens (<3 vs. 
 ³ 3) was also found to be statistically signi fi cant 
for OS by Cao et al.  [  147  ] . 

 The CUP trial analyzed the value of purging in 
patients with relapsed chemosensitive FL under-
going ASCT. After three cycles of chemotherapy, 
responsive patients were randomized to either 
three more cycles of the same chemotherapy (C), 

HDT followed by autologous unpurged (U), or 
purged (P) ASCT. Purging was performed using a 
cocktail of monoclonals. A total of 140 patients 
were registered, of whom 89 ful fi lled the criteria 
for randomization (C, 24; U, 33; and P, 32). With 
a median follow-up time of 26 months from ran-
domization, 66 % in C arm progressed or relapsed, 
in contrast to 39 % of U and 37 % of the P patients 
( P  = 0.002). OS was not reported due to short 
follow-up, but there was a suggestion of improved 
OS as well. Patients in U and P arms had higher 
PFS/relapse-free survival rate. Unfortunately, the 
trial was terminated early due to slow accrual; 
therefore, the question whether of ex vivo purging 
improved outcomes could not be answered  [  148  ] . 

 With the availability of rituximab in vivo purg-
ing strategies have replaced in vitro purging  [  149–  151  ] . 
Le Gouill et al. studied the impact of using HDT and 
ASCT and/or rituximab administration at  fi rst pro-
gression. With a median follow-up of 31 months, 
3-year EFS and OS rates after progression were 
50 % and 72 %, respectively. The 3-year EFS rate 
of rituximab-re-treated patients was 52 % versus 
40 % for those not receiving rituximab second 
line ( P  = 0.075). The 3-year OS was signi fi cantly 
and greatly different for patients receiving HDT/
ASCT or not: 92 % versus 63 % ( P  = 0.0003), 
respectively. In multivariate analysis, both HDT/
ASCT and period of progression/relapse affected 
EFS and OS. This study supports incorporating 
HDT/ASCT in the therapeutic approach at  fi rst 
relapse for FL patients regardless of prior ritux-
imab exposure  [  152  ] . 

 To evaluate the long-term results of ASCT 
in FL with speci fi c emphasis on the prognostic 
signi fi cance of PCR-detectable Bcl-2/IgH rear-
rangements, Apostolidis et al. treated 99 FL 
patients with ASCT as consolidation of second or 
subsequent remission. In vitro purging of the BM 
graft was accomplished by treatment with anti-B 
cell antibodies and complement. After a median 
follow-up of 5.5 years, 65 patients remained alive 
and 49 patients remained failure free. Overall, 12 % 
of patients developed s-MDS or s-AL. Kaplan–
Meier estimates of freedom from recurrence (FFR) 
and survival rates at 5 years were 63 and 69 %, 
respectively. On multivariate analysis, absence of 
the Bcl-2/IgH rearrangement at the time of diagnosis 
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( P  = 0.04) and three or fewer treatment episodes 
before ASCT ( P  = 0.001) were signi fi cant prog-
nostic factors for improved survival. For patients 
bearing Bcl-2/IgH rearrangements, absence of a 
PCR-detectable Bcl-2/IgH rearrangement during 
follow-up was associated with a signi fi cantly lower 
risk of recurrence ( P  < 0.001) and death ( P  = 0.02), 
whereas the PCR status of the reinfused stem cell 
graft did not correlate with outcome. There was an 
improvement in FFR after HDT but no survival 
advantage compared with conventional treatment. 
However, this study con fi rmed that the elimina-
tion of cells bearing the Bcl-2/IgH rearrangement 
improves outcomes  [  153  ] . 

 A GELA study analyzed two cohorts of patients 
treated in two successive randomized studies with 
the same induction chemotherapy to evaluate the 
role of rituximab and ASCT after  fi rst disease pro-
gression or relapse. Of the 364 patients included in 
these two studies, 254 progressed or relapsed and 
constituted the population of the analysis. Among 
them, 98 were treated with ASCT including 33 of 
them after rituximab-containing salvage regimen 
and 69 with rituximab alone or combined with 
chemotherapy but without ASCT. ASCT was 
associated with a statistically signi fi cant bene fi t in 
terms of EFS from relapse and survival after 
relapse. Use of rituximab was associated with a 
greater bene fi t than ASCT for these two end points. 
When both treatments were combined, patients 
treated with rituximab-containing salvage regimen 
followed by ASCT had 5-year survival after 
relapse of more than 90 %. Thus, in FL patients 
treated with  fi rst-line chemotherapy, the combina-
tion of a salvage regimen containing rituximab 
with or without ASCT led to a dramatic improve-
ment of long-term outcome  [  154  ] . 

