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  Preface 

 The mature T- and NK-cell lymphomas are rare, comprising approximately 
10 % of all malignant lymphomas. The incidence of T-cell lymphoma is vari-
able around the world, with a higher incidence compared to B-cell lympho-
mas in the Asian basin. While the overall incidence of B-cell lymphomas has 
begun to decline in the United States, the incidence of T-cell lymphomas 
continues to rise. The evolution of T-cell lymphoma biology and therapy has 
lagged behind that of B-cell lymphomas, partly due to the fact that in the 
lymphoproliferative world, T-cell lymphomas have only recently been 
identi fi ed as distinct from their B-cell counterparts. Early lymphoma 
classi fi cation systems made no distinction between B- and T-cell lymphomas. 
The Working Formulation grouped lymphomas by size and grade and 
identi fi ed them based on clinical behavior (aggressive vs. indolent). In the 
mid-1990s, the Revised European American Lymphoma Classi fi cation 
attempted to identify distinct clinicopathologic entities based on immunophe-
notypic and molecular features and included the subset of T-cell lymphomas. 
More recently, the World Health Organization (WHO) has attempted to fur-
ther classify lymphomas based on clinical, morphologic, phenotypic, and 
molecular genetic features to de fi ne disease entities and provisional entities. 
Within the mature T/NK-cell neoplasms, there are 20 entities or provisional 
entities, with the most common types being the nodal T-cell lymphomas. 

 The history of T-cell lymphomas is rich and signi fi cant advances have 
been made over the past few years. The identi fi cation of the  fi rst human ret-
rovirus HTLV-1 was made in 1980, the setting of a patient with aggressive 
T-cell leukemia/lymphoma from whom the HUT102 cell line was derived, 
and the  fi rst application of a T-cell-targeted monoclonal antibody, the anti-
TAC antibody directed against the CD25 epitope, was conducted by the 
Waldmann group at the NCI in patients with HTLV-1-associated T-cell leuke-
mia. The propagation of the HTLV-1 retrovirus in vitro was facilitated via a 
HUT78/H9 cell line representing a mature CD4+ cutaneous T-cell lymphoma. 
More recently, molecular pro fi ling has identi fi ed and distinguished distinct 
subsets of aggressive nodal T-cell lymphomas within the group of peripheral 
T-cell lymphomas which are “not otherwise speci fi ed” and has led to the 
identi fi cation of a follicular dendritic cell origin for angioimmunoblastic 
T-cell lymphoma. The importance of the Notch signaling pathway has been 
shown in T-ALL by the presence of activating NOTCH mutations in over 
50 % of patients. Expression of ALK fusion proteins in anaplastic large cell 
lymphoma has been associated with an adverse outcome and may identify yet 
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another unique subset of T-cell lymphomas. The demonstration of in vitro 
cytotoxicity of  l -asparaginase in NK/T-cell lymphoma cell lines has led to 
clinical trials using this active agent in refractory NK/T-cell lymphoma 
patients and has largely changed the therapeutic landscape for these 
diseases. 

 From a therapeutic perspective, these and other advances have led to an 
explosion in the development of novel therapeutic approaches for the T-cell 
lymphoproliferative disorders. Currently there are a number of FDA-approved 
therapies for T-cell malignancies, including the IL2 fusion toxin denileukin 
diftitox, the RXR retinoid bexarotene, the histone deacetylase inhibitors vor-
inostat, and romidepsin for cutaneous T-cell lymphomas, and pralatrexate, a 
folate antagonist and romidepsin for peripheral T-cell lymphomas, brentux-
imab vedotin, a CD30-targeted fusion toxin for anaplastic large cell lympho-
mas, and the nucleoside analog nelarabine for T-cell ALL. A number of new 
agents targeting speci fi c receptors and metabolic pathways are currently in 
clinical trials and are on the horizon. 

 This book is a comprehensive overview of the T-cell lymphoproliferative 
disorders both in adults and in children and includes both the cutaneous and 
the systemic T-cell malignancies. The experts in the  fi eld have done an excel-
lent job summarizing the highlights in each disorder with the intent to intro-
duce the reader to the salient clinical and biological features of these diseases 
as well as future directions for research and novel approaches. I would like to 
thank all of my collaborators for their insights and ongoing tireless efforts to 
address the unmet needs within the  fi eld of T-cell lymphoproliferative 
disorders.

New Haven, CT, USA Francine Foss, MD  
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         Introduction 

 T and NK cells derive from bone marrow precursor 
cells that undergo maturation in the central lym-
phoid organs (bone marrow and thymus)  [  1  ] . In 
the case of T-cells, maturation in the thymus 
includes T-cell receptor gene rearrangement, 
expression of T-cell receptor complex, and selec-
tion of  a  b − or  g  d -type T-cells  [  2–  4  ] . These mature 
post-thymic T-cells reside in the peripheral lym-
phoid tissues, and lymphomas of these cells are 
considered peripheral T-cell lymphomas. NK 
cells mature in the bone marrow, do not require 
thymic “education,” and circulate in the periph-
eral lymphoid organs  [  2–  4  ] . The incidence of 
peripheral T-cell and NK-cell lymphomas varies 
across the world  [  5  ] . T/NK-cell neoplasms are 
more common in Asia and Latin America, prob-
ably a consequence of host genetic factors as well 
as environmental factors including infection with 
human T leukemia virus 1 (HTLV1), Epstein–
Barr virus (EBV), and probably other viruses 
 [  6,   7  ] . In Northern Europe, enteropathy-associated 
T-cell lymphoma (EATCL) is common in Irish 

and Welsh populations, particularly those with 
certain HLA haplotypes  [  8,   9  ] . In the United 
States, the mature T/NK-cell neoplasms repre-
sent only 10–15% of non-Hodgkin lymphomas 
with an incidence of approximately 1.79/100,000 
person-years  [  10  ] . 

 The 2008 (World Health Organization [WHO]) 
classi fi cation of lymphomas applies clinical, mor-
phologic, phenotypic, and molecular genetic fea-
tures to de fi ne disease entities and provisional 
entities  [  1  ] . Some diseases are de fi ned based on 
the presence of speci fi c genetic abnormalities 
such as ALK+ anaplastic large cell lymphoma 
(ALCL), in which  anaplastic lymphoma kinase  
(ALK) expression results for translocation of 
 ALK . This is a major advance as prior classi fi cation 
systems relied primarily on histopathologic fea-
tures alone. Within the mature T/NK cell neo-
plasms, there are 20 entities or provisional entities 
 [  5  ] . Figure  1.1  shows relative frequencies of the 
T-cell lymphomas other than primary cutaneous 
T-cell lymphomas. This list of lymphoma/leuke-
mias of peripheral T or NK cells will likely change 
again as more is learned about the immunology 
and molecular genetics of these neoplasms.  

 Because of the heterogeneous composition of 
the lymphomatous in fi ltrate in many T/NK-cell 
lymphomas and the increased reliance on immu-
nophenotypic and genetic features for the diag-
nosis and subclassi fi cation of T-cell lymphomas, 
procurement of adequate tissue, and proper han-
dling of the fresh tissue is critical. Thus a few 
words on specimen processing are warranted. 
Communication among the hematologist, the 
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surgeon/procedure physician, and the pathologist 
is critical. In cases suspected of being lymphoma, 
an established “lymphoma protocol” should exist 
in which tissue is submitted in the fresh, sterile 
state to the pathology laboratory. This should be 
agreed upon by all parties so that clinicians and 
surgeons know that special handling is required 
and notify the laboratory at the time of procedure. 
Upon receipt of the fresh tissue, the pathologist 
can immediately evaluate the tissue by frozen 
section or touch imprints to assess specimen ade-
quacy and to appropriately triage specimen for 
ancillary studies. If lymphoma is suspected, fresh 
tissue can be sent for cytogenetic studies,  fl ow 
cytometry, and routine histopathology. Cultures 
can be sent if infection is suspected. The frozen 
tissue block can be retained at −20 °C or −70 °C 
for several days until it is decided whether further 
molecular genetic studies such as B- or T-cell 
receptor gene rearrangement studies are required. 
High-quality nucleic acids can be extracted from 
frozen tissues as opposed to  fi xed tissue and are 
the preferred source. The common practice of 
thawing the frozen block for permanent section 
“control” of the frozen is not indicated in lym-
phoma diagnosis since the morphology of that 
permanent section is substandard for  fi ne mor-
phologic/cytologic detail. After selecting tissue for 
these ancillary studies, the bulk of the remaining 

tissue can then undergo routine  fi xation and 
processing for histopathology studies. 

 With these introductory comments, we now 
focus on the pathologic features of the common 
peripheral T/NK-cell lymphomas and their 
differential diagnostic considerations.  

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

 PTCL, NOS is the most common type of PTCL, 
representing approximately 25% of T-cell lym-
phomas  [  5,   11  ]  (Fig.  1.1 ). Rare in children  [  12  ] , 
PTCL, NOS is most often diagnosed in older 
adults  [  11  ] . While bone marrow, spleen, skin, and 
liver can be involved, the most common presenta-
tion is nodal  [  13  ] . B-Symptoms can accompany 
the lymphadenopathy, and extensive leukemic 
involvement is rare. PTCL, NOS has an aggres-
sive clinical course, with a relative low (20–30%) 
5 year failure-free survival  [  13–  16  ] . 

 The morphologic features are somewhat vari-
able (probably a consequence of the fact that 
PTCL, NOS is not a homogeneous category). 
There is usually effacement of the normal lymph 
node architecture (Fig.  1.2a ). Partial involvement 
may occur with the involvement of the paracorti-
cal region. A lymphoepithelioid pattern (so-called 

  Fig. 1.1    Distribution of 1,314 cases by consensus diag-
nosis. Relative frequencies of mature T-cell lymphoma 
subtypes (except primary cutaneous types) in an adult 
patient population. Signi fi cant differences exist in different 

geographic regions (reprinted from International T-Cell 
Lymphoma Project  [  5  ] , with permission from American 
Society of Clinical Oncology)       
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Lennert lymphoma) can sometimes be seen in 
which the tumor is composed almost exclusively 
of small to intermediate neoplastic cells and his-
tiocytes that form epithelioid granulomas  [  1  ] . 
Occasional reactive in fl ammatory cells such as 
histiocytes, plasma cells, and/or eosinophils are 
often seen (Fig.  1.2b ). In addition, increased vas-
cularity within the in fi ltrate is characteristic. The 
lymphoma cells may be monomorphous or quite 
polymorphous and pleomorphic. In most cases, 
the lymphoma cells are of intermediate size, have 
irregular nuclear borders, and have moderate 
amounts of pale cytoplasm. The presence of small 
or very large cells does not rule out this diagno-
sis. Nucleoli range from small and inconspicuous 
to very large. In some cases, large B-cells with 
reactive features (immunoblasts) or Reed–Sternberg-
like cells can be identi fi ed. Rare cases can have 
follicular patterns similar to B-cell follicular lym-
phoma and are thought to be derived from follic-
ular T-helper (T 

Fh
 ) cells  [  17,   18  ] . Whether this 

latter pattern represents a distinct entity is uncer-
tain and awaits further investigation.  

 Immunophenotypic analysis shows most 
PTCL, NOS cells to be positive for CD3 
(Fig.  1.2c ) and CD4, but CD8-positive cases have 
also been described  [  19–  21  ] . The cells are most 
often  a  b   T -cells and are thus positive for TCR b  
( b F1). The most commonly lost “pan” T-cell 
markers are CD7 and CD5. When expressed, 
CD30 is detected with variable intensity, at levels 
signi fi cantly lower than those seen in ALCL. 
CD56 and cytotoxic markers such as granzyme B, 
perforin, and TIA-1 can be seen mainly in lesions 

positive for CD8 and are rare in cases positive for 
CD4. One to two percent of PTCL, NOS are pos-
itive for B-cell markers, mainly CD20, but this 
 fi nding is not associated with positivity for Pax5. 
The cases with follicular pattern express follicu-
lar markers such as BCL-6, CD10, CXCL13, and 
PD1. The latter are markers expressed in T 

Fh
 . 

 Gene expression pro fi ling studies suggest a 
relationship with activated T-cells rather than with 
resting T-cells and suggest dysregulation of impor-
tant cellular pathways such as proliferation, apop-
tosis, adhesion, and extracellular matrix remodeling 
 [  22  ] . No characteristic genetic abnormalities have 
been described in PTCL, NOS. However, gains of 
chromosomes 3, 5, 7q, 8q, 17q, and 22q have been 
described. Other abnormalities include loss of 
genetic material on chromosomes 1, 2, 3, 4q, 5q, 
6q, 7, 8, 9p, 10q, 11, 12q, and 13q  [  23  ] .  

   Angioimmunoblastic T-Cell 
Lymphoma 

 Approximately 15% of total T-cell lymphomas 
fall into this category  [  5  ] . Most patients are adults 
and present with generalized lymphadenopathy, 
high-stage disease, and B-symptoms. Involvement 
of extranodal sites such as skin, liver, spleen, and 
bone marrow is common  [  24–  26  ] . Patients appear 
to have evidence of immune system dysfunction, 
including recurrent infections, cold agglutinins, 
polyclonal hypergammaglobulinemia, autoim-
mune hemolytic anemia, and rheumatoid factor 
 [  27  ] . The immune de fi ciencies associated with 

  Fig. 1.2    Peripheral T-cell lymphoma, not otherwise 
speci fi ed (PTCL, NOS). ( a ) HE ×40. An interfollicular 
in fi ltrate progressively replacing the follicles. ( b ) HE ×400. 
The abnormal in fi ltrate comprises atypical lymphocytes 

with abundant cytoplasm and irregular nuclei, histiocytes, 
eosinophils, and plasma cells. ( c ) CD3 ×400. The neoplas-
tic cells are positive for CD3       
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angioimmunoblastic T-cell lymphoma (AITL) are 
at least partially responsible for the poor progno-
sis of AITL (median survival less than 3 years). 
In up to 25% of cases of AITL, aggressive B-cell 
lymphomas can develop, further complicating 
the clinical course of this neoplasm  [  28  ] . 

 Histologically, the lymph node is diffusely 
replaced by a neoplastic in fi ltrate (Fig.  1.3a ). 
Germinal centers are usually absent or, if present, 
demonstrate regressive transformation. Presence 
of germinal centers does not preclude the possi-
bility of AITL, since some cases of early involve-
ment may show this feature. The subcapsular 
sinuses are usually spared or enlarged, even as 
the neoplastic in fi ltrate extends into the pericap-
sular  fi broadipose tissue. Numerous proliferating 
vessels corresponding to high endothelial venules 
may form an arborizing vascular network 

(Fig.  1.3b ). The in fi ltrate is polymorphous, a fea-
ture that while characteristic may cause diagnos-
tic dif fi culty since many of the cells are reactive 
in fl ammatory cells such as eosinophils, histio-
cytes, small lymphocytes, and plasma cells. The 
neoplastic cells are usually intermediate-sized 
cells, with abundant cytoplasm, often leading to a 
“clear cell” or “fried egg” appearance (Fig.  1.3b ). 
Atypia may be mild. The spacing of cells may 
impart a relatively depleted look at low 
magni fi cation. Rare large immunoblasts are usu-
ally present and Reed–Sternberg-like cells may 
be seen. While dif fi cult to observe on hematoxy-
lin and eosin stains, follicular dendritic cells pro-
liferate and form distorted networks, usually in 
paracortical and perivascular areas (Fig.  1.3g ).  

 The immunophenotype of AITL indicates that 
the cell of origin of this lesion is the CD4-positive 

  Fig. 1.3    Angioimmunoblastic T-cell lymphoma. ( a ) HE 
×100 sheets of intermediate-sized cells completely efface the 
lymph node architecture. Vascular proliferation noticeable 
in the background. ( b ) HE ×400. Same features as in ( a ), 

with a better illustration of the retraction artifact, a 
consequence of the abundant cytoplasm. ( c ) CD3 ×400. 
( d ) CD4 ×400. ( e ) CD7 ×100 ( f ) CD10 ×400. ( g ) CD21 
×100. ( h ) CXCL13 ×400. ( i ) EBER ×100       
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follicular T-helper cell  [  24–  26,   29  ] . The lym-
phoma cells are positive for CD2, CD3 (Fig.  1.3c ), 
CD4 (Fig.  1.3d ), CD5, CD7, CD45, and  b F1. 
Characteristically, they are also positive for T

Fh
 

markers such as CD10 (Fig.  1.3f ), CXCL13 
(Fig.  1.3h ), PD1, and ICOS  [  30  ] . The immuno-
blasts are positive for EBV in most cases 
(Fig.  1.3i ). The proliferating follicular dendritic 
cells are positive for CD21, CD23, and CD35, 
markers that also highlight the abnormal archi-
tecture of these proliferations. Occasionally, the 
lymphoma cells show abnormal loss of T-cell 
markers (Fig.  1.3f ). 

 The large B-cell component may progress to 
sheets of monoclonal cells, warranting a diagno-
sis of EBV+ DLBL that may obscure the under-
lying AITL  [  31  ] . In some cases, a treated AITL 
may relapse as EBV+ DLBL. 

 While the above features make AITL recog-
nizable in a lymph node, speci fi c morphologic 
features may be lacking when involving an extra-
nodal site such as skin or bone marrow. A high 
index of suspicion is required so that appropriate 
studies can be performed to con fi rm lymphoma-
tous involvement. 

 Molecular genetic testing for T- and B-cell 
receptor gene rearrangements shows a T-cell 
clone in >95% of cases. A B-cell clone (EBV-
driven) can be detected in half of the cases 
 [  32,   33  ] . Gene expression pro fi les performed in 
cases of AITL show similarity between T 

Fh
  and 

AITL cells  [  34  ] . Conventional cytogenetic analy-
sis usually does not lead to the identi fi cation of 
characteristic abnormalities. The most often 
encountered abnormalities are trisomies of chro-
mosomes 3, 5, and X  [  24  ] .  

   Anaplastic Large Cell Lymphoma, 
ALK-Positive 

 By de fi nition, the neoplasms in this category are 
positive for translocations involving the  ALK  
located at 2p23  [  1  ] . Most patients are young, in 
the  fi rst three decades of life (mean age 21.3 
years)  [  35,   36  ] , with a slight male predominance. 
Approximately two-thirds of patients present 
with advanced-stage disease and B-symptoms 

 [  36  ] . Forty-six percent of patients have extran-
odal involvement with bone, bone marrow, 
spleen, and subcutaneous tissue being the most 
common sites. The prognosis of ALK+ ALCL is 
favorable, as the 5 year survival approaches 80%. 
Interestingly, patients with different transloca-
tions involving  ALK  have similar survival  [  37  ] . 
The adult or older patients with ALCL seem to 
have a worse prognosis than pediatric patients. 

 Histologic sections can show one of several 
morphologic variants. In all the variants, the dis-
tribution of the neoplastic cells is predominantly 
intra-sinusoidal, with the neoplastic cells form-
ing sheets  [  36,   38  ] . Perivascular cuffs of malig-
nant cells can be seen in some cases (Fig.  1.4b ). 
In more advanced cases, the lymph node is com-
pletely effaced. The neoplastic cells in the com-
mon, classical variant (over 60% of cases) are 
large, with abundant cytoplasm and one or mul-
tiple nuclei (Fig.  1.4a ). The nuclei are abnormally 
lobated, often with conspicuous eosinophilic 
nucleoli. Cells with indented or comma-shaped 
nuclei and abundant cytoplasm (so-called “hall-
mark cells”) are characteristically seen. In addi-
tion to the common type, there are several other 
morphologic variants: lymphohistiocytic, small 
cell, Hodgkin-like, sarcomatoid, and giant cell 
rich. Some cases may demonstrate more than one 
variant and, upon relapse, transformation to 
another variant morphology may occur  [  35  ] .  

 The immunophenotype of this entity is char-
acterized by strong positivity for CD30 in most 
large cells, with a membrane and Golgi pattern, 
similar to that observed in Reed–Sternberg cells 
 [  1,   39  ]  (Fig.  1.4b ). Many of the T-lineage mark-
ers are lost, making lineage determination 
dif fi cult. The stain for CD3 is negative in many 
cases (Fig.  1.4d ), but expression of CD2, CD4, or 
CD5 can be preserved. EMA and CD43 can be 
detected in most cases  [  35,   40  ] . A  fi nding limited 
to ALCL is the concurrent expression of CD4 
and of cytotoxic markers such as granzyme B, 
TIA-1, and perforin  [  41,   42  ] . Similar to Reed–
Sternberg cells, the neoplastic cells in ALCL can 
be negative for CD45 (LCA). Clusterin reactivity 
in a dot-like Golgi pattern may be helpful in 
identifying cases of ALCL  [  43  ] . By de fi nition, 
ALK expression can be demonstrated (Fig.  1.4c ). 
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 The karyotype of ALCL, ALK+ is character-
ized by translocations involving ALK. The conse-
quence of these translocations is abnormal 
expression of ALK, a protein normally present 
on the membrane of embryonic and central ner-
vous system cells. Most cases of ALCL, ALK 
positive    harbor the t(2;5)(p23;q35) translocation 
( NPM1-ALK )  [  44,   45  ] . The second most common 
translocation is t(1;2)(q25;p23) ( TPM3-ALK ), the 
rest of the cases having one of the other abnor-
malities: Inv(2)(p23q35) ( ATIC-ALK ), t(2;3)
(p23;q12) ( TFG-ALK ), t(2;17)(p23;q23) ( CLTC-
ALK ), t(X;2)(q11-12;p23)( MSN-ALK ), t(2;19)
(p23;p13.1) ( TPM4-ALK ), t(2;22)(p23;q11.2) 
( MYH9-ALK ), t(2;17)(p23;q25) (ALO17-ALK) 
 [  44,   45  ] . Additional genetic abnormalities can be 
identi fi ed in ALCL, but their clinical signi fi cance 
is unclear. The intracellular distribution of ALK 
is determined by the partner of translocation. 
In the cases with  NPM-ALK  fusion (the majority 
of ALCL), the staining pattern is cytoplasmic and 
nuclear (NPM shuttles between the nucleus and 

the cytoplasm). Cytoplasmic staining with peri-
nuclear intensi fi cation characterizes cases with 
TPM3-ALK. Diffuse cytoplasmic staining can be 
seen in cases with translocations involving ATIC, 
TFG, TPM4, MYH9, ALO17. Exclusive mem-
brane positivity is seen in cases with MSN. 
Granular cytoplasmic stain is the consequence of 
CLTC-ALK translocation. 

 Most cases of ALCL, ALK+ have clonal rear-
rangements of the  TCR  gamma locus. 

 ALCL, ALK negative is a provisional cate-
gory in the current WHO classi fi cation  [  1  ] . Unlike 
the ALK-positive cases, ALCL, ALK-negative 
patients are older adults (median age 58 years), 
with a similar slight male preponderance  [  46  ] . 
The prognosis of patients with ALCL, ALK neg-
ative is signi fi cantly worse than that of patients 
with ALCL, ALK positive and may be superior 
to patients with PTCL NOS  [  36  ] . The sites of 
involvement are similar to those for ALK 
positive ALCL. The diagnosis of cases with pri-
mary exclusive skin involvement is dif fi cult, as 

  Fig. 1.4    Anaplastic large T-cell lymphoma, ALK positive. ( a ) HE ×400. Sheets of large cells, with one or multiple 
nuclei with conspicuous nucleoli. ( b ) CD30 ×200. ( c ) ALK1 ×200. Cytoplasmic and nuclear patterns. ( d ) CD3 ×200       
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the morphology of these lesions does not allow 
their differentiation from other CD30-positive 
primary cutaneous T-cell lymphoproliferative 
disorders. The histologic characteristics of 
ALCL, ALK negative are similar to those of 
ALCL, ALK positive, the common variant, with 
the exception of  negativity for ALK (Fig.  1.5a–
d ). In cases with a morphology deviating from 
that of classical ALCL, the diagnosis of PTCL, 
NOS is preferred. Obviously, no translocations 
involving ALK can be identi fi ed by conventional 
cytogenetics in ALCL, ALK negative.   

   Adult T-Cell Leukemia/Lymphoma 

 Adult T-cell leukemia/lymphoma (ATLL) is a 
lymphoproliferative disorder associated with 
HTLV-I infection  [  1  ] . This retrovirus is endemic 
in speci fi c geographic areas such as Southwestern 
Japan, the Caribbean basin, South American, and 

Africa. The oncogenic mechanism through which 
HTLV-1 induces neoplasia is not completely elu-
cidated, but studies suggest that the viral Tax and 
HBZ gene products are important in the patho-
genesis of ATLL  [  47–  49  ] . It is increasingly clear 
that genetic and epigenetic changes in host cells 
are important in transformation and development 
of this disease  [  50  ] . The prognosis of patients 
with ATLL depends on the form of ATLL (see 
below), serum calcium, and lactate dehydroge-
nase  [  51,   52  ] . The patients with chronic and 
smoldering forms have a protracted course, while 
acute forms result rapidly in death. Suppression 
of the immune system of ATLL patients can result 
in lethal infections. 

 The clinical presentation of ATLL is variable, 
as there are acute forms, lymphomatous, chronic, 
and smoldering cases of ATLL  [  53,   54  ] . Bone 
marrow, lymph node, and skin involvement are 
common. In the acute presentation, there are 
increased white blood cell counts (with malignant 

  Fig. 1.5    Anaplastic large T-cell lymphoma, ALK negative. ( a ) HE ×200. Large atypical cells with intra-sinusoidal 
pattern. ( b ) CD30 ×400. ( c ) HE ×400. ( d ) Clusterin ×400. Paranuclear dots       
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cells) and extensive bone marrow involvement.
Hypercalcemia can be secondary to bone destruc-
tion. Hepatosplenomegaly systemic symptoms 
and infections are frequent. In the smoldering 
presentation, the WBC is not signi fi cantly 
increased and malignant cells are less than 5% of 
the circulating cells. Bone marrow involvement 
is limited (and there is no hypercalcemia). In 
lymphomatous cases, there are widespread 
enlarged lymph nodes, variable blood involve-
ment, and elevated lactate dehydrogenase. 
Infections are a consequence of 
immunode fi ciencies. In the chronic form, the 
most common presentation is with a skin rash, 
which can slowly progress. The acute form can 
be present at diagnosis, but in a signi fi cant num-
ber of cases, they arise in patients with the chronic 
or smoldering forms of ATLL  [  54  ] . 

 The morphology of the neoplastic cells is vari-
able, from small to large. Most cells in leukemic 
cases are of intermediate size, with moderate 
cytoplasm and irregular nuclei (“ fl ower cells”) 
(Fig.  1.6 ). The patterns of tissue involvement are 
also variable, from diffuse sheets of intermediate 
cells, to patterns reminiscent of AITL or ALCL. 
Large, Hodgkin-like cells that are positive for 
EBV are further indication of the immunosup-
pressed status of the patient. In the skin, the 

neoplastic cells can form in fi ltrates similar to MF 
in tumor or plaque stages.  

 As the cell of origin is the CD4-positive 
T-helper cells, the immunophenotype of ATLL is 
positive for CD2, CD3, CD4, and CD5. CD7 is 
usually lost, but there is strong positivity for 
CD25  [  55  ] . Also expressed are CCR4 and FOXP3 
 [  56  ] . Large, anaplastic cells can be positive for 
CD30. However, this does not warrant a diagno-
sis of ALCL. 

 There are no speci fi c cytogenetic abnormalities 
in ATLL, but molecular tests can identify clonal 
rearrangements of the TCR genes. Integration of 
HTLV-I in the host genome differentiates patients 
with ATLL from healthy carriers  [  47,   48,   55  ] . 

 In addition to tests designed to characterize 
the tumor cells, immunologic and molecular tests 
designed to identify exposure and infection with 
HTLV-I should always be integrated in the 
workup of cases of ATLL.  

   Extranodal NK/T-Cell Lymphoma, 
Nasal Type (ENKTL) 

 This is a neoplasm of cytotoxic cells (NK cell 
most often) characterized by vascular damage, 
necrosis, and tissue destruction, usually associated 

  Fig. 1.6    Adult T-cell 
leukemia/lymphoma. 
Peripheral blood, ×1,000. 
Atypical lymphocyte 
(“ fl ower cell”)       
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with EBV  [  1  ] . This association suggests that EBV 
plays an important etiologic role in pathogenesis 
of this lymphoma. 

 The increased prevalence of this neoplasm in 
Asians and Native Americans also points to a 
component of genetic susceptibility of these pop-
ulations to this type of neoplasms  [  57  ] . Most 
patients are adult males and cases arising in post-
transplant patients have been described. There is 
involvement of the nasal cavity or other areas of 
the upper aerodigestive tract. Local extension 
and destruction of midline facial structures occur, 
explaining the prior descriptive term for this lym-
phoma—lethal midline granuloma. Involvement 
of extranasal sites may also occur as the primary 
site of disease such as skin, testis, soft tissue, and 
gastrointestinal tract. Advanced-stage disease 
may involve bone marrow, and hemophagocyto-
sis may be present. Historically ENKTL was 
thought to have a poor prognosis  [  58,   59  ] . 
However, due to advances in therapy, the outcome 
of ENKTL is now variable as a signi fi cant subset 
of patients responds to radiation and chemother-
apy  [  60,   61  ] . Extranasal presentation is thought to 
be a poor prognosis feature  [  62  ] . 

 Most times, the symptoms at presentation are 
the result of extensive tissue destruction by neo-
plastic in fi ltrate that involve the vasculature. This 
imparts an angiocentric and angiodestructive 
pattern. Fibrinoid necrosis may be seen even 
without neoplastic in fi ltrate. As a consequence, 
necrosis is a constant feature (Fig.  1.7a ). The 
cells can in fi ltrate and  fi ll the nasal cavities or can 
form tumor nodules at the involved locations. 
The malignant cells can be small, without con-
spicuous morphologic abnormalities, intermedi-
ate-sized, with irregular nuclear contour and  fi ne 
or blastoid chromatin, or large, with vesicular 
chromatin (Fig.  1.7b ). Most cases have interme-
diate-sized cells, and in all cases, a prominent 
in fl ammatory in fi ltrate can be associated with the 
neoplastic cells, probably a consequence of the 
necrosis. The cell size has been thought to have 
prognostic value with small cell cases being 
thought to have a better prognosis than large cell 
ones. Blood and bone marrow involvement can 
occur. On imprints or blood/bone marrow 
Wright–Giemsa smears, the cells have open chro-
matin and moderate amounts of cytoplasm with 
azurophilic granules.  

  Fig. 1.7    Extranodal NK/T-cell lymphoma, nasal type. 
( a ) HE ×20. Focal areas of necrosis. ( b ) HE ×400. 
Pleomorphic cells with diffuse pattern, with dense chro-
matin. ( c ) CD3 ×400. The stain for CD3 is positive, as the 

epitope is detected in the cytoplasm (the cells are negative 
for surface CD3). ( d ) CD56 ×400. The lymphoma cells 
are positive for CD56. ( e ) TIA-1 ×400. ( f ) EBER ×400       
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 The immunophenotype is that of cytotoxic 
cells, most often NK cells (positive for CD2, 
CD56, granzyme B, perforin, and TIA-1 and neg-
ative for surface CD3, CD4, CD5, and  b F1)  [  59  ]  
(Fig.  1.7c–e ). The great majority (if not all) of 
cases are positive for EBV (Fig.  1.7f ). Most 
tumor cells should be EBV+  [  58  ] . 

 Molecular studies in most cases show no evi-
dence of clonal rearrangement of the TCR recep-
tor genes. The presence of rare cases positive for 
TCR  d  clonal rearrangements has suggested that 
probably not all these neoplasms are of NK lin-
eage, justifying their naming as NK/T-cell tumors 
 [  63  ] . While not pathognomonic for this entity, 
abnormalities of chromosome 6 (del(6)(q21q26) 
and i(6)(p10)) are relatively common. Other cyto-
genetic abnormalities that can be seen involve the 
chromosomes 1, 2, 4, 5, 6, 7, 11, and 15  [  64,   65  ] . 

 Aggressive NK-cell leukemia is a neoplasm 
with leukemic presentation and accelerated, fatal 
clinical course  [  1  ] . The association with EBV, the 
similar immunophenotype of the malignant cells, 
as well as the higher incidence in Asians has led 
to the hypothesis that it may represent the leuke-
mic counterpart of the extranodal NK/T-cell lym-
phoma, nasal type. However, this idea is not yet 
fully accepted, as the patients with aggressive 
NK-cell leukemia tend to be younger than those 
with ENKTL, the skin is spared, and some genetic 
abnormalities seem to have preferential associa-
tion with only one of the two entities  [  1,   66,   67  ] . 
As these cases are relatively rare, the existing 
data are probably not suf fi cient for a de fi nitive 
conclusion.  

   EBV-Positive T-Cell 
Lymphoproliferative Disorders 
of Childhood (EBVTCLD) 

 EBVTCLD are composed of two main entities 
 [  1  ] : Hydroa vacciniforme-like lymphoma and 
systemic EBV-positive T-cell lymphoprolifera-
tive disease of childhood. This latter entity is rare 
and is characterized by the proliferation of EBV-
infected T-cells with a cytotoxic phenotype. 
It progresses rapidly usually leading to death. 
Many of its features overlap with those of 

aggressive NK-cell leukemia  [  68–  70  ] . This 
systemic disease arises in two types of circum-
stances  [  71  ] : shortly after an acute EBV  [  69,   70, 
  72  ]  infection and in chronic active EBV infection 
(CAEBV)  [  68  ] . In the former setting, the process 
has been described to be associated with fulmi-
nant hemophagocytic syndrome. The cases of 
CAEBV that previously have been associated 
with clonal T-cell populations now are under-
stood to be part of the spectrum of manifestation 
of the EBV-positive T-cell lymphoproliferative 
disorders of childhood. 

 The clinical presentation of EBVTCLD is 
acute, with fever and constitutional symptoms. 
The patients develop hepatosplenomegaly and 
pancytopenia. The EBV titers are high and EBV 
viral DNA is present in blood. The patients rap-
idly progresses with the development of coagul-
opathy, multisystem organ failure, sepsis, and 
hemophagocytic syndrome. 

 Morphologically, the pattern of involvement 
is not characteristic, as malignant cells with no 
de fi nitive cytologic abnormalities in fi ltrate 
organs without forming tumors. Most malignant 
cells are present in the sinuses of lymph nodes, 
bone marrow, spleen, liver. Immunophenotyping 
may be required to see the extent of the lym-
phomatous in fi ltrate. 

 The immunophenotype of the cells is positive 
for CD2, CD3, TIA-1, and EBV. Cases evolving 
from CAEBV are positive for CD4  [  71,   73  ] , 
while cases from fulminant mononucleosis are 
positive for CD8  [  72  ] . 

 There are no pathognomonic conventional 
cytogenetic abnormalities associated with 
EBVTCLD, but the tests for TCR genes can 
identify clonal rearrangements. 

 Hydroa vacciniforme-like lymphoma is a 
cutaneous T- or NK-cell neoplasm primarily 
identi fi ed in the skin of children from Asia, and 
South and Central America. It can be precipitated 
by events such as sun or mosquito bite sensitivity 
(also, it involves the sun-exposed skin)  [  74–  76  ] . 

 Morphologically, the lesions are papulovesic-
ular eruptions that progress to ulceration and 
scarring, becoming associated with lymphade-
nopathy and hepatosplenomegaly. The neoplastic 
cells involve all the skin layers and display 
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angiocentricity, leading to necrosis. They are 
usually small, without overt cytologic atypia. 

 The immunophenotype is that of cytotoxic 
T-cells (positive for CD2, CD3, CD5, CD8) or 
that of NK cells (positive for CD2, CD56) and in 
most cases are positive for EBV. 

 The molecular tests show positivity for TCR 
rearrangement of tumors composed of T-cells 
and negativity for the tumors of NK cells.  

   Enteropathy-Associated T-Cell 
Lymphoma (EATCL) 

 EATCL is a neoplasm thought to be derived from 
intra-epithelial T-cells. It is most prevalent in 
areas with high incidence of celiac disease 
(Northern Europe)  [  9  ] . Patients that have EATCL 
associated with celiac disease usually are positive 
for HLA DQ2 or DQ8, pointing to host genetic 
factors being involved in this lymphoma  [  77  ] . 
Patients present with abdominal pain. Many 
patients do not have a preexisting diagnosis of 
celiac disease. Patients with established celiac 
disease may develop EATCL. Such patients may 
have refractory celiac disease and present with 
loss of response to therapy and intestinal perfora-
tion. Most patients have a poor prognosis and 
death is often the result of intestinal complica-
tions (perforation, obstruction, malabsorption). 

 Morphologically, the lymphoma forms intesti-
nal masses with super fi cial mucosal ulceration. 
The pattern of the neoplastic in fi ltrate is usually 
diffuse. A key histologic feature is invasion of the 
surface and crypt epithelium. The presence of 

the neoplastic in fi ltrate is associated with villous 
atrophy and/or crypt hyperplasia (features of 
celiac disease) (Fig.  1.8a ). When the specimen is 
small, or the biopsy is obtained at the edge of the 
lesion, the tumor in fi ltrate may be sparse, and 
abnormalities of the mucosal architecture and the 
lymphoid in fi ltrate in the epithelium and lamina 
propria may suggest the correct diagnosis  [  78  ] . 
The morphology of the tumor cells is variable and 
is the basis for the classi fi cation of EATCL in two 
subcategories. In classical EATCL (type 1), the 
tumor cells are relatively polymorphous, medium-
sized, with irregular nuclei with vesicular 
chromatin and small nucleoli. There is signi fi cant 
inter-case variability in the morphology of the 
neoplastic cells, some cases may be quite pleo-
morphic, having the cytologic appearance sug-
gestive of ALCL. In type II EATCL, the neoplastic 
cells are relatively monomorphic, small to inter-
mediate sized, with clumped chromatin and pale 
cytoplasm. This latter type of EATCL is rarer 
(10–20% of cells) and often is not associated with 
a history (or evidence) of celiac disease.  

 The immunophenotype of the two types of 
EATCL is that of cytotoxic T-cells. They typi-
cally express CD3 (Fig.  1.8b ), CD7, CD103, and 
 b F1 but are negative for CD5, CD4, CD8, and 
CD56. Uncommonly, cases may be CD8+. Cases 
of type II EATCL differ in their phenotype and 
are more commonly CD8+/CD56+  [  78  ]  
(Fig.  1.8c ). In many cases, a subset of the tumor 
cells is positive for CD30. EBV is negative. 

 Molecular tests show that the TCR genes are 
clonally rearranged in both types of EATCL. The 
association with HLA DR2 or DR8 is stronger 

  Fig. 1.8    Enteropathy-associated T-cell lymphoma. ( a ) 
HE ×100. Atypical in fi ltrate in the lamina propria, invad-
ing the crypts. The overall architecture is abnormal, with 

effacement of the villi. ( b ) CD3 ×100. The cells in the 
lamina propria and in the surface mucosa are positive. 
( c ) CD8 ×400. The lymphoma cells are positive       
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for classical EATCL. Both types of EATCL are 
positive for segmental ampli fi cation of 9q31.3-
qter or for deletions in 16q12.1  [  8  ] . The classical 
form can also show gains of 1q and 5q, while 
ampli fi cations of MYC (8q24) can be seen in the 
type II (monomorphic) variant.  

   Hepatosplenic T-Cell Lymphoma 
(HSTCL) 

 This is a rare type of lymphoma, mostly diagnosed 
in young or middle-aged males with a median 
age of 38 years in a recent series  [  79  ] . Most cases 
are  g  d -T-cell lymphomas, although  a  b -T-cell 
types are reported in 20% of cases  [  80–  83  ] . The 
lymphoma involves the liver, spleen, and the 
bone marrow with an intra-sinusoidal pattern. 
A signi fi cant fraction of these lymphomas arise 
in the context of immunosuppression, often in the 
post-transplant setting or in the context of 
in fl ammatory bowel disease patients treated with 
immunomodulatory therapy (thiopurines and 
TNF- a  inhibitors)  [  83,   84  ] . Patients present with 
hepatosplenomegaly, altered liver functions, and 
often with marked thrombocytopenia. It is an 
aggressive lymphoma with median overall sur-
vival of less than 1 year  [  79,   85  ] . 

 The morphologic  fi ndings consist of an abun-
dant, intra-sinusoidal in fi ltrate in the liver, spleen, 
and bone marrow (Fig.  1.9a ). This in fi ltrate is 
composed of small to intermediate cells with 
moderate to abundant pale cytoplasm and nuclei 
without major atypical features.  

 The immunophenotype is that of  g  d  T-cells or, 
less commonly,  a  b  T-cells. They express CD3 

(Fig.  1.9b ), TCR d  (if  g  d  T-cell type), TIA1 
(Fig.  1.9c ), and granzyme M. These cells are neg-
ative for CD7 and for granzyme B or perforin. As 
on NK cells, the killer inhibitor receptors (KIRs) 
are expressed, but the cells can be negative for 
CD94  [  83  ] . 

 Molecular studies have shown that these 
tumors have clonal rearrangements of the TCR  g  
genes. Only the  a  b  cases have clones with rear-
ranged TCR  b  genes. Most cases of HSTCL 
harbor abnormalities of chromosome 7: isochro-
mosome 7q or ring chromosome 7. Other abnor-
malities may include trisomy 8 and loss of sex 
chromosomes  [  83  ] .  

   Subcutaneous Panniculitis-Like 
T-Cell Lymphoma 

 This is a rare type of lymphoma preferentially 
involving the subcutaneous  fi broadipose tissue. 
The cell of origin is thought to be the mature 
cytotoxic  a  b  T-cell  [  1,   86,   87  ] . 

 Subcutaneous panniculitis-like T-cell lym-
phoma (SPTCL) is slightly more common in 
females than in males, and in early stages, it 
may show features similar to those of lupus pro-
fundus panniculitis (some patients may have a 
history of systemic lupus erythematosus)  [  87  ] . 
The lesions are most often located on the trunk 
or on the extremities and can range from small 
to several centimeters in diameters. The in fi ltrate 
lacks epidermotropism, and ulceration is rela-
tively rare. Unlike  g  d  T-cell lymphomas, SPTCL 
has a good prognosis (5 year survival of 80%) 
 [  88  ] . In SPTCL cases with poor prognosis, 

  Fig. 1.9    Hepatosplenic T-cell lymphoma. ( a ) HE ×200. Intra-sinusoidal in fi ltrate. ( b ) CD3 ×200. ( c ) TIA-1 ×200       
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hemophagocytic syndrome has been described as 
a constant feature  [  87  ] . 

 Morphologically, the tumor in fi ltrate involves 
the subcutaneous fat lobules and spares the septa. 
The neoplastic cells are small, with nuclear 
atypia, and they completely surround or “rim” 
the adipocytes (Fig.  1.10a ). This latter feature is 
characteristic, albeit not speci fi c  [  89  ] . Fat necro-
sis and increased histiocytes are constant features 
of most tumors.  

 The immunophenotype is that of mature cyto-
toxic  a  b  T-cells, with random losses of normal 
surface markers. As such, the cells express T-cell 
markers such as CD2 and CD3, TCR b , and are 
usually CD8+/CD4− (Fig.  1.10b ). Cytotoxic 
molecules are expressed such as granzyme B 
(Fig.  1.10c ), TIA1, and perforin. CD56 is not 
expressed. Molecular  fi ndings con fi rm the clonal 
rearrangement of TCR  g  or  b .  

   Mycosis Fungoides (MFs) 

 MF is the most common type of cutaneous T-cell 
lymphoma, with approximately 1,000 new cases 
diagnosed in the United States each year  [  11  ] . 
The cell of origin is the mature CD4-positive 
T-cell with propensity for homing in the skin  [  1  ] . 
The median age at diagnosis is 55 years, with a 
male predominance. It is twice as common in 
African Americans than in Caucasians  [  90  ] . It 
has an indolent clinical course with slow progres-
sion, oftentimes spanning a decade or more  [  90  ] . 
Diagnosis may be delayed due to the indolent 
course and subtle manifestations. Patients pres-
ent with erythematous patches with  fi ne scale in 

non-sun exposed areas and can progress to 
thickened plaques, and  fi nally to tumors  [  91  ] . 
The prognosis of patients with MF is dependent 
on the extent of skin involvement and on the clin-
ical stage. Patients with limited skin involvement 
have an excellent prognosis, while the patients 
with tumors or increased large cells have a more 
aggressive course, requiring systemic chemo-
therapy  [  91  ] . Lymph node or leukemic dissemi-
nation may occur and portend a poor prognosis. 
Modern clinical staging systems such as the 
ISLC/EORTC proposal make use of clinical and 
pathologic features to stratify patients. The patho-
logic features now have speci fi c criteria for blood 
and lymph node involvement. The former requires 
morphologic,  fl ow cytometric, and molecular 
genetic assessment of the blood  [  92  ] . 

 Clinical variants have been recognized. 
Folliculotropic MF involves the head and neck 
and manifests as small folliculotropic papules, 
sometimes with alopecia  [  93,   94  ] . Pagetoid retic-
ulosis is a localized lesion, usually involving the 
extremities. It may become a solitary plaque that 
remains localized  [  95  ] . Granulomatous slack skin 
presents with pendulous folds of lax skin involv-
ing intertriginous areas  [  96,   97  ] . 