 Some of the factors that have found to be sta-
tistically signi fi cant for DFS and/or OS after 
ASCT for relapsed/refractory FL are age of the 
patient at the time of transplantation  [  141  ] , pres-
ence of MRD before and after transplantation 
 [  140,   153  ] , and chemotherapy-resistant versus 
sensitive disease at the time of transplantation 
 [  141  ] . Rohatiner et al.  [  146  ]  found that the num-
ber of treatment episodes prior to transplantation 
( £ 3 vs. >3) was statistically signi fi cant for OS 
( P  = 0.01) but not for remission duration ( P  = 0.9). 

In    a retrospective analysis, patients who under-
went autologous BM transplantation in second 
remission were compared to patients who were 
treated with conventional chemotherapy. Those 
patients who underwent transplantation had a 
better DFS when compared to those receiving 
conventional chemotherapy, but there was no dif-
ference in OS  [  139  ] .  

   First Complete Remission 

 Good results have also been reported with ASCT 
in patients with FL in  fi rst remission  [  142–  145,   155  ] . 
However, because of the long natural history of the 
disease, concern regarding the development of 
secondary malignancies, and lack of survival 
bene fi t, ASCT high-risk patients with FL in  fi rst 
CR remain investigational (Table  23.4 ). The 
German Low-Grade Lymphoma Study Group 
(GLSG) initiated a randomized trial to compare 
the effect of potentially curative HDT followed by 
ASCT with interferon-alpha (IFN- a [alpha]) 
maintenance therapy in  fi rst remission. Three 
hundred and seven patients, younger than 60 years 
of age with FL, were enrolled. After two cycles of 
induction chemotherapy, patients were randomly 
assigned to either the ASCT or the IFN- a [alpha] 
group. The respective therapy was started when 
patients achieved CR or PR after induction che-
motherapy. Two hundred and forty patients with 
FL were evaluable for the comparison of ASCT 
and IFN- a [alpha]. In patients who underwent 
ASCT, the 5-year PFS rate was 65 %, and in the 
IFN- a [alpha] arm, it was 33 % ( P  < 0.0001). 
However, longer follow-up would be needed to 
determine the effect of ASCT on OS  [  143  ] . 

 GOELAMS multicenter study randomized 
172 patients with untreated FL for either conven-
tional chemotherapy or purged ASCT. The 9-year 
OS was similar in the ASCT and conventional 
chemotherapy groups (76 and 80 %, respec-
tively). The 9-year PFS was higher in the ASCT 
than the chemotherapy group (64 % vs. 39 %; 
 P  = 0.004). A PFS plateau was observed in the 
ASCT group after 7 years. On multivariate analy-
sis, OS and PFS were independently affected by 
the performance status score, the number of nodal 
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areas involved, and the treatment group. 
Secondary malignancies were more frequent in 
the transplant group. The occurrence of a PFS 
plateau may suggest that a subgroup of patients 
with FL might be cured by ASCT. As in other 
studies, of concern was the increased rate of sec-
ondary malignancies in the transplant arm  [  144  ] . 
In a randomized multicenter study conducted by 
Ladetto et al., six courses of CHOP chemother-
apy followed by rituximab (CHOP-R) were com-
pared with rituximab-supplemented high-dose 
sequential chemotherapy with ASCT (R-HDS) to 
assess the value of intensi fi ed chemotherapy as a 
 fi rst-line treatment for high-risk FL. The CR rates 
were 62 % with CHOP-R and 85 % with R-HDS 
( P  < 0.001). At a median follow-up of 51 months, 
the 4-year EFS was 28 and 61 %, respectively 
( P  < 0.001), with no difference in OS. Molecular 
remission was achieved in 44 % of CHOP-R and 
80 % of R-HDS patients ( P  < 0.001) and was the 
strongest independent outcome predictor. Patients 
relapsing after CHOP-R underwent salvage 
R-ASCT in 71 % of cases. Salvage R-ASCT had 
an 85 % CR rate and a 68 % 3-year EFS (median 
follow-up, 30 months). Achieving a molecular 
remission appears critical for effective disease 
control, regardless of treatment used. In this 
study, R-ASCT resulted in superior disease con-
trol and molecular outcome than CHOP-R, but 
no OS improvement. CHOP-R failures have a 
good outcome after salvage R-ASCT, suggesting 
that relapsed/refractory FL could be the most 
appropriate setting for transplantation  [  156  ] . 

 With the exception of the study led by Ladetto 
et al., all studies mentioned were conducted in 
the pre-rituximab era. Therefore, the impact of 
rituximab cannot be fully evaluated in patients 
undergoing ASCT. Two recent studies have 
addressed the role of ASCT in patients with FL 
who have received front-line rituximab therapy 
 [  157,   158  ] . Hiddemann et al. conducted a retro-
spective analysis of two GLSG studies, which 
showed that R-CHOP followed by IFN mainte-
nance achieved a 5-year PFS of 67 % and was 
comparable to CHOP followed by ASCT  [  158  ] . 
R-CHOP followed by ASCT, however, revealed a 
5-year PFS of 79 %, with only one relapse after 
24 months. This study suggested that ASCT may 

have a role in the era of R-CHOP front-line ther-
apy, particularly for intermediate- or high-risk 
patients with advanced-stage FL  [  157  ] .  

   Allogeneic Transplantation 

 Several studies have suggested that allogeneic 
transplantation for FL may improve the DFS when 
compared with autologous transplantation because 
of the presence of the GVL effect. The probability 
of relapse after allogeneic transplantation has 
ranged from 10 to 15 %  [  159  ] . In the past, the low 
relapse rate observed after allogeneic transplanta-
tion has not translated into an improvement in OS 
because of the high TRM associated with the use of 
high-dose chemotherapy  [  159,   160  ] . For example, 
in a study of 113 patients published by the IBMTR 
in 1998, the probability of DFS 3 years after 
myeloablative allo-SCT was 49 %, but the recur-
rence rate was only 16 %. However, the NRM was 
40 %. Factors which were associated with improved 
survival were age <40 years, improved perfor-
mance status at the time of transplantation, chemo-
sensitive disease, and use of TBI-based conditioning 
regimens  [  159,   161  ] . Although data is limited on 
the use of unrelated versus related donors, a recent 
analysis from the National Marrow Donor Program 
(NMDP) included 52 patients with FL who had 
received myeloablative allo-SCT between 1991 
and 2004. The 1-year TRM was 42 % and the 
2-year PFS was 42 %  [  162  ] . Most of these pub-
lished studies comparing allogeneic and autologous 
transplantation are retrospective or registry based. 
A prospective study by Bone Marrow Transplant-
Clinical Trials Network was closed early due to 
slow accrual  [  163  ] . Van Besien et al. reported on 
904 patients who had undergone transplants for 
FL. A total of 176 patients had received allogeneic 
transplants, 131 patients had received purged autol-
ogous transplants, and 597 patients had received 
unpurged autologous transplants. Five-year TRM 
rates were 30, 14, and 8 %, and 5-year recurrence 
rates were 21, 43, and 58 % after allotransplanta-
tion, purged autotransplantation, and unpurged 
autotransplantation, respectively. In multivariate 
analyses, allotransplantation had higher TRM and 
lower disease recurrence. The 5-year probabilities 
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of survival were similar in the three groups (51, 62, 
and 55 % after allogeneic, purged autotransplanta-
tion, and unpurged autotransplantation, respec-
tively). Advanced age, prolonged interval from 
diagnosis to transplantation, high lactate dehydro-
genase, refractory disease, bone marrow involve-
ment, low performance scores, and transplantation 
between 1990 and 1993 were associated with 
adverse outcomes. TBI use was associated with 
higher TRM but lower recurrence. No association 
existed between acute or chronic GVHD disease 
and recurrence after allo-SCT  [  5  ] . 

 Hosing et al. retrospectively compared the out-
comes of myeloablative allo-SCT versus ASCT in 
patients with refractory or recurrent indolent NHL. 
Of 112 patients, 68 patients had undergone ASCT 
and 44 had undergone allo-SCT. In the allo-SCT 
group, the median follow-up time was 53 months 
(range, 21–113), and the OS and DFS rates were 
49 and 45 %, respectively. After a median follow-
up time of 71 months (range, 22–109) in the ASCT 
group, the OS and DFS rates were 34 and 17 %, 
respectively. The probability of disease progres-
sion was signi fi cantly higher in the autologous 
HSCT group than it was in the allogeneic HSCT 
group (74 % vs. 19 %,  P  = 0.003)  [  164  ] . Ingram 
et al. analyzed 126 patients with relapsed advanced-
stage FL who received BEAM–alemtuzumab allo-
SCT ( N  = 44) or BEAM-ASCT ( N  = 82). The 
allogeneic group had a younger median age but 
had received a higher median number of therapies 
pre-transplant. The allogeneic group had a higher 
NRM than did the autologous group at 1 year 
(20 % vs. 2 %,  P  = 0.001). Older age and heavily 
pretreated patients were associated with a high 
NRM and poor survival in the allogeneic group. 
There was a signi fi cantly lower relapse rate (20 % 
vs. 43 %,  P  = 0.01) at 3 years in the allo-SCT group 
with no relapses after 2 years compared with a 
continued pattern of relapse in the autologous 
group. No difference in OS or DFS was identi fi ed 
at 3 years, whereas a plateau in OS and DFS with 
crossing of the survival curves in favor of the allo-
geneic group was observed  [  165  ] . 