 The neoplastic in fi ltrate of MF can form 
patches, plaques, or tumors (in order of the pro-
gression). At early stages (patch), the malignant 
cells display remarkable epidermotropism  [  98  ]  
(Fig.  1.11 ). In the epidermis, most lymphoma 
cells are seen in the basal layer and are usually 
surrounded by areas of clearing or halos. 
Neoplastic cells may cluster within the epidermis 
to form Pautrier microabscesses (Fig.  1.11b ). 
In the super fi cial dermis, the in fi ltrate is mainly in 

  Fig. 1.10    Subcutaneous panniculitis-like T-cell lymphoma. ( a ) HE ×400. Rimming of the adipocytes. ( b ) CD8 ×200. 
( c ) Granzyme B ×200       
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a band-like pattern (lichenoid pattern) (Fig.  1.11a ). 
Initially, the MF cells are small or intermediate, 
with scant-to-moderate cytoplasm and dense, 
hyperchromatic nuclei with irregular cerebriform 
contours (Fig.  1.11 ). Eosinophils and histiocytes 
are often admixed within the in fi ltrate. The pro-
gression of MF to plaque or tumor stage is gener-
ally associated with reduction in epidermotropism. 
This may be completely lost in the tumor stage, 
and clinical history may be required to appropri-
ately designate the tumor as MF rather than a 
non-MF T- cell lymphoma.  

 Large, transformed cells may be present within 
the in fi ltrate. When large cells, with irregular 
nuclei, vesicular chromatin, and nucleoli, repre-
sent more than 25% of total cells, the diagnosis of 
MF with transformation to large cell lymphoma 
is recommended  [  99–  101  ] . Signi fi cant diagnostic 
dif fi culties are encountered in cases with mor-
phology of MF with large cell transformation at 
presentation, as the large cells can often be 

positive for CD30, leading to a morphology and 
immunophenotype that can overlap that of lym-
phomatoid papulosis (LyP), primary cutaneous 
ALCL, and systemic ALCL, ALK negative 
involving the skin  [  86  ] . However, these cases 
should not be considered ALCL. As the neoplasm 
progresses, it involves the lymph nodes  [  102  ] . 
Initially, the involved lymph nodes show der-
matopathic changes, considered a benign change 
 [  103  ] . Increasing numbers of atypical cells can 
be recognized either in small clusters or more 
easily in later stages as overt architectural distor-
tion of the lymph node by clearly neoplastic cells. 
Proof of involvement in the earliest stages may 
be found by molecular studies but clinical stag-
ing systems do not recommend routine lymph 
node biopsy (unless pathologically enlarged) 
or gene rearrangement studies  [  104,   105  ] . 
At advanced stages, the pattern of lymph node 
involvement may be indistinguishable from that 
seen in PTCL NOS. 

  Fig. 1.11    Mycosis fungoides. ( a ) HE ×40. In fi ltrate in 
the super fi cial dermis, with epidermotropism. ( b ) HE 
×400. Pautrier microabscess, in the super fi cial dermis. 
The cells in the microabscess are atypical lymphocytes. 

( c ) CD3 ×100. Most cells in the in fi ltrate are T-lymphocytes. 
( d ) CD7 ×100. The lymphoma cells show abnormal loss 
of CD7 expression          
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 The clinical variants mentioned have morpho-
logic patterns differing from the classical MF 
(described above). Folliculotropic MF, a variant 
with a worse prognosis that that of classical MF, 
is de fi ned by an abundant neoplastic in fi ltrate in 
the hair follicles, in the absence of signi fi cant 
involvement of the super fi cial epidermis  [  93,   94  ] . 
The follicles show mucinous degeneration. In 
Pagetoid reticulosis (Woringer–Kolopp), the dis-
ease is localized and the neoplastic cells in fi ltrate 
only the epidermis with sparing of the dermis 
 [  95  ]  (Fig  1.12a, b ). The rare granulomatous slack 
skin is characterized by extensive histiocytic and 
granulomatous proliferation  [  96,   97  ] .  

 The immunophenotype of the neoplastic cells 
is characterized by negativity for CD7 (Fig.  1.11e ) 
in approximately 50% of cases. This feature, 
however, is not speci fi c as this can occur in some 
reactive lesions. The MF cells are usually posi-
tive for CD2, CD3, CD4, CD5, and CLA (cutane-
ous lymphocyte antigen). Only rare cases are 
positive for CD8  [  106  ] . 

 Molecular studies performed on the skin 
lesions from MF can identify monoclonal T-cell 
receptor rearrangements. Again, while supportive 
of lymphoma, uncommon reactive lesions may 

show monoclonal gene rearrangements. In dif fi cult 
cases, it may be necessary to study multiple 
lesions from the same patient over time to demon-
strate a persistent malignant clone  [  107  ] . There 
are no characteristic chromosomal abnormalities 
for MF: in a signi fi cant number of cases there are 
losses of genetic material from 1p, 10q, 17q, 19, 
gains of 3p25, 8p22, 11q13, 19p13, or numeric 
abnormalities of 6, 13, 15, 17  [  108,   109  ] .  

   Sezary Syndrome (SS) 

 Sezary syndrome represents 5% or less of new 
cases of MF and can be considered the leukemic 
form of MF. It is clinically aggressive with 5 year 
survivals in the 10–20% range. The diagnosis of 
SS implies the triad of erythroderma, generalized 
lymphadenopathy, and abnormal lymphocytes 
with characteristic morphology (cerebriform 
lymphocytes-Sezary cells) in the skin, lymph 
nodes, and blood  [  1  ]  (Fig.  1.13 ). Furthermore, 
one or more of the following should be present: 
greater than 1,000 cells/ m L Sezary cells, a 
CD4:CD8 ratio >10 in blood by  fl ow cytometry, 
loss of pan-T-cell antigens, or demonstration of a 

  Fig. 1.12    Mycosis fungoides, pagetoid reticulosis. ( a ) 
HE ×200. Atypical in fi ltrate with marked epidermotro-
pism and relative sparing of the dermis. ( b ) HE ×1,000. 
The lymphoma cells are small, with marked nuclear irreg-
ularities. ( c ) CD3 ×100. The atypical lymphocytes are 

CD3+ T-cells. ( d ) CD4 ×100. The lymphoma cells are 
positive for CD4. ( e ) CD8 ×100. There are very few cyto-
toxic T-cells in the in fi ltrate. ( f ) CD30 ×100. Characteristic 
for this entity, some of the small cells in the in fi ltrate are 
positive for CD30       
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T-cell clone by molecular methods  [  92,   110,   111  ] . 
The morphology of the Sezary cells is best appre-
ciated on peripheral blood smears. The cells are 
usually intermediate sized, with dispersed chro-
matin and nuclear convolutions; however, small 
cell variants are described with a more condensed, 
mature chromatin pattern but retaining the nuclear 
irregularities.   

   Primary Cutaneous CD30-Positive 
T-Cell Lymphoproliferative Disorders 

 The two entities in this category have signi fi cantly 
overlapping morphologic, immunophenotypic, 
and molecular features, which make them dif fi cult 
to differentiate in the absence of an extensive, 
detailed clinical history  [  1,   36,   112  ] . Moreover, 
advanced stages of MF and cutaneous involve-
ment by systemic ALCL can lead to patterns 
similar to those in this category. 

 Primary cutaneous ALCL differs from the 
nodal ALCL by its initial presentation (exclu-
sively involving the skin) and negativity for 
ALK  [  36,   112  ] . This is a disease of older adults, 
with male predominance although pediatric 
cases are described. The cell of origin is not well 
characterized although it probably is a malignant 
counterpart of activated T-cells. The clinical 

course is variable, as spontaneous regression of 
the lesions can occur. The 5 year survival is over 
90%  [  113  ] . 

 Grossly, the skin lesions are usually single 
papules or ulcerated nodules, most >2 cm, but 
cases with multiple lesions have also been 
described. Histologically, the malignant in fi ltrate 
involves the super fi cial layers of the skin. The 
cells are large, with moderate cytoplasm and 
irregular nuclei, with  fi ne chromatin and conspic-
uous nucleoli. Variants with smaller cells have 
been described. In most cases, the neoplastic cells 
are associated with histiocytes and eosinophils. 
When associated with ulcerations, the malignant 
cells can be surrounded by numerous in fl ammatory 
cells that can obscure the overall architecture of 
the in fi ltrate. A neutrophil-rich variant has been 
described, and in this variant, the neoplastic cells 
are a small minority of the lesion  [  114  ] . 

 The immunophenotype of c-ALCL is charac-
terized by positivity for CD4, granzyme B, TIA-
1, perforin, and CD30. Clusterin is also expressed, 
with a Golgi dot-like pattern but is not speci fi c as 
it can be seen in LyP, transformed MF, and some 
reactive conditions  [  115  ] . T-cell markers such as 
CD2, CD5, or CD3 can be lost. The neoplastic 
cells are negative for EMA, ALK, or CD15. 

 Molecular studies show clonal rearrange-
ments of TCR genes. Rearrangements of 

  Fig. 1.13    Sezary syndrome. 
Peripheral blood, Wright–Giemsa 
×1,000. The cell has a characteristic 
“cerebriform” nucleus       
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BUSP22 occur in up to 57% of cases and may be 
diagnostically useful  [  116  ] . 

 LyP is a self-healing cutaneous lesion. It occurs 
mainly on the trunk and extremities of adults 
(median age of 45 years), with a male predomi-
nance  [  113  ] . The prognosis of these patients is 
excellent, as most lesions spontaneously regress. 
However, as there are no reliable prognostic indi-
cators, close clinical follow-up is recommended. 

 Grossly, the lesions are multiple, small (<2 cm) 
papules with waxing and waning course, usually 
at different stages of development  [  113  ] . In a 
small minority of the patients, the lesions are pre-
ceded by MF. There are three histologic patterns 
of LyP  [  86  ] : type A with small clusters of pleo-
morphic, CD30 positive cells on a background of 
benign reactive cells, type C with sheets of ana-
plastic CD30 positive cells and limited mixed 
in fl ammatory in fi ltrate, and type B, with an epi-
dermotropic in fi ltrate of small atypical cells, 
often negative for CD30. 

 The immunophenotype of the atypical cells in 
LyP is similar to those of the cells in c-ALCL, and 
molecular studies can identify clonal rearrange-
ments of TCR genes  [  117  ] . BUSP22 rearrange-
ments are generally absent from LyP lesions  [  116  ] .  

   Primary Cutaneous  g   d  T-Cell 
Lymphoma 

 This is a rare neoplasm of gamma-delta cytotoxic 
T-cells usually con fi ned to the skin (mainly of 
extremities) and mucosa, mainly diagnosed in 
adults  [  118,   119  ] . A subset of cases can be asso-
ciated with hemophagocytic syndrome  [  120  ] . 
The cell of origin is considered to be the activated 
cytotoxic  g  d  T-cells. This is an aggressive type of 
lymphoma, with a relatively short median sur-
vival (15 months)  [  120  ] . 

 Gross examination can show several types of 
lesions: subcutaneous tumors, patches or plaques, 
ulcerations  [  120  ] . Histologic examination can 
divide the lesions in epidermotropic, dermal, and 
subcutaneous tumors. Overall, the pattern of 
involvement is similar to that seen in SPTCL, 
with the difference that usually there is signi fi cant 
involvement of dermis in primary cutaneous  g  d  
T-cell lymphoma (PCGDTCL). Epidermis is 

often also involved and ulceration can be present. 
The malignant cells are intermediate to large, 
with dense chromatin. In the subcutaneous 
 fi broadipose tissue, these cells can display adipo-
cyte rimming. Necrosis and apoptosis are often 
prominent features of these tumors. 

 The immunophenotype of PCGDTCL is 
CD2+, CD3+, CD56+, TCR d +. The cells are 
negative for CD4, CD5, CD8,  b F1  [  120  ] . 

 Molecular studies have shown most of the 
cases to have clonal TCR  g  rearrangements  [  121  ] . 
There is very little information on the cytogenet-
ics of these lesions.  

   Primary Cutaneous CD8-Positive 
Aggressive Epidermotropic Cytotoxic 
T-Cell Lymphoma 

 A provisional entity in the WHO 2008 
classi fi cation of tumors of hematopoietic and 
lymphoid tissue, primary cutaneous CD8-positive 
aggressive epidermotropic cytotoxic T-cell lym-
phoma, is a rare entity occurring mainly in adults 
 [  1,   86  ] . The cell of origin is the cytotoxic  a  b  
T-cell with skin homing abilities. In contrast with 
CD4-positive primary cutaneous T-cell lym-
phoma, as its name suggests, this neoplasm has 
an aggressive clinical course  [  122  ] . 

 Clinical examination shows the patients to 
have disseminated papules, nodules or tumors, 
with central necrosis, ulceration and hyperkera-
totic plaques. In advanced stages, the tumor 
shows extensive visceral dissemination  [  86,   122  ] . 
Microscopic examination shows a malignant pro-
cess with lichenoid pattern and marked epider-
motropism. Overall, the pattern can be reminiscent 
of that of pagetoid reticulosis, with the difference 
that the lesions are widespread. The epidermis 
can show reactive changes, such as acanthosis, 
atrophy, necrosis, spongiosis. As the tumor 
invades deeper structures, it can display angio-
centricity and angioinvasion, sometimes result-
ing in necrosis. The tumor cells are of variable 
size, most often small, with irregular nuclei, often 
with dense chromatin, sometimes with blastic 
chromatin  [  86,   122  ] . 

 The immunophenotype of the lymphoma 
cells is positive for CD3, CD8,  b F1, granzyme B, 
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perforin, TIA-1. These cells are negative for 
CD4, CD5, and CD7. In most cases, they are also 
negative for CD2  [  123  ] . 

 While there are no conventional cytogenetic 
abnormalities identi fi ed to date, molecular stud-
ies almost always show clonal rearrangements of 
the TCR genes.  

   Primary Cutaneous CD4-Positive 
Small/Medium T-Cell Lymphoma 

 This is another provisional entity in the WHO 
2008 classi fi cation  [  1  ] . It is a rare tumor de fi ned 
as a (most often solitary) tumor mass with the 
appearance of the tumor stage of MF, in a patient 
without a history of MF, or without patches or 
plaques  [  124  ] . The tumor cells are thought to be 
malignant counterparts of skin-homing CD4-
positive T-cells. This is considered an indolent 
lymphoma with prognosis of the patients with 
this type of lymphoma is relatively similar to that 
of patients with MF. 

 Gross examination shows usually a single skin 
nodule. Histologic examination shows a dense 
in fi ltrate mainly in the dermis, but also expand-
ing in the subcutaneous tissue and displaying 
moderate epidermotropism (signi fi cantly less 
than MF). The lymphoma cells are small/inter-
mediate T-cells, with abnormal nuclei, similar to 
those seen in MF. 

 The immunophenotype of the malignant cells 
is positive for CD3, CD4 and is negative for CD8 
or CD30. 

 There are no data on the cytogenetics of this 
lesion. Molecular studies for clonal TCR rear-
rangements are positive.  

   T-Cell Prolymphocytic Leukemia 

 T-cell prolymphocytic leukemia (T-PLL) is an 
aggressive T-cell neoplasm involving the periph-
eral blood, lymph nodes, bone marrow, liver, 
spleen, and skin  [  1  ] . The cell of origin is a post-
thymic (non-lymphoblastic) T-cell. This neo-
plasm is most often detected in adult males and 
has an aggressive course, with a median survival 
of less than 1 year  [  125–  127  ] . An early indolent 
phase has been described, but most patients then 
enter an aggressive terminal phase  [  128  ] . 

 The clinical presentation of T-PLL patients 
is generalized lymphadenopathy, rapidly increas-
ing lymphocyte counts, hepatosplenomegaly. 
Cytopenias can be a consequence of bone 
marrow involvement. In a signi fi cant number 
of cases, the skin is extensively involved  [  129  ]  
(Fig.  1.14b, c ).  

 Histologic examination of the involved tissues 
does not show a pathognomonic pattern, although 
sometimes it involves paracortical zones and 
spares normal structures such as lymphoid folli-
cles in lymph nodes. Usually, the neoplastic 
in fi ltrate is composed of small cells, with dense 
chromatin (Fig.  1.14 ). Since the morphologic 
features are not entirely speci fi c, clinical history 
is important at arriving at the correct diagnosis. 
On bone marrow or peripheral blood smears, the 

  Fig. 1.14    T-cell prolymphocytic leukemia. ( a ) Peripheral 
blood, Wright–Giemsa ×1,000. Lymphocytosis with small 
lymphocytes. The nuclei are irregular, with knobs and 
notches, smudged chromatin, and small nucleoli. 

Cytoplasmic blebs are visible on the surface. ( b ) Skin, HE 
×40. Dense small lymphocytic in fi ltrate, with limited epi-
dermotropism. ( c ) TCL1 ×40. The lymphoma cells are 
positive       
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lymphoma cells are small to intermediate, with 
light basophilic cytoplasm without granules. The 
cell surface can show membrane blebbing. The 
nuclei are irregular, with notches or knobs, rela-
tively dense chromatin, and usually central nucle-
oli  [  130  ]  (Fig.  1.14a ). 

 The immunophenotype of T-PLL cells is 
CD2+, CD3+, CD7+. Most cases (60%) are posi-
tive for CD4, 25% of cases are positive for both 
CD4 and CD8, while rare cases (15%) are posi-
tive for CD8  [  130  ] . Another immunophenotypic 
feature characteristic of T-PLL (in addition to 
positivity for both CD4 and CD8) is positivity for 
TCL1, a protein normally expressed in B-cells 
 [  131  ]  (Fig.  1.14c ). 

 Molecular studies identify clonal rearrange-
ments of  TCR   g  or  b  genes. Genetic abnormalities 
include inv(14)(q11q32) or t(14;14)(q11;q32) 
 [  125,   132  ] . The results of these abnormalities is 
the transposition of  TCL1A  and  TCL1B  in the 
 TCR   a  gene locus (and hence their overexpres-
sion). A variant translocation is t(X;14)(q28;q11), 
resulting in the translocation of  MTCL1 . Other 
abnormalities described in T-PLL are idic(8p11), 
t(8;8)(p11-12;q12) and trisomy 8q. The observa-
tion that T-PLL is more frequent in patients with 
ataxia-telangiectasia has let to the identi fi cation 
of missense mutations of ATM (at 11q23). 
A minority of cases has mutations on chromo-
somes 6 or 17  [  133  ] .  

   T-Cell Large Granular Lymphocytic 
Leukemia 

 T-cell large granular lymphocytic leukemia 
(T-LGLL) is de fi ned as an increase in circulating 
large granular lymphocytes lasting usually over 6 
months and in most cases reaching levels of 
2–20 × 10 9 /L  [  1  ] . Most patients are adults, with no 
sex predilection. The disease is most often indo-
lent with a prolonged course, characterized by 
cytopenias, splenomegaly. Many patients also 
have rheumatoid arthritis, circulating immune 
complexes, or other abnormalities of the immune 
system. Recent studies have shown a propensity 
for coexistence of B-cell dyscrasias including 

monoclonal gammopathy of undetermined 
signi fi cance, monoclonal B-cell lymphocytosis, 
and overt B-cell lymphoma/leukemia  [  134,   135  ] . 
Clones of cytotoxic T-cells have also been 
described in post-transplant patients. The cells of 
origin are cytotoxic T-cells, either CD8 positive 
or  g  d . With the exception of rare cases with an 
aggressive course, T-LGLL is an indolent disease, 
with a protracted clinical course  [  136–  139  ] . 

 In the peripheral blood, the abnormal T-LGLs 
have features relatively similar to those of normal 
T-LGLs, but the granules can be more coarse or 
less numerous. The bone marrow can be normo-
cellular (in most cases) or hypocellular. The 
T-LGLs can form aggregates, but most often are 
diffusely distributed, mainly with an intra-sinu-
soidal pattern. Benign lymphoid aggregates can 
also be present and could signal abnormal 
immune processes  [  140  ] . 

 The cytotoxic cells are positive for CD2, CD3, 
CD5, CD7, CD8, CD16, CD57. Rarely CD5 or 
CD7 can be lost. Cytotoxic molecules such as 
granzyme B, perforin, TIA-1 are a constant fea-
ture. Very few cases are positive for CD4 (but not 
for co-expression of CD4 and CD8). TCR-Vbeta 
analysis shows restricted Vbeta family usage, 
and KIR analysis shows restricted KIR patterns 
 [  141  ] . Electron-microscopy shows the granules 
to be tubular array  fi lled with proteins, probably 
cytotoxic. 

 Conventional cytogenetic analysis of T-LGLL 
is usually noncontributory, but when abnormali-
ties are identi fi ed they are nonspeci fi c. Molecular 
studies show  TCR   g  chain rearrangements  [  137  ] . 
Recently, somatic mutations in STAT3 have been 
found in 30- 40 % of T-LGLL cases [ 142  ] .      
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         Introduction 

 NHL incidence rates rose steadily in the second 
half of the twentieth century. This observation 
motivated the conduct of numerous large-scale 
population-based epidemiologic studies of NHL 
in the last decade whose goals were to understand 
the rising rates and to uncover the etiology of 
NHL and its heterogeneous subtypes. In these 
studies, however, T-cell lymphomas and its sub-
types are underrepresented due to the low inci-
dence of disease and the relatively small 
proportion of NHL cases that are considered 
T-cell lymphomas. Like B-cell lymphomas, T-cell 
lymphomas comprise multiple subtypes with dif-
ferent incidence rates and patterns that likely 
re fl ect their distinct etiologies (e.g., mycosis fun-
goides and adult T-cell leukemia/lymphoma 
(ATL)). In recent years, the incidence rates of 
many B-cell lymphomas have begun to decline in 
the United States (US). In contrast, incidence 
rates for T-cell lymphomas have continued to 
rise. With consortial efforts and multidisciplinary 

approaches to epidemiologic research, the major 
hurdles for uncovering T-cell lymphoma risk 
factors may  fi nally be surmountable.  

   Patterns of Occurrence 

 T/NK-cell lymphoid neoplasms account for 
approximately 6% of all lymphoid neoplasms. 
B-cell lymphoid neoplasms account for 80% of 
all lymphoid neoplasms and Hodgkin lympho-
mas account for 7%. During the 10-year period 
from 1997 to 2006 as recorded in the US 
Surveillance, Epidemiology and End Results 
(SEER) cancer registries, incidence rates for 
B-cell lymphoid neoplasms (27.96 per 100,000 
persons) was greatly elevated above T/NK-cell 
lymphoid neoplasms (2.09) and Hodgkin lym-
phoma (2.71) (Table  2.1 ). Within T/NK-cell lym-
phoid neoplasms, incidence rates were highest 
for peripheral T-cell lymphoma (PTCL) (0.78) 
followed by mycosis fungoides/Sezary syndrome 
(0.54) and T/NK-cell lymphoid neoplasms, not 
otherwise speci fi ed (NOS) (0.49). Incidence of 
ATL was rare in the US (0.04). The most com-
mon PTCL subtype was PTCL-NOS (0.41) fol-
lowed by anaplastic large cell lymphoma (ALCL) 
(0.28), cutaneous T-cell lymphoma (0.25), and 
angioimmunoblastic lymphoma (0.10). The 
remaining PTCL subtypes (subcutaneous pannic-
ulitis-like T-cell lymphoma, hepatosplenic T-cell 
lymphoma, enteropathy type T-cell lymphoma) 
were rare and had incidence rates of 0.01 per 
100,000 persons.  
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 In general, lymphoid neoplasm incidence 
increases monotonically with age and is higher in 
males than females. This pattern is similarly 
re fl ected in total T/NK cell lymphoid neoplasms 
(Fig.  2.1 ). However, differences emerge between 
individual subtypes. For example, T-cell lympho-
blastic leukemia has a bimodal distribution where 
children (<15 years) and older adults ( ³ 65 years) 
have higher incidence. Mycosis fungoides/Sezary 
syndrome incidence begins in teenagers and T/NK 
cell-NOS incidence is limited to adults 45 years 

and above. PTCL incidence rates are higher 
among Black males and females and angioimmu-
noblastic lymphoma incidence rates are highest 
in Black males.  

 Further differences in risk patterns emerge by 
demographic groups. Like B-cell lymphoid neo-
plasms, incidence of T/NK-cell lymphoid neo-
plasms in all categories of race are higher in men 
than women (Tables  2.2  and  2.3 ). However, 
unlike B-cell lymphoid neoplasms which pre-
dominantly develop in white populations, T-cell 

   Table 2.1    Incidence of hematopoietic neoplasms by subtype and ICD-O-3 codes, 13 SEER registries, 1997–2006   

 Hematopoietic neoplasm subtype  ICD-O-3 codes a     , b   No.  Rate c  

 Lymphoid neoplasms, total  –  127,234  34.55 
 B-cell lymphoid neoplasms, total  9590–9591(B), 9596(B), 9670–9671, 9673, 

9675(B), 9678–9680, 9684, 9687, 9689–9691, 
9695, 9698–9699, 9727(B), 9728, 9731–9734, 
9761, 9764, 9820(B), 9823, 9826, 9832(B), 
9833, 9835(B), 9836, 9940, 9970(B) 

 102,100  27.96 

 T/NK-cell lymphoid neoplasms, total  9590–9591(T/NK), 9596(T/NK), 9675(T/NK), 
9700–9702, 9705, 9708–9709, 9714, 9716–9719, 
9727(T/NK), 9729, 9820(T/NK), 9827, 9831, 
9832(T/NK), 9834, 9835(T/NK), 9837, 9948, 
9970(T/NK) 

 7,868  2.09 

 Mycosis fungoides/Sézary syndrome  9700–9701  2,037  0.54 
 Peripheral T-cell lymphoma  9675(T/NK), 9702, 9705, 9708, 9714, 9716, 

9827 
 2,921  0.78 

 Angioimmunoblastic lymphoma  9705  368  0.10 
 Anaplastic large cell lymphoma  9714  1,051  0.28 
 Peripheral T-cell lymphoma, NOS  9675(T/NK), 9702, 9708, 9716, 9827  1,502  0.41 

 Adult T-cell leukemia/lymphoma  9827  146  0.04 
 T/NK-cell lymphoid neoplasms, NOS  9590–9591(T/NK), 9596(T/NK), 9709, 

9717–9719, 9820(T/NK), 9831, 9948, 9970
(T/NK) 

 1,812  0.49 

 Lymphoblastic leukemia/lymphoma d   9727–9729, 9835–9837  6,591  1.67 
 B-cell lymphoblastic leukemia/
lymphoma 

 9727(B), 9728, 9835(B), 9836  4,012  1.02 

 T-cell lymphoblastic leukemia/
lymphoma 

 9727(T/NK), 9729, 9835(T/NK), 9837  1,001  0.25 

 Unknown type lymphoblastic 
leukemia/lymphoma 

 9727, 9835(unknown)  1,578  0.40 

 Prolymphocytic leukemia  9832–9834  281  0.08 
 Hodgkin lymphoma  9650–9655, 9659, 9661–9665, 9667  10,644  2.71 
 Unknown type lymphoid neoplasms  9590–9591(unknown), 9596(unknown), 

9675(unknown), 9820(unknown), 
9970(unknown) 

 4,971  1.36 

   ICD-O  International classi fi cation of diseases for oncology;  NK  natural killer cell; NOS not otherwise speci fi ed;  SEER  
Surveillance, Epidemiology, and End Results 
  b Codes followed by parentheses indicate that immunophenotyping data (B-cell, T/NK-cell, or unknown) were used to 
assign cases to that lymphoid neoplasm subtype 
  c All incidence rates are age-adjusted to the 2000 US population and expressed per 100,000 person-years 
  d Also known as acute lymphoblastic leukemia (ALL)  
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lymphoid neoplasms appear to occur similarly in 
black and white populations. For the 1997–2006 
time period within the US SEER cancer registry, 
incidence rates of T-cell lymphoid neoplasms 
among black men were 3.06 per 100,000, fol-
lowed by white men (2.65), and Asian men (2.31) 
(Table  2.2 ). Among women, incidence rates were 
highest among black women (2.28) followed by 
white (1.49), and Asian women (1.29). This pat-
tern is generally consistent across the T/NK-cell 

lymphoid neoplasm subtypes except the PTCL 
subtype angioimmunoblastic lymphoma where 
rates are higher among Asian males (0.17) than 
black (0.15) or white (0.11) males (Tables  2.2  
and  2.3 ).   

 Incidence rates of all lymphoid neoplasms 
appear to have plateaued in the US (Fig.  2.2 ). 
However, while the incidence of B-cell lymphoid 
neoplasms has slowed particularly among white 
men, rates for T/NK-cell lymphoid neoplasms 

  Fig. 2.1    Incidence of lymphoid neoplasms by subtype, race, sex, and age, 13 SEER registries, 1997–2006.  *    All inci-
dence rates are age-adjusted to the 2000 United States population within age groups       
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continue to rise for men and women of all race 
groups. Speci fi cally, from 1997 to 2006, inci-
dence rates of T/NK-cell lymphoid neoplasms in 
the US have risen with an annual percent change 
of 1.17 (Table  2.4 ). The annual increase in inci-
dence was highest for Black males (2.2) and 
Asian females (2.3). Only among Asian males 
did rates appear to decline during this time period 
(−0.45). By subtype, rates declined for mycosis 
fungoides/Sezary syndrome within all race 
groups (Fig. 2.2 and Table  2.4 ). Incidence rates 
for PTCL increased (3.78) and strikingly so for 
the PTCL subtype, angioimmunoblastic lym-
phoma (14). Incidence also increased strikingly 
for PTCL-NOS (5.5) but declined for ALCL 
(−2.0) (Table  2.4  and Fig.  2.2 ). That anaplastic 
large cell lymphoma declined during the same 
period that angioimmunoblastic lymphomas 

increased raises some question regarding potential 
coding changes within the cancer registry for 
these two subtypes.   

 Incidence rates for lymphoid neoplasms also 
vary by geography and there are some particular 
differences by subtypes. For example, the human 
T-cell lymphotropic virus I (HTLV-1) is endemic 
to Japan and the Caribbean, resulting in elevated 
rates of ATLs in these regions. In general, the 
occurrence of lymphoid neoplasms is higher in 
developed countries. In these countries which 
are largely of Caucasian descent such as the US, 
T/NK-cell lymphoid neoplasms comprise less 
than 10% of all lymphoid neoplasms. There is 
some evidence, however, that the proportion of 
T-cell lymphoid neoplasms in Asian countries 
is higher (15–25%, excluding ATL)  [  1–  3  ]  and 
that rates of nasal type NK/T-cell lymphoma in 

   Table 2.3    Incidence rate a  ratios for lymphoid neoplasms by subtype, race, and sex, 13 SEER registries, 1997–2006   

 Lymphoid neoplasm subtype 
 Male:Female IRR  White:Black IRR  White:Asian IRR 
 White  Black  Asian  Males  Females  Males  Females 

 Lymphoid neoplasms, total  1.5  1.5  1.4  1.1  1.0  1.8  1.7 
 B-cell lymphoid neoplasms, total  1.5  1.5  1.4  1.1  1.1  1.8  1.6 
 T/NK-cell lymphoid neoplasms, total  1.8  1.3  1.8  0.9  0.7  1.1  1.2 

 Mycosis fungoides/Sézary syndrome  1.7  0.9  1.6  0.8  0.5  1.4  1.4 
 Peripheral T-cell lymphoma  1.7  1.6  1.7  0.7  0.7  1.0  1.0 

 Angioimmunoblastic lymphoma  1.3  1.9  2.6  0.7  1.1  0.6  1.3 
 Anaplastic large cell lymphoma  1.8  1.8  1.9  0.8  0.8  1.4  1.4 
 Peripheral T-cell lymphoma, NOS  1.7  1.4  1.5  0.7  0.6  0.9  0.8 

 Adult T-cell leukemia/lymphoma  1.2  0.8  1.5  0.3  0.2  0.4  0.5 
 T/NK-cell lymphoid neoplasms, NOS  1.8  1.6  2.0  1.1  1.0  1.2  1.3 

 Lymphoblastic leukemia/lymphoma  1.3  1.1  1.3  2.0  1.7  1.3  1.2 
 B-cell lymphoblastic leukemia/lymphoma  1.2  1.2  1.1  2.4  2.3  1.3  1.1 
 T-cell lymphoblastic leukemia/lymphoma  2.2  1.3  2.0  1.2  0.7  1.1  1.0 
 Unknown type lymphoblastic leukemia/lymphoma  1.2  0.8  1.5  2.4  1.6  1.4  1.8 

 Prolymphocytic leukemia  2.3  2.3  1.5  0.9  0.9  3.6  2.3 
 Hodgkin lymphoma  1.2  1.3  1.3  1.1  1.2  2.4  2.5 
 Unknown type lymphoid neoplasms  1.5  1.6  1.4  0.9  1.0  2.0  1.9 

   CLL/SLL  Chronic lymphocytic leukemia/small lymphocytic lymphoma;  DLBCL  diffuse large B-cell lymphoma;  IRR  
Incidence rate ratio;  NK  natural killer cell;  NOS  not otherwise speci fi ed;  SEER  surveillance, epidemiology, and end 
results 
 ~    = Calculation of the IRR was precluded by zero cases diagnosed among Asian males 
 Bolded IRRs were not statistically signi fi cant at  P  < 0.05 (95% CI included 1.0) 
 95% CIs available from the author 
  a All incidence rates are age-adjusted to the 2000 US population 
 Surveillance, epidemiology, and end results (SEER) Program (  www.seer.cancer.gov    ) SEER*Stat Database: Incidence—
SEER 13 Regs Limited-Use, Nov 2008 Sub (1992–2006) <Katrina/Rita Population Adjustment>—Linked To County 
Attributes—Total US, 1969–2006 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, Cancer 
Statistics Branch, released April 2009, based on the November 2008 submission  

http://www.seer.cancer.gov
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  Fig. 2.2    Trends in incidence of lymphoid neoplasms by 
subtype, race, and sex, 13 SEER registries, 1992–1995 to 
2004–2006.  * All incidence rates are age-adjusted to the 
2000 United States population and presented for four 

 fi xed time periods (1992–1995, 1996–1999, 2000–2003, 
2004–2006). ^Presentation of trends for certain popula-
tions was precluded by at least one annual rate of zero       

particular are higher in Asians than Caucasians 
 [  4  ] . Within the US, Asians also have varying 
rates; among US Asians in four SEER registries 
(1996–2004), incidence rates are highest among 

Filipino (1.1), Asian Indian/Pakistani (0.8), and 
Japanese (0.8) populations; rates are lower than 
Whites in Korean (0.6), Vietnamese (0.6), and 
Chinese (0.4) populations  [  5  ] .  
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   Risk Factors for T-Cell Lymphomas 

 Few risk factors for T-cell lymphomas are known. 
Although numerous studies of NHL were con-
ducted worldwide in the last decade, the low inci-
dence of T-cell lymphomas and the low proportion 
of NHLs that T-cell lymphomas comprise pro-
vided individual studies with few cases and virtu-
ally no statistical power to evaluate modest risk 
factors for T-cell lymphomas or its subtypes. The 
formation of consortia in the last decade for epi-
demiologic studies where case-control and/or 
cohort studies conduct pooled analyses to increase 
sample sizes to evaluate modest risk factors for 
tumors and their major subtypes has contributed 
to the understanding of NHL etiology. Speci fi cally, 
the International Epidemiology Lymphoma 
Consortium (InterLymph) has allowed evaluation 
of over 10,000 NHL cases and a comparable 
number of controls. The numbers of T-cell lym-
phomas within the InterLymph Consortium now 
approaches a thousand. To date, a number of risk 
factors have been linked to NHL and some of the 

major NHL subtypes, including: family history of 
hematopoietic malignancies, medical conditions 
and viral infections, occupational and environ-
mental exposures, behavioral factors such as 
dietary intake, and personal exposures such as 
use of hair dyes. These risk factors and others are 
summarized with regard to their potential rele-
vance for T-cell lymphomas (Table  2.5 ).  

   Family and Personal History 

 A number of studies including registry databases 
from Sweden and Denmark  [  6,   7  ]  have linked 
increased NHL risk among those with a  fi rst-
degree relative with NHL. No individual study 
has had suf fi cient power to evaluate T-cell lym-
phoma risk with family history. A recent pooled 
analysis from the InterLymph Consortium of 
10,211 NHL cases and 11,905 controls included 
447 T-cell lymphoma cases. In addition to 
con fi rming a 50% increase in risk for NHL with 
family history of NHL, the pooled analysis 

   Table 2.4    Annual percent changes in lymphoid neoplasm incidence rates *     by subtype, race, and sex, 13 SEER registries, 
1997–2006   

 Males  Females 
 Total †   White  Black  Asian  White  Black  Asian 

 Lymphoid neoplasms, total  −0.0427  −0.0962  0.0928  −0.7623  0.2345  0.3877  −0.0268 
 B-cell lymphoid neoplasms, total  0.4161  0.3813  0.3388  −0.4618  0.8241 *   0.5558  −0.2574 
 T/NK-cell lymphoid neoplasms, total  1.1691  0.8756  2.2072  −0.4532  1.3093  0.8126  2.3118 

 Mycosis fungoides/Sézary syndrome  −1.9107 *   −2.0273  −2.6149  −3.0275  −1.5175  −3.0766  −3.0828 
 Peripheral T-cell lymphoma  3.7821 *   3.1657 *   4.8475  3.7147  4.5589 *   2.4256  −0.0645 

 Peripheral T—angioimmunoblastic  14.1737 *   13.2487 *   ~  ~  16.0677 *   14.9347  ~ 
 Peripheral T—anaplastic large cell  −2.0075  −2.3261  −3.6173  3.5916  −1.7437  −1.1701  ~ 
 Peripheral T—NOS *   5.5460 *   5.4049 *   9.7284  2.0159  6.0618 *   3.575  0.0936 

 T/NK-cell lymphoid neoplasms, NOS  −0.2212  −0.1506  2.0884  −2.0632  −1.8366  4.9163  5.956 
 Lymphoblastic leukemia/lymphoma  1.034  1.6265  −0.4829  −0.2968  0.1719  3.6541  3.6677 
 Prolymphocytic leukemia  −1.9903  −2.6652  7.7941  ~  −0.0031  ~  ~ 
 Hodgkin lymphoma  0.3216  −0.0205  1.899  2.9156  0.0263  2.2964  5.9063 *  
 Unknown type lymphoid neoplasms  −8.4295 *   −8.5848 *   −9.4694 *   −9.6691 * s  −8.0173 *   −6.2642  −6.6906 *  

   CLL/SLL  chronic lymphocytic leukemia/small lymphocytic lymphoma;  DLBCL  diffuse large B-cell lymphoma;  NK  
natural killer cell;  NOS  not otherwise speci fi ed;  SEER  Surveillance, Epidemiology, and End Results 
 ~ = Calculation of the annual percent change was precluded by at least one annual rate of zero 
 Surveillance, epidemiology, and end results (SEER) Program (  www.seer.cancer.gov    ) SEER*Stat Database: Incidence—
SEER 13 Regs Limited-Use, Nov 2008 Sub (1992–2006) <Katrina/Rita Population Adjustment>—Linked To County 
Attributes—Total US, 1969–2006 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, Cancer 
Statistics Branch, released April 2009, based on the November 2008 submission  

http://www.seer.cancer.gov
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reported increased T-cell lymphoma risks among 
those reporting a  fi rst-degree male relative with 
multiple myeloma (OR = 5.8, 95% CI = 1.5–21.4). 
T-cell lymphoma risk was also elevated among 
individuals 50 years or younger and who reported 
a family history of leukemia (OR = 2.3, 95% 
CI = 1.0–5.6), compared with individuals who 
were older than 50 years  [  8  ] . There was no eleva-
tion in T-cell lymphoma risk among those 
reporting a family history of NHL or Hodgkin 
lymphoma. 

 Based on a US childhood cancer survivor 
study, children with mycosis fungoides and 
Sezary syndrome have elevated NHL risks  [  9  ] . 
Risks for lymphoma (NHL standard incidence 
ratio = 5.08, 95% CI = 3.34–7.38) were also found 
elevated in a study that followed patients with 
mycosis fungoides and Sezary syndrome  [  10  ] . 

Whether these subsequent risks for NHL were 
more likely to be T-cell lymphomas is unclear.  

   Autoimmune Disorders 

 Autoimmune conditions are an established risk 
factor for NHL speci fi c conditions implicated in 
NHL risk include Sjogren’s syndrome, systemic 
lupus erythematosus, and Celiac disease  [  11  ] . Of 
these, it is well established that Celiac disease 
patients possess elevated NHL risk that is pre-
dominant for T-cell lymphomas. High risk for 
NHL mortality and risk has been reported in an 
Italian  [  12  ] , US  [  13  ]  and Swedish cohort studies 
 [  14  ] , and in a Swedish registry-based study  [  15  ] . 
Results from the pooled InterLymph Consortium 
analysis of autoimmune conditions and NHL 

   Table 2.5    Summary status of potential risk factors for T-cell lymphomas   

 Risk factors  Status  Risk association  Subtype speci fi city 
 Family and personal history 
 Family history  Hypothesized  Increased risk 
 Personal history  Hypothesized  Increased risk for NHL (numbers too 

small to delineate T-cell lymphomas) 
 Autoimmune disorders 
 Celiac disease  Established  Increased risk  Extranodal 
 Psoriasis  Hypothesized  Increased risk 
 Immunosuppressive therapies 
and organ transplants 

 Established  Increased risk for all NHL (including 
T-cell lymphomas) 

 Atopy 
 Eczema  Hypothesized  Increased risk 
 Infections 
 HTLV-1  Established  Increased risk  ATLL 
 HIV, HCV,  Helicobacter pylori   Hypothesized  Increased risk for NHL (numbers too 

small to delineate T-cell lymphomas) 
 Occupational/pesticide 
exposures 

 Hypothesized  Increased risk for NHL (numbers too 
small to delineate T-cell lymphomas) 

 Behavioral risk factors 
 Smoking  Hypothesized  No association  Mycosis fungoides, 

PTCL  Alcohol  Hypothesized  Decreased risk 
 Height/weight  Hypothesized  Increased risk for NHL (numbers too 

small to delineate T-cell lymphomas) 
 Sun exposure  Hypothesized  Decreased risk for NHL (numbers too 

small to delineate T-cell lymphomas) 
 Diet/hair dye use  Hypothesized  Increased risk for NHL (numbers too 

small to delineate T-cell lymphomas) 
 Genetic susceptibility 
 TNF G-308A  Hypothesized  Increased risk  Mycosis fungoides 
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which included 766 T-cell lymphomas risk further 
support an association between Celiac disease 
and extranodal T-cell lymphoma (OR = 6.21, 95% 
CI = 2.82–13.6)  [  16  ] . The study also implicates 
psoriasis with increased T-cell lymphoma risk 
(OR = 1.63, 95% CI = 1.03–2.57).  

   Primary Immunode fi ciencies 
and Organ Transplants 

 Individuals who are recipients of organ transplants 
and immunosuppressive therapy also have ele-
vated NHL risks. Although B-cell lymphomas 
are more common, T-cell lymphomas also 
develop post-transplantation.  

   Atopy 

 Atopic conditions such as asthma, allergies and 
eczema are hypothesized to induce mild immune 
de fi ciencies that would prefer a Th2 immune 
response and result in decreased NHL risk. 
Contrary to this hypothesis, a recent pooled anal-
ysis of various atopic conditions within the 
InterLymph Consortium did not report an asso-
ciation with asthma and allergy but did observe 
increased risk for T-cell lymphoma among those 
who reported having eczema (OR = 1.92, 95% 
CI = 1.43–2.58). Further data from cohort studies 
are needed to con fi rm these associations in analy-
ses not potentially biased by disease status  [  17  ] .  

   Infections 

 A number of infectious agents are linked to NHL 
etiology, either by directly causing lymphom-
agenesis or providing a cellular milieu that 
depresses immune function or induces chronic 
in fl ammation. The association between HTLV-1 
and ATL is well established and HTLV-1 was the 
 fi rst retrovirus established as causal for lym-
phoma  [  18,   19  ] . In southern Japan and the 
Caribbean, HTLV-1 infection is endemic and is 
attributable to 56 and 78% of ATL cases, 

 respectively  [  19  ] . Further increased ATL risks are 
reported among those infected with both HTLV-1 
and the gastrointestinal parasite also endemic in 
the same regions, Strongyloides stercoralis  [  20  ] . 
Other infections associated with NHL include the 
human immunode fi ciency virus, hepatitis C 
virus, and  Helicobacter pylori , but none affect 
T-cell lymphomas preferentially.  

   Occupational Exposures 

 Occupations linked with elevated NHL risks 
include: farmers, livestock workers, printers, 
teachers, wood workers, dry cleaners, barbers, 
and hairdressers  [  21,   22  ] . NHL is one of the 
malignancies caused by exposure to non- arsenical 
insecticides; tetrachloroethylene and trichloro-
ethylene; benzene, 2,3,7,8-Tetrachlorodibenzo-
 para -dioxin; and 1,3-Butadiene  [  23  ] . Persistent 
organochlorine exposure including polychlori-
nated biphenyls, dioxins, furans  [  24  ] , . and 
 pesticide exposure such as DDE  [  25  ]  and alpha-
chlordane  [  26  ]  have also been associated with 
increased NHL risk. At present, no preferential 
risk for T-cell lymphomas has been reported.  

   Behavioral Risk Factors 

 Unlike most other cancers, smoking does not 
appear to be a strong risk factor for developing 
NHL. By subtypes, however, a pooled analysis 
from nine case-control studies within the 
InterLymph Consortium of 6,594 cases reported 
elevated risks for follicular lymphoma among 
smokers but not other subtypes  [  27  ] . Null associa-
tions were reported for T-cell lymphoma and its 
subtypes, mycosis fungoides, and PTCL. Similar 
results were reported in a pooled analysis of six 
European case-control studies of 1,742 cases  [  28  ] . 

 Reduced NHL risks have been reported with 
alcohol consumption. A large pooled analysis of 
nine case-control studies reported risks of 0.73 
for current drinkers  [  29  ]  and are also supported 
by cohort studies  [  30–  32  ] . No differential effect 
of the association was observed by subtype; 
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among T-cell lymphomas, decreased risks were 
observed for mycosis fungoides and PTCL. 

 Taller individuals and excess weight are also 
implicated in NHL risk though no preference for 
T-cell lymphomas has been demonstrated  [  33  ] . No 
preference for T-cell lymphomas has also been 
demonstrated for sunlight exposure, which is 
implicated in reducing NHL risk  [  34  ] . Other 
hypothesized NHL risk factors include dietary 
intake and hair dye use, but to date no associations 
with T-cell lymphomas have been shown  [  35  ] .  

   Genetic Susceptibility 

 The most consistently demonstrated genetic vari-
ants associated with NHL risk are a polymor-
phism in the promoter region of the tumor 
necrosis factor ( TNF ) gene (−308G->A) and the 
interleukin 10 −3575T->A polymorphism, both 
of which are preferentially associated with 
DLBCL  [  36  ] . Analyses of all NHL subtypes 
within the InterLymph Consortium for these 
genetic variants comprising approximately 6,500 
NHL cases and 6,700 controls and included over 
300 T-cell lymphomas found no association with 
either proin fl ammatory cytokine with overall 
T-cell lymphoma risk. However, increased risk 
for mycosis fungoides was reported with the  TNF  
G-308A variant allele (OR for AG/AA compared 
to GG genotype = 1.53, 95% CI = 1.02, 2.28; 
p-trend = 0.03 for each additional variant allele), 
albeit with just over 100 cases  [  37  ] . No other 
genetic variants have been implicated speci fi cally 
for T-cell lymphoma risk or that of its subtypes.   

   Future Directions in Epidemiologic 
Research 

 The majority of T-cell lymphomas remain unex-
plained. As our understanding of NHL epidemi-
ology has moved from studying NHL as a single 
entity to evaluating individual NHL subtypes 
with the recognition that the descriptive epidemi-
ology of NHL subtypes are distinct, a similar 
approach for understanding T-cell lymphomas is 
clearly needed. To date, most epidemiologic 
studies have combined the heterogeneous T-cell 

lymphoma subtypes into a single entity to increase 
sample size and power for association studies. 
However, not only do T-cell lymphoma subtypes 
have differential treatment, survival and prognosis, 
but their distinct descriptive epidemiology clearly 
suggest differences in their etiology and thus also 
require evaluation as individual entities. 

 Based on descriptive epidemiology, we know 
that there are striking differences between T-cell 
lymphoma subtypes, by age, over time and by 
race/ethnicity. Based on epidemiologic research 
and consortia-based pooling efforts of NHL to 
date, potential risk factors for T-cell lymphoma 
and some subtypes include Celiac disease for 
extranodal T-cell lymphomas and a genetic vari-
ant in  TNF  for mycosis fungoides. Risk factors 
that are inversely associated with T-cell lympho-
mas include alcohol consumption and exposure 
to sunlight. Although a growing number of viral 
and bacterial infections are associated with NHL, 
their speci fi c role in T-cell lymphomas remains 
unclear, with the exception of HTLV-1 and acute 
T-cell leukemia/lymphoma (ATLL). Translating 
clues from case reports to epidemiologic associa-
tions will also remain an important avenue of 
research, such as research on the reported links 
between breast implants and ALCLs of the breast. 
Research in understanding the role of genetic 
variants in T-cell lymphoma etiology is still in its 
infancy as most studies have been underpowered 
to adequately evaluate genetic associations. We 
thus encourage the inclusion of T-cell lymphomas 
from consortial efforts in ongoing genome-wide 
association studies to further our understanding 
of genes and pathways that may play important 
roles in T-cell lymphoma etiology. 

 Risk factors for T-cell lymphomas identi fi ed 
from case-control studies will require further 
con fi rmation from cohort studies where survival 
bias is minimized. For some exposures, cohort 
studies will be needed to establish temporality, 
particularly where prediagnostic specimens are 
optimal for evaluation. For example, some bio-
marker-based exposures such as persistent 
organochlorine exposure that can be measured in 
serial prediagnostic serum are optimally measured 
prospectively. Combining data from epidemiologic 
case-control and cohort studies with large clini-
cal series may also prove fruitful for overcoming 
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the rarity of the tumor for identifying additional 
T-cell lymphoma risk factors. In addition, the 
ability to incorporate detailed clinical data to epi-
demiologic analyses may further our understand-
ing of T-cell lymphoma etiology. Within clinical 
case series, case–case comparisons may also be 
bene fi cial for identifying similar or distinct eti-
ologies across subtypes. Finally, continued atten-
tion to striking individual case reports will be 
instrumental for generating new hypotheses and 
providing new clues with regard to the etiology 
of T-cell lymphomas and their subtypes.  

   Prognosis of T-Cell Lymphoma 

   Peripheral T-Cell Lymphoma-Not 
Otherwise Speci fi ed 

 This is the most common type of peripheral T-cell 
NHL and is a heterogeneous mix of different types 
of PTCL. PTCL-NOS is the “diffuse large cell” 
equivalent of B-cell NHL. There are two morpho-
logic variants recognized, the T-zone lymphoma 
variant and the lymphoepithelioid cell variant. 
Patients with PTCL-NOS have predominantly 
nodal lymphoma that presents in adults (median 
age 61 years), with a male: female ratio of 1.5:1.0 
 [  38  ] . Patients typically have advanced stage dis-
ease with 60% having stage IV disease and many 
patients having unfavorable characteristics such 
as B-symptoms, elevated lactic dehydrogenase 
(LDH), bulky disease, poor performance status, 
and extranodal disease so that >50% of patients 
fall into the unfavorable International Prognostic 
Index (IPI) category 3–5  [  37  ] . Another prognostic 
model for PTCL-NOS has been utilized by 
Gallamini et al.  [  39  ]  which uses the characteris-
tics of age >60, LDH > normal, performance sta-
tus  ³  2, and bone marrow involvement to predict 
outcome and was found to be more discriminatory 
that the standard IPI for this group of patients.  

   Angioimmunoblastic Lymphoma 

 Angioimmunoblastic T-cell lymphoma (AITL), 
previously known as angioimmunoblastic lymph-
adenopathy with dysproteinemia, was the second 

most common PTCL in the International T-Cell 
Lymphoma Classi fi cation Project  [  40  ] . This type 
accounts for 18.5% of the PTCL’s. The median 
age at diagnosis is 64 years, with a male predomi-
nance and the majority of patients present with 
advanced stage disease. Other features include a 
high percentage of patients with B-symptoms, 
skin rash, effusions, hypergammaglobulinemia, 
and other immunologic or rheumatologic abnor-
malities  [  41  ] . The prognosis of AITL is similar to 
PTCL-NOS with only about 10% of patients alive 
10 years after their diagnosis (Fig.  2.3 )  [  40  ] .   

   Anaplastic Large Cell Lymphoma 
(Primary Systemic Type) 

 ALCL, primary systemic type accounts for 2–3% 
of all NHLs  [  1  ]  and 10.2% of all T/NK-cell lym-
phomas  [  40  ] . This NHL is usually nodal, although 
extranodal sites can certainly be involved as well. 
There are two major subtypes of systemic ALCL, 
anaplastic lymphoma kinase (ALK)-positive and 
ALK-negative. ALK-positive systemic ALCL is 
typically diagnosed in younger patients (median 
age 34 years, with a male predominance) and 
ALK-negative in older ones (median age 58 years), 
although this is not an exclusive cutoff  [  40  ] . The 
ALK status of patients with systemic ALCL is 
very important as patients with ALK-positive 
ALCL have a 5-year OS of 70% compared to a 
5-year OS of 49% for ALK-negative ALCL  [  40  ] . 
The chromosomal translocation t(2;5)(p23;q35) is 
associated with this type of lymphoma and results 
in the fusion protein NPM–ALK  [  42  ]  (Fig.  2.3 ).  

   ALCL, Primary Cutaneous 

 This is a rare type of NK/T-cell lymphoma, occur-
ring in 1.7% of the T-cell lymphomas  [  40  ] . It typi-
cally presents in one or more areas in the skin, often 
in the same region of the body. It is most frequently 
ALK-negative, but has in general a fairly good 
prognosis with 5-year OS of 90% and 5-year 
progression-free survival of 55%  [  40  ] . This pattern 
indicates an indolent type of lymphoma with 
relapses and the ability to treat the patient repeat-
edly with either chemotherapy and/or radiotherapy.  
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  Fig. 2.3    Overall survival of various subtypes of PTCL (Reprinted from Vose et al. [40], With permission from American 
Society of Clinical Oncology)       
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   Extranodal NK/T-Cell Lymphoma, Nasal 
and Extranasal (Nasal Type) 

 These lymphomas were previously called angio-
centric lymphomas and are found mostly in Asia, 
South, and Central America  [  43  ] . Nasal NK/T-
cell lymphoma is typically seen in the nasal and 
paranasal sinus areas and is associated with EBV 
infection  [  44  ] . These patients often have local-
ized stage I/II disease but an aggressive clinical 
course. Patients with extranasal NK/T-cell lym-
phoma (nasal type) typically present with other 
extranodal sites of disease (skin, respiratory tract, 
gastrointestinal, and genitourinary). The 5-year 
OS with this type of lymphoma is 42% from the 
International T-cell Study  [  40  ]  (Fig.  2.3 ).  

   Acute T-Cell Leukemia/Lymphoma 

 ATLL has four subtypes based on clinicopatho-
logic features and prognosis: acute, lymphoma, 
chronic, and smoldering. Patients with the acute 
type present with Hypercalcemia, leukemic man-
ifestations, bone and tumor lesions and have a 
very poor prognosis with a median survival time 
of 6 months  [  45  ] . Patients with the lymphoma-
tous type typically have nodal, hepatosplenic, 
bone, and gastrointestinal involvement and a 
median survival of 10 months. Patients with the 
chronic and smoldering type have a more indo-
lent course. The retrovirus HTLV-1 is critical to 
the development of ATLL  [  46  ] . In endemic areas 
such as southern Japan, up to 40% of the popula-
tion is infected with the virus. However, ATLL 
develops in only 2–3% of the patients who are 
carriers of the HTLV-1 virus. 

 Other rare subtypes of PTCL such as hepatos-
plenic T-cell lymphoma, enteropathy type T-cell 
lymphoma, and subcutaneous panniculitis type 
T-cell lymphoma (gamma-delta subtype) have a 
very poor prognosis with standard therapy.   

   Summary 

 Despite the overall decline observed for non-
Hodgkin lymphoma incidence, the incidence of 
T-cell lymphomas continues to rise. The distinct 

incidence patterns by T-cell lymphoma subtypes 
suggests that risk factors may also be speci fi c to 
each T-cell lymphoma subtype as re fl ected in two 
of the established risk factors (e.g., celiac disease 
and extranodal T-cell lymphomas; HTLV-1 and 
ATLL). This is consistent with the distinct clini-
cal characteristics and prognosis that is observed 
for each T-cell lymphoma subtype. A predomi-
nance of some T-cell lymphoma subtypes by 
geographic locale (e.g., ATLL and extranodal 
NK/T-cell lymphoma) further supports the 
hypothesis of distinct etiologies and need for 
treatment by subtype. The rarity of T-cell 
lymphomas has historically posed challenges for 
furthering our understanding of these tumors. 
However, we expect important clues to emerge as 
on-going large international consortium efforts 
aim to accrue suf fi cient sample sizes of T-cell 
lymphomas and its subtypes for both etiological 
and prognostic studies.      
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         Background 

 In 1994, the Revised European–American 
Lymphoma (REAL) Classi fi cation introduced new 
standards in the lymphoma  fi eld  [  1  ] . In particular, 
it stated for the  fi rst time that a classi fi cation of 
lymphoid tumors should consist in a list of “real” 
entities, each de fi ned by the amalgamation of cell 
morphology, phenotype, molecular genetics, clini-
cal data, and identi fi cation of a normal counterpart, 
if possible  [  1  ] . After a validation trial  [  2  ] , the 
REAL Classi fi cation was adopted by the World 
Health Organization (WHO) as guideline for lym-
phoma diagnosis and therapy  [  3  ] . On such occa-
sion, its methodology was extended to all tumors 
of the haematopoietic system  [  3  ] . According to 
patients’ survival without any treatment, non-
Hodgkin lymphomas (NHLs) are classi fi ed as 
indolent (survival measurable in years) and aggres-
sive (survival measurable in months). 

 Peripheral T-cell lymphomas (PTCLs) belong 
to the aggressive lymphoma group  [  4  ] . They rep-
resent approximately 12% of all lymphoid neo-
plasms  [  4,   5  ] . Their incidence 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 speci fi ed and not other-
wise speci fi ed (NOS) forms  [  5,   6  ] . In particular, 
the latter—corresponding to about 35% of T-cell 
lymphomas—cannot be further classi fi ed on the 
basis of morphology, phenotype, and conventional 
molecular studies  [  4  ] . Usually, they occur in the 
 fi fth–sixth decade of life, without sex predilection 
 [  7–  10  ] . Although PTCLs/NOS can present as iso-
lated disease, they more often have a widespread 
dissemination (stage 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 haemophago-
cytic syndrome may also be encountered  [  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 pro fi le 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, speci fi c alterations have not been 
identi fi ed  [  13  ] . Recently, some recurrent lesions 
have been documented by comparative genomic 
hybridization and SNPs analysis  [  14,   15  ] . 
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 On clinical grounds, PTCLs/NOS are among 
the most aggressive NHLs. In the majority of 
cases, the response to conventional chemotherapy 
is indeed frustrating, with relapse free and overall 
survival (OS) rates at 5 years below 30%  [  5  ] . 

 Besides the PTCL/NOS category, histological 
classi fi cation 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 signi fi cant prognostic impact  [  5, 
  6,   8,   16  ] . In fact, ALK +  ALCL, particularly when 
occurring in children and young adults, have a 
signi fi cantly better clinical outcome if compared 
with all other forms  [  5,   6  ] . Importantly, it was 
recently suggested to include ALK −  ALCL within 
the PTCLs/NOS basing on the lack of evidences 
of clear biological differences between them. 
However, new clinical and molecular  fi ndings 
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 that 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 cli-
nicians. Indeed, novel insights have been pro-
vided by gene expression pro fi le (GEP) studies, 
specially as far as tumor histogenesis, molecular 
pathogenesis, and possibly new targeted therapies 
are concerned. On the other hand, novel and more 
re fi ned prognostic scores have been proposed, 
which will be also discussed in this chapter.  

   Gene Expression Pro fi ling 
of Peripheral T-Cell Pymphoma 

 The pathobiology of PTCLs has been neglected 
for a long time. The main reasons for that proba-
bly relied on the relative rarity of the disease, as 
well as the extreme dif fi culty 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 several 
reports dealt with the GEP of the different sub-
types  [  17–  32  ]  (Table  3.1 ). In particular, on one 
hand, some authors focused on speci fi c topics: 
that is, the GEP of mycosis fungoides, ALK +  and 
ALK −  ALCLs, angioimmunoblastic lymphomas 
(AITL),  g  d -T-cell lymphomas, adult T-cell lym-
phoma/leukemia (ATLL), and extranodal NK/T 
lymphoma nasal-type, respectively  [  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 reli-
able normal counterpart for comparison  [  20,   24  ] . 
Speci fi cally, Martinez-Delgado et al. reported 
that PTCL/NOS corresponds to a heterogeneous 
group of tumors, whose GEP is dif fi cult to inter-
pret due to the signi fi cant amount of in fi ltrating 
reactive cells. According to these authors, the 
only clinically relevant information provided by 
GEP pertains the expression level of genes 
belonging to the NF k B pathway (see below)  [  20  ] . 
Ballester et al.  [  23  ]  found that the GEP could dis-
criminate among PTCLs of the NOS, AITL, and 
ALCL types, although the former did not share a 
single pro fi le. 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 associ-
ated with over-expression of genes involved in 
T-cell activation, including  NFKB1  and  BCL2 . 
The third group was mainly de fi ned by the over-
expression of genes involved in the IFN/JAK/
STAT pathway and comprised most histiocyte-
rich tumors. This  fi nding suggests that the signa-
tures recorded by Ballester et al. might be at least 
in part in fl uenced by reactive components. 
Nevertheless, at present, it is not de fi ned yet 
whether the presence of speci fi c reactive compo-
nents may signi fi cantly affect the tumor behavior 
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   Table 3.1    Summary of the main gene expression pro fi le studies dealing with peripheral T-cell lymphomas   

 Reference  Disease(s) explored  Comments 

 Tracey et al.  [  19  ]   MF  The manuscript explored GEP of MF and showed concurrent 
deregulation of multiple genes involved in the TNF signaling pathway 

 Martinez-Delgado 
et al.  [  20  ]  

 PTCL/NOS  The authors found signi fi cant differences between the peripheral and 
lymphoblastic T-cell lymphomas, which include a deregulation of 
nuclear factor- k B signaling pathway 

 Martinez-Delgado 
et al.  [  21  ]  

 PTCL/NOS  The Authors found two different subgroups of PTCL based on the 
expression of NF k B-related genes. One-third of PTCL showed clearly 
reduced expression of NF k B genes, while the other group was 
characterized by high expression of these genes. Of interest, the 
expression pro fi le associated to reduced expression of NF k B genes 
was signi fi cantly associated with shorter survival of patients 

 Ballester et al.  [  23  ]   PTCL/NOS, 
AILT, ALCL 

 According to this study, PTCL/NOS could be divided 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 over-expression of genes involved in T-cell activation and 
apoptosis, including NFKB1 and BCL2. The U3 subgroup was 
mainly de fi ned by over-expression of genes involved in the IFN/JAK/
STAT pathway. Notably, such distinction possibly re fl ected, at least in 
part, the presence of reactive components in the PTCL samples 

 De Leval et al.  [  26  ]   AILT  The molecular pro fi le of AITL was characterized by a strong 
microenvironment and over-expression of several genes characteristic 
of normal follicular helper T (TFH) cells ( CXCL13, BCL6, PDCD1, 
CD40L, NFATC1 ). Such  fi nding was reinforced by gene set enrich-
ment analysis, which demonstrated that the AITL molecular signature 
was signi fi cantly enriched in TFH-speci fi c genes 

 Piccaluga et al.  [  17  ]   PTCL/NOS  The Authors showed that PTCLs/NOS are most closely related to 
activated peripheral T-lymphocytes, either CD4+ or CD8+, basing on 
the GEP. In addition, PTCLs/NOS displayed deregulation of relevant 
functional cell programs. In particular, among others,  PDGFRA , a 
gene encoding for a tyrosine–kinase receptor, turned out to be 
aberrantly expressed by PTCL/NOS. Notably, both phosphorylation 
of PDGFRA and sensitivity of cultured PTCL cells to imatinib were 
demonstrated 

 Piccaluga et al.  [  81  ]   PTCL/NOS  In this study, the Authors found that CD52 is expressed in 
approximately 40% of PTCLs/NOS at the same level as in normal 
T-lymphocytes, being aberrantly down-regulated in the remaining 
cases. Notably, they concluded that the estimation of CD52 expres-
sion may provide a rationale for the selection of patients with a higher 
probability of response to the anti-CD52 antibody, alemtuzumab 

 Piccaluga et al.  [  28  ]   AILT  In this manuscript, the Authors reported that AILT and other PTCLs 
have rather similar GEP, possibly sharing common oncogenic 
pathways. In addition, they found that the molecular signature of 
follicular T-helper cells was signi fi cantly over-expressed in AILT. 
Finally, several genes deregulated in AILT, representing potential 
therapeutic targets such as  PDGFRA  and  VEGF , were identi fi ed 

 Lamant et al.  [  25  ]   ALCL  This study focused, for the  fi rst time, on ALCLs. Unsupervised 
analysis classi fi ed ALCL in 2 clusters, corresponding essentially to 
morphologic subgroups and clinical variables. Supervised analysis 
showed that ALK + ALCL and ALK − ALCL have different GEPs, 
further con fi rming that they are different entities 

(continued)
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in the  fi eld 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 six AITLs, six ALCLs (two 
ALK +  and four ALK − ), and 20 samples of normal 
T-lymphocytes, puri fi ed from the peripheral blood 
and tonsil and corresponding to the main T-cell 
subsets (CD4 + , CD8 + , resting, and activated). 

Thus, the study of Piccaluga et al. signi fi cantly 
differs from most previous reports  [  20,   23,   24  ]  in 
terms of methodology and selection criteria. In 
addition, it provides for the  fi rst 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 lymphoid malignancies and nor-
mal T-lymphocytes, establishing a clear relation-
ship between PTCL/NOS and normal cellular 
counterparts and providing the basis for a better 
understanding of their pathogenesis. 

 More recently, Iqbal and Colleagues analyzed 
a large series of PTCLs, collected within 
the International T-cell lymphoma Project 
(ITCLP)  [  32  ] . Importantly, they could build a 

Table 3.1 (continued)

 Reference  Disease(s) explored  Comments 
 Cuadros et al.  [  27  ]   PTCL/NOS  In this study, the Authors identi fi ed  fi ve clusters of genes, the 

expression of which varied signi fi cantly among the samples. Genes in 
these clusters were functionally related to different cellular processes 
such as proliferation, in fl ammatory response, and T-cell or B-cell 
lineages. Notably, over-expression of genes in the proliferation 
signature was associated signi fi cantly with shorter survival of patients 

 Miyazaki  [  29  ]    g  d -TCL  This study focused on the GEP of 7  g  d -TCL cases Notably, hepatos-
plenic  g  d -TCLs were clustered together, while the other  g  d -TCLs 
were scattered within the  a  b -TCLs In addition, a classi fi er based on 
GEP was developed, able to distinguish  g  d TCL 

 Pise-Masison  [  30  ]   ATLL  This study focused on ATLL and provided evidence that BIRC5 plays 
an important role in ATL cell viability as well as other important 
insights into ATLL pathogenesis and potential targeted therapies 

 Huang et al.  [  31  ]   NKTCL  This study highlighted emerging oncogenic pathways in NKTCL and 
identi fi ed novel diagnostic and therapeutic targets. In particular, 
deregulation of the AKT, JAKSTAT, and NF k B pathways was 
documented. In addition, aberrant expression of  PDGFRA,  and 
sensitivity to imatinib were demonstrated 

 Iqbal et al.  [  32  ]   PTCL/NOS, AILT, 
ALCL, ATLL 

 This study collected a large panel of PTCLs within the ITCLP and 
provided important information. First, con fi rmed the existence of at 
least 2 PTCL/NOS subtypes, based on the cellular derivation, the 
helper and cytotoxic ones. Second, the author suggested that the latter 
are provided with a worse prognosis. Finally, a molecular 
classi fi catory was built for AITL, ATLL, and ALK +  ALCL 

 Piva et al.  [  18  ]   PTCL/NOS, 
AILT, ALCL 

 This study specially focused on ALCLs. It was shown that the 
molecular signature of ALK +  cases largely relies on STAT3 signaling. 
In addition, it was shown that ALCLs are distinct from other PTCLs 
and selected genes can discriminate ALK +  vs. ALK −  or ALK −  vs. 
PTCL/NOS 

   MF  mycosis fungoides,  PTCL/ NOS peripheral T-cell lymphoma, not otherwise speci fi ed,  AILT  peripheral T-cell lym-
phoma, angioimmunoblastic type,  ALCL  anaplastic large cell lymphoma,  ATLL  Adult T-cell leukemia/lymphoma,   g  d -
TCL   g  d  T-cell lymphoma,  NKTCL  NK/T-cell lymphoma, nasal-type,  ITCLP  International T-cell lymphoma project, 
 GEP  gene expression pro fi le  
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robust molecular classi fi er for ATLL, AITL and 
ALK +  ALCL. On the other hand, PTCLs/NOS 
were con fi rmed to have a more heterogeneous 
pro fi le possibly related to those of the normal 
counterparts. In addition, importantly, this study 
provided novel evidences on AITL and PTCL/
NOS prognostication (see below). Additional, 
important, information have been then offered by 
Piva et al.  [  18  ] . In their study, the authors mainly 
focused on the molecular pathogenesis of ALCLs 
but also established the relationship between 
ALCL and PTCL/NOS. Importantly, they showed 
that ALCLs are molecularly distinct from PTCL/
NOS, thus  fl attening 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 translo-
cation involving the ALK gene at 2p23—these 
tumors share a set of deregulated pathways. On 
the other hand, it is possible to clearly differenti-
ate ALK +  and ALK −  cases basing on GEP, as 
shown by different authors  [  18,   25,   32  ] . To this 
regard, in particular, it was demonstrated the 
strong biological relevance of the ALK/STAT3 
signaling in characterizing the global molecular 
pro fi le of ALK + ALCL  [  18  ] .  

   Histogenesis of PTCLs 

 In the REAL and subsequent WHO classi fi cations 
of lymphomas, the recognition of the non- 
neoplastic cellular counterpart is regarded as a 
main factor contributing to the de fi nition of the 
single disease entity. However, differently from 
the  fi eld of B-NHLs, the vast majority of PTCLs 
have not yet de fi nitely associated to a normal 
counterpart, mainly due to the complexity of 
T-cell compartment, as well as the bizarre mor-
phology and largely aberrant phenotype of the 
neoplastic elements. Nevertheless, the recent GEP 
studies provided evidences which may be the 
basis for a future classi fi cation of these tumors. 
First, robust data were generated supporting the 

concept that AITL cells correspond to follicular 
T-helper (F 

TH
 ) cells  [  26,   28  ] . Speci fi cally, De 

Leval and Colleagues studied 18 AITL cases and 
by gene set enrichment analysis  [  35  ]  found that 
AITL signature is signi fi cantly enriched in mol-
ecules characteristic of normal T 

FH
 , including 

 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 de fi nitely related to that of T 

FH
  

lymphocytes  [  28  ] . Noteworthy, both the studies 
proved that such feature is 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 
sometimes, follicular architecture  [  4  ]  also pres-
ents with T 

FH
  molecular pattern  [  26  ] . Importantly, 

GEP results were validated by the immunohis-
tochemical demonstration of F 

TH
  markers, such 

as CD10, BCL6, CXCL13, PD1, CCR5, SAP, 
and ICOS, in AITL  [  26,   28,   36–  40  ] , and were 
largely in keeping with the observations previ-
ously made by Rüdiger et al.  [  41  ] . Subsequently, 
the expression of the same molecules was 
con fi rmed in follicular PTCL/NOS  [  42  ] . 

 As far as PTCLs/NOS are concerned, interest-
ingly, GEP results suggested that these tumors 
are more closely related to activated rather than 
resting T-cells  [  17  ] . As in normal mature 
T-lymphocytes, it was possible 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 regards to the expres-
sion of the single CD4 and CD8 molecules  [  17  ] , 
re fl ecting the aberrancy in tumor phenotypes 
 [  11  ] . Importantly, the existence of these two 
molecularly distinct subgroups of PTCL/NOS 
was later con fi rmed by the ITCLP study  [  32  ] . 
Remarkably, the latter, also suggested that cases 
with cytotoxic molecular pro fi le may be provided 
with a worse prognosis (see below). Finally, 
ALCLs, according to GEP, appeared to be related 
to either T 

H17
   [  32  ]  (Piccaluga, unpublished) or 

T 
H1

  lymphocytes (Piccaluga, unpublished). 
 Overall, the recognition of normal counterparts 

for different PTCLs has both biological and 
practical relevance. On one hand, in fact, it pro-
vides the basis for the recognition of cellular 
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abnormalities and comprehension of the interac-
tion with the microenvironment (i.e., the relation-
ship of TFH-derived neoplastic cells and follicular 
dendritic cells, mast cells etc. in AITL). On the 
other, it can be used in clinics for easier differen-
tial diagnosis, by applying new cell speci fi c mark-
ers (i.e., a panel of F 

TH
 -associated markers for the 

distinction of AITL and PTCL/NOS)  [  40  ] .  

   Molecular Pathogenesis of PTCL 

 Besides histogenetic information, different GEP 
studies provided relevant insights into the func-
tional alterations of PTCLs. First, a careful com-
parison of PTCL/NOS with the closest normal 
cellular counterparts revealed, in fact, the exten-
sive deregulation of genes, which control func-
tions that are typically damaged in malignant cells, 
such as matrix remodeling, cell adhesion, tran-
scription regulation, proliferation, and apoptosis. 
In particular, the analysis of Piccaluga et al.  [  17  ]  
might explain the dissemination pattern of PTCL/
NOS, with frequent extranodal and bone-marrow 
involvement and spread to peripheral blood  [  4  ] , by 
showing the up-regulation of  FN1 ,  LAMB1 , 
 COL1A2 ,  COL3A1 ,  COL4A1 ,  COL4A2 , and 
 COL12A1 , that is, of genes which promote local 
invasion and metastasis in different types of human 
cancers  [  43–  45  ] . In addition, it revealed the dereg-
ulation of genes involved in apoptosis (e.g., 
 MOAP1 ,  ING3 ,  GADD45A,  and  GADD45B )  [  46–
  52  ]  and chemo-resistance (such as  CYR61  and 
 NNMT )  [  43–  45,   53–  64  ] , which may be responsi-
ble for the poor response to conventional chemo-
therapy. Secondly, a couple of GEP studies 
suggested the possible deregulation of NF k B path-
way in a certain number of PTCL/NOS cases  [  20, 
  21,   23  ] . Indeed, it was shown that around 30–40% 
of cases present with nuclear localization (i.e., 
activation) of NF k B elements and peculiar GEP 
 [  65  ] . Noteworthy, it was then demonstrated that a 
fraction of PTCL/NOS presents with REL locus 
abnormalities, including ampli fi cations and trans-
locations,  fi nally leading to NF k B constitutive 
activation  [  15  ] . Interestingly, on the other hand, 
down-regulation of  BCL10  (an upstream activator 
of NF k B in human lymphocytes) was reported to 
occur in PTCL/NOS  [  17,   66  ]  with consequent 

NF k B shut off. However, it is still debated whether 
(1) such cases NF k B negative cases have a worse 
clinical outcome and (2) whether anti-NF k B 
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 
phosphorylation (i.e., activation) of the encoded 
protein  [  17,   22  ] . Intriguingly, the same authors 
also found PDGF ligands to be produced by 
PTCL/NOS cells, proposing the intriguing 
hypothesis of an autocrine/paracrine loop activat-
ing this signaling  [  67  ] . Noteworthy, it was later 
on 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 validation of the 
genomic data by showing correspondence between 
mRNA and protein expression, as seen, for exam-
ple, with  PDGFRA   [  17,   22  ]  and  BCL10 [  17,   66  ] . 
In addition, by comparison with normal tissues, 
immunohistochemistry allowed the identi fi cation 
of staining patterns corresponding to the synthesis 
of ectopic or paraphysiologic products by neoplas-
tic cells. On the other hand, the phenotypic test 
highlighted the possibility that some of the results 
obtained by gene expression pro fi ling may depend 
on non-neoplastic cellular components present in 
the analyzed sample, as seen for caldesmon  [  17  ] .  

   Identifying Novel Targeted Therapies 
for PTCL 

   Tyrosine–Kinase Inhibitors 

 Basing on the evidence of TK deregulation in dif-
ferent 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 
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interest, with about 50% cytotoxic effect seen at 
48 h with a 1  m mol concentration. Notably, ima-
tinib 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 analog results  [  31  ] . 
Finally, as far as ALCL are concerned, consis-
tently with GEP data, Chiarle et al. clearly showed 
that targeting ALK +  and its downstream STAT3 is 
an effective strategy in ALK +  ALCL  [  68,   69  ] .  

   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 suggested 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 concentra-
tions, suggesting a possible role for this class of 
drugs in PTCL/NOS therapy. Noteworthy, this 
idea was also supported by some clinical prelimi-
nary observations  [  70  ] . Interestingly, the associa-
tion of HDACi and daunorubicin apparently had 
a slight additive effect, as already observed in 
other settings  [  71  ] . Notably, the triple combina-
tion of TKI, HDACi, and anthracyclines produced 
a remarkable effect on cell viability: it might rep-
resent a promising option for future therapeutic 
applications.  

   Anti-angiogenetic 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 up-regulation of the 
 VEGF  gene in this tumor  [  26,   28  ] . Importantly, 
immunohistochemistry, extensively applied to a 
large series of cases on tissue microarrays, 
demonstrated that VEGF is mainly expressed by 
the neoplastic elements  [  28  ]  and not only by 
the abundant vascular component, as initially 

proposed  [  26  ] . Remarkably, it was further shown 
that AITL cells do also express a VEGF-
receptor±±±, VEGFR2/KDR  [  28  ] , suggesting 
the hypothesis of an autocrine/paracrine stimula-
tion also in this setting. In addition, it suggested 
the possible AITL sensitivity to anti-angiogenetic 
drugs, such as thalidomide and bevacizumab. 
Indeed, several reports have then documented 
their positive activity in AITL cases  [  72–  77  ]   

   Monoclonal Antibodies 

 During the last few years, therapeutic monoclonal 
antibodies (MoAb) have become a major compo-
nent of anti-lymphoma approaches. However, as 
far as PTCLs are concerned, a signi fi cant limita-
tion emerged, differently from what seen in 
B-NHL. In particular, PTCLs were demonstrated 
to extensively present with the aberrant expres-
sion of T-cell-associated molecules  [  11,   17  ] . This 
phenomenon is indeed relevant in the clinical 
practice. In fact, some antigens against which, 
MoAb have been designed, such as CD4  [  78  ]  
and, specially, CD52  [  79,   80  ] , are frequently 
down-regulated in T-cell tumors  [  11,   17,   81–  83  ] . 
Based on these  fi ndings, different authors agreed 
that the estimation of CD52 expression may pro-
vide a rationale for the selection of patients with 
higher probability of responding to alemtuzumab, 
by avoiding the risk of unwanted toxicity  [  81  ] . 
Similar consideration will have to be applied to 
other antigens/MoAbs available in the future.   

   Prognostication of Peripheral T-Cell 
Lymphomas 

 Several prognostic indicators (summarised in 
Table  3.2 ) have been proposed that will be 
detailedly discussed in the following. 

   International Prognostic Index 

 The international prognostic index (IPI) was  fi rst 
introduced in 1993 with the intent of identifying 
patients with aggressive NHL and different 
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risk of treatment failure, relapse, and death  [  84  ] . 
It is based on clinical parameters, such as tumor 
stage, presence of extranodal localizations, age, 
lactate dehydrogenase (LDH) level, and perfor-
mance status (PS). Notably, it was built up on 
B-NHL rather than T-NHL cases, and, specially, 
diffuses large B-cell lymphomas (DLBCL). 
However, its ability to stratify PTCL patients was 
reported in the following years. In particular, the 
International Lymphoma Study Group showed 
that overall and relapse free survival were 
signi fi cantly different in patients with low (0/1) 
vs. high (4/5) IPI, in patients with all PTCL type 
but ALCL (5-year OS, 36 vs. 15%; 5-year failure 
free survival, FFS, 27 vs. 10%)  [  2  ] . On the other 
hand, subsequent studies showed that IPI was 
particularly effective for prognostication of both 
ALK +  and ALK −  ALCL  [  6,   85  ] . In particular, in 
ALK +  ALCL, the 5-year OS was 94 ± 5% for the 
low/low intermediate risk group vs. 41 ± 12% for 
the high/high intermediate group ( p  < 0.0001) 
 [  85  ] . Noteworthy, the IPI was more relevant than 
ALK expression in stratifying patients with 
ALCL (relative risk, 3.50 vs. 0.29, respectively), 
though both were signi fi cant prognostic factors 
 [  85  ] . In addition, in a large study within the 
ITCLP, the IPI effectively identi fi ed risk groups 
with different prognoses within both ALK +  and 
ALK −  ALCL, although those with an IPI score of 
3 or more fell into the poor-risk category regard-
less of ALK status  [  6  ] .  

 Furthermore, Suzumiya et al. recently reported 
on a large series of patients with aggressive adult 
T-cell leukemia/lymphoma (ATLL), providing 
evidence that IPI, platelet count, and B-symptoms 
were signi fi cant prognostic factors  [  86  ] . 
Interestingly, multivariate analysis indicated that 
only the IPI was an independent predictor of OS 
in this series, though the IPI signi fi cantly pre-
dicted for OS only in the lymphoma type of ATLL 
( p  = 0.04), but not in the acute one ( p  = 0.24)  [  86  ] . 

 Overall, IPI identi fi es patients at higher risk, 
being the expression of disease extension on one 
hand, and patient’s frailty on the other. Indeed, it 
does offer neither speci fi c biological hints nor 
potential target for overcoming drug resistance. 
In addition, it was soon clear that IPI was not as 
effective in PTCLs/NOS and AITLs (the two 
commonest PTCL types) as in the original series 

of DLBCLs, probably re fl ecting, at least in part, 
the fact that PTCL therapy is basically derived 
from B-NHLs and speci fi c trials have been 
lacking for a long time. In particular, the exten-
sive use of anthracyclines did not appear to pro-
vide signi fi cant bene fi ts in PTCL patients  [  5  ] . 
Thus, novel scores have been investigated in this 
setting in the last few years (see below).  

   Prognostic Index for PTCL/NOS 

 In 2004, an Italian group ( Intergruppo Italiano 
Linfomi ,  IIL ) proposed a novel prognostic model 
based on a retrospective multi-centric clinical 
analysis of 385 patients  [  87  ] . Speci fi cally, the 
new model, named  Prognostic Index for PTCL-U  
(PIT), included bone-marrow involvement, age, 
PS, and LDH. When these four variables were 
combined in four groups, the PIT could identify 
patient subgroups with different outcomes. 
Noteworthy, the PIT turned out to be slightly 
more effective than IPI in stratifying PTCL 
patients (log-rank 66.79 vs. 55.94) and was then 
proposed as reference tool. In addition a 
simpli fi ed, two-classes PIT appeared to be supe-
rior to a simpli fi ed two-classes IPI (log-rank 
49.36 vs. 30.23)  [  87  ] . However, PIT was based 
on a series lacking systematic histological review 
and though its value was con fi rmed within the 
ITCLP, it did not resulted superior to IPI. In par-
ticular, the PIT was also applied to ALK +  and 
ALK −  ALCL and was similarly predictive of FFS 
and OS in both groups  [  6  ] . However, given that 
the distribution of patients across the risk groups 
was very similar with the two prognostic models 
and that bone-marrow involvement is rarely 
observed in ALCL, the PIT actually seems to 
mirror the IPI in this setting  [  6  ] . 

 In addition, as it does not include tumor-
speci fi c biologic factors, cannot be intended for 
the future application of targeted therapies.  

   Clinical-Pathologic Prognostic Score 
(Bologna Score) 

 Immunohistochemical markers have been 
largely proposed for prognostication of malignant 
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lymphomas. As far as PTCLs are concerned, in a 
large collection of Italian cases, Went et al. 
recently found that high Ki-67 expression, 
Epstein–Barr virus (EBV) status, and CD15 stain-
ing were associated with the worst outcome in 
PTCL/NOS  [  11  ] . Interestingly, EBV has repeat-

edly been proposed as a negative prognosticator 
in PTCLs  [  88  ] , both among Asian and European 
patients  [  89,   90  ] . Speci fi cally, Went et al. found 
EBV-positivity in 5 and 3% of PTCLs, NOS, and 
AITL respectively: this value is de fi nitely lower 
than the one recorded by Dupuis et al. in a 

   Table 3.2    Summary of prognostic markers and scores in peripheral T-cell lymphomas   

 Prognostic indicator  PTCL subtype  Reference 

 Histotype  All  The Non-Hodgkin’s Lymphoma 
Classi fi cation Project  [  2  ]  
 Vose et al.  [  5  ]  
 Savage et al.  [  6  ]  
 Lopez-Guillermo et al.  [  8  ]  
 Ascani et al.  [  16  ]  

 IPI  All  The Non-Hodgkin’s Lymphoma 
Classi fi cation Project  [  2  ]  

 ALCL  Savage et al.  [  6  ]  
 Falini et al.  [  85  ]  

 ATLL  Suzumiya et al.  [  86  ]  
 NK/TCL  Au et al.  [  108  ]  

 PIT  PTCL/NOS  Gallamini et al.  [  87  ]  
 Savage et al.  [  6  ]  

 Bologna score  PTCL/NOS  Went et al.  [  11  ]  
 AITL  Briones et al.  [  66  ]  

 Korean prgnostic index  NKTCL  Lee et al.  [  105  ]  
 NK prognostic index  NKTCL  Suzuki et al.  [  118  ]  
 EBV integration  PTCL/NOS  Went et al.  [  11  ]  

 AITL  Kluin et al.  [  89  ]  
 Dupuis et al.  [  90  ]  

 NKTCL  Au et al.  [  108  ] Cheung et al.  [  60  ]  
 Chim et al.  [  115  ]  
 Huang et al.  [  116  ]  
 Lee et al.  [  117  ]  
 Ng et al.  [  114  ]  

 Proliferation (evaluated by)  PTCL/NOS  Went et al.  [  11  ]  
 Ki-67  Cuadros et al.  [  27  ]  
 Molecular signature 

 Cellular derivation  PTCL/NOS  Went et al.  [  11  ]  
 Bekkenk et al.  [  91  ]  
 Kojima et al.  [  92  ]  
 Iqbal et al.  [  32  ]  

 NF k B activation  PTCL/NOS  Martinez-Delgado et al.  [  21  ]  
 Ballester et al.  [  23  ]  
 Briones et al.  [  66  ]  

 CYP3A  PTCL/NOS  Rodriguez-Antona et al.  [  100  ]  

   PTCL/NOS  peripheral T-cell lymphoma, not otherwise speci fi ed,  AILT  peripheral T-cell lym-
phoma, angioimmunoblastic type, ALCL anaplastic large cell lymphoma,  ATLL  Adult T-cell 
leukemia/lymphoma,  NKTCL  NK/T-cell lymphoma, nasal-type    
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French  cohort. Such discrepancies might re fl ect 
geographic or racial differences. No other 
immunohistochemical marker alone or in combi-
nation was associated with a poor outcome, 
although patients with tumors expressing CD57 
or CD4 + /CD8 −  phenotype showed a tendency for 
a better outcome, the possible prognostic rele-
vance of the latter having also been proposed by 
others  [  91,   92  ] . 

 Furthermore, based on their collective largely 
provided with follow-up data and previous expe-
rience in the literature  [  87,   93–  98  ] , Went et al. 
developed a new score integrating both patient- 
and tumor-speci fi c characteristics (age >60 years, 
PS, LDH, and Ki-67 marking  ³ 80%) and identi-
fying three clear-cut groups of patients with dif-
ferent responses to therapy and life-expectancy. 
Such score seemed to show an improved ability 
to predict patient-outcome compared to previous 
indices, including IPI ( p  < 0.001 vs. 0.1) and PIT 
( p  < 0.001 vs. 0.0043)  [  11  ] . In particular, accord-
ing to the Bologna score, patients were clustered 
into three groups, which showed signi fi cantly 
different clinical outcome (median OS 37 vs. 23 
vs. 6 months, respectively;  p  < 0.001)  [  11  ] . 

 Interestingly, the ability of the Bologna score 
was recently validated by a Spanish group  [  66  ] . 

 Remarkably, all the factors contributing to the 
scoring system proposed by Went et al.  [  11  ]  are 
part of the routine workup, making their integra-
tion simple and cost-effective, and incorporate 
both patient- and tumor-speci fi c characteristics.  

   Gene Expression Pro fi ling 

 In the last few years, several studies dealt with 
the gene expression pro fi ling (GEP) of nodal 
PTCLs  [  17,   18,   20–  23,   25–  32,   81,   99  ] , possibly 
providing novel insight into PTCL prognostica-
tion. First, a few reports suggested that PTCLs/
NOS may present with up- or down-regulation of 
NF k B molecules  [  20,   21,   23  ] , with possible prog-
nostic relevance  [  21,   23  ] . In particular, cases with 
higher levels of NF k B-related molecules or other 
evidence of NF k B activation showed a better 
median OS (25 months, range 0–124 months, vs. 
12 months, range 0–19 months;  p  = 0.032)  [  21, 

  23  ] . This observation was then con fi rmed by 
another Spanish group, the 5-year OS being 45% 
vs. 0%, in NF k B +  and NF k B −  cases, respectively 
( p  = 0.04)  [  66  ] . However, all these studies included 
a relatively limited number of cases, by mixing 
different histotypes  [  21,   66  ] , or cases with promi-
nent non-neoplastic components  [  23  ] , which 
might have in fl uenced, 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 over-expression of 
genes involved in a so-called “proliferation sig-
nature” was associated signi fi cantly with shorter 
survival of patients  [  27  ] . This proliferation signa-
ture included genes commonly associated with 
the cell cycle, such as  CCNA ,  CCNB ,  TOP2A , 
and  PCNA   [  27  ] . Notably, this evidence of high 
proliferation as a possible adverse prognostic 
factor was de fi nitely in line with what reported 
by Went et al.  [  11  ]  and what observed within the 
ITCLP (unpublished), highlighting the impor-
tance of such parameter. 