 Using the EBMT registry, Peniket et al. ana-
lyzed 1,185 allogeneic transplants for lymphoma 
reported to the registry between 1982 and 1998 
and compared the results with those of 14,687 

autologous procedures performed over the same 
period  [  4  ] . Two hundred and thirty-one patients 
had low-grade histology, and actuarial 4-year OS 
after transplantation was 51 % for this subgroup. 
These outcomes were relatively poor because of 
the high procedure-related mortality. Multivariate 
analysis showed that status at transplantation 
signi fi cantly affected outcome. A matched analy-
sis was performed: for all categories of lym-
phoma, OS was better for autologous than for 
allogeneic transplantation, and the relapse rate 
was lower in the allogeneic group  [  4  ] . 

 Preliminary results using NMA preparative 
regimens for allo-SCT have been very encourag-
ing, with less than 15 % TRM  [  96,   166–  169  ] . One 
of the  fi rst reports was published by Khouri et al., 
who treated 20 patients with indolent histology 
NHL with NMA allo-SCT. The day 100 mortality 
was 10 %, and after a median follow-up duration 
of 21 months, the actuarial probability of being 
alive and in remission was 84 %  [  170  ] . In a follow-
up report on 47 patients with FL who had received 
a NMA conditioning regimen followed by allo-
SCT, all patients achieved a CR after transplant. 
With a median follow-up time of 60 months (range, 
19–94), the estimated OS and PFS rates of that 
study were 85 and 83 %, respectively. The inci-
dence of grade II–IV acute GVHD was only 11 % 
(Fig.  23.2 )  [  171  ] . Rezvani et al. studied 62 patients 
with indolent ( N  = 46) or transformed NHL ( N  = 16) 
who had received allo-SCT from related or unre-
lated donors after a NMA conditioning of 2 Gy of 
TBI +/−  fl udarabine. The median follow-up time 
after transplant was 36.6 months. At 3 years, the 
estimated OS and PFS rates were 52 and 43 % for 
patients with indolent disease. Among survivors, 
the median Karnofsky performance status at last 
follow-up was 85 %. It is encouraging to note that 
long-term survivors reported good overall func-
tional status  [  166  ] .  

 In a retrospective analysis of 208 transplants 
reported to the CIBMTR between 1997 and 2002, 
Hari et al. compared traditional myeloablative 
conditioning regimens with RIC for FL. Patients 
who had received RIC were older and had had a 
longer time interval from diagnosis to transplant. 
Median follow-up of survivors was 50 months after 
myeloablative conditioning versus 35 months after 
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RIC ( P  < 0.001). Surprisingly, the OS, PFS, and 
TRM did not differ between the two groups. Lower 
performance score and resistance to chemother-
apy were associated with higher TRM and lower 
OS and PFS rates. On multivariate analysis, an 
increased risk of lymphoma progression after RIC 
was observed ( RR  = 2.97,  P  = 0.04)  [  168  ] . Sorror 
et al. strati fi ed outcomes by hematopoietic stem 
cell transplantation-comorbidity index (HSCT-CI). 
Patients in the NMA group were older, had more 
previous treatment and more comorbidities, more 
frequently had unrelated donors, and more often 
had malignancy in remission than did patients in 
the myeloablative group. After transplant, patients 
without comorbidities both in the NMA and 
myeloablative cohorts had comparable NRM, OS, 
and PFS. Patients with comorbidities experienced 
lower NRM and better OS after NMA condition-
ing. NMA allo-SCT recipients with comorbidities 
had favorable adjusted PFS compared with the 
patients in the myeloablative group  [  97  ] .  