 Finally, our Group, basing on GEP analyses, 
indicated that PTCLs/NOS can be subclassi fi ed 
according to their histogenesis. In particular, at 
least two subgroups were described, derived from 
activated helper and cytotoxic elements, respec-
tively  [  17  ] . Importantly, such  fi nding was recently 
con fi rmed by Iqbal et al.  [  32  ] . Intriguingly, in this 
report, it was also suggested that the cytotoxic 
pro fi le may 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,   91,   92  ] . 

 Overall, GEP studies provided evidences that 
molecular features may be useful in de fi ning 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  fi rst time the 
expression of molecules associated to drug resis-
tance in solid tumors such as  CYR61  and  NNMT  
in PTCL/NOS  [  17  ] . Furthermore, Rodríguez-
Antona et al. recently found that a high expres-
sion of cytochrome P450 3A (CYP3A), an enzyme 
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involved in the inactivation of chemotherapy 
drugs, was associated to poor response to the stan-
dard PTCL chemotherapy, suggesting that CYP3A 
could be useful as a predictor of response  [  100  ] . 
Indeed, the molecular classi fi cation of PTCLs 
and the identi fi cation of key events in their molec-
ular pathology will be probably the basis for 
future prognostication and targeted treatment in 
this  fi eld as in the case of DLBCL  [  101,   102  ] .  

   Prognostication of NK/T-Cell 
Lymphoma, Nasal-Type 

 Extranodal natural killer/T-cell lymphoma, nasal-
type is a distinct entity in the WHO classi fi cation 
of lymphoid tumors, more frequent in Asia and 
Central–South America than in Western countries 
 [  103–  108  ] . Morphologically, tissue invasion, vas-
cular destruction, and necrosis are the most prom-
inent features; EBV is always integrated in the 
genome of neoplastic cells  [  107  ] . Most of the 
cases derive from natural killer (NK) cells and are 
characterized by a typical NK phenotype and 
T-cell receptor genes in germ-line con fi guration; 
however, in some instances a cytotoxic T lympho-
cyte origin was recognized  [  107  ] . The nasal cavity 
and the upper aerodigestive tract (nasal NK/T-cell 
lymphoma) are the most commonly involved 
sites, but skin, gastrointestinal tract, lung, testis, 
and soft-tissues (extra-nasal NK/T-cell lymphoma) 
can be also affected  [  103,   104,   107,   109  ] . 

 The prognosis of extranodal natural 
killer/T-cell lymphoma is poor, being the worst 
among the PTCL categories  [  108  ] : survival rate 
is 30–40%, anyway some differences exist 
between nasal and non-nasal disease as the latter 
is more aggressive  [  107,   108,   110  ] , therefore the 
inclusion of radiotherapy in treatment protocols 
improved outcome of nasal natural killer/T-cell 
lymphoma in stage I or II  [  106–  108,   111,   112  ] . 
Among nasal forms, adverse prognostic factors 
are unfavorable IPI, advanced stage disease (stage 
III or IV), high circulating EBV DNA levels, and 
detection of EBV in bone-marrow cells by in situ 
hybridization  [  107,   108,   111,   113–  117  ] . Some 
studies suggest that high proportion of large/
transformed cells in tumoral population have a 

negative impact on survival: anyway the 
signi fi cance of cytological features as prognostic 
indicator is still uncertain  [  106–  109  ] . The pri-
mary extra-nasal cases are highly aggressive with 
poor response to therapy even in patients with 
localized disease  [  107,   108  ] . 

 Importantly, a new prognostic index, proposed 
by a Korean group, speci fi cally developed for 
NK/T-cell tumors and based on four parameters, 
(“B” symptoms, LDH levels, stage and regional 
lymph node involvement) demonstrated a better 
prognostic strati fi cation of NK/T-cell lymphomas 
as compared with IPI  [  105  ] . 

 In addition, recently, another study showed 
that four factors (non-nasal-type, stage, perfor-
mance status and numbers of extranodal involve-
ment) were signi fi cant prognostic factors in 
NK/T-cell lymphomas  [  118  ] . Using these four 
variables, a NK prognostic index was success-
fully constructed, the 4-year OS of patients with 
zero, one, two and three or four adverse factors 
being 55, 33, 15, and 6%, respectively  [  118  ] .   

   Conclusion 

 PTCLs have represented for a long time an orphan 
pathology. This can be explained by their rela-
tively low incidence (that is anyway higher that 
of a “common” tumor, such as Hodgkin’s lym-
phoma), the dif fi culties encountered in their anal-
ysis, and their dismal prognosis. During the last 
few years, however, a great deal of interest has 
developed shedding new light on the pathobiol-
ogy of these tumors and leading to the proposal 
of more effective prognosticators. In particular, 
though IPI is somehow effective for PTCL prog-
nostication, novel more re fi ned and possibly dis-
ease speci fi c scores have been explored, and 
several models including clinical–pathological 
and molecular features have been proposed, their 
validation process being now ongoing. In addi-
tion, innovative therapeutic schedules have been 
recently proposed, based on the application of the 
newly developed micro-array techniques. The 
morning of a new era seems quite close that will 
actually dissipate the shadows which have 
wrapped PTCLs for several decades.      
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            Introduction: Historical Perspective 

 Angioimmunoblastic T-cell lymphoma (AITL) 
was originally described in the 1970s as “angio-
immunoblastic lymphadenopathy (AILD) with 
dysproteinemia” by Frizzera et al.  [  1  ]  and subse-
quently as “immunoblastic lymphadenopathy” 
 [  2  ]  or “lymphogranulomatosis X”  [  3  ] . The dis-
ease was initially reported as a non-neoplastic 
lymphoproliferative disorder and believed to rep-
resent an abnormal “hyperimmune” reaction of 
the B-cell system or an atypical lymphoid pro-
cess, despite a clinical course characterized by 
multiple relapses, the development of malignant 
lymphoma in some cases, and a fatal outcome in 
the majority of patients  [  2  ] . Subsequently, 
Shimoyama and colleagues reported morphologic 

features of malignancy in cases with clinical and 
histological features otherwise similar to those of 
AILD, for which they proposed the designation 
of “immunoblastic T-cell lymphoma,” and that 
they suggested to consider as a variant of PTCL 
 [  4  ] . In addition, later in the 1980s, the identi fi cation 
of clonal cytogenetic abnormalities and the dem-
onstration of clonal T-cell receptor (TCR) gene 
rearrangements de fi nitively established the neo-
plastic nature of the disease  [  5–  8  ] . 

 Thereafter, AITL was recognized as one of the 
most common forms of PTCL in the REAL and 
subsequent WHO classi fi cations of hematologic 
malignancies  [  9,   10  ] . According to a recent inter-
national survey, AITL represents the second most 
common form of mature T/NK-cell malignan-
cies, accounting for 18.5% of the cases world-
wide  [  11  ] . Interestingly, there are important 
geographic variations, and the disease is more 
common in Europe (representing 29% of the 
cases) than in North America or Asia, where its 
prevalence is estimated to 16% and 18% of the 
cases, respectively  [  12  ] . The reasons for this het-
erogeneous distribution across different countries 
are not known. Part of it might be explained by 
the overall low prevalence of T-cell neoplasms in 
Western countries and a relative overrepresenta-
tion of other NK/T-cell lymphoma types in Asia, 
but true differences might exist. Yet no risk fac-
tors or etiologic agent(s) have been identi fi ed, 
and no racial predisposition is recognized.  
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   Pathological Spectrum 
of Angioimmunoblastic 
T-Cell Lymphoma 

   Architectural Patterns 

 Lymph nodes almost constantly involved in AITL 
represent the tissue most frequently harvested for 
pathologic analysis and diagnosis (Table  4.1 ). 
AITL displays distinctive pathological features. 
According to Attygalle and colleagues, lymph 
node involvement in AITL can be classi fi ed 
according to three overlapping architectural pat-
terns  [  13–  16  ] . In pattern I (AITL with hyperplas-
tic follicles) seen least frequently, the lymph node 
has a partially preserved architecture and con-
tains hyperplastic follicles with numerous tingi-
ble body macrophages, poorly developed mantles, 
and ill-de fi ned borders, merging into the paracor-
tex expanded by a polymorphous in fi ltrate com-
prising often inconspicuous neoplastic cells, 
which tend to distribute in the vicinity of the 
hyperplastic follicles    . In pattern II (AITL with 
depleted follicles), occasional depleted follicles 
are present. The pattern III (AITL without folli-
cles), by far the most frequent, is characterized 
by complete loss of architecture, absence of 
residual B-cell follicles, and prominent irregular 

proliferation of FDCs. Conversely, FDCs are 
normal or minimally increased in patterns I and 
II. These three patterns, reported to comprise 
increasing numbers of neoplastic cells and to 
evolve toward a more diffuse distribution, are 
thought to re fl ect morphologic evolution of the 
disease rather than clinical progression  [  13–  16  ] .   

   Usual Morphologic Features 

 In pattern III most commonly encountered, the 
architecture of the lymph node is effaced, often 
with capsular and perinodal in fi ltration sparing 
the peripheral cortical sinus. The lymph node is 
occupied by a diffuse polymorphous in fi ltrate 
including variable proportions of medium-sized 
neoplastic T cells, admixed with small lympho-
cytes, histiocytes or epithelioid cells, immuno-
blasts, eosinophils, and plasma cells, and 
associated with prominent arborizing blood ves-
sels and a perivascular proliferation of FDCs 
(Fig.  4.1a, b ). Typically, the lymphoma cells are 
medium-sized cells with round or slightly irregu-
lar nuclei and abundant clear cytoplasm and dis-
tinct cell membranes (Fig.  4.1c ). They are often 
less abundant than the reactive background and 
may even comprise only a minority of the T-cell 
compartment  [  17,   18  ] . This neoplastic component, 

   Table 4.1    Major pathological features of angioimmunoblastic T-cell lymphoma   

 Criteria  Characteristic features 

 Pattern of lymphoproliferation  Diffuse nodal involvement (pattern III) 
 Less common: with hyperplastic follicles (pattern I) or with regressed 
follicles (pattern II) 
 Increased density of high-endothelial venules 

 Cytologic features  Polymorphic in fi ltrate: neoplastic and reactive cells 
 Neoplastic cells: small to medium-sized, clear cytoplasm 
 Reactive cells: B-cell blasts, plasma cells, eosinophils, histiocytes 
 FDC expansion 

 Immunophenotype  CD2+, CD3+/dim, CD4+/dim, CD5+, CD7−/+, CD8−, CD10+, CD10+/- 
 Positivity for Tfh markers (BCL-6, CXCL13, PD1, ICOS, SAP, c-MAF) 

 Molecular genetics  Monoclonal  TCR  gene rearrangement in up to 95% of the cases 
 Monoclonal or oligoclonal  IGH  and/or  IGK  and/or  IGL  gene rearrange-
ment in up to 33% of the cases 

 Cytogenetics  Trisomies of chromosomes 3, 5, and 21, gain of X, and loss of 6q 
 EBV  Detected in the majority of cases, in B cells 

   EBV  Epstein–Barr virus;  FDC  follicular dendritic cell;  Tfh  follicular helper T cell  
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which may be dif fi cult to readily identify by 
morphology alone and is better highlighted 
by immunohistochemistry for T-cell markers, 
tends to form small clusters around high endothe-
lial venules. In a subset of cases, the neoplastic 
cells are smaller with only slight pleomorphism 
and atypia, and without striking clear cell compo-
nent. The disease is accompanied by a variable 
number of scattered large B-blasts often infected 
by the EBV, which may morphologically mimic 
Reed–Sternberg cells.   

   Morphologic Variants According 
to Cell Content 

 A subset of cases contain a high proportion of 
large B-cell blasts (>25%) ( B-cell-rich AITL ), 
which are usually but not always infected by 
EBV; the importance of the large B-cell compo-
nent does not seem to impact the clinical outcome 
 [  18,   19  ] . Although the neoplastic in fi ltrate in dis-
ease tissues is often subtle, a subset of AITL cases 
(less than 10%) comprise an overt lymphomatous 

proliferation of sheets of “clear” neoplastic cells 
 [  20  ] . Such cases, referred to as “clear cell-rich 
AITL,” do not appear to differ from usual cases 
in terms of clinical outcome  [  18  ] . The  epithelioid 
variant  of AITL, characterized by a high content 
of epithelioid cells, raises differential diagnosis 
issues as it can suggest a granulomatous disease 
or be mistaken for other histiocyte-rich lympho-
mas such as the lymphoepithelioid variant of 
PTCL, NOS (Lennert’s lymphoma), mixed cel-
lularity Hodgkin lymphoma, or even with B-cell 
lymphomas (lymphoplasmacytic lymphoma or 
T-cell/histiocyte-rich large B-cell lymphoma in 
cases rich in large B cells)  [  21  ] .  

   Immunophenotype 

 In involved tissues, the majority of in fi ltrating 
lymphocytes are T cells comprising an admixture 
of CD4+ and CD8+ cells, among which the tumor 
cell population may be dif fi cult to identify  [  22, 
  23  ] . Nevertheless, it is established that in the 
majority of cases, the neoplastic cells of AITL 

  Fig. 4.1    Typical histopathologic features of angioimmu-
noblastic T-cell lymphoma. ( a ) Lymph node involvement 
characterized by a diffuse lymphoproliferation associated 
with arborizing blood vessels (×100); ( b ) follicular den-
dritic cell (FDC) proliferation in angioimmunoblastic 
T-cell lymphoma highlighted by CD21 immunostaining 

(×25); ( c ) high magni fi cation showing medium-sized 
neoplastic lymphoid cells with clear cytoplasm (×200); 
( d ) CXCL13 usually produces intense cytoplasmic stain-
ing of most tumor cells (×200); ( e ) PD1 is positive in most 
neoplastic cells (×200)       
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consist of mature  a  b  CD4+ CD8− T cells 
 [  17,   23–  25  ] . Aberrancies in the pattern of expres-
sion of pan-T-cell antigens are frequently 
observed—although this may be dif fi cult to assess 
due to the low content in neoplastic cells—most 
commonly loss or reduced expression of CD7 or 
surface CD3, sometimes low or heterogeneous 
CD4 expression. Conversely, the expression of 
CD2 and CD5 is usually intact. Partial expression 
of CD30 by the neoplastic cells has been docu-
mented in up to one-third of the cases  [  23  ] . 

 Aberrant CD10 antigen expression  fi rst 
reported in 2002    [13]    is now validated by immu-
nohistochemistry and/or  fl ow cytometry as a sen-
sitive marker for AITL, observed in around 80% 
of the cases  [  14,   18,   23,   26–  28  ] . In many cases, 
the expression of CD10 is heterogeneous (detected 
on an often minor subset of the tumor cells and of 
variable intensity). Since aberrant CD10 expres-
sion is maintained in most involved extranodal 
sites, it is a useful marker for identi fi cation of 
AITL dissemination  [  26  ] . As detailed below, it 
has been recently shown that neoplastic T cells 
can be recognized by the expression of several 
markers of the follicular helper T cells (T 

FH
 ), such 

as CXCL13, PD1, inducible costimulator (ICOS), 
CD200  [  29  ] , or BCL6 or c-MAF (Fig.  4.1d, e ). 
Immunohistochemical criteria also include the 
demonstration of a variable proportion of scat-
tered CD20+ B blasts, often expressing CD30 
and EBV-infected, and of a proliferation of 
FDCs—highlighted by using classical FDC mark-
ers CD21, CD23, CNA.42, and/or CD35—
typically in association with expanded high 
endothelial venules.  

   Extranodal Organs 

 Extranodal sites, especially bone marrow and 
skin, are also frequently involved in AITL 
patients. Bone marrow involvement has been 
reported to occur in up to 70% of the cases  [  30  ] . 
In the bone marrow, AITL in fi ltrates are often 
subtle, appearing as often small single or multiple 
nodular or interstitial foci of in fi ltration in a para-
trabecular or non-paratrabecular distribution, 
which are often dif fi cult to distinguish from 

reactive lymphocytic in fi ltrates. Accordingly, 
despite the absence of peripheral blood leukocy-
tosis with lymphocytosis in most patients, low 
numbers of circulating tumor cells may be dem-
onstrated due to an aberrant immunophenotype 
(most commonly CD10+ and/or sCD3− or dim) 
and/or clonal TCR gene rearrangement  [  30–  32  ] . 

 Exceptionally, AITL may lead to complete 
replacement of hematopoietic tissues  [  33  ] . In 
addition, secondary changes of the hematopoi-
etic tissue are frequently observed, including 
bone marrow hypercellularity, eosinophilia, 
myelo fi brosis, hematophagocytosis, or reactive 
polyclonal plasmacytosis, which may obscure 
the lymphoma in fi ltrate  [  30,   34  ] . 

 Different histopathologic aspects can be seen 
in skin biopsies, ranging from subtle nonspeci fi c 
mild perivascular lymphocytic in fi ltrate to, more 
rarely, an overtly lymphomatous diffuse 
in fi ltration containing numerous atypical T cells 
 [  35,   36  ] . T   he distribution of the atypical lym-
phoid in fi ltrates in other organs is less well char-
acterized. Splenomegaly and tonsillar swelling 
are common in AITL, but spleen and Waldeyer’s 
ring are rarely the site of diagnosis  [  37  ] . The mul-
tiple extranodal sites of involvement can be par-
alleled with the common detection of tumoral 
cells in peripheral blood in AITL patients at 
diagnosis.   

   Clonality Analysis in AITL 

 Several large studies have reported clonality 
analysis of the TCR and immunoglobulin (IG) 
genes in AITL  [  8,   14,   17,   38–  42  ] . In the most 
recent publications using sensitive PCR tech-
niques, the detection of monoclonal or oligoclo-
nal rearrangement of the TCR is found in the 
majority of cases—although not all—(up to 95% 
in the series reported by the Biomed-2 consor-
tium when multiplex strategies targeting the  b ,  g , 
and  d  TCR loci). In one recent study, sequence 
analysis of the rearranged  TCRB  genes showed 
overrepresentation of the BV17S1 family com-
pared to the use of other V b  segments  [  43  ] . 

 In addition to  TCR  rearrangement, a clonal 
or  oligoclonal rearrangement of the  IG  gene(s) 
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is also found in up to one-third of patients. 
B-cell clonality tends to be evidenced in cases 
comprising an increased number of B-cell blasts, 
which may or may not be associated with EBV 
infection  [  41,   44  ] . Most EBV-infected B cells 
show ongoing mutational activity and carry 
hypermutated  IG  genes with destructive muta-
tions, suggesting that in AITL alternative path-
ways operate to allow the survival of these 
mutating “forbidden” (Ig-de fi cient) B cells  [  44  ] .  

   Genetic Alterations in AITL 

 By conventional cytogenetic analysis, clonal 
aberrations are detected in up to 90% of the cases 
(reviewed in ref.  [  45  ] ). The most common recur-
rent abnormalities are trisomies of chromosomes 
3, 5, and 21, gain of X, and loss of 6q  [  6,   46,   47  ] . 
Speci fi c chromosomal abnormalities do not seem 
to be associated with survival, but complex kary-
otypes adversely impact the clinical outcome  [  46, 
  48  ] . Genetic heterogeneity manifested by unre-
lated clonal and non-clonal abnormalities in the 
same patient has been mentioned in cytogenetic 
reports, possibly re fl ective of genetic instability 
 [  48  ] , and also perhaps linked to genetic altera-
tions in the EBV-positive B-cell blasts  [  47  ] . 
Intriguingly, whereas a high frequency of chro-
mosomal imbalances was con fi rmed by matrix-
based CGH in a series of 39 AITL, with gains 
identi fi ed more commonly than losses, there was 
little overlap with classical cytogenetic data: tri-
somies 3 and 5 were infrequent and the most fre-
quent gains were of 22q, 19, and 11p11-q14, and 
losses of 13q  [  49  ] . 

 Chromosomal breakpoints affecting the TCR 
gene loci appear to be extremely rare: only one of 
54 AITLs analyzed in two recent FISH-based 
studies was found to have a break, involving the 
 TCR A/B  locus  [  50,   51  ] . The molecular altera-
tions underlying the neoplastic transformation 
remain unknown. Mutations of  p53  are infre-
quent, and mutations in the 5 ¢  region of  BCL6  
have not been detected  [  52  ] . A role for the c-MAF 
transcription factor has been suggested, because 
its overexpression in transgenic mice induces the 
development of T-cell lymphomas, and high lev-

els of c-MAF have been detected in human AITL 
tissues  [  53  ] . However, c-MAF rearrangements 
are not evidenced in AITL, and hence the pres-
ence of c-MAF protein in AITL neoplastic cells 
represents an additional witness of their onto-
genic derivation from T 

FH
  cells rather than the 

re fl ection of an oncogenic event  [  54  ] . Recently, 
novel recurrent mutations have been reported in 
AITL, involving the Ten Eleven Ten 2 ( TET2 ) 
and isocitrate dehydrogenase 2 ( IDH2 ) genes 
in approximately 35% and 20% of the cases, 
respectively  [  55,   56  ] .  

   Molecular Signature Provides Further 
Evidence That AITL Derives 
from Follicular Helper T Cells 

 Critical insights into the understanding of AITL 
have been gained from molecular pro fi ling 
analyses. In our study, we  fi rstly de fi ned the 
global molecular signature of 18 AITL cases in 
comparison to that of 16 PTCL, NOS samples, 
and subsequently, given the availability of sorted 
tumor cell suspensions for pro fi ling, distinguished 
the respective contributions of the tumor cells 
and the nontumor cells to the AITL signature 
 [  57  ] . Somewhat in accordance with the known 
pathological features and diagnostic criteria, the 
AITL molecular pro fi le was dominated by a 
strong microenvironment imprint, including 
overexpression of B-cell- and FDC-related genes, 
chemokines, and chemokine receptors, and genes 
related to extracellular matrix and vascular biol-
ogy. Interestingly, the signature contributed by 
the neoplastic cells, albeit quantitatively minor, 
was enriched in genes normally expressed by T 

FH
  

cells (Fig.  4.2 ). T 
FH

  cells constitute a minor sub-
set of effector T cells with a speci fi c microana-
tomic distribution in the apical zone of reactive 
germinal centers, and distinct gene signature and 
functions separable from the other known Th1, 
Th2, Th17 effector subsets  [  58,   59  ] . The demon-
stration of molecular similarities between AITL 
tumor cells and T 

FH
  cells at a genome-wide level 

de fi nitively established the cellular derivation of 
AITL from T 

FH
  cells, initially suspected on the 

basis of the expression of single T 
FH

  markers in 
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AITL tumor cells, in particular the CXCL13 
chemokine  [  62  ] . The molecular link between 
T 

FH
  cells and AITL has been con fi rmed in other 

gene expression pro fi ling datasets by indepen-
dent investigators  [  60,   61  ] .  

 This peculiar gene expression signature trans-
lates into the expression of T 

FH
  markers that rep-

resent novel diagnostic markers of the disease. 
Strikingly, cytoplasmic expression of the CXCL13 
chemokine is found in the neoplastic cells in most 
AITL cases  [  62,   63  ] . Additional markers of nor-
mal T 

FH
  cells, including the cell surface molecules 

CXCR5, CD154, programmed death-1 (PD-1) (a 
member of the CD28 costimulatory receptor fam-
ily resulting in negative regulation of T-cell activ-
ity), and ICOS (a CD28 homologue with 
costimulatory function in T-cell activation and 
expansion), have been demonstrated in AITL by 
immunohistochemistry  [  16,   27,   64–  68  ] . Another 
cytoplasmic protein, SAP (SLAM-associated 
protein), has been recently validated as a novel 
marker of both normal germinal center T cells 
and AITL  [  66  ] . Nuclear expressions of the BCL6 
and c-MAF transcription factors, which are 

characteristic of the T 
FH

  subset of CD4+ cells, 
represent other phenotypic traits of AITL tumor 
cells  [  15,   28,   54  ] . On tissue sections, the distribu-
tion and the intensity of the immunostainings 
observed for the different T 

FH
  markers tend to cor-

relate and, similar to CD10, to show a relation-
ship to the FDC meshwork. For diagnostic 
purposes, CXCL13, PD1, and BCL6 currently 
represent the most useful and robust T 

FH
  markers 

amenable to routine paraf fi n section immunohis-
tochemistry. In terms of speci fi city, CXCL13 is 
probably superior to PD1, ICOS, and BCL6, 
which can also be expressed in a subset of extra-
follicular T cells. It has also been reported that 
CXCL13 is a more helpful marker than CD10 to 
recognize the neoplastic nature of subtle in fi ltrates 
in extranodal sites, for example, the skin  [  36  ] . 

 The cellular derivation of AITL from T 
FH

  cells 
provides a rational model to explain several of the 
peculiar pathological and biological features inher-
ent to this disease, i.e., the expansion of B cells, 
the intimate association with germinal centers in 
early disease stages, and the striking proliferation 
of FDCs. Among the molecular mediators of T 

FH
  

  Fig. 4.2    Molecular signatures of AITL and PTCL, NOS 
by gene expression pro fi ling analysis. Expression data 
from two normal T 

FH
  cell populations, 2 AITL tumor cell 

suspension samples ( arrows ), 17 AITL tissue samples, 
and 16 PTCL, NOS samples are shown. The genes repre-
sented in this heatmap include a set of 42 core genes rep-
resentative of normal T 

FH
  cells, overexpressed in AITL 

(by comparison to PTCL, NOS) and overrepresented in 
sorted AITL tumor cells ( arrows ) in comparison to AITL 
tissues (as demonstrated by gene set enrichment analy-
ses). Standardized expression ranges from −2.0 ( blue ) to 
2.0 ( red ) (adapted from de Leval et al.  [  57  ] , with permis-
sion from John Wiley & Sons, Inc.)       
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cells, CXCL13 likely plays a key role. New future 
insights in the precise functions of the network of 
mediators involved in the generation of T 

FH
  cells 

and their role in the immune system will certainly 
contribute to the better understanding of the patho-
genesis of AITL. The reason why this peculiarly 
small subset of T cells gives rise to one of the 
most frequent T-cell lymphoma entity is unex-
plained and the molecular alterations targeting 
neoplastic T 

FH
  cells and their role in lymphom-

agenesis remain to be deciphered. Moreover, these 
recently accumulated data suggest that the mor-
phological spectrum of AITL may be larger than 
previously de fi ned. Indeed, a T 

FH
  imprint has been 

demonstrated in a subset of cases morphologically 
classi fi ed as PTCL, NOS that may represent evo-
lution from AITL, and in rare forms of PTCL with 
a follicular growth pattern  [  57,   69,   70  ] .  

   Role of the Tumor Microenvironment 

 Non-neoplastic cells typically represent a quanti-
tatively major component of AITL and, clinically, 
the manifestations of the disease mostly re fl ect a 
deregulated immune and/or in fl ammatory 
response rather than direct complications of tumor 
growth  [  18  ]  supporting the concept of a paraneo-
plastic immunological dysfunction (Fig.  4.3 ). 
Moreover, AITL patients have defective T-cell 
responses, linked to both quantitative and qualita-
tive perturbations of T-cell subsets  [  32,   71  ] . 
A  depletion in T 

reg
  cells and an accumulation of 

Th 
17

  cells have been recently reported in AITL 
tissues  [  72,   73  ] . Interestingly, normal T 

FH
  cells 

suppress T-cell responses by inhibiting the prolif-
eration and function of conventional CD4 T cells, 

  Fig. 4.3    Pathogenetic model of angioimmunoblastic 
T-cell lymphoma. In AITL, a complex network of interac-
tions take place between the tumor cells and the various 
cellular components of the reactive microenvironment, 
the molecular mediators of which are partly deciphered. 
Different factors released by T 

FH
  cells are involved in 

B-cell recruitment, activation, and differentiation 
(CXCL13), in the modulation of other T-cell subsets 
(IL21, IL10, TFG b ), or in promoting vascular proliferation 

(VEGF, angiopoietin), and may also act as autocrine 
factors. CXCL13 may also attract mast cells (MC), which 
are a source of IL6 promoting Th17 differentiation. EBV 
reactivation occurs in the context of a deregulated immune 
response, which also favors the expansion of both T 

FH
  

cells and B cells. TGF b  is a mediator of FDC differentia-
tion and proliferation, and FDC in turn are a source of 
CXCL13 and VEGF.  B  B-cell;  FDC  FDC;  HEV  high 
endothelial venule;  MC  mast cell;  PC  plasma cell       
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especially through TGF- b  and IL-10 production 
 [  74  ] .    The complex pathways and networks and 
the mediators linking the various cellular non-
neoplastic and neoplastic components are only 
partly deciphered. Lymphotoxin beta demon-
strated in AITL tumor cells  [  75  ]  and potentially 
released by B cells under CXCL13 stimulation 
might be involved in inducing FDC proliferation.  

 Upregulation of several angiogenic mediators 
has been demonstrated in AITL. Vascular endothe-
lial growth factor (VEGF) is overexpressed in 
AITL and probably acts as a key mediator of the 
prominent vascularization observed in the disease 
 [  61,   69  ] . By immunostaining, neoplastic cells and 
endothelial cells are positive for both VEGF and 
its receptor, suggesting the possibility of some 
paracrine and/or autocrine loop  [  61,   76  ] . Moreover, 
FDCs represent another source of VEGF. The 
angiopoietin system may also play an important 
role as angiopoietin 1, which is expressed by 
AITL neoplastic cells and FDCs  [  61,   76  ] . 

 Overall, the importance of the microenviron-
ment and its potential role in tumor growth may 
have clinical implications for the use of novel tar-
geted therapies.  

   Infectious Agents in AITL 

 The etiology of AITL remains unknown, and 
there are no consistent risk factors for the disease. 
The original descriptions of AILD emphasized 
that in many patients the disease was preceded by 
allergic reactions, infections, and/or administra-
tion of drugs, especially antibiotics, which led to 
the speculation that AITL occurred as a result of 
abnormal immune reaction. Several reports also 
mentioned an association with various bacterial 
or fungal infections. It is now believed that these 
associations likely re fl ect the consequences of 
immune deregulation in AITL patients and do not 
bear a causal relationship. 

 EBV-positive cells are detected in most cases 
of AITL, and it is now established that these 
EBV-infected cells are B cells, indicating that the 
virus is unlikely to play a primary role in lym-
phomagenesis. Zhou et al. recently found that 
higher EBV viral loads in biopsies correlated 

with progression of histological patterns and with 
B-cell clonality  [  77  ] . In the latter study, PCR 
showed the presence of HHV6B in almost half of 
the cases. The involvement of other herpesviruses, 
in particular HHV8, appears very unlikely  [  77  ] . 
Although viral infection/reactivation likely occurs 
as a consequence of the underlying immune dys-
function, EBV and potentially also HHV6B may, 
through the modulation of cytokines, chemokines, 
and membrane receptors, play a role in the devel-
opment of the tumor microenvironment, ultimately 
favoring disease progression. Interestingly, 
HHV6B also has immunosuppressive properties.  

   Clinical Features and Treatment 

 The median age of presentation for AITL is 
59–65 years. A slight or marked male predomi-
nance is repeatedly reported. AITL may present 
as a subacute or acute systemic illness and may 
be associated with infections or other disorder of 
immune deregulation. Generalized lymphade-
nopathy and constitutional symptoms such as 
fever and weight loss are common features. A 
high proportion of patients have hepatomegaly 
and/or splenomegaly. Bone marrow involvement 
has been reported in up to 70% of the cases and 
tends to correlate with a higher frequency of B 
symptoms, hepatosplenomegaly, laboratory 
abnormalities, and the presence of circulating 
tumor cells  [  30  ] . Up to half of the patients have 
skin rash—either generalized or a predominantly 
truncal    maculopapular eruption mimicking an 
in fl ammatory dermatosis—and/or pruritus, prior 
to or concurrent with the diagnosis of lymphoma, 
or at relapse. Nodular lesions, plaques, purpura, 
and urticarial lesions can also be seen  [  78  ] . 
Overall, most patients have concomitant extran-
odal disease, and the disease is stage III or IV in 
more than 80% of cases. 

 Laboratory tests often disclose a variety of 
hematological, biochemical, and/or immunologi-
cal abnormalities. Anemia, polyclonal hypergam-
maglobulinemia, and hypereosinophilia are the 
most common alterations seen at diagnosis. Other 
common  fi ndings include lymphopenia, throm-
bocytopenia, and the presence of various 
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autoantibodies (rheumatoid factor, antinuclear 
factor, anti-smooth muscle), cryoglobulins, or 
cold agglutinins. 

 The prognostic signi fi cance of various other 
clinicobiological and pathological features was 
evaluated in a retrospective series of 157 AITL 
patients retrieved from the Goupe d’ Etude des 
Lymphomes de l’ Adulte (GELA) LNH87-LNH93 
randomized trials  [  18  ] . In multivariate analysis, 
only male sex, mediastinal lymphadenopathy, 
and anemia adversely affected overall survival. 

   Clinical Approaches for AITL 

 The optimal therapeutic approach for AITL has 
not been determined. Steroids have been used as 
a single-agent approach, especially in elderly 
patients. Most patients receive combination che-
motherapeutic regimens, such as cyclophosph-
amide, doxorubicin, vincristine, prednisone 
(CHOP); and cyclophosphamide, vincristine, 
prednisolone, bleomycin, doxorubicin, procarba-
zine, ifosfamide, methotrexate, and etoposide 
(COPBLAM/IMVP-16), but none of these has 
increased the long-term survival rate to more 
than 30%. A number of single-agent therapies 
have also been used, including methotrexate 
together with steroids,  fl udarabine or 2-chlorode-
oxyadenosine, and cyclosporine A  [  79–  84  ] . These 
reports are often anecdotal or correspond to lim-
ited phase II trials with response rates averaging 
30%, and there is no consensus whether any of 
these agents improve outcomes more than con-
ventional treatment, even in combination. 

   Is More Intensive Treatment with 
Transplantation Better? 
 The possible bene fi t of high-dose chemotherapy 
with ASCT (HDT-ASCT) for AITL patients was 
demonstrated in a retrospective multicenter study 
of the European Group for Blood and Marrow 
Transplantation, which reported 146 AITL 
patients who received ASCT in different situa-
tions (relapse, refractory,  fi rst complete remis-
sion)  [  85  ] . After a median follow-up of 
31 months, the actuarial overall survival (OS) 
was 67% at 24 months and 59% at 48 months. 

The estimated progression-free survival (PFS) 
rates were 70% and 56% at 24 and 48 months, 
respectively, for patients who received their 
transplants in CR; 42% and 30% for patients with 
chemotherapy-sensitive disease; and 23% at both 
time points for patients with chemotherapy-
refractory disease. 

 There are now emerging data on allogeneic 
transplantation in small cohorts of patients with 
PFS and OS rates of 66% and 64% at 3 years, 
respectively, with a relapse rate at 3 years esti-
mated at 20%. However, whether allogeneic 
transplantation offers additional bene fi t over 
autologous transplantation to young patients 
remains to be determined.   

   Newer Agents for AITL    

 The most commonly used treatment for PTCL is 
CHOP or variant regimens. However, the results 
with CHOP are inadequate, and new approaches 
are needed. The activities of new drugs are being 
described in studies designed for PTCL patients, 
and attempts at novel combinations are emerg-
ing. Alemtuzumab, a monoclonal anti-CD52 
antibody, has recently been added to CHOP for 
the treatment of PTCL. Twenty-four consecutive 
patients with newly diagnosed PTCL, including 
six AITL, enrolled in a prospective multicenter 
trial received a combination of alemtuzumab 
with CHOP  [  86  ] . There was CR in 17 of 24 (71%) 
patients. At a median follow-up of 16 months, 
13/24 patients (54%) were disease-free with an 
estimated 2-year OS and failure-free survival of 
53% and 48% respectively. Several Phase II tri-
als with alemtuzumab alone or combined with 
chemotherapy gave encouraging results for  fi rst-
line treatment, with manageable toxicities. 
A phase II study of CHOP with denileukin difti-
tox for 37 untreated PTCL, including 10 AITL, 
showed clinical activity with an 86% response 
rate (76% CR) and a 2-year PFS estimate of 41%, 
and only little added toxicity over CHOP  [  87  ] . 
The addition of rituximab to target CD20-positive 
B-cells along with CHOP was explored as  fi rst-
line therapy for AITL, but results were similar to 
CHOP alone. 
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 Therapies targeting VEGF mediators have 
been proposed in relation to the expression of 
both VEGF and its receptor by neoplastic cells of 
AITL. Bevacizumab has shown anecdotal activ-
ity in PTCL, particularly AITL, and has been 
added to CHOP in an ongoing Eastern Cooperative 
Oncology Group trial for newly diagnosed 
patients with PTCL. This study has been associ-
ated with enhanced cardiac toxicity  [  88  ] . 

 Pralatrexate, a novel antifolic drug, demon-
strated activity in PTCL in a study of 111 patients 
with relapsed and refractory PTCL including 13 
AITL  [  89  ] . The overall response rate was 27, 
including 11 CR. Median duration of response 
was 9 months, and the dose-limiting toxicities 
were thrombocytopenia and stomatitis. 
Romidepsin, a novel histone deacetylase inhibi-
tor (HDACi), showed a 35% response rate in 
relapsed/refractory PTCL, including in several 
patients with AITL  [  90  ] . 

 In summary, despite the use of aggressive reg-
imens with anthracycline-based chemotherapy, 
AITL is largely incurable without a stem cell 
transplant. Prognostic factors associated with 
response to various modalities have not been elu-
cidated. Novel agents are being explored with 
promising results in small numbers of patients.       
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   Historical Perspective and Overview 

 CD30+ lymphoproliferative diseases are a 
recently recognized group of diseases whose 
identi fi cation was made possible by reaction of 
the tumor cells with an antibody raised against a 
Hodgkin lymphoma cell line, L428  [  1  ] . In screen-
ing reactivity of the antibody, Stein and cowork-
ers discovered a subset of large-cell lymphomas 
which also expressed the Hodgkin-associated 
antigen  [  2  ] . The antibody was called Ki-1 after 
the location of investigators in Kiel, Germany, 
but later was given the cluster designation CD30. 
CD30 was found to be a member of the TNF 
receptor superfamily  [  3  ] . Mir and coworkers 
showed a dual effect of CD30 signaling, causing 
proliferation of Hodgkin cells but apoptosis of 
anaplastic large-cell lymphoma (ALCL) cells  [  4  ] . 
In 1985, Kadin and coworkers observed that the 
atypical Reed–Sternberg-like cells in lymphoma-
toid papulosis (LyP), a recurrent cutaneous erup-
tion, express CD30 as well as T-cell antigens  [  5  ] . 

This led to clari fi cation of the histogenesis of a 
spectrum of cutaneous papules, nodules, and 
tumors, initially thought to be regressing atypical 
histiocytosis, and later to become known as 
CD30+ cutaneous lymphoproliferative disorders. 
This spectrum includes LyP, cutaneous ALCL, 
and borderline lesions which are not readily be 
distinguished clinically or histologically from 
LyP or ALCL. In 1986, Kadin and coworkers 
described a series of children and adolescents 
with skin lesions and peripheral lymphadenopa-
thy  [  6  ] . Unlike patients with CD30+ cutaneous 
lymphoproliferative disorders who lack lymph-
adenopathy, these children with lymphadenopa-
thy at presentation had an aggressive disease 
requiring multiagent chemotherapy. This clinico-
pathologic entity became known as systemic 
ALCL. Rimokh et al. found that cell line Karpas 
299 derived from a pleural effusion of a patient 
with systemic ALCL contained a reciprocal 
translocation t(2;5)(p23;q35)  [  7  ] . Further studies 
revealed this is a recurrent translocation charac-
teristic of 80% of systemic ALCL  [  8  ] . In 1994, 
Morris et al. cloned the t(2;5) breakpoint and 
discovered a novel oncogenic protein derived 
from fusion of nuclear chaperone protein, nucleo-
phosmin (NPM) at chr. 5p35, and a newly 
recognized tyrosine kinase designated as ALK 
after Anaplastic Lymphoma Kinase, at 2p23  [  9  ] . 
Japanese investigators raised a polyclonal anti-
body against the p80 component of ALK which 
revealed that ALK positive (ALK+) ALCL has a 
better prognosis than ALK(−) ALCL  [  10  ] . 
Pulford et al. found ALK to be immunogenic and 
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raised a monoclonal antibody (ALK-1) which 
now is used clinically to aid identi fi cation and 
diagnosis of systemic ALCL  [  11  ] . Clinical stud-
ies later con fi rmed that ALK+ systemic ALCL is 
a clinicopathologic entity occurring mainly in 
children and adolescents with a signi fi cantly bet-
ter prognosis than ALK(−) systemic ALCL or 
peripheral T-cell lymphoma, not otherwise 
speci fi ed  [  12  ] .  

   Cutaneous CD30+ 
Lymphoproliferative Disorders 

 Primary cutaneous CD30+ T-cell lymphoprolif-
erative disorders are the second most common 
type of cutaneous T-cell lymphomas (CTCL). 
These disorders comprise a spectrum of clinically 
benign LyP and primary cutaneous anaplastic 
large-cell lymphoma (PCALCL). The peak inci-
dence is in the  fi fth decade for LyP and sixth 
decade for PCACL, but children are also affected. 
Both LyP and PCALCL have an excellent prog-
nosis. However, LyP is associated with develop-
ment of malignant lymphoma (mycosis fungoides, 
Hodgkin lymphoma, or ALCL) in 20% of cases, 
and also with an increased risk of non-lymphoid 
cancers. The diagnosis of LyP is dif fi cult and 
often delayed. PCALCL must be distinguished 
from secondary skin lesions in systemic ALCL 
which confer a poor prognosis. Correlation of 
clinical  fi ndings with histopathology and immu-
nopathology (stains for ALK kinase, epithelial 
membrane antigen (EMA), and cutaneous lym-
phocyte antigen (CLA)) is important to achieve a 
correct diagnosis. When a diagnosis of CD30+ 
PCLPD is established, minimal clinical staging is 
required. Bone marrow involvement is rare and 
thus bone marrow biopsy is not indicated. Lymph 
node involvement is uncommon and when it 
occurs does not appear to portend a poor progno-
sis. Low-dose methotrexate (10–25 mg weekly) is 
the most effective therapy for primary cutaneous 
lymphoproliferative disorders but is usually 
reserved only for aggressive cases of LyP and 
multifocal lesions of cutaneous ALCL. Many 
patients with LyP can be followed expectantly 
with special attention to change in character of 

skin lesions or development of lymphadenopathy. 
Patients with localized cutaneous ALCL can be 
treated with irradiation. Extracutaneous spread of 
disease is an indication for multiagent chemother-
apy. Other treatment alternatives are discussed.  

   Cutaneous CD30+ 
Lymphoproliferative Disorders 

 The primary cutaneous CD30-positive (CD30+) 
T-cell lymphoproliferative disorders are a group 
of largely indolent diseases that manifest as 
nodules or tumors of the skin. The European 
Organization for Research and Treatment of 
Cancer has developed a modi fi cation of the World 
Health Organization lymphoma classi fi cation sys-
tem that speci fi cally categorizes these entities. 
According to Willemze et al., the CD30+ diseases 
include primary ALCL, primary CD30+ lym-
phoproliferative disorder, and LyP  [  13  ] . These 
comprise about 25% of the CTCL. Often confused 
with more aggressive T-cell lymphomas with sim-
ilar histopathologic features, these diseases are 
dif fi cult to diagnose and poorly understood 
(Fig.  5.1 ). LyP patients have clinically benign 
self-healing skin papules and/or nodules which 
have the unexpected histopathology of a high-
grade malignant lymphoma  [  14  ] . Primary cutane-
ous ALCL also have the histology of a high-grade 
lymphoma but only 25% of lesions regress spon-
taneously. Because of their histologic appearance 
and frequent recurrence, patients with CD30+ 
PCLPD may be treated unnecessarily with multi-
agent chemotherapy. However, the prognosis is 
excellent. Disease-speci fi c survival of LyP patients 
at 5 years is 100% and overall survival at 5 years 
is 92%  [  15,   16  ] . Disease-speci fi c survival of 
PCALCL is 85–90%  [  15,   16  ] .  

   Diagnosis 

 LyP often is not diagnosed correctly upon pre-
sentation; it is common for symptoms to persist 
for 1–3 years before a correct diagnosis is estab-
lished. A variety of diagnoses are entertained but 
most commonly insect, spider, or mosquito bite. 
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This is likely due to the common occurrence of 
bites with associated erythema and central necro-
sis, whereas most patients and many clinicians 
are unfamiliar with LyP. 

 Tumor cells in both LyP and PCALCL are 
derived from activated T-cells which express 
CD30 antigen. The CD30+ cells are larger than 
normal lymphocytes and have basophilic cyto-
plasm and large nuclei with a prominent nucleo-
lus resembling immunoblasts. These cells often 
are bi- or multinucleated giving the appearance 
of Reed–Sternberg cells. Mitoses are frequent 
and often atypical. In LyP, tumor cells are scat-
tered throughout the upper dermis and surrounded 
by small lymphocytes, neutrophils, and eosino-
phils. In PCALCL, tumor cells form large clus-
ters or sheets that generally extend from the 
dermal–epidermal junction down into the subcu-
taneous fatty tissue. Thus the distinction of LyP 
from ALCL largely depends on the density of 
CD30+ tumor cells and the extent of dermal and 
subcutaneous involvement.  

   Differential Diagnosis 

 The frequency of LyP in male children poses an 
interesting differential diagnosis with pityriasis 
lichenoides et varioliformis acuta (PLEVA). 
PLEVA can present with similar cutaneous 
lesions but has a different prognostic signi fi cance. 
In particular, there is no increased risk to develop 

lymphoma among patients with PLEVA while 
the risk of lymphoma in LyP patients approaches 
20%  [  15,   17  ] . PLEVA is more common in chil-
dren and young adults than in older patients so 
the most dif fi cult differential diagnosis is in the 
age group under 30 years. Skin lesions in PLEVA 
tend to be hemorrhagic papules whereas LyP 
lesions vary from papules to small nodules often 
with central whitening and ulceration due to 
accumulation of neutrophils in the epidermis. 
LyP shows more frequent large bizarre cells 
including bi- or multinucleated cells with baso-
philic cytoplasm; these cells are CD30+. Such 
cells are infrequent or absent in PLEVA. Necrosis 
of individual keratinocytes (Civatte and colloid 
bodies) is usual in PLEVA but absent in LyP. 
Further, immunopathology reveals a predomi-
nance of CD4+ lymphocytes in LyP but mostly 
CD8+ lymphocytes in PLEVA. Nodular scabies 
is also in the differential diagnosis of LyP, par-
ticularly in children. Scabies also includes CD30+ 
cells. It is found in the inguinal and genital areas 
which can be affected in LyP. In scabies, the 
CD30+ cells co-express B-cell antigens whereas 
CD30+ cells in LyP express T-cell antigens.  

   Distinction from Systemic ALCL 

 Oncologists need to be aware of the distinction of 
CD30+ PCLPD from secondary skin lesions in 
patients with nodal/systemic ALCL. Skin is the 

  Fig. 5.1    Spectrum of LyP and Cutaneous ALCL in an individual patient.  Left : Two LyP lesions are seen with erythema 
and central necrosis in the larger lesion.  Right : The cutaneous ALCL is larger and elevated without signs of regression       

 



74 M.E. Kadin and F. Foss

most common extranodal site of disease in 
nodal/systemic ALCL and skin lesions confer an 
increased risk of failure in childhood ALCL  [  18,   19  ] . 
When skin lesions are a presenting manifestation 
of nodal/systemic ALCL, the distinction from 
CD30+ PCLPC is imperative. The distinction of 
skin lesions in systemic ALCL from CD30+ 
PCLPC can be dif fi cult on purely clinical grounds 
and may be dif fi cult as well to achieve by routine 
histopathology. One of the most helpful 
approaches is to test the tumor cells for expres-
sion of the ALK protein. This is expressed in skin 
lesions of most patients with nodal/systemic 
ALCL but not in the large majority of patients 
with CD30+ PCLPD. Rare exceptions occur and 
in such cases, therefore a panel of immunologic 
markers is recommended. EMA is expressed on 
tumor cells in 82% of nodal/systemic ALCL but 
<5% of CD30+ PCLPD  [  20  ] . CLA also is more 
frequently expressed in CD30+ PCLPD (44%) 
than on tumor cells in nodal/systemic ALCL 
(18%). Thus, a successful immunopathologic 
distinction of CD30+ PCLPD from nodal/sys-
temic ALCL can be made in most cases.  

   Staging of Cutaneous CD30+ 
Lymphoproliferative Disorders 

 When a diagnosis of CD30+ PCLPD is estab-
lished, minimal clinical staging is required. Bone 
marrow involvement is rare and thus bone mar-
row biopsy is not indicated. Lymph node involve-
ment is uncommon and when it occurs does not 
appear to portend a poor prognosis  [  15  ] . In the 
case of systemic involvement, regional lymph 
nodes are the most common sites of involvement. 
Often this is minimal microscopic involvement 
with tumor cells con fi ned to lymph node sinuses 
and not effacing lymph node architecture. This 
may be detected by immunohistochemical 
staining for CD30, which in combination with 
morphology, can reveal microscopic disease.  

   Etiology 

 Although CD30+ PCLPD are rare, all races, ages, 
and both genders are affected. The prevalence of 

CD30+ CLPD in the USA is unknown but an LyP 
patient support group includes 850 members 
indicating a prevalence approaching 3 per mil-
lion. Most European studies show a male pre-
dominance whereas our US registry has a nearly 
equal number of males and females. The peak 
age incidence of LyP appears to be in the  fi fth 
decade. However, children are also affected. 
Primary cutaneous ALCL has a peak incidence 
after age 50 but can also affect children and young 
adults. 

 CD30 signaling is known to have an effect on 
the growth and survival of lymphoid cells. CD30 
transcription is under control of a genetically 
determined polymorphic promoter. Franchina 
et al. analyzed CD30 promoter microsatellite 
alleles in 32 unrelated Caucasian patients diag-
nosed with LyP alone or LyP plus lymphoma, as 
well as 8 unrelated Caucasian patients with 
CD30+ primary cutaneous ALCL  [  21  ] . Controls 
were 57 Caucasian healthy volunteers and 
patients with non-lymphoid malignancies. 
Patients and controls were gender-matched. We 
determined that two allelic forms of the CD30 
promoter microsatellite repressive element, 
designated 30M377 and 30M362, are associated 
with the development of LyP and CD30+ 
lymphomas in LyP patients, respectively. These 
 fi ndings suggest that allele-speci fi c differences in 
the control of CD30 transcription may determine 
the pathogenesis of the spectrum of CD30+ cuta-
neous lymphoproliferative disorders. 

 Njisten et al. reported 35 cases of LyP begin-
ning in childhood  [  22  ] . These patients had a 
signi fi cantly higher prevalence of atopy (RR3.1, 
95%CI). Compared with the general population, 
patients with childhood-onset LyP had a 
signi fi cantly increased risk of developing non-
Hodgkin lymphoma (relative risk, 226.2; 95% 
con fi dence interval, 73.4–697.0). Fletcher also 
reported an association of CD30+ CLPD with 
atopic eczema beginning in childhood  [  23  ] . Three 
patients had primary cutaneous ALCL, of whom 
two developed systemic disease and one died. 
The fourth patient developed LyP type A which 
resolved after withdrawal of cyclosporine ther-
apy. We concluded that LyP presents similarly in 
children and adults, including the risk to develop 
lymphoma, and patients should be closely 
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monitored for development of lymphoma 
throughout their lives. 

 A major concern of LyP patients, and parents 
of children with LyP, is whether the affected indi-
vidual will develop a malignant lymphoma. There 
are many reported individual or small series of 
cases, but few reports of large numbers of affected 
patients. In one series, including a review of the 
literature, 50 patients with LyP-associated lym-
phomas were evaluated  [  24  ] . Three main types of 
LyP-associated lymphomas were distinguished: 
cases associated with mycosis fungoides (19/50), 
Hodgkin’s disease (12/50), and CD30+ large-cell 
lymphoma (16/50). Mycosis fungoides and 
Hodgkin’s disease could develop before, after, or 
concurrent with LyP, but CD30+ large-cell lym-
phoma always developed in patients with existing 
LyP, often showing a slow progression from 
regressing LyP lesions to persistent skin tumors. 
Patients with mycosis fungoides, Hodgkin’s dis-
ease, and CD30+ large-cell lymphoma limited to 
the skin generally had a favorable prognosis. The 
prognosis of patients developing a systemic 
CD30+ large-cell lymphoma was generally poor. 
Some LyP patients develop Hodgkin’s disease 
followed by a systemic CD30+ large-cell lym-
phoma which also is associated with a poor prog-
nosis. In a subsequent review of 118 LyP patients 
in the Netherlands, 23 (19%) developed malig-
nant lymphoma, 11 developed mycosis fungoides, 
10 CD30+ LCL, and 2 Hodgkin lymphoma  [  15  ] . 

 The relationship between LyP, a T-cell disor-
der, and Hodgkin’s disease, primarily a B-cell 
disorder, is poorly understood. I am aware of 
patients who had LyP lesions before or after 
Hodgkin’s disease. When the Hodgkin’s disease 
was treated with chemotherapy, the LyP lesions 
often disappeared but temporarily only to reap-
pear shortly thereafter. In rare cases, a clonal 
relationship between the CD30+ cells in LyP and 
Hodgkin’s disease was shown by DNA sequenc-
ing. A clonal relationship between LyP and 
mycosis fungoides, and ALCL is  fi rmly estab-
lished  [  25,   26  ] . 

 In a case–control study of 57 patients with 
biopsy-proven LyP and 67 individually matched 
controls, there was a signi fi cant increased frequency 
of prior or coexisting lymphoproliferative disor-
ders, an increased frequency of non-lymphoid 

malignancies, and exposure to radiation therapy 
 [  27  ] . Among patients with LyP, three had a his-
tory of Hodgkins disease, three had NHL, and ten 
had mycosis fungoides; none of the control sub-
jects reported such histories. Prospective study of 
this group of patients over an 8-year period 
(1988–1996) revealed that six LyP patients 
(10.5%) and one control (1.5%) developed non-
lymphoid malignancies. Two patients and one 
controls developed    lymphoid malignancies. The 
expected numbers of non-lymphoid and lym-
phoid malignancies in the LyP group based on 
SEER data were 1.93 and 0.15 respectively, 
yielding a relative risk (with 95% CI) of 3.11 
(1.26–6.47) for non-lymphoid malignancies and 
13.33 (2.44–44.05) for malignant lymphoma in 
LyP patients. There was no signi fi cant difference 
between observed and expected numbers of 
malignancies in the control group. These results 
con fi rm that LyP patients are at increased risk to 
develop lymphoid malignancies but for the  fi rst 
time revealed that they also have an increased 
risk of non-lymphoid malignancies  [  27  ] . 

 The prognosis of LyP patients developing a 
systemic CD30+ large-cell lymphoma is gener-
ally poor. In two such cases, progression of LyP 
to systemic ALCL was associated with mutations 
of receptors for the lymphocyte growth inhibitor, 
transforming growth-factor beta, allowing unreg-
ulated growth of the CD30+ cells  [  28  ] .   

   Treatment 

 Control of LyP lesions does not appear to affect 
the risk to develop lymphoma. Most patients with 
few or infrequent papules do not require therapy. 
For patients with extensive papules, nodules, and/
or scarring lesions, particularly on the face or 
hands, or legs, which appear cosmetically dis-
turbing, the most effective therapies are low-dose 
oral methotrexate or PUVA/UVB. Methotrexate 
is effective in controlling lesions in approxi-
mately 90% of patients and it induces a perma-
nent remission in up to 20% of patients  [  29  ] . 
Vonderheid treated 45 patients with relatively 
severe LyP, CD30+ CALCL, and interface/bor-
derline lesions with oral methotrexate. During 
induction, patients received 10–60 mg/week 
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(median 20 mg/week). Clinical improvement 
usually occurred quickly, typically at doses of 
15–20 mg weekly, and satisfactory long-term 
control was achieved in 39 patients (87%) with 
maintenance doses given at 10–14-day intervals 
(range 7–28 days). Responding patients were 
usually free of    active lesions within 4 weeks of 
receiving the  fi rst dose. After methotrexate was 
discontinued, ten patients remain free of CD30+ 
lesions for more than 24 months to more than 
227 months (median, more than 127 months). 
The median total duration of methotrexate ther-
apy for all patients exceeded 39 months (range 
2–205 months). Adverse effects were generally 
mild and transient, and included fatigue (47%), 
nausea (22%), weight loss (13%), diarrhea, or 
gastrointestinal cramping (10%), increased serum 
hepatic transaminase levels (27%), anemia (11%), 
or leukopenia (9%). Early hepatic  fi brosis was 
found in  fi ve of ten patients, all of whom had 
been treated for more than 3 years (range 
38–111 months). 

 The mechanisms of effectiveness of metho-
trexate in controlling CD30+ CLPD appear to be 
its inhibitory effect on DNA synthesis, its anti-
in fl ammatory effects, or both. Because the atypi-
cal lymphocytes of LyP and related CD30+ 
CLPD are characterized by high mitotic activity, 
it is likely that methotrexate inhibits cell prolif-
eration, particularly in the early phase of lesion 
development. The observation that long-lasting 
complete remissions occur after relatively short 
courses (2–5 months) of methotrexate in some 
patients raises the possibility that high-dose 
methotrexate therapy, possibly combined with 
leucovorin (folinic acid) rescue, might provide 
more than suppressive therapy for some patients. 
Moreover, low doses of methotrexate appear to 
have anti-in fl ammatory effects separate from its 
anti-proliferative effect. This may explain why 
LyP may improve with other drugs that have anti-
in fl ammatory effects, including corticosteroids, 
tetracycline, and retinoids. 

 In patients who do not respond to MTX, 
photo(chemo)-therapy should be considered. 
Although conventional ultraviolet phototherapy 
(UVB) may be effective, PUVA administered at 
dosages ranging from 50–480 J/cm twice weekly 

result in complete clearing or improvement of 
lesions in most patients.  

   Alternative Therapies 

 Although topically administered steroids may be 
useful in controlling symptoms of LyP (e.g., pru-
ritus), steroid therapy has not been proven to con-
trol disease progression or induce remission. 
Similarly, antibiotic therapy has not been shown 
to alter the course of LyP, although anecdotally 
tetracycline has bene fi ted few patients. In such 
patients, the role of tetracycline may be related to 
its anti-in fl ammatory effect rather its antimicro-
bial effects. In children with symptomatic LyP, a 
prolonged trial of tetracycline therapy may be 
used initially, particularly if there are concerns 
regarding side effects from MTX, photo(chemo) 
therapy, or other therapies. Nevertheless, neither 
steroid nor antibiotic therapy can be recom-
mended as routine LyP management. 

 Interferon  a  and interferon  g  therapy has been 
used successfully to treat LyP in few patients. 
The rationale for the use of interferon was pro-
vided by Japanese investigators who showed that 
CD30+ cells in LyP and cutaneous lymphoma 
have features of Th2 cells, and that skin lesions 
could be suppressed by local and intravenous 
injection of IFN a  a Th1 cytokine  [  30  ] . Austrian 
dermatologists treated  fi ve patients with 
Interferon alpha subcutaneously three times per 
week and compared them with a group of six 
patients receiving photochemotherapy, antibiot-
ics, topical corticosteroids, or surgery in an open 
trial. Four patients in the IFN group showed a 
complete remission and one a partial remission 
within 6 weeks. Two patients developed recur-
rent    disease after discontinuation of short-term 
IFN therapy (5–7 months), and one patient 
remained in partial remission. In the control 
group, one patient went into spontaneous remis-
sion, two patients had partial remission of which 
one developed progressive disease; three patients 
had recurrent disease despite treatment. Although 
IFN a  can alter the clinical course, it does not 
induce stable remissions after short-term treat-
ment  [  31  ] . 
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 Retinoids can induce apoptosis of T-cells. 
M.D. Anderson investigators reported the use of 
bexarotene, (Targretin), a rexinoid with selectiv-
ity for intracellular retinoid X receptors in treating 
LyP. Ten patients with chronic and symptomatic 
LyP were treated prospectively with bexarotene, 
three orally, and seven with topical gel formula-
tions. A favorable response with decreased num-
bers or duration of lesions was seen in all patients 
with objective responses in eight patients  [  32  ] . In 
patients with localized skin disease, oral bexaro-
tene had a 54% overall response rate at an opti-
mal dose of 300 mg/m 2 /day (approximately 
10 mg/kg). Topical bexarotene 1.0% gel was 
effective in producing remissions of individual 
lesions with an overall response rate of 68%. 

 Other topical agents that have been used his-
torically for treatment of LyP include mechlore-
thamine or carmustine. There is no role for 
multiagent systemic chemotherapies in LyP 
because LyP recurs quickly and predictably in 
affected patients who have received such treat-
ments  [  33  ] .  

   Primary Cutaneous Anaplastic 
Large-Cell Lymphoma 

 While spontaneous regression is characteristic of 
LyP, 25% of primary cutaneous ALCL lesions 
will regress  [  26  ] . This number is suf fi ciently high 
to warrant as initial management expectant fol-
low-up for a period of 4–6 weeks. If spontaneous 
regression occurs, therapy is not indicated, and 
such patients should be observed from possible 
disease recurrence. A small number of patients 
whose disease spontaneously regresses will not 
have recurrence of their disease. Therefore, obser-
vation for spontaneous regression is an appropri-
ate  fi rst step in managing this disease  [  34  ] . 

 Unfortunately, most patients with primary 
cutaneous ALCL have disease that does not 
regress spontaneously  [  35  ] . For these patients, 
choice of therapy depends on disease distribution 
and whether the lesions are singular or multiple. 
An exception to this approach may arise when 
other associated lymphoproliferative disorders 
such as mycosis fungoides or symptomatic LyP 

are simultaneously encountered, in which cases 
the therapeutic approach should be directed 
against both diseases  [  25  ] . 

 Solitary lesions respond to local radiotherapy 
 [  34,   36  ] . Although surgical excision represents 
an alternative approach, excision specimens may 
contain margins involved by disease. For this rea-
son, radiotherapy is the preferred treatment for 
solitary lesions. Radiotherapy consists of elec-
tron beam irradiation (4–10 million eV) with a 
total radiation dose of 40 Gy. Because electron 
beam therapy penetrates only to the dermis, there 
are no systemic effects, although side effects 
include alopecia, atrophy of sweat glands and 
skin, radio-dermatitis, and edema. 

 In general, radiotherapy is impractical for 
patients with multiple non-regressing lesions, 
although total skin electron beam therapy may be 
a consideration if other diseases, like mycosis 
fungoides, are present. For this reason, systemic 
therapy is the treatment of choice for this group 
of patients  [  37  ] . Because long-term remissions 
are generally not achieved with multiagent che-
motherapy, less toxic, single-agent therapies are 
preferred. As in LyP, methotrexate can be effec-
tive in inducing remissions, but higher weekly 
doses of methotrexate may be necessary  [  29  ] . 
In affected patients whose disease is refractory or 
progressive on methotrexate, oral etoposide has 
been shown to be safe and effective therapy for 
primary cutaneous ALCL  [  38  ] . Other potential 
therapies are purine nucleoside analogs (e.g., 
Pentostatin), retinoids, interferon- a , and inter-
leukin-12  [  33  ] . Recently, studies with humanized 
anti-CD30 antibody have demonstrated ef fi cacy 
in patients with cutaneous and systemic ALCL. 

 Finally, it is important to monitor patients for 
potential dissemination of primary cutaneous 
ALCL to lymph nodes and systemic organs, as 
well as development of associated malignancies, 
particularly mycosis fungoides, Hodgkin lym-
phoma, and B-cell non-Hodgkin lymphoma. 
Patients who develop systemic ALCL should be 
considered for multiagent systemic chemothera-
pies similar to those used in treatment of systemic 
ALCL, e.g., cyclophosphamide, doxorubicin, 
vincristine, and prednisone (CHOP) or CHOP-
like regimens  [  34,   36  ] . High-dose chemotherapy 
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followed by stem cell rescue may be indicated in 
affected patients who are at high risk  [  34,   36  ] . 
Determination of high risk may be based on prog-
nostic factors for survival in the international 
prognostic index (IPI).  

   Approach to Patients with 
CD30+ PCLPD 

 Patients are often frustrated because of the delay 
in establishing the correct diagnosis. They are 
also fearful of their prognosis because of the 
association of LyP with development of other 
lymphomas and the high-grade histology of their 
lesions. The  fi rst goal is to reassure the patient 
about his/her favorable prognosis and to answer 
their questions about their disease. If the lesions 
scar or interfere with normal activity, therapies 
such as low-dose methotrexate may be effective 
but are not indicated for women of child-bearing 
age who expect to become pregnant, people with 
a history of liver disease, or blood dyscrasias. 
Other options include PUVA/UVB and topical 
treatments. Careful monitoring is necessary due 
to the increased risk of mycosis fungoides and 
ALCL in these patients. For patients with sus-
pected PCALCL, clinical evaluation and patho-
logic studies should be done to exclude nodal/
systemic ALCL. Local irradiation of skin tumors 
is effective, and use of methotrexate for multifo-
cal cutaneous lesions is often successful. 
Follow-up of skin lesions should be carried out 
by a dermatologist and consultation by an oncol-
ogist when additional irradiation or multiagent 
chemotherapy is needed.  

   Systemic Anaplastic Large-Cell 
Lymphoma 

 Systemic ALCL comprises 2–3% of all NHLs 
 [  39  ] . The median age for ALK+ ALCL is 35 
(male to female ratio: 3.0), while ALK-negative 
(ALK−) ALCL is 58–61 years with a male to 
female ratio of 0.9  [  40  ] . Most patients (60%) 
have extensive disease at presentation  [  12,   40  ] . 

Extranodal sites in ALK− ALCL include bone, 
subcutaneous tissue, bone marrow, and spleen, 
while in ALK+ patients, the most common sites 
are skin, lung, liver, bone, and bone marrow. 
Blood involvement is rare except in children. 
More recently, there has been an association 
between ALCL and breast implants. A number 
of cases have reported serosal involvement in 
the implant pocket. De Jong et al. reported an 
odds ratio of 18.2 (95% con fi dence interval, 
2.1–156.8) for ALCL associated with breast 
prostheses  [  41  ] . 

 NPM-ALK expression in ALCL has been 
shown to be a signi fi cant prognostic factor  [  10  ] , 
with 5-year OS of 93% vs. 37% ( P  < 0.00001) and 
5-year FFS of 88% vs. 37% ( P  < 0.0001)  [  42  ] . 
A retrospective review by Savage et al. con fi rmed 
the superior survival of systemic ALK+ ALCL 
compared with ALK− cases (5-year FFS 60% vs. 
36%;  P  = 0.015; and 5-year OS 70% vs. 49%; 
 P  = 0.016); however as previously discussed, ALK-
positive patients were signi fi cantly younger than 
ALK− patients. When they controlled for age, there 
were no differences in FFS or OS  [  12  ] . Table  5.1  
reviews the clinical features and outcomes for both 
ALK+ and ALK− patients. Both the IPI and the 
prognosis in T-cell lymphoma’ scoring system are 
predictive of progression-free survival (PFS) and 
OS survival in ALCL  [  12  ] . In addition, expression 
of CD56, a neural cell adhesion molecule, was 
shown in a series of 143 patients with ALCL to be 
a predictor of poor survival (approximately 5-year 
OS: 28% vs. 65%,  P  = 0.002)  [  43  ] . The inferior out-
come associated with CD56 was seen with ALK+ 
and ALK− patients.  

   Immunophenotype 

 ALCL frequently do not stain with T-cell mark-
ers. Up to 75% are CD3 negative, and staining is 
variable with CD2, CD5, CD4, and CD8  [  12,   44  ] . 
Virtually all ALCL are positive for CD30  [  45  ] . 
The small cell variant of ALCL may display pos-
itive staining only on the less numerous larger 
cells and not on the smaller lymphocytes. ALCL 
may express cytotoxic T-cell markers, including 
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perforin, granzyme-B, and TIA-1  [  46  ] . EMA 
may also be expressed in some cases. 

 ALK positivity in ALCL is due to rearrange-
ment of the ALK gene located at chromosome 
2p23. The most common partner is the NPM gene 
located at chromosome 5q35 resulting in the (2;5)
(p23;q35) translocation  [  47  ]  followed by the non-
muscle tropomyosin gene 3 located at chromo-

some 1q25 resulting in the (1;2)(q25;p23) 
translocation  [  46  ] . Inversion of the ALK gene, 
Inv(2)(p23q35), also is seen in a small number of 
cases, and other fusion partners have also been 
identi fi ed  [  46  ] . The NPM/ALK fusion protein 
constitutively activates a number of intracellular 
pathways, including phosphatidylinositol 
3-kinase-AKT, JAK/STAT, and RAS/MEK/ERK.   

   Table 5.1    Clinical Features and outcomes of ALCL based on ALK status   

 Clinical feature  ALK+  ALK−   P  a      PTCL-NOS   P  b  

 Total no. patients (%)  87 (55)  72 (45)  331 
 Median age, year  34  58  <0.001  57  0.30 
 Age less than 60 years, no (%)  74 (86)  42 (58)  <0.001  170 (50)  0.21 
 Male–female ratio  1.7:1  1.5:1  0.74  1.01  0.41 
  Stage no.  (%) 
 ll  30 (35)  30 (42)  0.38  102 (31)  18 
 lll  25 (29)  15 (21)  87 (20) 
 IV  31 (30)  27 (37)  145 (43) 
 Elevated LDH, no. (%)  31 (37)  31 (46)  0.28  158 (49)  0.62 
 Performance status >2, no. (%)  30 (35)  21 (30)  0.56  60 (18)  0.02 
 Nodal only disease, no. (%)  39 (54)  38 (49)  0.52  124 (42)  0.07 
 Extranodal sites >1, no. (%)  17 (19.5)  15 (21)  0.84  99 (29)  0.15 
 Bulky disease >10 cm, no. (%)  17 (21)  6 (11)  0.17  19 (7)  0.25 
 B Symptoms, no. (%)  52 (60)  41 (57)  0.72  118 (35)  <0.001 
 Hemoglobin less than 110 g/L, no. (%)  17 (27)  18 (32)  0.54  61 (22)  0.11 
 Platelets less than 150 × 10 8 /L, no. (%)  6 (10)  6 (11)  0.83  64 (24)  0.03 
  IPI score, no.  (%) 
 0, 1  40 (49)  27 (41)  0.50  88 (28)  0.066 
 2  18 (22)  13 (20)  111 (35) 
 3  12 (15)  16 (24)  71 (22) 
 4, 5  12 (14)  10 (15)  48 (15) 
 5-year FFS (%)  60  36  0.015  20  0.012 
 5-year OS (%)  70  49  0.016  32  0.032 
  5-year FFS by IPI,  (%) 
 0, 1  80  62  35 
 2  61  44  0.022  16 
 3  23  15  13 
 4,5  25  13  8 
  5-year OS by IPI %  
 0, 1  90  74  52 
 2  68 ( P  < 0.001) c   62  <001 c   33  <0.001 c  
 3  23  31  16 
 4, 5  33  13  13 

  Reprinted from  [  12  ] , with permission from the American Society of Hematology 
a is statistical comparison between Alk+ and ALK-
b is statistical comparison between Alk- and PTCL 
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   Treatment of Systemic ALCL 

   Chemotherapy 

 The standard treatment for most patients with 
systemic ALCL has been CHOP-based chemo-
therapy. Outcomes using CHOP and related 
aggressive lymphoma regimens can be derived 
from large intergroup studies. The GELA has 
reported results from their trials in which systemic 
ALCL patients were treated with combination 
chemotherapy regimens including ACVBP (dox-
orubicin, cyclophosphamide, vindesine, bleomy-
cin, prednisone) followed by a consolidation 
phase with high-dose methotrexate, ifosfamide, 
etoposide, asparaginase, and cytosine-arabino-
side or m-BACOD (methotrexate, bleomycin, 
cyclophosphamide, vincristine, dexamethasone), 
VIMMM (VM26, ifosfamide, mitoxantrone, 
methyl-gag, methotrexate)/ACVBP, and CHOP  [  48  ] . 
In those studies, the ALCL patients, not strati fi ed 
for ALK expression, had a CR rate of 69% and 
OS of 63% at 5 years. In a retrospective report, 
Falini et al. examined the outcomes according to 
ALK expression in 78 patients  [  40  ] . Overall sur-
vival was better for ALK+ patients when com-
pared to ALK− (71% vs. 15%), and 10-year DFS 
was 28% for ALK− vs. 82% for ALK+ patients. 
ALK+ patients with intermediate or high IPI had 
a worse outcome compared to low IPI ALK+ 
patients (OS 94% vs. 41%). 

 Addition of etoposide to CHOP has been 
explored in a number of trials for patients with 
aggressive T- and B-cell NHL. In the NHL-B1 
trial added etoposide to CHOP in younger patients 
improved overall survival and disease-free sur-
vival in T-cell patients, but results were not 
signi fi cant for ALCL patients due to small num-
bers  [  49  ] . The NHL-B2 explored a more aggres-
sive regimen (CHOP-14 vs. CHOP 21) in older 
patients (>age 61) and favored the more aggres-
sive regimen, but only 3.5% of patients in this 
trial had ALCL  [  50  ] . In a more recent study from 
the German High Grade Lymphoma Group in 
which 78 ALK+ and 113 ALK− patients were 
randomized to CHOP or CHOEP, the 3-year EFS 
and OS were 75 and 89% for ALK+ and 45% and 

62% for ALK− patients respectively  [  51  ] . There 
was an overall improvement in outcome in OS 
for the ALK+ patients with the addition of etopo-
side (3-year EFS 91% vs. 57%,  P  = 0.12). 
However, there was no improvement for patients 
treated with dose-escalated therapy (Mega 
CHOEP), and in fact, younger patients who 
received MegaCHOEP had a worse outcome than 
those receiving CHOEP-14. In this trial, ALK− 
patients had a similar outcome to patients with 
other aggressive nodal PTCL subtypes (PTCLu 
and AITL). There was a difference in outcome 
for ALK− patients based on IPI in that the low 
IPI patients had a favorable outcome, as shown in 
Fig.  5.2 .   

   Transplantation for ALCL 

   Autologous Stem Cell Transplant 
 Autologous stem cell transplant (ASCT) has 
been a standard treatment for patients in  fi rst 
remission with ALK− ALCL and in  fi rst relapse 
for ALK+ ALCL. Retrospective reviews of 
autologous transplant data have shown that 
ALCL patients had the best outcome, with a 
3-year DFS of 67% when compared with other 
T-cell subtypes  [  52  ] . The European Group for 
Blood and Marrow Transplantation reported that 
patients who were in CR or PR at the time of 
transplant had better outcomes than those who 
had chemorefractory disease  [  53  ] . The GEL-
TAMO experience with 123 patients with 
relapsed/refractory T-cell NHL, of which 25% 
cases were ALCL, demonstrated that intermedi-
ate or high IPI, extranodal disease, and elevated 
 b 2-microglobulin at time of transplant were 
associated with inferior survival  [  54  ] . No 
signi fi cant survival differences were noted for 
ALCL compared with other T-cell subtypes, and 
ALK status was not available. Nickelsen et al. 
reported results from ASCT in  fi rst remission 
 [  55  ] . The most common subtype in this study 
was ALK− ALCL (39%). Patients were treated 
with 4–6 courses of dose-escalated CHOP plus 
etoposide and then ASCT. Sixty-seven percent 
of the T-cell NHL patients were able to complete 
therapy without progression.  
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   Allogeneic Stem Cell Transplant 
 Allogeneic stem cell transplantation has been 
used as a treatment modality in patients with 
relapsed or refractory ALCL, in many cases after 
ASCT. A French study reported retrospective 

results for 77 T-cell lymphomas, 35% of which 
were ALCL  [  50  ] . Fifty-seven patients received 
myeloablative conditioning; 5-year toxicity-
related mortality was 33%. The 5-year EFS and 
OS for the ALCL patients were 48% and 55% 

  Fig. 5.2    Outcomes based on IPI status for 113 ALK neg-
ative ALCL patients after chemotherapy with CHOP or 
CHOEP in the German High Grade Non-Hodgkins 

Lymphoma Study Group trials (reprinted from  [  51  ] , with 
permission from the American Society of Hematology)       
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respectively. ALK status did not impact survival. 
Of note, chemotherapy-resistant patients also 
appeared to bene fi t from allo-SCT with 5-year 
OS of 29% and successful use of donor lympho-
cyte infusions (DLI) suggested a graft-versus-
lymphoma effect. Corradini et al. reported a small 
series of 17 patients (four ALCL) with relapsed 
T-cell NHL who received salvage chemotherapy 
followed by allo-SCT with reduced intensity 
conditioning and planned DLI  [  56,   57  ] . All 
patients had sustained engraftment; the estimated 
3-year PFS and OS rates were 64 and 81%. All 
four ALCL patients were event-free at 10, 12, 17, 
and 36 months.   

   Novel Therapeutics 

 There are several FDA-approved agents that are 
clinically active as single agents for relapsed or 
refractory ALCL. Pralatrexate is a 10-deaza-amin-
opterin-analog of methotrexate and a novel tar-
geted antifolate that has shown higher af fi nity to 
the reduced folate carrier type 1, increased accu-
mulation and polyglutamylation in tumor cells 
compared to methotrexate. In a phase I/II study of 
relapsed/refractory lymphoma, the pralatrexate 
MTD was 30 mg/m 2  weekly for 6 weeks every 
7 weeks  [  58,   59  ] . Among 26 evaluable relapsed/
refractory T-cell NHL patients, the ORR was 54% 
(47% by intent-to-treat). Two of the eight CRs 
seen were systemic ALCL patients (one ALK− and 
one ALK+) lasting 2 and 22+ months. Denileukin 
diftitox is a fusion protein which targets the high-
af fi nity interleukin-2 receptor. In a Phase II study 
of denileukin    diftitox in relapsed and refractory 
T-cell lymphoma patients, two of three patients 
with ALCL responded (both were ALK-)  [  60  ] . 

 Histone deacetylases (HDACs) are a novel 
class of epigenetic agents which modulate gene 
expression and regulate acetylation of cellular 
proteins. The mechanism of HDAC inhibitors in 
T-cell lymphomas is unknown but may be related 
to pleotrophic effects on multiple intracellular 
pathways. Both vorinostat (Zolinza) and 
romidepsin (Istodax) are FDA-approved: vor-
inostat for the treatment of CTCL and romidepsin 
for both cutaneous and aggressive peripheral 

T-cell lymphomas  [  59,   61  ] . Piekarz et al.  fi rst 
reported activity for romidepsin in aggressive 
T-cell lymphomas, with an ORR of 31% with 
single-agent romidepsin in 48 relapsed/refractory 
T-cell NHL patients (4 CR and 11 PR)  [  62  ] . The 
median DOR was 9 months (range 2–61+ 
months). In a pivotal multicenter trial of 131 
patients with aggressive T-cell lymphomas, the 
objective response rate was 25% (33/130), includ-
ing 15% (19/130) with CR/CRu. The median 
duration of response was 17 months, with the 
longest response ongoing at 34+ months. Of 21 
ALK− ALCL patients in the trial,  fi ve responded 
(four CR, one PR)  [  54  ] . 

 Immunomodulatory drugs (IMiD drugs) such 
as lenalidomide have been shown to have a num-
ber of biological effects, including modulation of 
cytokine expression and enhancement of antitu-
mor immunity. Activity of thalidomide had been 
demonstrated in T-cell lymphoma in one report  [  63  ] . 
A trial exploring the activity of single-agent 
lenalidomide in relapsed/refractory T-cell NHL 
has reported an ORR of 30%  [  64  ] . Clinical trials 
examining lenalidomide in combination with 
other agents in T-cell NHL are being initiated.   

   Targeted agents 

 CD30 has been a promising therapeutic target in 
ALCL. Several anti-CD30 antibodies have been 
developed and have demonstrated limited clinical 
activity. MDX-060 (Medarex), a fully human 
anti-CD30 IgG1k monoclonal antibody, was 
shown to inhibit growth of CD-30 positive tumor 
cells in vitro and tumor xenograft models  [  65  ] . 
However, clinical activity was modest with an 
8% response rate (6/72)  [  66  ] . MDX-1401, a sec-
ond-generation antibody with improved effector 
function, has been in Phase I trials which are 
ongoing. SGN-30 (Seattle Genetics), a chimeric 
anti-CD30 monoclonal antibody, demonstrated a 
response rate of 17% in patients with systemic 
ALCL with median response durations ranging 
from 27 to 1,460 days  [  67,   68  ] . In patients with 
primary cutaneous ALCL, the ORR was 70% 
 [  69  ] . Figure  5.3  demonstrates a complete clinical 
response in a patient with refractory ALCL.  
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 SGN-35 (brentuximab vedotin) is an anti-
body-drug conjugate, which was formed by 
coupling the anti-CD-30 antibody, cAC10, to 
monomethyl auristatin E (MMAE), an anti-
tubulin agent  [  68  ] . In preclinical mouse xeno-
graft models, SGN-35 also induced durable 
dose-dependent tumor regression compared to 
either untreated mice or another control group 
receiving IgG-vcMMAE  [  68  ] . In two phase I 
studies, SGN-35 demonstrated signi fi cant clini-
cal activity in relapsed/refractory systemic 
ALCL  [  70,   71  ] . In these trials, 86% of patients 
(6/7) had documented CR. Subsequently, a 
phase II multicenter registration trial of bren-
tuximab vedotin was conducted in patients with 
relapsed or refractory ALCL  [  72  ] . The overall 
response rate was 86% (50 of 58 patients), with 
CR in 53%. Patients received    brentuximab 
vedotin 1.8 mg/kg q3 weeks for up to 16 cycles. 
Pts had received a median of 2 (range 1–6) prior 
systemic therapies, 62% of pts had primary 
refractory disease, 50% were refractory to their 
most recent prior therapy, and 22% had never 
responded to any prior therapy. Median dura-
tion of objective response had not been reached 
but ranged from 0.3 to 45.3 weeks. Fourteen 
patients moved on to stem cell transplant in 
remission (seven allogeneic, seven autologous). 
Peripheral sensory neuropathy was the most 
frequent side effect and occurred in 36% of 
patients. The use of brentuximab along with 

chemotherapy as  fi rstline treatment for systemic 
anaplastic large-cell lymphomas is under 
investigation.  

   Conclusions 

 The CD30 positive malignancies comprise a 
spectrum of diseases which include benign cuta-
neous as well as malignant systemic entities. 
Cutaneous manifestations are common with sys-
temic anaplastic large-cell lymphomas, which 
must be clearly distinguished from their more 
benign cutaneous restricted counterparts. Novel 
therapeutic approaches for this broad group of 
diseases target the CD30 antigen and have led to 
high response rates in relapsed and refractory 
patients. The appearance of CD30+ lymphomas 
in the setting of breast implants has recently been 
observed and these patients may have regression 
of disease with removal of the implants.      
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 Natural killer (NK) cell-derived neoplasms were 
 fi rst reported in the late 1980s, and the de fi nition 
of this disease was established in the 1990s  [  1  ] . 
NK-cell neoplasms mainly arise in East Asia and 
Latin America and usually show an aggressive 
clinical course. In the 2000s, detailed clinico-
pathologic features and effective therapeutic 
approaches have been actively investigated. In 
this chapter, we provide an overview of the clini-
copathologic and molecular features of NK-cell 
neoplasms and summarize the recent progress in 
the treatment of these diseases. 

   De fi nition, Subtypes, and Clinical 
Characteristics 

   De fi nition and Subtypes of NK-Cell 
Neoplasms in the 2008 WHO 
Classi fi cation 

 The 2008 World Health Organization (WHO) 
classi fi cation recognizes two NK-cell neoplasm 
categories: extranodal NK/T-cell lymphoma, nasal 
type (ENKL), and aggressive NK-cell leukemia 

(ANKL)  [  2  ] . The former edition of the WHO 
classi fi cation (2001) also recognized blastic NK 
cell lymphoma as an NK-cell neoplasm  [  3  ] . 
However, the cumulative evidence from detailed 
immunophenotyping, gene expression pro fi ling 
studies  [  4  ] , and characterization of blastic NK-cell 
lymphoma cell lines  [  5  ]  strongly suggests that 
blastic NK cell lymphoma is derived from a plas-
macytoid dendritic cell  [  2  ]  and is classi fi ed as 
such in the 2008 WHO classi fi cation. 

   De fi nition and Subtypes of ENKL 
 ENKL is de fi ned as “a predominantly extranodal 
lymphoma characterized by vascular damage and 
destruction, prominent necrosis, cytotoxic phe-
notype and association with the Epstein–Barr 
virus (EBV)” in the 2008 WHO classi fi cation  [  2  ] . 
It was formerly designated as lethal midline gran-
uloma, angiocentric T-cell lymphoma, or poly-
morphic reticulosis. ENKL commonly occurs in 
the upper aerodigestive tract, with the nasal cav-
ity being the most common site of involvement. 
ENKL also involves the extra-upper aerodiges-
tive tract, such as the skin, soft tissue, gastroin-
testinal tract, lung, and testis  [  2  ] . In the 2001 
WHO classi fi cation, two clinical subtypes of 
ENKL, nasal NK/T-cell lymphoma and nasal-
type NK/T-cell lymphoma, were described  [  3  ] . 
The former was characterized by lymphomatous 
involvement of the nasal cavity and/or its adja-
cent sites. Conversely, nasal-type NK/T-cell lym-
phoma occurs outside the nasal cavity, such as in 
the skin or gastrointestinal tract  [  3  ] . There are 
also differences in the clinical characteristics and 
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therapeutic outcomes between these two sub-
groups. An international survey has revealed that 
extranasal NK/T-cell lymphoma is more frequent 
in Continental Asia than in Japan and is charac-
terized by a shorter survival compared to nasal 
NK/T-cell lymphoma  [  6  ] . This latter  fi nding was 
con fi rmed by a large retrospective survey from 
Korea  [  7  ] . The two subgroups have been man-
aged with considerably different treatment strate-
gies, as will be described later in this chapter. 
Moreover, it is known that extensive examina-
tions, such as random biopsy of the nasal mucosa, 
occasionally reveal nasal involvement in patients 
with non-nasal NK/T-cell lymphoma  [  8  ] . It is 
noteworthy that the term “nasal NK-cell lym-
phoma” is not used in the 2008 WHO 
classi fi cation, although it is widely adopted in 
current research and in clinical practice. 

 ENKL rarely presents as a primary nodal lym-
phoma. Nodal NK/T-cell lymphoma is character-
ized by frequent CD8 expression and shows 
clinical features between ENKL and EBV-
associated cytotoxic nodal T-cell lymphoma  [  9  ] . 
NK/T-cell lymphoma of the Waldeyer’s ring is 
reported to be associated with frequent cervical 
node involvement and relatively longer survival 
 [  10  ] . Few cases of intravascular large cell lym-
phoma of the NK-cell phenotype have been 
reported  [  11  ] . However, additional validating 
studies are needed to determine the signi fi cant 
differences and thus discriminate between these 
particular ENKL subgroups.  

   De fi nition and Overview of ANKL 
 ANKL has been recognized as a subtype of large 
granular lymphocyte (LGL) leukemia since the 
1980s and is now recognized as a distinct subtype 
in the WHO classi fi cation  [  2,   12  ] . It is character-
ized by the systemic proliferation of NK cells and 
has a highly aggressive clinical course, although 
it accounts for less than 1% of the lymphoid 
malignancies in East Asia. The leukemic cells 
in ANKL show an LGL morphology, a surface 
CD3 -  CD2 +  CD16 +  CD56 +  immunophenotype, 
and germline con fi gurations of the T-cell receptor 
genes  [  13,   14  ] . The tumor cells express 
P-glycoprotein  [  15,   16  ]  and are positive for EBV, 
as also seen in ENKL  [  13  ] . ANKL can be 

differentially diagnosed from chronic lymphop-
roliferative disorders of NK cells  [  2  ]  (or chronic 
NK lymphocytosis  [  17  ] ) by the presence of clonal 
cytogenetic abnormalities and/or analysis of the 
terminal repeat sequence of EBV by Southern 
blotting. Although there have been some reports 
of rare cases of ANKL transformed from chronic 
NK lymphocytosis  [  18  ] , the etiology of this lym-
phoma subtype is still unknown. 

 ANKL displays the clinical features of leuke-
mia, which include anemia and thrombocytope-
nia. Occasionally, patients with ANKL experience 
hepatosplenomegaly and/or lymph node swelling 
with no leukemic cells in either the bone marrow 
or peripheral blood. Some investigators have 
speculated that ANKL may be a leukemic sub-
type of ENKL (ANKL/lymphoma). However, 
there are some differences in the properties of the 
tumor cells between ANKL and ENKL. For 
example, neoplastic cells of ANKL express CD16 
more frequently than those of ENKL, whereas 
CD3 epsilon expression is less frequent  [  13  ] . 
Genomic imbalances also differ between ENKL 
and ANKL  [  19  ] . 

 Patients with ANKL have been treated with 
chemotherapeutic regimens for acute leukemia or 
aggressive lymphoma, but the response and prog-
nosis are poor. The majority of patients die within 
2 years, and many die within 6 months of their 
diagnosis  [  13  ] . Partly due to the rarity of the dis-
ease, the detailed clinicopathologic features and 
optimal treatment of ANKL have not been exten-
sively investigated.   

   Clinical Characteristics of ENKL 

 The most frequent site of involvement in ENKL is 
the nasal cavity and its adjacent sites, such as the 
paranasal sinuses, nasopharynx, palate, Waldeyer’s 
ring, and orbit. Nasal obstruction, nasal discharge, 
and epistaxis are common initial symptoms. An 
episode of unilateral epistaxis is often the stimu-
lus for referral to a medical center. Eye symptoms 
may occur when ENKL involves the orbit or its 
adjacent sites. Also of note, ENKL is sometimes 
associated with complications such as hemophago-
cytic syndrome or fevers of unknown origin. 
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 Table  6.1  summarizes the clinical characteris-
tics of nasal NK/T-cell lymphoma and whole 
ENKL at diagnosis, based on studies of large 
patient cohorts  [  6,   7,   20,   21  ] . Because the inci-
dence of extranasal (nasal-type or non-nasal) 
ENKL is 25% or less among cases with this lym-
phoma subtype, the principal clinical data that 
have been assembled for nasal NK/T-cell lym-
phoma and whole ENKL are very similar, as 
shown in Table     6.1 . Approximately 65% of 
patients with ENKL are male, and the median 
age at diagnosis ranges from 46 to 52 years. 
Seventy- fi ve percent of ENKL patients have 
stage I or II disease. The serum LDH levels are 
elevated in 45% of patients, whereas the relative 
frequency of a poor performance (PS) status (>1) 
is low. Based on these features, ~80% of patients 
with ENKL are classi fi ed as low or low-interme-
diate risk according to the International Prognostic 
Index (IPI)  [  22  ] . B symptoms of the Ann Arbor 
classi fi cation are present in ~45% of patients, 
which is more frequent than other localized 
aggressive lymphomas.  