   Transformed FL 

 A prospective phase II study of patients who had 
relapsed transformed FL was performed before 
rituximab was included in standard treatment. 
Patients in CR or PR after salvage chemotherapy 
were eligible for HDT and ASCT. Forty-seven 
patients from  fi ve Norwegian centers were 
included, of whom 63 % received ASCT. Median 
follow-up for the surviving patients was 75 months; 

median PFS and OS were 26 and 47 months, 
respectively. Median OS for all patients was 
43 months, compared to only 10 months for 
patients not eligible for ASCT. Patients receiving 
CD34(+) enriched/B cell-depleted grafts had infe-
rior PFS and a trend for inferior OS compared to 
patients receiving non-purged grafts. The study 
found that after ASCT for transformed FL, major-
ity of patients achieved CR and a signi fi cant num-
ber had prolonged OS. The use of in vitro purged 
grafts did not result in a survival bene fi t compared 
to that of non-purged grafts  [  172  ] . Rezvani et al. 
examined the outcome of NMA allo-SCT in 
patients with transformed FL. Sixty-two patients 
with indolent ( N  = 46) or transformed NHL ( N  = 16) 
were treated with allo-SCT from matched donors 
after conditioning with 2 Gy of TBI +/−  fl udarabine. 
Twenty patients had undergone prior ASCT. 
Median age was 54 years, and patients had received 
a median of six lines of treatment before trans-
plant. Median follow-up time after transplant was 
36.6 months. At 3 years, the estimated OS and 
PFS rates were 18 and 21 %, respectively, for 
patients with transformed disease. Thus, NMA 
allo-SCT can produce durable DFS in patients 
with transformed FL although the results are infe-
rior to those without transformation  [  166  ] .  

   Secondary Malignancies 

 One of the long-term side effect of HDT and 
ASCT has been the development of secondary 
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  Fig. 23.2    Overall survival ( solid line ) 
and progression-free survival were 85 
and 83 %, respectively, with a median 
follow-up of 60 months (range, 
19–94 months) (This research was 
originally published in Khouri et al. 
 [  171  ] ; © the American Society of 
Hematology)       
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malignancy. A recent analysis of 1,347 patients 
with lymphoma treated with a high-dose sequen-
tial (HDS) program studied this issue. A total of 
1,024 patients with B cell lymphoma, 234 patients 
with Hodgkin’s lymphoma, and 89 patients with 
T cell lymphoma were included. The cumulative 
incidence at 5 and 10 years of s-MDS/AL was 
3.09 and 4.52 %, respectively, and that of solid 
tumors was 2.54 and 6.79 %, respectively. Factors 
associated with the development of s-MDS/AL 
were male sex and use of the second harvest 
PBPC for the graft; factors found to be associated 
with solid tumor were advanced age, post-HDS 
radiotherapy, and rituximab addition to HDS. 
However, despite the increased risk of solid 
tumors, rituximab addition to HDS was still asso-
ciated with survival advantages  [  173  ] . 

 Selected patients with FL may bene fi t from 
ASCT, but it is still uncertain which subset of 
patients may receive the most bene fi t. Patients with 
relapsed, chemosensitive FL should be considered 
for ASCT as several phase II studies have shown 
survival advantage and prolonged remissions  [  139, 
  174  ] . It is reasonable to expect that the addition of 
monoclonal antibodies during stem cell collection 
for in vivo purging will reduce tumor contamina-
tion of the graft and reduce relapse rates. The role 
of ASCT for FL in rituximab era has been ques-
tioned by some, but preliminary data suggests that 
ASCT is still bene fi cial in patients with FL who 
relapse following rituximab-containing regimens 
 [  158,   175  ] . Similarly incorporation of monoclo-
nal antibodies or radioimmunoconjugates during 
the ASCT may improve the long-term outcomes. 
Concern remains however regarding the increased 
risk of s-MDS/AL observed by some investiga-
tors. The patients who appear to bene fi t most 
from this strategy are patients who have chemo-
sensitive disease, have received less than three 
chemotherapy regimens, and do not have high-
risk FLIPI scores  [  176  ] . Maintenance therapy 
after transplantation may also be considered in a 
subset of patients although data is lacking in FL 
patients. Despite four large randomized studies 
comparing up-front ASCT with standard chemo-
therapy in FL, no survival advantage was noted for 
the transplant arm  [  143,   144  ] . Only one up-front 
randomized study included rituximab in the treatment 

regimen, and that study also failed to show a sur-
vival advantage for ASCT despite longer EFS 
 [  156  ] . Allo-SCT can cure patients with FL and 
should be offered to patients who are young, have 
a matched donor, and are beyond  fi rst CR. Use of 
NMA or RIC regimens appears very promising, 
but more studies and longer follow-up are needed 
before de fi nite treatment recommendations can be 
made. There is concern regarding higher relapse 
rates after NMA or RIC regimens. Use of mono-
clonal antibodies and radioimmunoconjugates in 
the allo-SCT regimens may improve outcomes 
 [  171,   177  ] . All patients should be enrolled in clin-
ical trials whenever possible.       
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