 ENKL can disseminate preferentially to the 
skin, gastrointestinal tract, testis, and central ner-
vous system (CNS). The initial symptoms of 
ENKL with gastrointestinal involvement often 
include perforation of the gastrointestinal tract, 
which can be a serious complication during 
chemotherapy.  

   Staging of ENKL 

 Because ENKL usually begins at extranodal sites, 
the staging of this lymphoma is often problem-
atic. In the Ann Arbor classi fi cation system, stage 
IE is de fi ned as the localized involvement of a 
single extralymphatic organ or site in the absence 
of any lymph node involvement. The diffuse or 
disseminated involvement of one or more extra-
lymphatic organs is de fi ned as stage IV. However, 
in most reports of ENKL, contiguous involve-
ment extending to adjacent structures, such as the 
nasal cavity, paranasal sinuses, nasopharynx, oral 
cavity, or orbit, is considered to be stage IE 
(Table  6.2 ).  

 Regional lymph nodes in cases of localized 
nasal NK/T-cell lymphoma are considered to be 
equivalent to those in the cervical lymph node 
region using the Ann Arbor classi fi cation. In this 
regard, the tumor, node, metastasis (TNM) scheme 
for cancer of the nasal cavity and paranasal sinus 
de fi nes regional lymph nodes as cervical lymph 
nodes. Mediastinal lymph node metastases are 
regarded as distant metastases. Stage IIIE disease 
usually accounts for <10% of nasal NK/T-cell 
lymphomas because it typically progresses rap-
idly to the bone marrow or other extranodal sites. 

 To evaluate the involvement of the nasal cavity 
and its adjacent sites in cases of ENKL, magnetic 
resonance imaging (MRI) of the nasal cavity is 

   Table 6.1    Summary of the clinical characteristics at diagnosis from large retrospective studies of nasal NK/T-cell 
lymphoma and whole ENKL   

 Parameter 
 Nasal NK/T-cell lymphoma  Whole ENKL 

 Au ( n  = 92)  [  6  ]   Suzuki ( n  = 123)  [  20  ]   Lee ( n  = 262)  [  21  ]   Kim ( n  = 280)  [  7  ]  
 Male sex (%)  64  66  65  66 
 Median age  52  52  –  46 
 Age >60 years (%)  –  –  21  21 
 Performance status >1 (%)   9  20  13  23 
 Stage III/IV (%)  27  32  24  25 
 LDH >upper normal limit (%)  45  –  37  45 
 Number of sites of extranodal 
involvement >1 (%) 

 16  –  –  22 

 B symptoms (%)  39  46  35  42 
 High or high-intermediate risk 
of IPI (%) 

 –  26  19  21 

 NK-PI Group 3/4 (%)  –  46  42  42 

   IPI  International Prognostic Index;  NK-PI  NK/T-cell lymphoma prognostic index  
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thought to be more useful that a CT scan alone. 
ENKL is a  fl uorodeoxyglucose (FDG)-avid lym-
phoma, and the usefulness of (18)F-FDG posi-
tron emission tomography (FDG-PET) in the 
staging of this lymphoma has also been reported 
in at least four independent studies  [  23–  26  ] . To 
assess bone marrow involvement, in situ hybrid-
ization analysis of EBV-encoded RNA (EBER) 
has also been shown to be useful  [  27  ] . These new 
staging procedures are expected to allow for the 
discrimination of patients with advanced-stage 
disease who require different treatment strategies.   

   Epidemiology and Etiology of ENKL 

   Epidemiology 

 ENKL is much more common in Asia and Latin 
America than in the United States and Europe 
 [  28,   29  ] . In East Asia, its relative frequency 
among all lymphomas is approximately 3% in 
Japan  [  30  ] , 6% in Hong Kong, 7% in Taiwan, and 
9% in Korea  [  17  ] . In contrast, the relative fre-
quency of ENKL is <1% in western countries.  

   Etiology 

 The etiology of ENKL has not yet been clari fi ed. 
Because ENKL is almost always associated with 
EBV  [  31  ] , it is regarded as one of the EBV-
associated lymphoid malignancies  [  1  ] . A possible 
etiologic association between air pollution and 
ENKL was suggested by a previous Mexican 
study  [  32  ] . Further, a case–control study from 

East Asia has also revealed an etiologic associa-
tion between ENKL and life-style or environ-
mental factors, including farming, pesticide use, 
or residential proximity to garbage incineration 
facilities  [  33  ] .   

   Pathology, Diagnosis, and Molecular 
Features of ENKL 

   Pathology and Diagnosis 

 Histopathologically, ENKL is characterized by 
an angiocentric or angiodestructive invasion of 
tumor cells, the formation of necroses, and 
in fi ltration by various types of in fl ammatory cells 
 [  2  ] . No de fi nite mass formation is found in many 
cases. In such instances, a biopsy including nor-
mal-looking tissues or a random biopsy to obtain 
diagnostic tissue samples is recommended. It is 
known that the nuclei in the ENKL tumor cells 
are often elongated  [  2  ]  and display a cucumber-
like shape. 

 There are two lineages of tumor cells in 
ENKL, the NK- and cytotoxic T-cell immuno-
phenotypes. In both types, CD56 is positive in 
most cases. However, NK-cell markers other than 
CD56, such as CD16 or CD57, are rarely positive 
in ENKL. CD5 expression strongly suggests a 
T-cell type of ENKL  [  34  ] . CD20 is usually nega-
tive in ENKL, but CD20-positive cases are 
known to exist  [  35  ] . In the NK-cell type of 
ENKL, the tumor cells express cytoplasmic CD3 
epsilon only, whereas both surface CD3 and cyto-
plasmic CD3 epsilon are expressed in the T-cell 
type of ENKL  [  36–  39  ] . NK-cell type ENKL shows 

   Table 6.2    Staging of nasal NK/T-cell lymphoma a    

 IE  Contiguous involvement extending to adjacent structures (nasal cavity, paranasal sinuses, 
nasopharynx, oral cavity, and orbit) 

 IIE  Primary site with cervical lymph node involvement (contiguous stage IIE) with or without 
involvement of other supradiaphragmatic lymph node regions 
 Primary site with isolated involvement of head and neck sites (Waldeyer’s ring, oropharynx, 
hypopharynx, etc.) 

 IIIE (rare)  Primary site with cervical lymph node involvement with infradiaphragmatic lymph node 
involvement and/or involvement of the spleen 

 IV  Primary site (without cervical lymph node involvement) with isolated distant involvement 
 Any involvement of the liver or bone marrow 

   a Summarized for this review using data from previous reports of ENKL and the current consensus in clinical practice  
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germline con fi gurations of the T-cell receptor 
genes. In addition, in situ hybridization analysis for 
EBER using paraf fi n-embedded material is a use-
ful test, because the vast majority of these lympho-
mas show positive nuclear signals within the tumor 
cells. When CD56 is negative, both a positive EBV 
status and the expression of more than one cyto-
toxic molecule (e.g., perforin, granzyme B, or TIA-
1) are required for a diagnosis of ENKL  [  2  ] . 

 During the 1990s, the diagnosis of NK-cell 
neoplasms was facilitated by improvements in 
histopathologic diagnostic procedures. For 
example, anti-CD56 monoclonal antibodies that 
could be used for routinely processed formalin-
embedded paraf fi n sections became available. 
The identi fi cation of disease-speci fi c features, 
such as cytoplasmic CD3 epsilon expression and 
frequent detection of EBER by in situ hybridiza-
tion, also contributed to a more accurate differen-
tial diagnosis from other lymphoma subtypes.  

   Molecular Features 

 ENKL lymphoma cells express the multidrug resis-
tance ( MDR )  1/ABCB1  gene and its product, 
P-glycoprotein  [  15,   16,   40  ] . This MDR phenome-
non is thought to be the major reason why ENKL is 
resistant to CHOP (cyclophosphamide, doxorubi-
cin, vincristine, and prednisone) or the CHOP-like 
   chemotherapies that comprise mainly MDR-related 
agents. Immunohistochemical analyses have fur-
ther revealed the prognostic signi fi cance of the 
expression of granzyme B-speci fi c protease inhibi-
tor 9 (PI9)  [  41  ] , cyclooxygenase-2 (COX-2)  [  42  ] , 
or high levels of Ki-67 in the tumor cells  [  6  ] . With 
respect to the EBV status, EBNA1 is expressed in 
the tumor cells of almost all nasal NK/T-cell lym-
phomas and most extranasal ENKL cases  [  1,   31  ] . 
Other EBNAs are not expressed, but latent mem-
brane protein 1 is expressed in 50% of affected 
patients  [  43,   44  ] . Based on these data, ENKL is 
classi fi ed as a type II latency of an EBV infection. 
Sequence analysis has also identi fi ed a 30-bp 
deletion in LMP1 in ENKL  [  45  ] . 

 Mutations of tumor suppressor genes have 
been reported in ENKL.  FAS  is mutated in 50% 
of patients  [  46  ] , and  TP53  mutations are detect-
able in <50% of patients  [  44,   47  ] . Several cell 

lines from ENKL have also been established  [  12  ] , 
and in vitro analyses suggest that endogenous 
IL-9, IL-10, and IP-10 may play important roles 
in ENKL cell proliferation and invasion via an 
autocrine mechanism  [  44,   48,   49  ] . A study that 
combined gene expression pro fi ling and array-
based comparative genomic hybridization analy-
ses of ENKL revealed greater transcript levels for 
NK-cell and cytotoxic molecules compared with 
peripheral T-cell lymphoma, not otherwise 
speci fi ed  [  50  ] . ENKL tumor cells express more 
vascular biology-related genes, EBV-induced 
genes, and  PDGFRA  when compared to normal 
NK cells  [  50  ] . The Akt, JAK-STAT, NF- k B, and 
Wnt signaling pathways are also potentially rel-
evant biological pathways in ENKL  [  50  ] . Del(6)
(q21q25) or i(6)(p10) is the most common cyto-
genetic abnormality in ENKL  [  2  ] . Among the 
known genes at 6q21,  PRDM1  and FOXO3 are 
considered to be the most likely target genes in 
NK-cell malignancies  [  50,   51  ] .  

   Prognostic Factors and Prognostic 
Models 

 The IPI  [  22  ]  is widely used to evaluate aggres-
sive lymphomas. Because only 20% of patients 
with ENKL are classi fi ed as having an IPI score 
of 1 or less, most studies to date have concluded 
that the clinical signi fi cance of this score in 
ENKL is not high. However, a Hong Kong study 
reported that the IPI is still valid for patients with 
an NK-cell type ENKL  [  52  ] . A multicenter retro-
spective study of 262 patients with ENKL from 
Korea proposed a prognostic model for ENKL: 
the NK/T-cell lymphoma prognostic index (NK-
PI) or “Korean index”  [  21  ] . Four independent 
prognostic factors were identi fi ed in this system 
that were associated with overall survival (OS) in 
terms of the presence of B symptoms, advanced 
stage, an elevated serum LDH level, and the 
regional lymph node involvement according to 
the TNM system. The clinical usefulness of 
NK-PI has been validated in an international 
cooperative study  [  6  ] . Conversely, NK-PI was 
found not to be a useful predictor of survival in 
two recent prospective studies of concurrent 
chemoradiotherapy (CCRT)  [  53,   54  ] , which are 
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discussed later in this chapter. Another Korean 
study reported the prognostic signi fi cance of local 
tumor invasiveness (LTI) in localized ENKL of 
the upper aerodigestive tract  [  55  ] . The authors 
de fi ned LTI as bony invasion or perforation/ 
invasion of the skin based on CT and physical 
 fi ndings and concluded that LTI is more predic-
tive of survival than the IPI for patients with stage 
IE and IIE ENKL  [  55  ] . These two large retrospec-
tive studies  [  21,   55  ]  indicate that high serum LDH 
levels, the presence of B symptoms, and LTI are 
important prognostic factors for ENKL, which 
partly differs from other aggressive lymphomas. 

 ENKL is an EBV-related disease, and the 
peripheral blood of affected patients contains 
fragmented EBV-DNA. Some retrospective stud-
ies suggest that measurement of the circulating 
viral DNA load is useful for the diagnosis, moni-
toring, and prognostication of this disease  [  56, 
  57  ] . The NK-Cell Tumor Study Group (NKTSG) 
conducted the  fi rst prospective study of EBV-
DNA in ENKL using quantitative PCR  [  58  ] . 
A total of 33 patients were analyzed, and a 
signi fi cant correlation between the number of 
mononuclear cells and plasma EBV-DNA copy 
number was observed. The pretreatment plasma 
EBV-DNA levels were thus well correlated with 
several clinical parameters. Multivariate analysis 
showed that the clinical stage and pretreatment 
plasma EBV-DNA levels are signi fi cant prognostic 
factors. The plasma EBV-DNA copy number was 
found to be a valid indicator for both the response 
to treatment and OS  [  58  ] . Monitoring of EBV-
DNA in the peripheral blood is already conducted 
routinely in some centers in East Asia  [  59  ] .   

   Treatment of ENKL 

   Treatment of Localized Nasal NK/T-Cell 
Lymphoma 

   Background 
 Despite recent improvements in diagnostics, no 
standard therapy for ENKL has been established, 
and prior to 2009, no well-designed prospective 
trial for localized nasal NK/T-cell lymphoma had 
been reported. The 5-year OS rates for localized 

nasal NK/T-cell lymphoma in early reports 
ranged from 14 to 100%  [  60  ] . Although more 
than two-thirds of patients with nasal NK/T-cell 
lymphoma present with localized disease, their 
prognosis is poorer than that for individuals with 
a localized diffuse large B-cell lymphoma. 

 Most patients with localized nasal NK/T-cell 
lymphoma have been treated with radiotherapy 
with or without chemotherapy. However, the 
details of such treatments in many previous 
reports, particularly the timing of the radiother-
apy and chemotherapy, have not been adequately 
described. Many early studies did not evaluate 
lymphomas arising in the nasal cavity and para-
nasal sinuses separately because it was believed 
that these were the same condition. In addition, 
“true” NK-cell, T-cell, and B-cell lymphomas 
were often intermingled in single studies due to 
the dif fi culties in immunophenotyping. Hence, 
the outcomes of therapeutic strategies speci fi c for 
nasal NK-cell lymphoma have not been thor-
oughly examined to date. In this review, we focus 
on well-documented reports of each modality 
and the immunophenotyping of tumor cells.  

   Chemotherapy Followed 
by Radiotherapy 
 Anthracycline-containing chemotherapy fol-
lowed by radiotherapy has been established as 
the standard treatment for localized aggressive 
lymphomas, mainly diffuse large B-cell lympho-
mas  [  61  ] . However, this therapeutic strategy is 
ineffective against localized nasal NK/T-cell 
lymphoma. The  fi ve-year OS rates of patients 
with localized diseases who were treated with 
chemotherapy followed by radiotherapy are 
<50% (Table  6.3 )  [  41,   60,   62–  68  ] . In these retro-
spective studies, various chemotherapeutic regi-
mens were used. Kim et al.  [  69  ]  conducted two 
clinical studies of the ef fi cacy of CHOP chemo-
therapy for localized nasal NK/T-cell lymphoma 
 [  69  ] . Between 1995 and 1999, 17 patients were 
treated with 4 courses of CHOP chemotherapy 
followed by 45 Gy radiotherapy as a planned 
treatment. The planned sequential chemoradio-
therapy could only be completed in six patients 
because of early disease progression during the 
chemotherapy phase. Subsequently, 17 patients 
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were treated more aggressively with intensi fi ed 
doses, dose dense CHOP and radiotherapy  [  70  ] . 
The complete response (CR) rate was improved, 
but  fi ve patients still experienced systemic fail-
ure. These results suggest that the ef fi cacy of 
CHOP chemotherapy is not suf fi cient to treat 
ENKL, even at the maximal dose intensity. As 
previously discussed in this chapter, it has been 
speculated that CHOP(-like) chemotherapy com-
prises MDR-related agents (e.g., vincristine and 
doxorubicin, among others) is not effective 
against this disease, because ENKL tumor cells 
express P-glycoprotein.  

 EPOCH chemotherapy (etoposide, predni-
sone, vincristine, cyclophosphamide, and doxo-
rubicin) was originally designed to overcome the 
MDR phenomenon by using continuous infusion 
of anticancer agents. In a retrospective study 
from China in which 76% of a 34-patient cohort 
had localized disease, EPOCH chemotherapy 
followed by radiotherapy produced CR and 
3-year OS rates of 75%  [  71  ] . However, these 
favorable results must be further validated in a 
prospective trial setting before incorporating this 
treatment method into clinical practice.  

   Frontline Radiotherapy 
 Radiotherapy has frequently been used as the pri-
mary treatment for ENKL, because most patients 
present with localized disease. In patients treated 
with radiotherapy alone, the CR rate is >65% 

 [  72,   73  ] , which is the best reported single modality 
outcome for this disease. The reported 5-year OS 
rates range from 42 to 83%, but this may be 
caused by several selection biases, that is, patients 
with a small tumor burden, no systemic symp-
toms, or no immunophenotypic or EBV data. 
Kim et al. previously examined the patterns of 
failure in 92 patients treated with radiotherapy 
alone at a median dose of 50 Gy (range, 40–60 Gy) 
 [  72  ] . After completion of this treatment, 61 
patients (66%) achieved CR, and 16 (17%) showed 
a partial response (PR). However, ~50% of the 
patients ultimately displayed a local recurrence, 
and systemic failure was observed in 25% of 
cases. In addition, all patients with systemic fail-
ure (except one) died within 1 year  [  72  ] . The OS 
curve declined soon after diagnosis and reached a 
plateau at 2 years after diagnosis. The 5-year OS 
rate was 40%, and the 2-year OS rate was 45%. 
Hence, because both in- fi eld and systemic relapses 
are frequent, radiotherapy alone is not suf fi cient to 
achieve a high cure rate for patients with localized 
nasal NK/T-cell lymphoma.  

   Radiotherapy for Localized Nasal 
NK/T-Cell Lymphoma 
 To determine the optimal radiotherapy and to 
achieve good local control of NK/T-cell lym-
phoma cases, radiation oncologists in East Asia 
have conducted several multicenter cooperative 
studies over the past decade. In terms of the radi-
ation dose, these studies have suggested that 
>46 Gy is needed to obtain good local control 
 [  74,   75  ] . It is noteworthy that ENKL tumor cells 
are more resistant to radiotherapy than aggressive 
B-cell lymphomas. In terms of radiation volume, 
extension to include entire nasal cavities and 
sinuses is reported to be more effective than sim-
ply targeting the tumor volume with a small mar-
gin  [  76  ] . Moreover, CT- or MRI-based radiation 
planning is also recommended to achieve good 
local control  [  75  ] . However, it has been shown 
that late adverse events in the CNS escalate in 
patients who receive a total dose of >60 Gy. The 
optimal total dose is therefore likely to be 50 Gy. 
It must also be considered that there are several 
organs adjacent to the nasal cavity, such as the 
optic nerve, brain stem, and retina, that are at risk 

   Table 6.3    Survival outcomes for patients with a local-
ized nasal NK/T-cell lymphoma treated with conventional 
standard therapy for localized aggressive non-Hodgkin 
lymphomas   

 Modality  Stage   n  
 5 year-OS 
rate (%)  Reference 

 Cx→RT  I–II   7  14  Yu et al.  [  62  ]  
 Cx (→RT)  I  18  28  Kwong et al.  [  63  ]  
 Cx (→RT)  I/II  12  <50  Ribrag et al.  [  64  ]  
 Cx (→RT)  I/II   7  14  Yamaguchi et al.  [  60  ]  
 Cx (→RT)  I–II  61  40  Cheung et al.  [  65  ]  
 Cx  I–II  18  15  Li et al.  [  66  ]  
 Cx (→RT)  I–II  40  29  You et al.  [  67  ]  
 Cx (→RT)  I–IV  26  18  Pagano et al.  [  68  ]  
 Cx (→RT)  I–IV  48  49  Bossard et al.  [  41  ]  

   Cx  CHOP(-like) chemotherapy;  RT  radiotherapy;  OS  
overall survival  
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from radiotherapy. To minimize adverse events in 
these organs, treatments should be carefully 
planned using CT scanning and/or MRI by expe-
rienced radiation oncologists. 

 Intensity-modulated radiation therapy (IMRT) 
is expected to improve local control and reduce 
local toxicity in the treatment of ENKL. In west-
ern countries, IMRT has already been introduced 
as a routine treatment for localized nasal NK/T-
cell lymphoma, at least in major centers. In East 
Asia, an attempt to substitute three-dimensional 
conformal radiotherapy with IMRT is ongoing 
 [  77  ] , but conventional radiotherapy is still widely 
used in most institutes. 

 To prevent direct invasion of the brain, a 
suf fi cient margin to the side of the CNS should be 
established. There is also no  fi rm evidence of any 
prophylactic bene fi t from the intrathecal admin-
istration of chemotherapeutic agents for localized 
nasal NK/T-cell lymphoma  [  78  ] .  

   Frontline Radiotherapy Followed 
by Chemotherapy 
 Patients undergoing radiotherapy followed by 
chemotherapy have been reported to have a better 
prognosis  [  64,   79  ] . However, these results must 
be carefully evaluated because retrospective 
analyses may contain selection biases, and immu-
nophenotypic analysis and the examination of the 
EBV status of the tumor cells were incomplete in 
many cases. It is also noteworthy that these ear-
lier retrospective studies used anthracycline-con-
taining chemotherapeutic regimens.  

   Concurrent Chemoradiotherapy    

   Overview 

 CCRT is expected to improve both local and sys-
temic disease control and has been established as 
a standard therapy for several solid cancers. 
Conversely, this is not a standard treatment for 
lymphoma due to the generally good response of 
lymphomas to both chemotherapy and radiother-
apy. In an earlier report from Mie University 
Hospital in Japan, two patients with localized 
nasal NK/T-cell lymphoma were successfully 

treated using CCRT  [  60  ] . DeVIC chemotherapy, 
which is a salvage chemotherapeutic regimen 
developed in Japan for relapsed or refractory 
aggressive lymphomas, was selected for concur-
rent use in these cases  [  80  ] . This therapy com-
prises dexamethasone, two MDR non-related 
chemotherapeutic agents (ifosfamide and carbo-
platin), and etoposide. Etoposide has been dem-
onstrated to have both in vitro and in vivo ef fi cacy 
against NK-cell neoplasms  [  81,   82  ]  and is effec-
tive for both pediatric EBV-related hemophago-
cytic syndrome and pediatric EBV-associated 
lymphoproliferative disease  [  83  ] . The two 
patients  [  60  ]  showed a high serum LDH level or 
B symptoms, which are known to be unfavorable 
prognostic factors in nasal NK/T-cell lymphoma 
 [  60  ] . However, they achieved CR and long-term 
survival, suggesting the potential ef fi cacy of this 
treatment in high-risk patients. A Hong Kong 
study also reported a good therapeutic result from 
the use of frontline chemotherapy followed by 
CCRT with cisplatin and consolidative high-dose 
chemotherapy with autologous stem cell trans-
plantation  [  84  ] . 

 Because CCRT is a novel treatment modality 
for lymphomas, its toxicity and ef fi cacy should 
be carefully evaluated in a prospective trial set-
ting. Only one small phase II study of the use of 
CCRT in relapsed or refractory lymphomas with 
bulky disease was reported prior to 2006  [  85  ] . 
In this study, radiotherapy at a median dose of 
40 Gy and chemotherapy with cisplatin and etopo-
side were administrated concurrently. Because 
grade 3 or 4 hematologic toxicities were observed 
in 70% of the patients (14/21), the researchers 
concluded that hematologic toxicities and infec-
tion must be carefully managed when using this 
regimen.  

   A Prospective Trial for CCRT 
in a Japanese ENKL Cohort 

 To develop a more effective therapeutic strategy 
for newly diagnosed, localized nasal NK/T-cell 
lymphoma, the Lymphoma Study Group of the 
Japan Clinical Oncology Group (JCOG-LSG) 
conducted a phase I/II study to evaluate the 
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ef fi cacy and toxicity of CCRT. This trial was 
designed to establish the optimal dose of DeVIC 
chemotherapy in combination with 50 Gy radio-
therapy and then to historically compare the 
ef fi cacy of this regimen with radiotherapy alone. 
This is the  fi rst prospective study for untreated, 
localized nasal NK/T-cell lymphomas that incor-
porated an adequate sample size and three central 
reviews (i.e., a central pathology review, a radia-
tion quality assurance program, and a central 
CT review for ef fi cacy assessments). 

 Patients with stage IE disease or contiguous 
stage IIE disease with cervical lymph node 
involvement were eligible for the trial. The proto-
col treatment comprised CCRT with relatively 
high-dose radiotherapy and chemotherapy with 
MDR-non-related agents and etoposide. Figure  6.1  
depicts the treatment protocol for the trial 
(JCOG0211). In phase I, two dose levels of carbo-
platin, etoposide, and ifosfamide were evaluated. 
A two-thirds dose of DeVIC was then established 
as the recommended dose due to hematologic 
toxicity and infection.  

 In phase II of the trial, 27 patients who were 
treated with the recommended DeVIC dose (two-
thirds) were evaluated. Compared to the histori-
cal control group  [  72  ] , the median age was higher 
and B symptoms and cervical node involvement 

were more frequent in this study population. The 
median follow-up time was 32 months, with a 
range of 24–62 months. The primary endpoint, 
the 2-year OS, was 78% (90% CI, 61–88%; 95% 
CI, 57–89%), which was superior to the histori-
cal control of radiotherapy alone (45%)  [  72  ] . The 
2-year progression-free survival (PFS) rate was 
67%, the CR rate was 77%, and the overall 
response rate was 81%. The 2-year planning tar-
get volume control rate was 96%. Only one 
patient experienced loco-regional failure. Toxicity 
was mild and manageable in patients treated with 
the recommended dose, and no treatment-related 
deaths occurred. The most common grade 3 non-
hematologic toxicity was mucositis related to 
radiation. From these data, it was concluded that 
CCRT using MDR non-related agents and etopo-
side is a safe and effective treatment for localized 
nasal NK/T-cell lymphoma, thus providing a 
basis for subsequent investigations.  

   A Prospective Trial of CCRT 
in a Korean ENKL Cohort 

 Subsequently to the aforementioned JCOG-LSG 
trial, a Korean group (Consortium for Improving 
Survival of Lymphoma; CISL) reported promising 

  Fig. 6.1    Treatment protocol used in the JCOG0211 study. 
Radiotherapy at a 50 Gy dose and three courses of DeVIC 
chemotherapy were simultaneously initiated within 7 days 
of enrollment in the trial. Three dimensional conformal 
radiation planning using a CT scanner was performed for 

all patients. The clinical target volume included the entire 
nasal cavity, the nasopharynx, and the gross tumor vol-
ume with a margin of at least 2 cm.  RT  radiotherapy; 
 CBDCA  carboplatin;  ETP  etoposide;  IFM  ifosfamide; 
 DMS  dexamethasone       
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results from a phase II study of CCRT followed 
by ICE (ifosfamide, carboplatin, etoposide)-like 
chemotherapy for localized nasal NK/T-cell lym-
phoma  [  54  ] . Weekly cisplatin (30 mg/m 2 , four 
treatments in total) was used for CCRT as a 
 radiation sensitizer. The median total dose of 
radiotherapy was 40 Gy, ranging from 40 to 
52.8 Gy. After 3–5 weeks, three courses of 
 cisplatin-containing chemotherapy, a VIPD 
chemotherapeutic regimen (etoposide 100 mg/
m 2 , days 1–3; ifosfamide 1,200 mg/m 2 , days 1–3; 
mesna 240 mg/m 2 , days 1–3; cisplatin 33 mg/m 2 , 
days 1–3; and dexamethasone 40 mg/day, days 
1–4) was initiated. The protocol treatment was 
designated CCRT-VIPD. 

 Thirty patients were enrolled in this study. The 
CR rate at the best response was 80%,  [  54,   86  ]  
which was superior to the historical control group 
used  [  70  ] . At the median follow-up of 24 months, 
the estimated 3-year OS and PFS rates were 86 
and 80%, respectively  [  54,   86  ] . Toxicities during 
CCRT were reported to be mild. However, grade 
3 or 4 infections occurred in 60% of the patients 
during the VIPD therapy, and two patients died of 
infection. The researchers concluded that local-
ized nasal NK/T-cell lymphoma is best treated 
with frontline CCRT  [  54  ] .  

   Current Optimal Treatment Strategy 
for Localized Nasal NK/T-Cell 
Lymphoma 

 Table  6.4  summarizes the results from the two 
prospective studies of CCRT for localized nasal 
NK/T-cell lymphoma. The JCOG0211 study was 
characterized by relatively high-dose radiother-
apy supported by a quality assurance program, 
short treatment duration, and acceptable local 
toxicities. The Korean study showed promising 
results in terms of the estimated PFS. However, 
because it was initiated 3 years later than the 
JCOG0211 study, the excellent estimated PFS 
may have been obtained by strict baseline evalu-
ation using new diagnostic and staging proce-
dures, such as FDG-PET or in situ hybridization 
for EBER in bone marrow material  [  27  ] . No 
patients experienced disease progression during 
the CCRT with cisplatin.  

 It is of interest that the pro fi le of toxicity was 
quite different between the two studies. The most 
severe and frequent non-hematologic toxicity 
reported for the RT-2/3DeVIC therapy was 
mucositis due to radiation. In the Korean study, 
two treatment-related deaths due to infection 

   Table 6.4    Comparison of the results from two prospective clinical trials of concurrent chemoradiotherapy for local-
ized nasal NK/T-cell lymphoma   

 JCOG0211 study  [  53  ]   Korean study  [  54,   86  ]  

 Study design  Phase I/II  (Pilot study→) Phase II 
 Registration period  Sep 2003–Dec 2006  Apr 2006–Oct 2007 
 Median follow-up period (months, range)  32 (24–62)  24 (17–37) 
 Number of patients in Phase II  27  30 
 Total dose of radiotherapy  50 Gy (supported by quality 

assurance program) 
 40 Gy (median) 

 Concurrent chemotherapy regimen  2/3 DeVIC  Cisplatin alone 
 Time to completion of the treatment  9 weeks  16–18 weeks 
 CR rate (%)  77  80 a  
 OS rate (%)  78 (2-year)  86 (3-year;estimated) 
 PFS rate (%)  67 (2-year)  80 (3-year;estimated) 
 Planning target volume (local) 
control rate (%) 

 96 (2-year)  93 (3-year;estimated) 

 Most common toxicity  Local toxicities due to radiation  Infection (two treatment-
related deaths) 

   a At the best response  
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were observed during VIPD chemotherapy. It is 
likely that infection during CCRT-VIPD therapy 
is also more severe and frequent compared with 
the JCOG 0211 study. 

 Although there are several problems in ana-
lyzing the endpoints of the Korean study  [  86  ] , 
these two trials showed promising results for 
CCRT in patients with localized nasal NK/T-cell 
lymphoma, particularly in terms of the excellent 
local control. From these data, CCRT using MDR 
non-related agents and etoposide is recommended 
for the current standard of care for this disease, 
partly because it is the  fi rst-line treatment that 
seems to be superior to radiotherapy alone in pro-
spective studies of localized nasal NK/T-cell 
lymphoma. If it takes considerable time (e.g., 
more than 1 month) to prepare for frontline radio-
therapy, chemotherapy with non-MDR-depen-
dent drugs with sandwiched radiotherapy 
deserves consideration  [  59  ] , although there is no 
prospective data regarding the ef fi cacy of such a 
treatment strategy. 

   High-Dose Chemotherapy with 
Autologous Hematopoietic Stem 
Cell Transplantation 

 The bene fi ts of consolidative high-dose chemo-
therapy with autologous hematopoietic stem cell 
transplantation (HSCT) as a  fi rst-line treatment 
have yet to be established. In a retrospective, 
multicenter study in a Korean cohort of 262 
patients, 16 individuals underwent high-dose 
chemotherapy with autologous HSCT  [  87  ] . 
Subgroup analyses did not reveal any bene fi t of 
autologous HSCT in patients with localized dis-
ease, Group 1 or 2 NK-PI, or an involvement of 
the upper aerodigestive tract  [  87  ] . 

 A multinational, matched, controlled study 
from East Asia suggested that high-dose chemo-
therapy is bene fi cial for patients in CR with a 
high NK-PI at diagnosis  [  88  ] . This study was 
based on long-term follow-up data, but no con-
sideration was given to the heterogeneity of treat-
ment, such as the chemotherapeutic regimen or 
the timing of the radiotherapy.  

   Treatment of Systemic, Relapsed 
or Refractory Cases of ENKL 

   Chemotherapy 
 The treatment outcomes for stage IV, relapsed or 
refractory patients with ENKL using conven-
tional chemotherapy are extremely poor. For 
example, in the case of CHOP(-like) chemother-
apy, the overall response rate is 36% for newly 
diagnosed stage IV diseases but <10% in relapsed 
or refractory cases. Two promising results for 
non-anthracycline-containing regimens in the 
treatment of nasal NK/T-cell lymphoma have 
been reported. The  fi rst is a prospective study of 
newly diagnosed advanced-stage ENKL with 
nasal involvement in a patient group from 
Mexico. In this trial, the patients were given six 
courses of CMED chemotherapy (cyclophosph-
amide, methotrexate, etoposide, and dexametha-
sone), with a sandwiched radiotherapy of 55 Gy 
after three courses, in patients with facial involve-
ment  [  89  ] . The second study in a Chinese cohort 
involved treatment with a salvage chemothera-
peutic regimen (L-asparaginase, vincristine, and 
dexamethasone) after a  fi rst-line anthracycline-
containing chemotherapy followed by involved-
 fi eld radiotherapy (median, 56 Gy) in patients 
with relapsed or refractory nasal NK/T-cell lym-
phoma  [  90  ] . Although the CR rates in these two 
studies exceeded 55%, this high level of ef fi cacy 
has not been validated in other studies. The high-
dose radiotherapy that was used in both studies 
makes it dif fi cult to evaluate the ef fi cacy of the 
chemotherapeutic regimens themselves. 
Moreover, high-dose radiotherapy is not a treat-
ment option for patients who have already 
received involved- fi eld radiotherapy during their 
 fi rst-line therapy for localized nasal NK/T-cell 
lymphoma. Because it is known that there are 
long-term survivors among patients with 
advanced-stage, relapsed or refractory ENKL 
who have undergone HSCT, development of an 
effective chemotherapeutic regimen for these 
patients may be an important initial step in 
improving the treatment outcome. 

 In 2004, Japanese core members of NKTSG 
and other colleagues in East Asia formulated a 
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new chemotherapeutic regimen that comprises 
the steroid dexamethasone, methotrexate, ifosf-
amide, L-asparaginase, and etoposide (SMILE). 
The design of the SMILE regimen was based on 
several considerations. Etoposide was selected 
due to its in vitro and in vivo ef fi cacy for NK-cell 
neoplasms and other EBV-associated diseases 
 [  81–  83  ] .  l -asparaginase is an anticancer drug 
that hydrolyzes serum asparagines and deprives 
lymphoid malignant cells of this required amino 
acid. This agent also induces the selective apop-
tosis of NK-cell lymphoma cells in vitro  [  91  ] , 
and successful therapeutic results in NK-cell 
lymphoma have been reported using  l -asparagi-
nase, either alone or in combination with other 
drugs  [  90,   92,   93  ] . In a clinical trial for pediatric 
acute lymphoblastic leukemia, dexamethasone 
was reported to be more effective than predniso-
lone in ameliorating the adverse reactions to 
 l -asparaginase  [  94  ] . Methotrexate and ifosfamide 
are unaffected by the MDR phenotype and are 
components of regimens that have been previ-
ously reported to be effective against ENKL. In 
the SMILE protocol, methotrexate was scheduled 
on day 1 to precede the other drugs because there 
is a possibility of antagonistic effects upon co-
administration with etoposide and ifosfamide but 
synergic effects when preceding etoposide. The 
additional three drugs were scheduled for days 
2–4 because the simultaneous use of etoposide 
and ifosfamide can lead to additive effects  [  95  ] . 

 Given that advanced-stage ENKL and ANKL 
are extremely rare, a prospective therapeutic trial 
for these diseases is dif fi cult to conduct. To over-
come this problem, an international multicenter 
cooperative phase I study in East Asia was under-
taken  [  95  ] . Patients with newly diagnosed stage 
IV, who had relapsed or refractory disease after 
 fi rst-line chemotherapy, and were between 15 
and 69 years old with a PS of 0–2 were eligible. 
Six patients with ENKL were enrolled at Level 1 
in the study. One treatment-related death due to 
infection occurred, but no other grade 4 non-
hematologic toxicities were observed. After the 
 fi rst three patients were enrolled, a protocol 
 revision stipulating the initiation of G-CSF 
from Day 6 was made. Major toxicities in six 
patients included grade 4 neutropenia and grade 

3 hyponatremia. Three patients obtained a CR, 
with the remaining three cases showing PR, no 
response, and were not evaluable, respectively. 
The CR rate was 50% (3/6), and the overall 
response rate was 67% (4/6). The researchers 
concluded that a Level 1 dose with G-CSF sup-
port is recommended for further evaluation. 

 In the subsequent phase II study of SMILE, 
patients with ANKL were not eligible because 
none of these patients had been enrolled in phase 
I  [  95  ] . The primary endpoint was an overall 
response rate after two courses of SMILE che-
motherapy thirty-nine patients were eventually 
enrolled and 38 patients were eligible. They had 
a median age of 47 years, and 20 of these patients 
had newly diagnosed stage IV disease. Because 
the  fi rst two patients died of a grade 5 infection, a 
protocol revision was made stipulating an aware-
ness of infection and incorporating a lymphocyte 
count of 500/mm 3  or more into the eligibility cri-
teria. There were no subsequent treatment-related 
deaths. The overall response rate, which was the 
primary endpoint of the trial, was 79% (95% CI, 
65–89%), greatly superior to the historical con-
trol rate of 35%. The CR rate was 45%. The major 
toxicities were neutropenia, infection, and liver 
damage. These results indicate that SMILE che-
motherapy is an effective induction therapy for 
newly diagnosed stage IV, relapsed or refractory 
ENKL  [  96  ] . Indeed, this regimen is now being 
used in clinical practice in East Asia  [  59  ] . 
However, careful monitoring for severe myelo-
suppression and infection is important when 
using this protocol. 

 Due to the high ef fi cacy of this treatment 
against ENKL, a clinical trial incorporating a 
 fi rst-line use of SMILE chemotherapy for local-
ized nasal NK/T-cell lymphoma may warrant 
investigation. However, because  l -asparaginase 
can cause severe adverse drug reactions, such as 
thrombosis, hypo fi brinogenemia, and pancreati-
tis, the ef fi cacy and feasibility of  fi rst-line che-
motherapeutic regimens containing this agent 
must be evaluated carefully.  

   Stem Cell Transplantation 
 To improve the therapeutic results in the treat-
ment of ENKL, different HSCT settings have 
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been attempted for patients with ENKL. The  fi rst 
case series were reported by Liang and colleagues 
in 1997  [  97  ] . Three relapsed localized nasal 
NK/T-cell lymphoma patients underwent high-
dose chemotherapy with cyclophosphamide, car-
mustine, and etoposide, supported by autologous 
bone marrow transplantation. Two of the patients 
were reported to be disease-free more than 
12 months after transplantation. Subsequent 
reports provided data for small numbers of 
patients who had undergone various kinds of 
transplantation, such as autologous HSCT, tan-
dem autologous HSCT, allogeneic HSCT, and 
cord blood transplantation. Two independent 
Japanese surveys of HSCT in the treatment of 
ENKL further revealed that some long-term sur-
vivors do emerge among patients with advanced-
stage or relapsed/refractory disease following 
allogeneic HSCT  [  98,   99  ] . Survival curves for 
patients who underwent allogeneic HSCT often 
show a plateau, suggesting that this treatment 
may be curative for a fraction of patients.    

   Development of Novel Biological 
and Targeted Therapies 

 Because NK-cell neoplasms are rare, there have 
been very few clinical trials of novel agents 
speci fi cally targeting ENKL. NK-cell neoplasms 
have been included in clinical trials of various 
kinds of novel agents for peripheral T-cell lym-
phomas or chemotherapy-resistant B-cell lym-
phomas in western countries. In East Asia, 
bortezomib and alemtuzumab have been investi-
gated in terms of their ef fi cacy against ENKL. 
Bortezomib induces apoptosis in the tumor cells 
of NK-cell leukemia and lymphoma  [  100  ] . 
Further, one of three patients with ENKL achieved 
CR in a previous phase I study of CHOP chemo-
therapy with bortezomib for advanced T or 
NK-cell lymphoma  [  101  ] . However, because 
CHOP is not effective against ENKL, other che-
motherapy regimens in combination with borte-
zomib may warrant further study. Alemtuzumab, 
a humanized anti-CD52 antibody, is available in 
some countries in East Asia, and experience with 
this agent in the treatment of ENKL has been 

accumulating. However, its ef fi cacy seems to be 
temporal in most patients with relapsed or refrac-
tory ENKL. The relatively low incidence (25%) 
of CD52 expression in the tumor cells of ENKL 
 [  102  ]  may also diminish the clinical usefulness 
of this agent in ENKL. 

 Some of the new anticancer agents that have 
been developed in western countries are antici-
pated to show ef fi cacy against ENKL. For exam-
ple, pralatrexate is a folate antagonist that achieves 
a greater intracellular accumulation than other 
anti-folate drugs such as methotrexate. A rela-
tively high response rate in patients with periph-
eral T-cell lymphomas in a phase II-I-II trial for 
relapsed or refractory peripheral T-cell lympho-
mas has been reported for this drug  [  103  ] . No 
patients with ENKL were enrolled in this trial, but 
because of its similarity with methotrexate (a key 
agent in the treatment of ENKL), pralatrexate is 
expected to be effective against this disease. 
Another example of a potentially effective new 
drug against ENKL is the histone deacetylase 
inhibitor vorinostat. This agent shows signi fi cant 
induction activity in the EBV lytic cycle in EBV-
positive carcinoma cell lines  [  104  ] . In combina-
tion with azacitidine, vorinostat is being 
investigated in a clinical trial for the treatment of 
ENKL and nasopharyngeal carcinoma. Finally, 
siplizumab, a humanized monoclonal antibody 
against CD2, may be a viable candidate as a tar-
geting therapy for ENKL, because CD2 is 
expressed in most ENKL tumors. A phase I trial of 
siplizumab in 29 patients with T-cell malignancies 
revealed that this agent could decrease the expres-
sion of CD2 and deplete both T-cells and NK-cells. 
However, this trial had to be terminated because 
of a high incidence of EBV-positive lymphopro-
liferative disease (14%)  [  105  ] . In an attempt to 
overcome this issue, a clinical trial of a rituximab-
containing chemotherapy with siplizumab is now 
being conducted in the United States.  

   Conclusions 

 NK-cell neoplasms are rare and aggressive dis-
eases, but an increased understanding and recog-
nition of distinct disease entities, the emergence of 



100 M. Yamaguchi and K. Tobinai

better diagnostic procedures, recent multicenter 
prospective trials of new treatment strategies in 
East Asia, and the development of novel agents 
in western countries have all led to an improve-
ment in the otherwise poor prognosis for these 
diseases. Further collaborative efforts on an inter-
national scale are needed to further improve the 
future treatments and outcomes for patients with 
NK-cell neoplasms.      
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         Introduction 

 In 2008, two major publications clari fi ed the 
importance of improving the diagnosis and out-
comes of peripheral T-cell lymphoma. The  fi rst 
was the fourth edition of the World Health 
Organization (WHO) Classi fi cation of Tumours 
of the Haematopoietic and Lymphoid Tissues  [  1  ] . 
This project classi fi ed the mature T-cell and 
natural killer (NK)-cell neoplasms into over 20 
subtypes, with six new subtypes added, in an 
effort to standardize the diagnostic criteria for 
these lymphomas which are often misdiagnosed 
due to unfamiliarity of the clinical picture from 
which they arise. The second was the International 
Peripheral T-Cell and Natural Killer/T-Cell 
Lymphoma Study: Pathology Findings and 
Clinical Outcomes by Vose et al.  [  2  ] , which 
showed the distribution of the different subtypes 

(shown in Fig.   1.1    ) and reported outcomes. The 
extranodal group includes a number of less 
common entities described primarily by their 
tissue tropism. This includes the, including hepa-
tosplenic T-cell lymphomas (HSTLs), intestinal 
T-cell lymphomas, and the panniculitis-like T-cell 
lymphomas. A new provisional entity included in 
this group is the primary cutaneous gamma delta 
T-cell lymphomas. The frequency of these sub-
types is low, and treatment algorithms for most of 
the rare subtypes have not been well established. 
Outcomes for the rare subtypes of T-cell lympho-
mas are shown in Table  7.1 .   

   Hepatosplenic T-Cell Lymphoma 

 Normal  g / d  T-cells are a small subset of cytotoxic 
T-cells that preferentially exhibit homing to epi-
thelial rich tissue and sinusoidal areas of the 
splenic red pulp. These  g / d  T-cells originate from 
CD4 to CD8- (double negative) precursors, and 
have the potential to mature outside the thymus. 
When activated,  g / d  T-cells can express NK cell-
associated surface and cytoplasmic molecules, 
suggesting a function similar to NK cells  [  3  ] .  g / d  
T-cells also bear T-cell receptors (TCRs) with less 
discriminate antigen speci fi city and can recognize 
antigens of multiple pathogens. One hypothesis 
for the origin of the  g / d  T-cell lymphomas is that 
polyclonal expansion of the  g / d  T-cells due to 
external or internal stimuli occurs and may give 
rise to transforming events lead to the develop-
ment of a monoclonal process, such as HSTL  [  3  ] . 

    F.   Lansigan  
     Department of Hematology and Oncology , 
 Dartmouth-Hitchcock Medical Center, Norris Cotton 
Cancer Center ,   Lebanon ,  NH ,  USA  

      S.  D.   Hudnall  
     Department of Pathology , 
 Yale University School of Medicine ,
  New Haven ,  CT ,  USA  

      F.   Foss   (*)
     Department of Medical Oncology/Hematology , 
 Yale University School of Medicine ,
  333 Cedar Street, FMP 130 ,  PO Box 208032 , 
 New Haven ,  CT   06520 ,  USA    
e-mail:  Francine.foss@yale.edu   

  7      Rare Subtypes of Extranodal 
T-Cell Lymphoma       

     Frederick   Lansigan   ,    S.   David   Hudnall,    
and    Francine   Foss          

http://dx.doi.org/10.1007/978-1-62703-170-7_1#Fig00011


106 F. Lansigan et al.

 HSTL was  fi rst described in 1990 by Farcet 
et al.  [  4  ] . Two patients with systemic symptoms, 
hepatosplenomegaly, thrombocytopenia, and 
absence of lymphadenopathy, were described. 
Both were found to have a sinusoidal pattern of 
in fi ltration of the liver with CD3 + TCR g / d  T-cells. 
This was in contrast to the usual lymphomatous 
in fi ltration of the portal tracts of the liver and white 
pulp of the spleen in other types of T and B-cell 
lymphomas. These two patients had rapid progres-
sion of their disease despite treatment. HSTL com-
prises only 1.4% of peripheral and NK-cell 
lymphomas worldwide, but it is one of the most 
aggressive PTCL subtypes, with a dismal 7%, 
5-year survival. Most patients succumb within one 
year  [  2  ] . HSTL most commonly occurs in males in 
the fourth decade of life and is more common in 
North America and Europe than in Asia. 

 Risk factors for HSTL include a history of 
immune suppression, and the disease occurs with 
increased frequency in the setting of organ trans-
plant recipients and patient with autoimmune 
disorders, such as in fl ammatory bowel disease 
(especially those receiving thiopurines), lupus, 
Sjogren’s syndrome, Hodgkin’s lymphoma and 
malaria  [  5  ] . EBV does not appear to be associ-
ated with HSTL, though it has been associated 
with post-transplant lymphoproliferative disor-
der  [  5  ] . Recently, the incidence of HSTL has been 

reviewed in patients with in fl ammatory bowel 
disease. Schmidt et al. reported that eight cases 
were identi fi ed through the FDA’s Adverse Event 
Reporting System  [  6  ] . Kotylar et al. reviewed 36 
cases of HSTL in patients with in fl ammatory 
bowel disease, 20 of which received in fl iximab 
and a thiopurine and 16 received thiopurine ther-
apy alone  [  7  ] . Most of the patients were under 
age 35 and only two were females. The median 
time from onset of thiopurine agents and diagno-
sis of HSTL was 5.5 years, and the median num-
ber of doses of in fl iximab was three. Of the 36 
patients, only 8 are alive. They identi fi ed an 
increased risk of developing HSTL in patients 
receiving combination therapy with thiopurine an 
anti-TNF agents compared to those receiving 
monotherapy with thiopurines, but there was no 
increased risk identi fi ed in patients receiving 
only anti-TNF therapy. 

 The clinical features of HSTLs are described 
in Table  7.2 . The morphology of HSTL demon-
strates clusters of monomorphic medium-sized 
T-lymphoid cells with loosely condensed chro-
matin and a pale rim of cytoplasm. The in fi ltrate 
is seen in both the liver and the spleen. There is 
sinusoidal in fi ltration of the splenic red pulp with 
resultant atrophy of the white pulp, as shown in 
Fig.  7.1 . The liver exhibits sinusoid expansion 
and sparing of the portal triads without hepato-
cyte destruction  [  1  ] . Bone marrow involvement is 
seen in two-thirds of patients with HSTL  [  8  ] . The 
immunohistochemical pro fi le of this lymphoma 
is typically CD2+, CD3+, CD4−, CD5−, CD7+, 
CD8−, and either  g / d  or  a / b , although the majority 
are  g / d . Rare cases may be CD8 positive. The NK 
antigens, CD16 and CD56, are frequently 
expressed. Although the WHO 2008 does not dis-
tinguish  g / d  from  a / b  HSTL, the  g / d   phenotype 
predominates and contributes to the poor progno-
sis in HSTL similar to other non-hepatosplenic 
 g / d  T-cell lymphomas.   

 The HSTL cells exhibit clonality with gene 
rearrangements of the TCR. The TCR-V d  expres-
sion is restricted to V d 1, and V d 1 associates with 
different V g  regions. This is in contrast to the V d 2 
usage by non-HSTL such as primary cutaneous 
 g / d  T-cell lymphoma  [  7  ] . The majority of HSTL 
show recurrent cytogenetic abnormalities, namely 

   Table 7.1    Outcomes for PTCL by histologic type (Based 
on data from Vose et al.  [  2  ] )   

 Diagnosis  5-year OS  5-year FFS 

 PTCL-NOS  32  20 
 Angioimmunoblastic  32  18 
 ALCL ALK+  70  60 
 ALCL ALK−  49  36 
 Nasal NKT  42  29 
 Extranasal NKT  9  6 
 Enteropathy associated  20  4 
 Hepatosplenic  7  0 
 Subcutaneous panniculitis  64  24 
 Adult T-cell leukemia  14  12 

   OS  overall survival;  FFS  failure-free survival;  PTCL  
peripheral T-cell lymphoma;  NOS  not otherwise speci fi ed; 
 NKTCL  natural killer/T-cell lymphoma;  ATLL  adult T-cell 
leukemia/lymphoma;  ALCL  anaplastic large-cell 
lymphoma  
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isochromosome 7q which almost invariably is 
associated with trisomy 8  [  6,   7  ] . These cytoge-
netic abnormalities while diagnostically useful do 
not have prognostic signi fi cance  [  8  ] . Recent data 
has shown that  g / d  HSTL shows a distinct gene 
expression pro fi ling signature from PTCL includ-
ing  a / b  PTCL and  g / d  PTCL. NK-associated mol-
ecules such as KIR and killer lectin-like receptors 
have been found to be overexpressed  [  9  ] . 

 Published experience in treating HSTL include 
multiple induction regimens, most commonly 
CHOP-(cyclophosphamide, doxorubicin, vincris-
tine, prednisone)-like and platinum-based lym-
phoma regimens  [  6,   7,   9  ] . Although responses 

have been seen in approximately two-thirds of 
HSTL, responses are brief. Platinum and cytara-
bine-based induction therapy has resulted in sus-
tained responses  [  7  ] . There are also reports of 
patients responding to purine analog therapy, 
such as 2 ¢ deoxycoformycin  [  10  ] . One adolescent 
with HSTL treated with an aggressive pediatric 
T-cell leukemia regimen followed by allogeneic 
stem cell transplantation also has shown a sus-
tained response  [  11  ] . Sequential combination 
chemotherapy such as IDSHAP/AMDBIDCOS/
MINE, and monoclonal antibody combination 
therapy such as pentostatin/alemtuzumab have 
induced complete responses  [  12  ] . Falchook et al. 
reported 15 cases of HSTL  [  13  ] . Of these, seven 
had a complete response to chemotherapy and 
three underwent a stem cell transplant. The dura-
tion of CR was 8 months, and median OS was 
13 months for the CR vs. 8 months for nonre-
sponders. Adverse prognostic factors included 
male gender, failure to achieve a CR with chemo-
therapy, and absence of a detectable TCR rear-
rangement in the gamma chain. Due to 
demonstrable graft vs. lymphoma effect, alloge-
neic stem cell transplantation should be offered 
to all eligible patients, including those who are in 
 fi rst remission, as it seems to be the only chance 
for a durable remission  [  5  ] . With respect to newer 
agents, Piekerz et al. reported that one patient 
with relapsed HSTL had a partial response with a 
duration of 8 months with romidepsin.  

   Subcutaneous Panniculitis-Like 
T-Cell Lymphoma 

 Subcutaneous panniculitis-like T-cell lymphoma 
(SPTCL) is characterized by in fi ltration of malig-
nant T-lymphocytes in subcutaneous tissue, often 
rimming the fat lobules. Although SPTCL has been 
recognized as a distinctive entity in the category 
of peripheral T-cell lymphoma in the WHO 
classi fi cation, its diagnostic criteria has been 
rede fi ned by the recent WHO-European 
Organization for Research and Treatment of Cancer 
(EORTC) classi fi cation for primary cutaneous 
lymphomas. The term SPTCL is now restricted to 
primary tumors expressing the alpha/beta TCR 

   Table 7.2    Hepatosplenic T-cell lymphoma   

 Clinical features  Hepatosplenomegaly, no 
adenopathy 
 Mostly occurs in young men 
 Bone marrow involvement 
(cytopenias) 
 Increased risk in IBD patients with 
thiopurine and anti-TNF agents 

 Immunophenotypic 
features 

 CD2+, CD3+, CD4−, CD5−, 
CD7+, CD8− Most are 
 Some patients express CD8 or NK 
markers (CD16, CD56) 
 Inactive cytotoxic phenotype 
(TIA-1+, perforin−) 

 Genetics  TCR  g  d  
 Isochromosome 7q in 40–70% 

 Outcome  Median survival 8–12 months 

  Fig. 7.1    Diffuse atypical T cell in fi ltrate of the splenic 
red pulp (hepatosplenic T cell lymphoma) (H&E stain)       
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phenotype. These lymphomas are usually CD3(+), 
CD4(−), CD8(+), and CD56(−), and usually have 
an indolent clinical course. The tumors expressing 
the gamma/delta phenotype have been reclassi fi ed 
as primary cutaneous gamma/delta T-cell lym-
phoma (PCGD-TCL)  [  14  ] . 

 SPTCL usually presents with one or multiple 
subcutaneous nodules involving one or multiple 
areas of the body and often in the absence of 
extracutaneous disease. The nodules may resem-
ble benign panniculitis and vary in size, but occa-
sionally they may become necrotic and ulcerate. 
Systemic symptoms, including fevers, weight 
loss, and pancytopenia may also occur. The pan-
cytopenia is often cytokine-mediated, as bone 
marrow involvement is rare  [  15,   16  ] . The histo-
pathology is often distinctive, with atypical 
T-lymphocytes surrounding fat globules, as 
shown in Fig.  7.2 .  

 Atypical lymphocyte lobular panniculitis is a 
benign entity which may be confused with 
SPTCL (Table  7.3 ). ALLP is manifest by the 
appearance of waxing and waning bruise-like 
plaques with no constitutional symptoms. The 
disease occurs in young women and is not ulcer-
ative. The lesions demonstrate many of the same 
features as SPTCL but have less evidence of fat 
necrosis, and many cases are polyclonal. Another 
entity which overlaps SPTCL is lupus panniculi-
tis. While clinical manifestations may be differ-

ent, it is often dif fi cult to distinguish between 
these entities based on histopathology. 
Microscopic  fi ndings that can help to distinguish 
LEP from SPTCL include vacuolar change at the 
dermal–epidermal interface, periadnexal lym-
phocytic in fi ltrates, and mucin deposition in the 
reticular dermis. Clusters of B-lymphocytes and 
plasma cells may also be seen in lupus panniculi-
tis. Lupus panniculitis is often polyclonal and 
classically presents on the face or upper trunk. 
Studies have shown that there may be overlap 
between ALLP and lupus panniculitis and 
SPTCL, and the EORTC retrospective study 
reported that 19% of patients with SPTCL had 
autoimmune diseases, including four with lupus.  

 The clinical course for patients with SPTCL 
has been highly variable, due in part to the small 
number of cases reported and to the fact that until 
recently the distinction between the alpha/beta 
and gamma/delta subtypes had not been uni-
formly made at diagnosis. Other than alpha/beta 
vs. gamma/delta, Kong et al. have reviewed 22 
cases of SPTCL in Asia and have identi fi ed 
angioinvasion as a poor prognostic marker  [  17  ] . 
In addition, the hemophagocytic syndrome may 
occur in up to one-third of patients and in some 
cases may be fulminant. 

 PCGD-TCL accounts for less than 1% of all 
cutaneous TCL and are believed to arise from the 
gamma/delta T-cell compartments within the skin 
and dermal appendages. PCGD-TCL most com-
monly presents as diffuse skin involvement with 
disseminated lesions that mainly affect the 
extremities and frequently are associated with 
ulceration and necrosis. The phenotype of PCGD 
patients is CD3+, CD8− with expression of cyto-
toxic markers in most cases (TIA-1, granzyme B, 
perforin). Unlike alpha/beta SPTCL, dissemina-
tion to other extranodal sites is frequently, and the 
majority of patients present with B-symptoms. 

 A retrospective review by Willemze et al. and 
the EORTC Cutaneous Lymphoma Group 
describes clinical features and outcomes of 63 
patients with SPTCL and 20 with PCGD-TCL 
based on careful pathological review of the cases 
(Table  7.4 )  [  14  ] . The median age was younger 
(39 years vs. 59 years) for the SPTCL patients, 
and there was no difference in the frequency of 

  Fig. 7.2    Diffuse atypical T cell in fi ltrate of deep subcuta-
neous tissues of the thigh with growth around fat cells 
(subcutaneous panniculitis-like T cell lymphoma) (H&E 
stain)       
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B-symptoms or bone marrow involvement 
between the groups. There was a higher fre-
quency of hemophagocytic syndrome in the 
PCGD group compared to the SPTCL group 
(45% vs. 17%). When treatment and outcomes 
were reviewed, it was noted that 50–70% of 

patients received CHOP like regimens, 10–38% 
had immunosuppressive therapies, and a small 
number were treated with radiation or local exci-
sion of the nodules. With initial therapy, 80% of 
patients in the SPTCL group had a response, 
compared to 65% in the PCGD group. The 5-year 
OS for the SPTCL patients was 82% vs. 11% for 
the PCGD patients.  

 Treatment approaches for SPTCL and PCGD-
TCL have not been clearly established. In the 
retrospective EORTC review, half of the patients 
were treated with aggressive chemotherapy and 
several had autologous stem cell transplantation 
as a consolidation. One-third of the patients 
were treated with single agent therapies such as 
methotrexate, prednisone, cyclosporine, 
chlorambucil, or cyclophosphamide. Sixteen of 
twenty-four had a complete response, but nine 
of these relapsed and  fi ve subsequently had a 
durable response on reinstitution of the same 
therapy. Eight of the patients received CHOP in 
relapse and three had a CR. Of  fi ve patients pre-
senting with a solitary skin relapse, all were 
treated with local therapy (radiotherapy or sur-
gery) and are in remission. In the PCGD group, 
14 of 20 patients received multi-agent chemo-
therapy and only three had a CR; one patient 
went on to allogeneic transplant and had a CR 

   Table 7.3    Differential diagnosis of panniculitis like disorders (Based on data from Magro et al.  [  22  ] )   

 Atypical lymphocyte lobular 
panniculitis  SPTCL a  b  

 Cutaneous  g  d  T-cell 
lymphoma 

 Young women  All ages, 20% are children associated 
with SLE, RA 

 Median age 59 

 Deep plaques, legs frequently, 
no ulceration 

 Indurated, nonulcerated nodules  Ulcerative lesions 

 B symptoms rare  50% have constitutional symptoms, 
fevers, cytopenias 
 Nodal and BM involvement rare 

 Most have constitutional 
symptoms 
 Lymphadenopathy, hepa-
tosplenomegaly, BM frequent 

 In fi ltrate is less, hemorrhage, 
karyorrhexis, vasculitis absent 

 In fi ltrate has fat necrosis and 
karyorrhexis without hemorrhage 

 Angiocentric, extensive 
hemorrhage and necrosis 

 No predominance of CD8 cells  CD8+ 
 Nav3 mutation, perforin gene 
mutations noted 

 CD3+ CD56+ 
 Few cases are CD8+ 

 May be treated with steroids, 
methotrexate 

 Treatment with radiation, steroids, 
immunosuppressive agents, 
chemotherapy 

 Steroids, chemotherapy, 
denileukin diftitox, 
Allo BMT 

 Oligoclonal or clonal TCRR  Clonal TCRR  Clonal TCRR 

   Table 7.4    Characteristics of SPTCL and primary cutane-
ous gamma delta T-cell lymphoma (Based on data from 
Willemze et al.  [  14  ] )   

 SPTCL-AB  SPTCL-GD 

  PT characteristics   63  29 

 Age (median)  36  59 

 Skin ulceration (%)  6  45 

 Hemophagocytic 
syndrome (%) 

 17  45 

  Pathology  
 CD8+ (%)  95  10 

 CD56+ (%)  0  60 

 Cytotoxic proteins (%)  100  100 

  Therapy  
 CHOP (%)  49  70 

 Immunosuppressive (%)  38  10 

 Radiotherapy (%)  5  5 

  Response  
 CR/PR (%)  67/13  30/35 

 5-year OS (%)  82  11 

 5-year EFS (%)  85  11 
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after transplant. Seven patients developed 
visceral disease and at 12 months, 15 of 20 suc-
cumbed from hemophagocytic syndrome or 
progressive disease. 

 Other case reports and small series have 
described responses in SPTCL and PCGD 
patients. In one single institution review of ten 
consecutive patients, three (two SPTCL and one 
PCGD) were treated initially with denileukin 
diftitox; one each with SPTCL- and PCGD- 
 disease had PR on therapy and have been main-
tained without PD  [  18  ] . Seven patients were 
treated with cytotoxic chemotherapy regimens. 
Four of seven achieved a remission after EPOCH 
(2), denileukin diftitox-CHOP (1) or pentosta-
tin/cyclophosphamide followed by alemtu-
zumab (1). Four patients (one with refractory 
-SPTCL, two with refractory PCGD and one 
with PCGD in  fi rst CR after denileukin diftitox-
CHOP) underwent allogeneic hematopoietic 
stem cell (HSCT) from matched-related donors. 
Two patients are alive 6–13 months after HSCT 
with no evidence of disease; one patient died in 
CR from infectious complications of HSCT, and 
one relapsed 6 month after HSCT and died from 
PD. At a median follow up of 3 year from diag-
nosis, eight patients (80%) are alive, including 
the two patients with SPTCL and six of eight 
patients with PCGD. In patients who were 
refractory to CHOP in one series, response to 
cyclosporine was reported in four  [  19  ] . Another 
report has demonstrated the ef fi cacy of a 
 fl udarabine-based regimen in one patient with 
aggressive disease  [  20  ] . 

 On the basis of these  fi ndings, the treatment 
approach to PCGD-TCL should be similar to that 
of other aggressive poor prognosis T-cell lym-
phomas and should include multi-agent chemo-
therapy followed by stem cell transplantation 
from an allogeneic donor if one is available. 
Patients with SPTCL with a benign clinical 
behavior may be managed with single agent ther-
apies such as prednisone, cyclosporine, or meth-
otrexate. For those with progressive or 
disseminated disease or with the hemophagocytic 
syndrome, multi-agents chemotherapy followed 
by autologous stem cell transplantation should be 
considered.  

   Enteropathy-Associated T-Cell 
Lymphomas 

 Enteropathy-type T-cell lymphoma (ETCL) is a 
rare primary extranodal T-cell lymphoma in char-
acterized by in fi ltration of malignant T-cell within 
the gastrointestinal epithelium, as shown in 
Fig.  7.3 . ETCL represents 4.7% of cases of PTCL 
around the world, but the incidence is higher in 
North America and Europe compared to Asia. 
While the WHO classi fi cation identi fi es ETCL as 
a distinct clinicopathologic entity, there are two 
distinct histolopathologic subtypes, EATL type 1, 
which is associated with a history of celiac sprue, 
and EATL type 2 (Table  7.5 ).   

 EATL type 1 is more frequent (80–90% of 
cases) and is a pleomorphic in fi ltrate of anaplas-
tic T-lymphocytes with a phenotype that is CD3+, 
CD7+, CD5-CD8-CD4−, CD103+. The tumor 
cells may express cytotoxic markers such as TIA-
1, and a subset may express CD30. EATL type 2 
occurs sporadically and is composed of 
monomorphic populations of T-cells which are 
characteristically CD3+, CD8+ and CD56+. 
Chromosomal abnormalities found in EATL 
include gains at chromosome 9q33-q34 in up to 
70% of cases. In the International T-cell 
Lymphoma Project, 69% of EATL patients had 
Stage III/IV disease at presentation. Bone mar-
row involvement was rare and occurred in only 

  Fig. 7.3    Diffuse atypical T cell in fi ltrate in fi ltrating the 
wall of the small bowel (enteropathy-associated T cell 
lymphoma) (H&E stain)       
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3% of cases, and only 25% of patients had a low 
IPI (0–1)  [  2  ] . 

 The clinical approach for most patients is 
resection of the mass if the diagnosis is made at 
the time of laparotomy, followed by chemother-
apy. The 5-year OS and PFS were 20% and 4% 
respectively. Even for the low IPI group, 5-year 
survival was only 29%. Recent strategies to 
improve outcomes have included more aggressive 
treatment regimens and introduction of non-
anthracycline based regimens in the  fi rst line. The 
Nordic group reported results from 21 patients 
treated with CHOEP-14 followed by stem cell 
transplant. On that study, 33% of patients never 
made it to transplant due to progressive disease, 
and at 45 month follow up, 10 (45%) of patients 
were still alive  [  21  ] . Lennerd et al. have reported 
the use of CHOP × 1 cycle followed by three 
cycles of ifosfamide/etoposide/epirubicin with 
intermediate dose methotrexate and then autolo-
gous stem cell transplantation. With this regimen, 
they have reported a response rate of 69% with a 
5-year survival of 60%. Thus far there has been 
no data comparing outcomes with autologous vs. 
allogeneic stem cell transplantation in EATL, but 
patients with high IPI should be considered for 
clinical trials testing this approach. There is little 
data on ef fi cacy of salvage therapy in EATL, so 
the treatment focus should be on effective  fi rst 
line therapy followed by a consolidation with 
stem cell transplantation.  

   Summary and Conclusions 

 The rare subtypes of aggressive T-cell lympho-
mas represent a diagnostic and a therapeutic chal-
lenge. The extranodal subtypes, including HSTL, 
enteropathy-associated T-cell lymphoma, and the 
panniculitis-like T-cell lymphomas have not been 
well-de fi ned, and these patients are not well rep-
resented in multi-center trials due to their rarity. 
Therapeutic advances may be dependent on new 
insights into the biology of these diseases and 
identi fi cation of potential molecular targets.      
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         Introduction 

 Adult T-cell leukemia-lymphoma (ATL) was  fi rst 
described in 1977 by Uchiyama and Takatsuki as 
a distinct clinico-pathological entity with a sus-
pected viral etiology because of the clustering of 
the disease in the southwest region of Japan  [  1  ] . 
Subsequently, a novel RNA retrovirus, human 
T-cell leukemia/lymphotropic virus type I (HTLV-
1), was isolated from a cell line established from 
leukemic cells of an ATL patient, and the  fi nding 
of a clear association with ATL led to its inclu-
sion among human carcinogenic pathogens  [  2–  5  ] . 
In the mid-1980s and 1990s, several in fl ammatory 
diseases were reported to be associated with 
HTLV-1  [  6–  10  ] . At the same time, endemic areas 
for the virus and diseases have been found 
[reviewed in  11–  13  ] . Diversity in ATL has been 
recognized and the subtype classi fi cation of the 
disease was proposed  [  14  ] . This chapter will char-
acterize HTLV-1 and review the current recogni-
tion of ATL focusing on treatment of the disease.  

   HTLV-1 Structure and Biology 

 HTLV-1 is a C-type oncovirus in the RNA retro-
virus family  [  12,   13,   15  ] . Its genome of approxi-
mately 9 kb encodes three structural proteins, 
group angigen (gag), reverse transcriptase (pol), 
and envelop (env), the genes for which are 
 fl anked by 5 ¢  and 3 ¢  long terminal repeats 
(LTRs). In the 3 ¢ portion of the genome is a pX 
region that encodes the Tax, Rex, p21, p12, p13, 
and p30 proteins in its various reading frames 
 [  16,   17  ]  (Fig.  8.1 ). Both Rex, a post-transcrip-
tional regulator of viral expression, and Tax, a 
viral transcription factor co-operate with other 
viral products and cellular proteins to mediate 
viral replication  [  18,   19  ] . Antisense transcripts 
of the HTLV-1 provirus were reported. The tran-
scripts can encode a novel basic leucine zipper 
protein, named HBZ, which interacts with sev-
eral host genes and suppresses the activity of 
Tax  [  20–  22  ] . Various isoforms of HBZ were 
reported to be steadily expressed in HTLV-1-
infected cells and ATL cells in contrast to other 
viral genes, suggesting an important role in the 
development of ATL.  

   Methods of Detecting HTLV-1 

 Serological, virological, and molecular examina-
tions can detect an HTLV-1 infection. As with 
other human retroviruses, HTLV-1 causes a per-
sistent life-long infection after it synthesizes 
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copies of DNA by reverse transcriptase and 
integrates into the host’s genome as a provirus. 

 Speci fi c antibodies against HTLV-1 can be 
detected by enzyme-linked immunosorbent 
assay (ELISA), particle aggregation (PA), 
immuno fl uorescence microscopy, Western blotting 
(WB), or radioimmunoprecipitation. ELISA and 
PA are frequently used as screening assays  [  23–  26  ] . 
To distinguish HTLV-1 from HTLV-2, which is 
less pathogenic, WB is usually necessary  [  27  ] . 

 Fresh HTLV-1-infected cells from ATL 
patients or HTLV-1 carriers seldom express viral 
proteins except for HBZ  [  28,   29  ] . In contrast, in 
the presence of IL-2, short-term cultured HTLV-
1-infected cells or established long-term T-cell 
lines usually produce viral particles and viral 
proteins, as demonstrated by electron microscopy 
and immunolabeling using antibodies to HTLV-1, 
respectively. 

 The clonal integration of HTLV-1 proviral 
DNA into infected T-cells can be demonstrated 

by Southern blot, inverse polymerase chain 
reaction (PCR), and/or ligation PCR assays  [  30–
  33  ] . Several investigators have analyzed the 
implications of the integration pattern of HTLV-I 
provirus in the progression of ATL  [  34,   35  ] . 
Neoplastic cells of ATL patients have only one 
complete copy of the HTLV-I provirus per cell in 
some cases (complete-type), but multiple 
complete copies in others (multiple-type). The 
HTLV-I proviruses in the remaining patients have 
a defective genome (defective-type). The median 
survival times for patients were 7 months, 
24 months, and 33 months for defective-type, 
complete-type, and multiple-type ATL, respec-
tively ( P  = 0.006). Among the 52 patients exam-
ined, the HTLV-I integration patterns changed at 
disease progression in four patients (8%). In three 
of these four, the rearrangements of the TCR- b  
gene changed concomitantly, suggesting the 
appearance of a new ATL clone. The researchers 
concluded that the frequent clonal change of ATL 

  Fig. 8.1    Structure of HTLV-1. HTLV-1 encodes acces-
sory and regulatory genes in the pXregion as well as viral 
structure genes. [Based on data from Satou Y, Matsuoka 

M. HTLV-1 and the host immune system: how the virus 
disrupts immune regulation, leading to HTLV-1-associated 
diseases. J Clin Exp Hematop. 2010; 50(1):1–8.]       
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re fl ects the emergence of multiple premalignant 
clones in viral leukemogenesis. Tamiya and 
coworkers reported the presence of two types of 
defective virus. Among them, the type 2 defective 
virus with a deletion that includes the 5 ¢  LTR was 
found more frequently in the acute and lymphoma 
types (39%, 21 of 54) than in the chronic type (6%, 
1 of 18). It is postulated that the high frequency of 
the type 2 virus is caused by the genetic instability 
of the HTLV-I provirus and that the defective virus 
is selected because it escapes from the immune 
surveillance system in the host. Southern blotting 
and inverse PCR assays have sensitivity to detect 
the clonal disease, being able to identify the virus 
in a population with at least 5% and 1% of cells 
infected, respectively  [  33  ] . Also, about 20% of 
patients with HTLV-1-associated myelopathy 
(HAM)/tropical spastic paraparesis (TSP) and a 
small proportion of healthy HTLV-1 carriers have 
monoclonal HTLV-1 integration which can be 
detected by Southern blotting and/or inverse PCR 
 [  36,   37  ] .  

   Epidemiology of HTLV-1 

 The three major routes of HTLV-1 transmission 
are mother-to-child infections via breast milk, sex-
ual intercourses, and blood transfusions. Otherwise, 
HTLV-1 is not easily transmittable, since cell-to-
cell contact is presumably required. Vertical trans-
mission from mother to child is caused by 
breast-feeding beyond 4 to 6 months of age, after 
which time the protective IgG maternal antibodies 
decline  [  38  ] . HTLV-1-infected mononuclear cells 
are present in breast milk  [  39  ] . The overall rate of 
infection among breast-fed children from carrier 
mothers has been estimated at 10–30%  [  40  ] . 
Sexual transmission of HTLV-1 more frequently 
occurs from men to women than women to men. 
Infection by transfusion of contaminated cellular 
blood products is presumably the most ef fi cient 
mode of transmission  [  41  ] . In contrast, fresh fro-
zen plasma, which is acellular, is not infectious 
 [  42  ] . The transmission of HTLV-1 between intra-
venous drug abusers has been reported  [  43  ] . 

 The Southwestern district of Japan has the 
highest prevalence of HTLV-1 infection in the 

world, but this infection is also endemic in the 
Caribbean basin, parts of Africa, Latin America, 
the Middle East, and the Paci fi c region  [  41,   44–
  48  ] . Many of the HTLV-1 carriers and ATL 
patients in the USA and Europe are immigrants 
from the above described endemic areas  [  49  ] . 

 The seroprevalence of HTLV-1 in endemic 
areas is low and stable among children, but 
increases gradually with age, especially in 
women over 50 year of age  [  50  ] . In a cohort 
study in an endemic region of Japan, the sero-
prevalence of HTLV-1 in individuals between 16 
and 39 years of age was 10% in both sexes; in 
contrast, the prevalence sky-rocketed to 30% in 
men and 50% in women over the age of 70  [  51  ] . 
For several decades, the prevalence of HTLV-1 
has declined drastically in endemic areas in 
Japan, probably because of birth cohort effects 
 [  52  ] . The elimination of HTLV-1 in endemic 
areas is now considered possible due to the natu-
ral decrease in the prevalence as well as interven-
tion of transmission through blood transfusion 
and breast feeding.   

   HTLV-1-Related Diseases 

 HTLV-1 is associated with the development of 
ATL  [  1–  5,   11–  13  ] , as well as HAM/TSP, a pro-
gressive form of chronic spastic myelopathy with 
demyelination of the spinal cord motor neurons, 
and HTLV-1-associated uveitis (HAU), a sub-
acute in fl ammatory condition in which vitreous 
opacities are associated with mild iritis and mild 
retinal vasculitis  [  6,   7,   9  ] . Staphylococcal and 
streptococcal skin infections are common in the 
infective dermatitis (ID) syndrome described in 
Jamaica in association with HTLV-I infections in 
childhood  [  8  ] . Those individuals with ID were 
reported to be susceptible to ATL and HAM/TSP. 
ID was reported  fi rst in Jamaica and subsequently 
in Brazil and other countries of South America 
but rarely in Japan. In contrast, HAU was  fi rst 
reported in Japan and rarely occur in other coun-
tries. Other conditions reportedly associated with 
HTLV-1 include Sjogren’s syndrome, polymyo-
sitis, alveolitis, arthritis, thyroiditis, and immune 
suppression  [  53–  56  ] . 
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   Adult T-Cell Leukemia-Lymphoma 

 ATL is a distinct peripheral T-lymphocytic malig-
nancy associated with a retrovirus designated 
human T-cell leukemia virus type I or human 
T-cell lymphotropic virus type I (HTLV-1)  [  1,   11–
  13,   57,   58  ] . Major prognostic indicators for ATL, 
which have been elucidated in 854 patients with 
ATL in Japan by the Lymphoma Study Group 
(LSG) of the Japan Clinical Oncology Group 
(JCOG) using multivariate analysis, were 
advanced performance status (PS), high lactic 
dehydrogenase (LDH) level, age of 40 years or 
more, more than three involved lesions, and 
hypercalcemia  [  56  ] . Also, a subclassi fi cation was 
proposed based on prognostic factors and clinical 
features of the disease (Table  8.1 )  [  14  ] . The leu-
kemic subtypes include all of the acute and 
chronic types and most of the smoldering type. 
The acute type has a rapid course with leukemic 
manifestation (> = 2% ATL cells) with or without 

lymphocytosis (>4 × 10 9 /L) including ATL cells 
and most of the characteristic features of ATL-
generalized lymphadenopathy, hepatosplenom-
egaly, skin involvement, other organ in fi ltration 
as shown in Figure  8.2 , a high LDH value, and 
hypercalcemia. The symptoms and signs include 
abdominal pain, diarrhea, ascites, jaundice, 
unconsciousness, dyspnea, pleural effusion, 
cough, sputum, and chest X-ray abnormalities 
because of organ involvement, hypercalcemia, 
and/or opportunistic infections. The smoldering 
type shows an indolent course and 5% or more of 
leukemic cells in the peripheral blood without 
lymphocytosis, but may also include skin/lung 
involvement. The calcium level is less than the 
upper limit and LDH level is less than 1.5 times 
the upper limit in smoldering ATL. The chronic 
type, with absolute lymphocytosis (4 × 10 9 /L) less 
frequently showing  fl ower cell morphology than 
the acute type, is occasionally associated with 
skin involvement and lymphadenopathy and also 

   Table 8.1    Diagnostic Criteria for Clinical Subtypes of HTLV-1-associated ATL   

 Smoldering  Chronic  Lymphoma  Acute 

 Anti-HTLV-I antibody  +  +  +  + 

 Lymphocyte (×103/ m L)  <4  > = 4‡  <4  * 

 Abnormal T lymphocytes  > = 5%¶  +§  = < 1%  +??? 
 Flower cells with T-cell marker  †  †  No  + 
 LDH  = < 1.5N  = < 2N  *  * 
 Corrected Ca2+ (mEq/L)  <5.5  <5.5  *  * 
 Histology-proven lymphadenopathy  No  *  +  * 
 Tumor lesion A  *  *  *  * 
 Skin and/or lung  *  *  *  * 
 Lymph node  No  *  * 
 Liver  No  *  *  * 
 Spleen  No  *  *  * 
 Central nervous system  No  *  *  * 
 Bone  No  No  *  * 
 Ascites  No  No  *  * 
 Pleural effusion  No  No  *  * 
 Gastrointestinal tract  No  No  *  * 

  HTLV-I, human T-lymphotropic virus type I; LDH, lactate dehydrogenase; N normal upper limit 
 *No essential quali fi cation except terms required for other subtype(s) 
 †Typical “ fl ower cells” may be seen occasionally 
 ‡Accompanied by T lymphocytosis (3.5 × 103/ m L or more) 
 §If abnormal T lymphocytes are less than 5% in peripheral blood, histologically proven tumor lesion is required 
 Histologically proven skin and/or pulmonary lesion(s) is required if there are fewer than 5% abnormal T lymphocytes 
in peripheral blood 
 [Based on data from Shimoyama M, Members of the Lymphoma Study Group (1984–1987): Diagnostic criteria and 
classi fi cation of clinical subtypes of adult T-cell leukemia-lymphoma. Br J Haematol 1991;79:428.]  
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usually shows a relatively indolent course. The 
calcium level is less than the upper limit and the 
LDH level is less than double the upper limit of 
the chronic type. The lymphoma type presents 
with the manifestations of a lymphoma without 
leukemic cells, frequently with high LDH/Ca 
levels, a rapid course, and symptoms and signs 
similar to the acute type. In case of ATL, clinical 
subtype is more important than Ann Arbor stage 
for predicting prognosis and deciding treatment.   

 Additional factors associated with a poor prog-
nosis include thrombocytopenia, eosinophilia, 
bone marrow involvement, a high interleukin 
(IL)-5 serum-level, CC chemokine receptor 4 
(CCR4) expression, lung resistance-related pro-
tein, p53 mutation, and p16 deletion by multivari-
ate analysis  [  59–  65  ] . Speci fi c for the chronic type 
of ATL, high LDH, high blood urea nitrogen 
(BUN), and low albumin levels were identi fi ed as 
factors for a poor prognosis by multivariate analy-
sis  [  11  ] . Primary cutaneous tumoral type, although 
generally included among smoldering ATL, had a 
poor prognosis in one uni-variate analysis  [  66  ] .  

   Epidemiology of ATL 

 The average age at onset of ATL in Japan is 
57 years, which is about 15 years older than in the 
Caribbean, South America, and Africa  [  67–  69  ] . 

This may re fl ect unknown environmental or ethnic 
cofactors in the multi-step leukemogenesis of this 
disease. The estimated annual incidence in Japan 
is about 1 per 1,000 HTLV-1 carriers over 40 years 
of age, with males affected about twice as often 
 [  70  ] . The cumulative life time risk for ATL among 
HTLV-1 carriers has been estimated at 1–5% in 
both sexes in Japan and in Jamaica  [  71,   72  ] . 
HTLV-1 infection early in life, presumably from 
breast feeding, is crucial in the development of 
ATL; 100% of mothers of ATL patients examined 
were HTLV-1 carriers as compared to about 30% 
of mothers of HAM/TSP patients  [  73  ] . HTLV-
1infection by blood transfusion is associated with 
a higher risk for the development of HAM/TSP 
than infection by other routes  [  74  ] . In contrast, 
very few cases of ATL after HTLV-1 infection by 
blood transfusion have been reported  [  75,   76  ] . 
Interestingly, those affected had blood transfusions 
for a preceding hematological malignancy, and 
developed ATL within 11 years after HTLV-
1infection. Factors reportedly associated with the 
onset of ATL include: HTLV-1 infection early in 
life, increase in age, male sex, family history of 
ATL, past history of infective dermatitis, smok-
ing of tobacco, serum titers of antibody against 
HTLV-1, and several HLA subtypes  [  77–  82  ] . 

 Recently, HTLV-1 proviral loads have been 
proposed as an important predictor of ATL, but 
only a few small prospective studies have been 

  Fig. 8.2    (a) Leukemic cells (the so-called  fl ower cells) 
showing characteristic polymorphic nuclei with con-
densed chromatin and agulanular and basophilic cyto-
plasm. (b) Photograph of skin lesion in a patient with 

acute-type ATL. (c) Histology of skin in fi ltration of ATL 
cells in the same patient; in fi ltrating ATL cells are present 
in the epidermis forming a Pautrer’s micro-abscess.       
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conducted. Recently, Iwanaga and colleagues 
evaluated 1,218 asymptomatic HTLV-1 carriers 
(426 males and 792 females) who were enrolled 
during 2002–2008 for a prospective study on the 
development of ATL  [  83  ] . The proviral load at 
enrollment was signi fi cantly higher in males than 
females (median, 2.10 vs. 1.39 copies/100 periph-
eral blood mononuclear cells (PBMC;  P  < 0.0001)), 
in those aged 40 or more years and in those with a 
family history of ATL. During the follow-up 
period, 14 participants developed acute ATL. 
Their baseline proviral loads were high (range, 
4.17–28.58 copies/100 PBMC). Multivariate Cox 
regression analyses indicated that not only a 
higher proviral load but also advanced age, a fam-
ily history of ATL, and the  fi rst opportunity for 
HTLV-1 testing during treatment for other dis-
eases were independent risk factors for the pro-
gression of ATL from a carrier status.  

   Clinical Features 

 ATL patients show a variety of clinical manifes-
tations because of various complications of organ 
involvement by ATL cells, opportunistic infec-
tions, and/or hypercalcemia  [  11–  14  ] . These three 
often contribute to the extremely high mortality 
of the disease. Lymph node, liver, spleen, and 
skin lesions are frequently observed. Although 
less frequent, the digestive tract, the lungs, the 
central nervous system, bone, and/or other organs 
may be involved. Large nodules, plaques, ulcers, 
and erythroderma are common skin lesions 
 [  66,   84  ] . Immune suppression is common. 
Approximately 26% of 854 patients with ATL 
had active infections at diagnosis in a prior 
nationwide study in Japan  [  14  ] . The incidence 
was highest in the chronic and smoldering types 
(36%) and lower in the acute (27%) and lym-
phoma types (11%). The infections were bacte-
rial in 43%, fungal in 31%, protozoal in 18%, and 
viral in 8% of patients. The immunode fi ciency at 
presentation in ATL patients can be exacerbated 
by cytotoxic chemotherapy. Individuals with 
indolent ATL might have no manifestation of the 
disease and are identi fi ed only by health check-ups 
and laboratory examinations.  

   Laboratory Findings 

 ATL cells are usually detected quite easily in the 
blood of affected individuals except for the smol-
dering type with mainly skin manifestations and 
lymphoma type  [  14  ] . These so called “ fl ower 
cells” have highly indented or lobulated nuclei 
with condensed chromatin, small or absent nucle-
oli, and an agranular and basophilic cytoplasm 
(Figure  8.2A )  [  85  ] . In addition to polylobulated 
cells, some large blastoid cells with a basophilic 
cytoplasm are almost always observed in the 
blood  fi lm. Furthermore, the diversity of cell 
morphology in ATL is associated with prognostic 
factors, an aberrant immmunophenotype, and a 
defective HTLV-1 genotype  [  86  ] . Five percent or 
more abnormal T-lymphocytes in peripheral 
blood con fi rmed by cytology and immunopheno-
typing are required to diagnose ATL in cases 
without histologically proven tumor lesions  [  14  ] . 

 The histological analysis of aberrant cutane-
ous lesions or lymph nodes is essential for the 
diagnosis of the smoldering type with mainly 
skin manifestations and lymphoma type of ATL, 
respectively. Because ATL cells in the skin and 
lymph node can vary in size from small to large 
and in form from pleomorphic to anaplastic and 
Hodgkin-like cell with no speci fi c histological 
pattern of involvement, differentiating between 
Sezary syndrome, other peripheral T-cell lym-
phomas (PTCLs), and Hodgkin lymphoma ver-
sus ATL can at times be dif fi cult without 
examinations for HTLV-1 serotype/genotype 
 [  13,   87  ] . 

 The white blood cell count ranges from nor-
mal to 500 × 10 9 /L. Marked leukocytosis of >30 
and lymphocytes of 15× have been observed in 
about 40% of acute ATLs and 25% of chronic 
ATLs, but not in the other two subtypes (lym-
phoma, smoldering)  [  14  ] . Granulocytosis of more 
than 8× is frequently observed (about 40% of 
acute type and 15% of the other three types) even 
in the absence of infection. Eosinophilia is fre-
quent (21%) as compared to other T- or 
B-lymphomas. Neutrophilia and eosinophilia are 
presumably related to the release of cytokines 
{chie fl y granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) and Interleukin (IL)-5} 
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by malignant cells. Anemia and thrombocytope-
nia are less frequently observed, probably because 
much of the bone marrow is spared by the leuke-
mia. Some of the hematological abnormalities 
were associated with the prognosis of ATL as 
described previously. 

 Hypercalcemia is the most distinctive labora-
tory abnormality in ATL as compared to other 
lymphoid malignancies and is observed in 31% 
of patients (50% in acute type, 17% in lymphoma 
type, and 0% in the other two types) at onset  [  14  ] . 
Individuals with hypercalcemia do not usually 
have osteolytic bone lesions. Parathyroid hor-
mone-related protein or receptor activator of 
nuclear factor kappa B ligand produced by ATL 
cells is considered the main factor causing hyper-
calcemia  [  88,   89  ] . 

 Similar to serum LDH,  b 2-microglobulin, and 
serum thymidine kinase levels re fl ecting disease 
bulk/activity, the level of the soluble form of 
interleukin (IL)-2 receptor alpha-chain is elevated 
in the order acute/lymphoma-type ATL, smolder-
ing chronic-type ATL, and HTLV-1 carriers as 
compared with normal individuals, perhaps with 
better accuracy than the other markers  [  90–  92  ] . 
These serum markers are useful for detecting the 
acute transformation of indolent ATL as well as 
the early relapse of ATL after achieving responses 
by therapy. 

 Prototypical ATL cells have a mature alpha–
beta T-cell phenotype, that is, they are terminal 
deoxynucleotidyl transferase (TdT)-negative, 
CDla-negative, T-cell receptor alpha–beta-posi-
tive, CD2-positive and CD5, CD45RO and 
CD29-positive, and frequently do not express 
CD7 and CD26. A decline in the CD3 level with 
the appearance of CD25 indicates that the ATL 
cells are in an activated state. Most ATL cells are 
CD52-positive, but some are negative and this 
may correlate with the co-expression of CD30. 
About 90% of cases are CD4-positive and CD8-
negative, and in rare cases either co-express CD4 
and CD8, are negative for both markers, or are 
only CD8-positive  [  93  ] . CCR4 is expressed in 
more than 90% of cases and associated with a 
poor prognosis. Recent studies have suggested 
that the cells of some ATL may be the equivalent 
of regulatory T-cells because of the high frequency 

of expression of CD25/CCR4 and about half of 
FoxP3  [  62,   94  ] . 

 Chromosomal abnormalities detected by cyto-
genetics or comparative genomic hybridization are 
often more complex and more frequent in aggres-
sive ATL than in indolent ATL, with aneuploidy 
and several hot spots such as 14q and 3p  [  95,   96  ] . 
A more sensitive array-CGH revealed that the lym-
phoma type had signi fi cantly more frequent gains 
at 1q, 2p, 4q, 7p, and 7q, and losses at 10p, 13q, 
16q, and 18p, whereas the acute type showed a 
gain at 3/3p, but no speci fi c pattern of abnormality 
has been identi fi ed which is in contrast to Burkitt 
leukemia/lymphoma with a  myc  gene rearrange-
ment induced by Epstein–Barr virus  [  97,   98  ] . 

 DNA microarray analyses of the transcrip-
tomes of ATL cells at the chronic and acute stages 
to elucidate the mechanism of stage progression 
in this disease revealed that several hundred 
genes were modulated in expression including 
those for MET, a receptor tyrosine kinase for 
hepatocyte growth factor, and cell adhesion mol-
ecule, TSLC1  [  99,   100  ] .  

   Diagnosis of ATL 

 The diagnosis of typical ATL is not dif fi cult and 
is based on clinical features, ATL cell morphol-
ogy, mature helper-T-cell phenotype, and ant-
HTLV-1 antibody in most cases  [  13,   55  ] . Those 
rare cases which might be dif fi cult to diagnose 
can be shown to have the monoclonal integration 
of HTLV-1 proviral DNA in the malignant cells 
as determined by Southern blotting. However, the 
monoclonal integration of HTLV-1 is also 
detected in some HAM/TSP patients and HTLV-1 
carriers  [  36,   37  ] . After the diagnosis of ATL, 
subclassi fi cation of the disease is necessary for 
the selection of appropriate treatment  [  14,   57  ] .   

   Clinical Course and Treatment of ATL 

 Treatment decisions should be based on the ATL 
subclassi fi cation and the prognostic factors at 
onset including those related with ATL and 
co-morbidity  [  57  ] . As mentioned above, 
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subclassi fi cation of this disease has been proposed 
based on the prognosis and clinical manifesta-
tions. Without treatment, most patients with 
acute-/lymphoma/type ATL die of the disease or 
infections within weeks or months. More than 
half of patients with smoldering ATL survive for 
more than 5 years without chemotherapy and 
transformation to aggressive ATL. Chronic ATL 
has the most diverse prognosis among the sub-
types and could be divided into favorable and 
unfavorable by clinical parameters (serum albu-
min, BUN, and LDH levels) after a multivariate 
analysis  [  11  ] . 

 Current treatment options for ATL include 
watchful waiting until disease progression, inter-
feron alpha (IFN) and zidobudine (AZT) therapy, 
multi-agent chemotherapy, allogeneic hematopoi-
etic stem cell transplantation (allo-HSCT), and a 
new agent  [  57  ] . 

   Watchful Waiting 

 At present, no standard treatment for ATL exists. 
Therefore, patients with the smoldering or favor-
able chronic type, who may survive one or more 
years without chemotherapy, excluding topical 
therapy for cutaneous lesions, should be observed 
and therapy should be delayed until progression 
of the disease  [  57  ] . However, it was recently 
found that the long-term prognosis of such 
patients was poorer than expected. In a long-term 
follow-up study for 78 patients with indolent 
ATL (favorable chronic- or smoldering-type) 
with a policy of watchful waiting until disease 

progression at a single institution, the median 
survival time was 5.3 years with no plateau in the 
survival curve. Twelve patients remained alive 
for >10 years, 32 progressed to acute ATL, and 
51 died  [  101  ] . These  fi ndings suggest that even 
“indolent” ATL patients should be carefully 
observed in clinical practice. Further study is 
required to establish appropriate management 
practices for indolent ATL.  

   Chemotherapy 

 Since 1978, chemotherapy trials have been con-
secutively conducted for patients newly diag-
nosed with ATL by JCOG’s LSG (Table  8.2 ) 
 [  102–  107  ] . Between 1981 and 1983, JCOG con-
ducted a phase III trial (JCOG8101) to evaluate 
LSG1-VEPA (vincristine, cyclophosphamide, 
prednisone, and doxorubicin) vs. LSG2-VEPA-M 
(VEPA plus methotrexate (MTX)) for advanced 
non-Hodgkin lymphoma (NHL), including ATL 
 [  102,   103  ] . The complete response (CR) rate of 
LSG2-VEPA-M for ATL (37%) was higher than 
that of LSG1-VEPA (17%;  P  = 0.09). However, 
the CR rate was signi fi cantly lower for ATL than 
for B-cell NHL and PTCL other than ATL 
( P  < 0.001). The median survival time of the 54 
patients with ATL was 6 months, and the esti-
mated 4-year survival rate was 8%.  

 In 1987, JCOG initiated a multicenter phase II 
study (JCOG8701) of a multi-agent combination 
chemotherapy (LSG4) for advanced aggressive 
NHL (including ATL). LSG4 consisted of three 
regimens: (1) VEPA-B (VEPA plus bleomycin), 

   Table 8.2    Results of sequential chemotherapeutic trials of untreated patients with ATL (JCOG-LSG)   

 J7801  J8101  J8701  J9109  J9303  JCOG9801 
 LSG1  LSG1/LSG2  LSG4  LSG11  LSG15  mLSG15/mLSG19 

 Pts. No.  18  54  43  62  96  57  61 
 CR (%)  16.7  27.8  41.9  28.3  35.5  40.4  24.6 
 CR + PR (%)  51.6  80.6  72.0  65.6 
 MST (months)  7.5  7.5  8.0  7.4  13.0  12.7  10.9 
 2-year survival (%)  17.0  31.3 
 3-year survival (%)  10.0  21.9  23.6  12.7 
 4-year survival (%)  8.0  11.6 

  CR complete remission, PR partial remission, MST median survival time  
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(2) M-FEPA (methotrexate, vindesine, cyclo-
phosphamide, prednisone, and doxorubicin), and 
(3) VEPP-B, (vincristine, etoposide, procarba-
zine, prednisone, and bleomycin)  [  104  ] . The CR 
rate for ATL patients was improved from 28% 
(JCOG8101) to 43% (JCOG8701); however, the 
CR rate was signi fi cantly lower in ATL than in 
B-cell NHL and PTCL ( P  < 0.01). Patients with 
ATL still showed a poor prognosis, with a median 
survival time of 8 months and a 4-year survival 
rate of 12%. 

 The disappointing results with conventional 
chemotherapies have led to a search for new active 
agents. Multicenter phase I and II studies of pen-
tostatin (2 ¢ -deoxycoformycin, a inhibitor of ade-
nosine deaminase) were conducted against ATL in 
Japan  [  108  ] . The phase II study revealed a response 
rate of 32% (10 of 31) in cases of relapsed or 
refractory ATL (two CRs and eight PRs). 

 These encouraging results prompted the inves-
tigators to conduct a phase II trial (JCOG9109) 
with a pentostatin-containing combination 
(LSG11) as the initial chemotherapy  [  105  ] . 
Patients with aggressive ATL—that is, of the 
acute, lymphoma, or unfavorable chronic type—
were eligible for this study. Unfavorable chronic-
type ATL, de fi ned as having at least one of three 
unfavorable prognostic factors (low serum albu-
min level, high LDH level, or high BUN), has an 
unfavorable prognosis similar to that for acute- 
and lymphoma-type ATL. A total of 62 untreated 
patients with aggressive ATL (34 acute, 21 lym-
phoma, and 7 unfavorable chronic type) were 
enrolled. A regimen of 1 mg/m 2  vincristine on 
days 1 and 8, 40 mg/m 2  doxorubicin on day 1, 
100 mg/m 2  etoposide on days 1 through 3, 40 mg/
m 2  prednisolone (PSL) on days 1 and 2, and 5 mg/
m 2  pentostatin on days 8, 15, and 22 was admin-
istered every 28 days for ten cycles. Among the 
61 patients evaluable for toxicity, four patients 
(7%) died of infections, two from septicemia, 
and two from cytomegalovirus pneumonia. 
Among the 60 eligible patients, there were 17 
CRs (28%) and 14 partial responses (PRs) (over-
all response rate [ORR] = 52%). The median sur-
vival time was 7.4 months, and the estimated 
2-year survival rate was 17%. The prognosis in 
patients with ATL remained poor, even though 

they were treated with a pentostatin-containing 
combination chemotherapy. 

 In 1994, JCOG initiated a phase II trial 
(JCOG9303) of an eight-drug regimen (LSG15) 
consisting of vincristine, cyclophosphamide, dox-
orubicin, prednisone, ranimustine, vindesine, 
etoposide, and carboplatin for untreated ATL 
 [  106  ] . Dose intensi fi cation was attempted with 
the prophylactic use of granulocyte colony-stimu-
lating factor (G-CSF). In addition, non-cross-
resistant agents such as ranimustine and 
carboplatin, and intrathecal prophylaxis with 
MTX and PSL were incorporated. Ninety-six pre-
viously untreated patients with aggressive ATL 
were enrolled: 58 acute, 28 lymphoma, and 10 
unfavorable chronic types. Approximately 81% 
of the 93 eligible patients responded (75/93), with 
33 patients obtaining a CR (35%). The overall 
survival rate of the 93 patients at 2 years was esti-
mated to be 31%, with a median survival time of 
13 months. Grade 4 neutropenia and thrombocy-
topenia were observed in 65% and 53% of the 
patients, respectively, whereas grade 4 non-hema-
tologic toxicity was observed in only one patient. 

 To con fi rm whether the LSG15 regimen is a 
new standard for the treatment of aggressive ATL, 
JCOG conducted a phase III trial comparing 
modi fi ed (m)-LSG15 with biweekly CHOP (cyclo-
phosphamide, hydroxy-doxorubicin, vincristine 
[Oncovin], and prednisone), both supported with 
G-CSF and intrathecal prophylaxis  [  107  ] . 

 mLSG15 in JCOG9801 was a modi fi ed ver-
sion of LSG15 in JCOG9303, consisting of three 
regimens: VCAP [VCR 1 mg/m 2  (maximum 
2 mg), CPA 350 mg/m 2 , ADM 40 mg/m 2 , PSL 
40 mg/m 2 ] on day 1, AMP [ADM 30 mg/m 2 , 
MCNU 60 mg/m 2 , PSL 40 mg/m 2 ] on day 8, and 
VECP [VDS 2.4 mg/m 2  on day 15, ETP 100 mg/
m 2  on days 15–17, CBDCA 250 mg/m 2  on day15, 
PSL 40 mg/m 2  on days 15–17] on days 15–17, 
and the next course was to be started on day 29 
(Figure  8.3 ). The modi fi cations in mLSG15 as 
compared to LSG15 were as follows; (1) the total 
number of cycles was reduced from seven to six 
because of progressive cytopenia, especially 
thrombocytopenia, after repeating the VCAP-
AMP-VECP therapy, (2) cytarabine 40 mg was 
used with MTX 15 mg and PSL 10 mg for 
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prophylactic intrathecal administration, at the 
recovery phases of courses 1, 3, and 5 because of 
the high frequency of central nervous system 
relapse in the JCOG9303 study. Untreated 
patients with aggressive ATL were assigned to 
receive either six courses of LSG15 every 
4 weeks or eight courses of biweekly CHOP. The 
primary endpoint was overall survival. A total of 
118 patients were enrolled. The CR rate was 
higher in the LSG15 arm than in the biweekly 
CHOP arm (40% vs. 25%, respectively; 
 P  = 0.020). As illustrated in Figure  8.4 , the median 
survival time and OS rate at 3 years were 
12.7 months and 24% in the LSG15 arm and 
10.9 months and 13% in the biweekly CHOP arm 
[two-sided  P  = 0.169, and the hazard ratio was 
0.75; 95% con fi dence interval (CI), 0.50 10 1.13]. 
A Cox regression analysis with performance sta-
tus (PS 0 vs. 1 vs. 2–4) as the stratum for baseline 
hazard functions was performed to evaluate the 

effect on overall survival of age, B-symptoms, 
subtypes of ATL, LDH, BUN, bulky mass, and 
treatment arms. According to this analysis, the 
hazard ratio and two-sided P value for the treat-
ment arms were 0.62 (95% CI, 0.38–1.01) and 
0.056, respectively. The difference between the 
crude analysis and this result was because of 
unbalanced prognostic factors, such as PS 0 vs. 1, 
and the presence or absence of bulky lesions 
between the treatment arms. The progression-
free survival rate at 1 year was 28% in the LSG15 
arm compared with 16% in the biweekly CHOP 
arm (two-sided  P  = 0.200).   

 In VCAP-AMP-VECP vs. biweekly CHOP, 
rate of grade 4 neutropenia, grade 4 thrombocy-
topenia, and grade 3/4 infection were 98% vs. 
83%, 74% vs. 17%, and 32% vs. 15%, respec-
tively. There were three toxic deaths in the former. 
Three treatment-related deaths (TRDs), two from 
sepsis and one from interstitial pneumonitis 

  Fig. 8.3    Regimen of VCAP-AMP-VECP. Ranimustinal 
(MCNU) and vindesine (VDS) are nitrosourea and vinca 
alkaloid, respectively, developed in Japan. A previous 
study on myeloma described that carmustine (BCNU), 
another nitrosourea, at 1 mg/kg is equivalent to MCNU at 
0.8–1.0 mg/kg. VDS at 2.4 mg/m 2  can be substituted for 
VCR, another vinca alkaloid used in this regimen, at 1 mg/
m 2  with possibly less myelosuppression and more 
 peripheral neuropathy which can be managed by dose 

modi fi cation. VCAP = vincristine (VCR), cyclophosph-
amide (CPA), doxorubicin (ADM), prednisone (PSL); 
AMP = ADM, MCNU, PSL; VECP = VDS, etoposide 
(ETP), carboplatin (CBDCA) and PSL. [Based on data 
from Tsukasaki K, Utsunomiya A, Fukuda H, et al.: 
VCAP-AMP-VECP compared with biweekly CHOP for 
adult T-cell leukemia-lymphoma: Japan Clinical Oncology 
Group Study JCOG9801. J Clin Oncol 25:5,458–5,564, 
2007.]       
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related to neutropenia, were reported in 
the VCAP-AMP-VECP arm. Two cases of 
myelodysplastic syndrome were reported, one 
each in both arms. 

 The longer survival at 3 years and higher CR 
rate with LSG15 compared with biweekly CHOP 
suggest that LSG15 is a more effective regimen 
at the expense of higher toxicity, providing the 
basis for future investigations in the treatment of 
ATL  [  107  ] . The superiority of VCAP-AMP-
VECP to biweekly CHOP may be explained by 
the more prolonged, dose dense schedule of ther-
apy in addition to four more drugs. In addition, 
agents such as carboplatin and ranimustine not 
affected by multidrug-resistance related genes, 
which were frequently expressed in ATL cells at 
onset, were incorporated  [  109  ] . Intrathecal pro-
phylaxis, which was incorporated in both arms of 
the phase III study, should be considered for 
patients with aggressive ATL even in the absence 
of clinical symptoms because a previous analysis 
revealed that more than half of relapses at new 
sites after chemotherapy occurred in the CNS 
 [  110  ] . However, the median survival time of 
13 months still compares unfavorably to other 
hematological malignancies, requiring further 
effort to improve the outcome.  

   Interferon-Alpha and Zidovudine 

 A small phase II trial in Japan of IFN alpha against 
relapsed/refractory ATL showed a response rate 
(all PR) of 33% (8/24), including  fi ve out of nine 
(56%) chronic type ATL  [  111  ] . In 1995, Gill and 
associates reported that 11 of 19 patients with 
acute- or lymphoma-type ATL showed major 
responses ( fi ve CR and six PR) to a combination 
of interferon-alpha (IFN) and zidovudine (AZT) 
 [  112  ] . The ef fi cacy of this combination was also 
observed in a French study; major objective 
responses were obtained in all  fi ve patients with 
ATL (four with acute type and one with smolder-
ing type)  [  113  ] . Although these results are encour-
aging, the OS of previously untreated patients 
with ATL was relatively short (4.8 months) com-
pared with the survival of those in the chemother-
apy trials conducted by the JCOG-LSG 
(7–8 months)  [  114  ] . After that, numerous small 
phase II studies using AZT and IFN have shown 
responses in ATL patients  [  115–  117  ] . High doses 
of both agents are recommended: 6–9 million 
units of IFN in combination with daily divided 
AZT doses of 800–1,000 mg/day. 

 Recently, the results of a “meta-analysis” on 
the use of IFN and AZT for ATL were reported 

  Fig. 8.4    Kaplan-Meier Estimate of Overall Survival for 
all Randomly Assigned Patients in JCOG9801. 
CI = con fi dential interval; VCAP = vincristine, cyclophos-
phamide, doxorubicin, prednisone; AMP = doxorubicin, 
ranimustine, prednisone; VECP = vindesine, etoposide, 
carboplatin, prednisone; MST = median survival time; 

OS = overall survival; [Based on data from Tsukasaki K, 
Utsunomiya A, Fukuda H, et al.: VCAP-AMP-VECP 
compared with biweekly CHOP for adult T-cell leukemia-
lymphoma: Japan Clinical Oncology Group Study 
JCOG9801. J Clin Oncol 25:5,458–5,564, 2007.]       
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 [  118  ] . A total of 100 patients received interferon-
alpha and AZT as initial treatments. The ORR 
was 66%, with a 43% CR rate. In this worldwide 
retrospective analysis, the median survival time 
was 24 months and the 5-year survival rate was 
50% for  fi rst-line IFN and AZT, vs. 7 months and 
20% for 84 patients who received  fi rst-line che-
motherapy. The median survival time of patients 
with acute-type ATL treated with  fi rst-line IFN/
AZT and chemotherapy was 12 and 9 months, 
respectively. Patients with lymphoma-type ATL 
did not bene fi t from this combination. In addi-
tion,  fi rst-line IFN/AZT therapy in chronic- and 
smoldering-type ATL resulted in a 100% survival 
rate at a median follow-up of 5 years. While the 
results for IFN/AZT in indolent ATL appear to be 
promising compared to those with watchful-wait-
ing policy until disease progression, recently 
reported from Japan  [  101  ] , the possibility of 
selection bias cannot be ruled out. A prospective 
multicenter phase III study evaluating the ef fi cacy 
of IFN/AZT as compared to watchful-waiting for 
indolent ATL is to be initiated in Japan. 

 Recently, a phase II study of the combination 
of arsenic trioxide, IFN, and AZT for chronic 
ATL revealed an impressive response rate and 
moderate toxicity  [  119  ] . Although the results 
appeared promising, the addition of arsenic triox-
ide to IFN/AZT, which might be suf fi cient for the 
treatment of chronic ATL as described above, 
caused more toxicity and should be evaluated 
with caution.  

   Allergenic Hematopoietic Stem-Cell 
Transplantation (allo-HSCT) 

 Allo-HSCT is now recommended for the treat-
ment of young patients with aggressive ATL. 
Despite higher treatment-related mortality in a 
retrospective multicenter analysis of myeloabla-
tive allo-HSCT, the estimated 3-year OS of 33% 
is promising, possibly re fl ecting a graft versus 
ATL effect  [  120  ] . To evaluate the ef fi cacy of allo-
HSCT more accurately, especially in view of a 
comparison with intensive chemotherapy, a pro-
spective multicenter phase II study of LSG15 
chemotherapy followed by allo-HSCT will be 
initiated in Japan. 

 Feasibility studies of allo-HSCT with reduced 
intensity conditioning for ATL also revealed 
promising results, and a subsequent multicenter 
trial of RIST is being conducted in Japan  [  121, 
  122  ] . The minimal residual disease after allo-
HSCT detected as HTLV-1 proviral load was 
much less extensive than that after chemotherapy 
or AZT/IFN therapy, suggesting the presence of a 
graft-versus-ATL effect as well as graft-versus-
HTLV-1 activity  [  121  ] . It remains unclear which 
type of allo-HSCT (myeloablative or reduced 
intensity conditioning) is more suitable for the 
treatment of ATL. Furthermore, selection criteria    
with respect to responses to previous treatments, 
sources of stem cells, and HTLV-1 viral status of 
the donor remain to be determined. However, 
several other retrospective studies as well as 
those mentioned above on allo-HSCT showed a 
promising long-term survival rate of 20–40% 
with an apparent plateau phase despite signi fi cant 
treatment-related mortality.  

   Supportive Care 

 The prevention of opportunistic infections is 
essential in the management of ATL patients, 
nearly half of whom develop severe infections 
during chemotherapy. Some patients with indo-
lent ATL develop infections during watchful 
waiting. Sulfamethoxazole/trimethoprim and 
antifungal agents have been recommended as 
prophylaxes for Pneumocystis jiroveci pneumo-
nia and fungal infections, respectively, in the 
JCOG trials  [  105–  107  ] . While cytomegalovirus 
infections are not infrequent among ATL patients, 
ganciclovir is not usually recommended as a pro-
phylaxis  [  55  ] . In addition, in patients not    receiv-
ing chemotherapy, antifungal prophylaxis may 
not be critical. An anti-strongyloides agent, such 
as ivermectin or albendazole, should be consid-
ered to avoid systemic infections in patients with 
a history of exposure to the parasite in the tropics. 
Treatment with steroids and proton pump inhibi-
tors may precipitate a fulminant strongyloides 
infestation and warrants testing before these 
agents are used in endemic areas  [  55  ] . 
Hypercalcemia associated with aggressive 
ATL  can be corrected using chemotherapy in 
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combination with hydration and bisphosphonate 
even when the PS of the patient is poor.  

   Response Criteria in ATL 

 The complex nature of ATL, often with both leu-
kemic and lymphomatous components, makes 
response assessment dif fi cult. A modi fi cation of 
the JCOG response criteria was suggested 
re fl ecting those for CLL and NHL which had 
been published later  [  55,   123,   124  ] . Recently, 
revised response criteria were proposed for lym-
phoma, incorporating positron emission tomog-
raphy (PET), especially for the assessment of 
CR. It is well known and described in the criteria 
that several kinds of lymphoma including PTCLs 
were variably [18F] fl uorodeoxyglucose avid 
 [  125  ] . Meanwhile, PET or PET/CT is recom-
mended for evaluations of response for ATL 
when the tumorous lesions are FDG-avid at diag-
nosis  [  57  ] .   

   New Agents for ATL 

   Topoisomerase Inhibitors 

 MST-16, a new orally administered bis(2,6-diox-
opiperazine) analogue and an inhibitor of topoi-
somerase II, showed some activity with little cross 
resistance toward lymphoid malignancies in vitro 
and in vivo. MST-16 at 1,200–2,800 mg/day was 
given orally daily for 7 days, with courses repeated 
at intervals of 2–3 weeks to 24 patients with ATL 
in a phase I–II study  [  126  ] . Two CRs and eight 
PRs were obtained in 23 (13 acute, 8 lymphoma, 
and 2 chronic ATL) evaluable patients. Remissions 
were obtained at 7–232 (median, 23) days and 
lasted 43–374 (median, 68) days. The major toxic 
effects were leukopenia (68%), anemia (52%), 
thrombocytopenia (35%), and gastrointestinal dis-
orders (22%). Although this agent showed promis-
ing activity against ATL as a single agent, no 
further study in combination with other agents has 
been reported. 

 Irinotecan hydrochloride (CPT-11) is a semi-
synthetic camptothecin with inhibitory activity 

against topoisomerase I. Preclinical studies of 
CPT-11 have suggested a lack of cross-resistance 
between topoisomerase I inhibitors and other 
anticancer agents. Multicenter phase II studies of 
CPT-11 have been conducted against relapsed or 
refractory NHL  [  127  ] . In this study, 9 patients 
achieved a CR, and 17 patients achieved a PR 
(response rate 38%: 26 of 69), using a weekly 
intravenous administration of 40 mg/m 2 /day for 
three consecutive days. Within this group, 5 of 13 
patients with ATL (38%) responded to CPT-11 
(one CR and four PR)  [  127  ] . The major toxic 
effects of CPT-11 were leukopenia, diarrhea, and 
nausea and/or vomiting. Subsequently, to develop 
a new chemo therapy regimen effective against 
NHL and ATL, two kinds of phase I/II studies of 
CPT-11 in combination with CBDCA or ETP 
were conducted for relapsed or refractory NHL. 
In both studies, however, dose escalation was 
halted because of hematologic toxicity (in com-
bination with CBDCA) and hepatotoxicity (in 
combination with ETP).  

   Purine Analogs 

 Several purine analogs have been evaluated for 
ATL. Among them, pentostatin (deoxycoformy-
cin) has been most extensively evaluated as a 
single agent and in combination as described 
above  [  105,   108  ] . Other purine analogs clinically 
studied for ATL are  fl udarabine and cladribine. 
Fludarabine is among standard treatments for 
B-chronic lymphocytic leukemia and other lym-
phoid malignancies. In a phase I study of 
 fl udarabine in Japan,  fi ve ATL patients and ten 
B-CLL patients with refractory or relapsed- 
disease were enrolled  [  128  ] . Six grade 3 non-
hematological toxicities were only observed in 
the ATL patients. PR was achieved only in one of 
the  fi ve ATL patients and the duration was short. 
Cladribine is among standard treatments for hairy 
cell leukemia and other lymphoid malignancies. 
A phase II study of cladribine for relapsed/refrac-
tory aggressive-ATL in 15 patients revealed only 
one PR  [  129  ] . 

 Forodesine, a purine nucleotide phosphory-
lase (PNP) inhibitor, is among purine nucleotide 
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analogs. PNP is an enzyme in the purine    salvage 
pathway that phosphorolysis 2 ¢ deoxyguanosine 
(dGuo). PNP de fi ciency in humans results in a 
severe combined immunode fi ciency phenotype 
and the selective depletion of T cells associated 
with high plasma deoxyguanosine (dGuo) and 
high intracellular deoxyguanosine triphosphate 
levels in those cells with high deoxynucleoside 
kinase activity such as T cells, leading to cell 
death. Inhibitors of PNP, such as forodesine, 
mimic SCID in vitro and in vivo, suggesting a 
new targeting agent speci fi c for T-cell malignan-
cies  [  130  ] . A dose escalating phase I study of 
forodesine is being conducted for T-cell malig-
nancies including ATL.  

   Histone Deacetylase Inhibitors 

 Gene expression governed by epigenetic 
changes is crucial to the pathogenesis of cancer. 
Histone deacetylases (HDACs) are enzymes 
involved in the remodeling of chromatin and 
play a key role in the epigenetic regulation of 
gene expression. Deacetylase inhibitors (DACi) 
induce the hyperacetylation of non-histone pro-
teins as well as nucleosomal histones resulting 
in the expression of repressed genes involved in 
growth arrest, terminal differentiation, and/or 
apoptosis among cancer cells. Several classes 
of HDACi have been found to have potent anti-
cancer effects in preclinical studies. HDACis 
such as vorinostat (suberoylanilide hydroxamic 
acid), romidepsin (depsipeptide), and panobin-
ostat (LBH589) have also shown promise in 
preclinical and/or clinical studies against T-cell 
malignancies including ATL  [  131  ] . Vorinostat 
and romidepsin have been approved for cutane-
ous T-cell lymphoma (CTCL) by the Food and 
Drug Administration in the USA. LBH589 has 
a signi fi cant anti-ATL effect in vitro and in 
mice  [  132  ] . However, a phase II study for CTCL 
and indolent ATL was terminated because of 
severe infections associated with the shrinkage 
of skin tumors and formation of ulcers in 
patients with ATL. Further study is required to 
evaluate the ef fi cacy of HDACIs for PTCL/
CTCL including ATL.  

   Monoclonal Antibodies and Toxin 
Fusion Proteins 

 Monoclonal antibodies (MoAb) and toxin fusion 
proteins targeting several molecules expressed on 
the surface of ATL cells and other lymphoid 
malignant cells, such as CD25, CD2, CD52 and 
CCR4, have shown promise in recent clinical tri-
als. Because most ATL cells express the alpha-
chain of IL-2R (CD25), Waldmann et al. treated 
patients with ATL using monoclonal antibodies 
to CD25  [  133  ] . Six (32%) of 19 patients treated 
with anti-Tac showed objective responses lasting 
from 9 weeks to longer than 3 years. One impedi-
ment to this approach is the quantity of soluble 
IL-2R shed by the tumor cells into the circula-
tion. Another strategy for targeting IL-2R is con-
jugation with an immunotoxin (Pseudomonas 
exotoxin) or radioisotope (yttrium-90). Waldmann 
et al. developed a stable conjugate of anti-Tac 
with yttrium-90. Among the 16 patients with ATL 
who received 5- to 15-mCi doses, 9 (56%) 
showed objective responses. The response lasted 
longer than that obtained with unconjugated anti-
Tac antibody  [  134,   135  ] . 

 LMB-2, composed of the anti-CD25 murine 
MoAb fused to the truncated form of Pseudomonas 
toxin, was cytotoxic to CD25-expressing cells 
including ATL cells in vitro and in mice. Phase I/II 
trials of this agent showed some effect against hairy 
cell leukemia, CTCL, and ATL  [  136  ] . Six of thirty-
 fi ve patients in the phase I study had signi fi cant 
levels of neutralizing antibodies after the  fi rst cycle. 
This drug deserves further clinical trials including 
in combination with cytotoxic agents. 

 Denileukin diftitox (DD; DAB(389)-
interleukin-2 [IL-2]), an interleukin-2-diphtheria 
toxin fusion protein targeting IL-2 receptor-
expressing malignant T lymphocytes, shows 
ef fi cacy as a single agent against CTCL and 
PTCL  [  137  ] . Also, the combination of this agent 
with multi-agent chemotherapy, CHOP, was 
promising for PTCL  [  138  ] . ATL cells frequently 
and highly express CD25 as described above and 
several ATL cases successfully treated with this 
agent have been reported  [  139  ] . 

 CD52 antigen is present on normal and patho-
logic B and T cells. In PTCL, however, CD52 



1278 HTLV-1-Associated T-cell Diseases

expression varies among patients, with an overall 
expression rate lower than 50% in one study but 
not in another  [  140,   141  ] . ATL cells frequently 
express CD52 as compared to other PTCLs. The 
humanized anti-CD52 monoclonal antibody 
alemtuzumab is active against CLL and PTCL as 
a single agent. The combination of alemtuzumab 
with a standard-dose cyclophosphamide/doxoru-
bicin/vincristine/prednisone (CHOP) regimen as 
a  fi rst-line treatment for 24 patients with PTCL 
showed promising results with CR in 17 (71%) 
patients, 1 had a partial remission, with an overall 
median duration of response of 11 months and 
was associated with mostly manageable infec-
tions but including CMV reactivation  [  142  ] . 
Major infections were Jacob–Creutzfeldt virus 
reactivation, pulmonary invasive aspergillosis, 
and Staphylococcus sepsis. 

 ATL cells express CD52, the target of alemtu-
zumab, which was active in a preclinical model 
of ATL and toxic to p53-de fi cient cells, and sev-
eral ATL cases successfully treated with this 
agent have been reported  [  143–  145  ] . 

 Siplizumab is a humanized MoAb targeting 
CD2 and showed ef fi cacy in a murine ATL model. 
P1 dose-escalating study of this agent in 22 
patients with several kinds of T/NK-cell malig-
nancy revealed six responses (two CR in LGL 
leukemia, three PR in ATL and one PR in CTCL). 
However, four patients developed EBV-associated 
LPD  [  146  ] . The broad speci fi city of this agent 
may eliminate both CD4- and CD8-positive T 
cells as well as NK cells without affecting B cells 
and predispose individuals to the development of 
EBV lymphoproliferative syndrome. 

 CCR4 is expressed on normal T helper type 27 
and regulatory T (Treg) cells and on certain types 
of T-cell neoplasms  [  63,   94  ] . KW-0761, a next 
generation humanized anti-CCR4 mAb, with a 
defucosylated Fc region, exerts strong antibody-
dependent cellular cytotoxicity due to increased 
binding to the Fc g  receptor on effecter cells  [  147  ] . 
A phase I study of dose escalation with four 
weekly intravenous infusions of KW-0761 in 16 
patients with relapsed CCR4-positive T-cell 
malignancy (13 ATL and 3 PTCL) revealed that 
one patient, at the maximum dose (1.0 mg/kg), 

developed grade (G) three dose-limiting toxic 
effects, namely skin rashes and febrile neutrope-
nia, and G4 neutropenia  [  148  ] . Other treatment-
related G3-4 toxic effects were lymphopenia 
( n  = 10), neutropenia ( n  = 3), leukopenia ( n  = 2), 
herpes zoster ( n  = 1), and acute infusion reaction/
cytokine release syndrome ( n  = 1). Neither the 
frequency nor severity of these effects increased 
with dose escalation or the plasma concentration 
of the agent. The maximum tolerated dose was 
not reached. No patients had detectable levels of 
anti-KW-0761 antibody. Five patients (31%; 95% 
CI, 11–59%) achieved objective responses: two 
complete (0.1; 1.0 mg/kg) and three partial (0.01; 
2 at 1.0 mg/kg) responses. Three out of thirteen 
patients with ATL (31%) achieved a response 
(two CR and one PR). Responses in each lesion 
were diverse, that is, good in PB (six CR and one 
PR/seven evaluable cases), intermediate in skin 
(three CR and one PR/eight evaluable cases), and 
poor in LN (1 CR and 2 PR/11 evaluable cases). 
KW-0761 was well tolerated at all the doses 
tested, demonstrating potential ef fi cacy against 
relapsed CCR4-positive ATL or PTCL. Recently, 
results of subsequent phase II studies at the 
1.0 mg/kg in relapsed ATL, showing 50% of 
response rate with acceptable toxicity pro fi les, 
were reported  [  149  ] . Also, a phase II trial of sin-
gle agent KW-0761 at the 1.0 mg/kg in relapsed 
PTCL/CTCL and a phase II trial of VCAP-AMP-
VECP combined with KW-0761 for untreated 
aggressive ATL are ongoing.  

   Other Novel Agents 

 Pralatrexate (Folotyn) is a new agent with potent 
preclinical and clinical activity in T-cell malig-
nancies including ATL  [  150–  152  ] . The agent is a 
novel anti-folate with improved membrane trans-
port and polyglutamylation in tumor cells and 
high af fi nity for the reduced folate carrier highly 
expressed in malignant cells. Other potential 
drugs for ATL under investigation include a 
proteasome inhibitor, bortezomib (Velcade), 
and an immunomodulatory agent, lenalidomide 
(Revlimid)  [  153–  155  ] .   
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   Prevention of ATL 

 Two steps should be considered for the prevention 
of HTLV-1-associated ATL. The  fi rst is the preven-
tion of HTLV-1 infections. This has been achieved 
in some endemic areas in Japan by screening for 
HTLV-1 among blood donors and asking mothers 
who are carriers to refrain from breast feeding. The 
second step is the prevention of ATL among 
HTLV-1 carriers. This has not been achieved partly 
because only about 5% of HTLV-1 carriers develop 
the disease in their life time, although several risk 
factors have been identi fi ed by a cohort study of 
HTLV-1 carriers (Joint Study of Predisposing 
Factors for ATL Development)  [  83  ] . Also, no agent 
has been found to be effective in preventing the 
development of ATL among HTLV-1 carriers.  

   Ongoing Clinical Trials 

 Clinical trials have been paramount to the 
recent advances in ATL treatment, including 
assessments of chemotherapy, AZT/IFN, and 
allo-HSCT. Recently, a strategy for ATL treat-
ment, strati fi ed by subclassi fi cation, prognostic 

factors, and the response to initial treatment as 
well as response criteria was proposed (Table  8.3 ) 
 [  57  ] . The recommended treatment algorithm for 
ATL is shown in Fig.  8.2 . However, as described 
in this chapter, ATL still has a worse prognosis 
than the other T-cell malignancies  [  156  ] . There is 
no plateau with an initial steep slope and subse-
quent gentle slope without a plateau in the sur-
vival curve for aggressive or indolent ATL treated 
by watchful waiting and with chemotherapy, 
respectively, although the prognosis is much bet-
ter in the latter  [  14,   61  ] . A prognostic model for 
each subgroup should be elucidated to properly 
identify the candidate for allo-HSCT which can 
achieve a cure of ATL despite considerable treat-
ment-related mortality. Although several small 
phase II trials suggested IFN/AZT therapy to be 
promising, no con fi rmative phase III study has 
been conducted. Furthermore, as described in the 
other chapters in detail, more than ten promising 
new agents for PTCL/CTCL including ATL are 
now in clinical trials or preparation. Future clini-
cal trials on ATL as described above should be 
incorporated to ensure that the strategy as shown 
in Table  8.3  is continually updated to establish 
evidence-based practical guidelines.       

   Table 8.3    Strategy for the treatment of Adult T-Cell Leukemia-Lymphoma   

 Smoldering- or favorable chronic-type ATL 

 • Consider inclusion in 
 • Symptomatic patients (skin lesions, opportunistic infections, etc.): Consider AZT/IFN or Watch and Wait 
 • Asymptomatic patients: Consider Watch and Wait 
 Unfavorable chronic- or acute-type ATL 
 • If outside clinical trials, check prognostic factors (including clinical and molecular factors if possible): 

 – Good prognostic factors: consider chemotherapy (VCAP-AMP-VECP evaluated by a phase III trial against 
biweekly-CHOP) or AZT/IFN (evaluated by a meta-analysis on retrospective studies) 

 – Poor prognostic factors: consider chemotherapy followed by conventional or reduced intensity allo-HSCT 
(evaluated by retrospective and prospective Japanese analyses, respectively). 

 – Poor response to initial therapy: Consider conventional or reduced intensity allo-HSCT 
 Lymphoma-type ATL 
 • If outside clinical trials, consider chemotherapy (VCAP-AMP-VECP) 
 • Check prognostic factors (including clinical and molecular factors if possible) and response to chemotherapy: 

 – Good prognostic factors and good response to initial therapy: Consider chemotherapy followed by 
observation 

 – Poor prognostic factors or poor response to initial therapy: Consider chemotherapy followed by conventional 
or reduced intensity allo-HSCT 

  [Based on data from Tsukasaki K, Hermine O, Bazarbachi A, et al.: De fi nition, prognostic factors, treatment, and 
response criteria of adult T-cell leukemia-lymphoma: A proposal from an international consensus meeting. J Clin Oncol 
27:453–459, 2009.]  
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         Introduction 

 The mature T-cell leukaemias are a rare and 
heterogeneous group of disorders derived from 
the mature or post-thymic T-cell. They comprise 
T-cell prolymphocytic leukaemia (T-PLL), T-cell 
large granular lymphocytic leukaemia (T-LGL   ) 
and Adult T-cell lymphoma/leukaemia (ATLL)  [  1  ] . 
There are also neoplastic T-cells in the peripheral 
blood in cases of Sézary syndrome (SS), the gen-
eralised, more aggressive variant of the mature 
T-cell cutaneous lymphoma mycosis fungoides. 
ATLL and SS are covered elsewhere in this text 
and this chapter will therefore focus on T-PLL 
and T-LGL leukaemia. 

 The diagnosis of the T-cell leukaemias is based 
on a multiparameter approach which encompasses 
clinical presentation, peripheral blood count and 
morphology, immunohistochemistry,  fl ow cytom-
etry, cytogenetics and molecular genetics. Thus, 
the recent advances in modern immunopheno-
typic and molecular tools have been crucial in 
characterising these disorders and in distinguish-
ing them from their B-cell counterparts. Prognosis 

and response to conventional chemotherapy are 
generally poor, with the exception of T-LGL 
which is a more indolent disorder than the others 
in its class. The rarity of these conditions, their 
refractoriness to standard therapies, underlying 
immune suppression, multi-factorial aetiologies 
and lack of single identi fi able therapeutic targets 
in the majority of cases all contribute to a great 
management challenge. An important aspect 
therefore in advancing treatment of these and 
other T-cell disorders is adopting an international 
approach to diagnosis, documentation and trial 
design and entry in order to recruit suf fi cient 
patient and clinico-pathological data to inform 
robust choices.  

   T-Cell Prolymphocytic Leukaemia 

   Introduction 

 Prolymphocytic leukaemias (PLL) of B- and 
T-cell subtype are rare diseases which together 
account for around 2% of all mature lymphoid 
leukaemias. When  fi rst described in 1974  [  2  ] , the 
different cells of origin were not appreciated and 
the disease was described as a variant of chronic 
lymphocytic leukaemia (CLL). T-PLL was  fi rst 
documented in a patient presenting with clinical 
features similar to B-PLL, but in whom the cells 
had a T-cell phenotype  [  3  ] . The recent availabil-
ity of modern immunophenotypic and molecular 
tools has allowed a better distinction of this dis-
order from its B-cell counterpart and other mature 
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T-cell leukaemias. T-PLL is recognised in the 
WHO classi fi cation  [  1  ]  as having three morpho-
logical variants—typical, small cell and cerebri-
form—all of which have a similar clinical course 
and identical molecular genetics. Recent studies 
have highlighted the role of speci fi c oncogenes 
such as  TCL-1, MTCP-1  and  ATM . However, 
despite better understanding of the underlying 
cell biology, prognosis for these patients remains 
poor with no curative therapy and short survival. 
The advent of monoclonal antibody therapy and 
the wider application of non-myeloablative allo-
geneic transplantation have improved the treat-
ment options for this group of patients. Table  9.1  
summarises the characteristic features of T-PLL.   

   Pathogenesis 

 T-PLL is a rare proliferation of mature or post-
thymic lymphocytes. It has been described in the 
East and West without geographical or racial 
clustering and there are no reports of familial 

cases. There is no evidence that radiation or 
carcinogenic agents play a role in the pathogen-
esis of T-PLL and neither had it been thought that 
viruses such as HTLV1 are involved. However, a 
recent study found that the EBV genome was 
present in T-PLL cells by using polymerase chain 
reaction (PCR) analysis across multiple sites in 
the viral genome  [  4  ]  .  In addition, these T-PLL 
cells expressed a number of EBV latent antigens 
suggesting a potential link between T-PLL and 
EBV infection. 

 T-cell maturation is strictly controlled by the 
thymic cellular microenvironment and depends 
on complex interactions between various cytok-
ines and growth factors  [  5  ] . T-cells rely on the 
T-cell receptor (TCR)-CD3 complex to present a 
speci fi c antibody to bind to a foreign antigen, as 
opposed to B cells, which depend on immuno-
globulin rearrangements. Mutations in the TCR 
subunits result in T-cell lymphoproliferative dis-
eases derived from post-thymic immunocompe-
tent lymphoid cells. In adults T-PLL arises 
sporadically. There is a close relationship between 
this sporadic form of T-PLL and the leukaemia 
that occurs in patients with the hereditary debili-
tating neurological disease ataxia telangiectasia 
(AT)  [  6  ] . Patients with AT have bi-allelic inactiva-
tion of the AT mutated gene ( ATM ) located at the 
11q23 locus  [  7  ] . Approximately 10% of AT 
homozygotes develop cancer, mostly of the lym-
phoid system and in particular of the T-cell type 
 [  8  ] . Some of these patients develop abnormal 
clonal proliferation of T-cells with morphological, 
immunological, cytogenetic and molecular fea-
tures (e.g. over-expression of the  TCL-1  onco-
gene) identical to T-PLL. Genetic abnormalities 
(mutations and deletions) of  ATM  are well docu-
mented in T-PLL  [  9–  12  ] .  ATM  is therefore a can-
didate gene likely to be involved in the pathogenesis 
of both sporadic and AT-associated T-PLL, possi-
bly through its role as a tumour suppressor.  

   Clinical Presentation 

 T-PLL is a disease affecting older adults with a 
male predominance. In the Royal Marsden 
Hospital series of 150 patients, the median age at 
presentation was 63 years (range 33–91 years) and 

   Table 9.1    Key characteristics of T-cell prolymphocytic 
leukaemia   

 Characteristic Findings 

 Clinical features  Older adults 
 M:F 1.2:1 
 Splenomegaly, lymphadenopa-
thy, skin rash, oedema and 
serous effusions 
 Lymphocytosis often exceeding 
100 × 10 9 /l 

 Morphology  Prolymphocytes with prominent 
nucleoli, basophilic cytoplasm 
with blebs 
 Small cell (20%) and Sézary 
variants (5%) 

 Immunophenotyping  CD2, CD3, CD5, CD7+, CD52+ 
 CD4/8 variable 
 CD1a-ve, TdT-ve, CD25−/+ 

 Cytogenetics  Inversion 14; t(14,14); t(X,14); 
iso8q; complex 

 Oncogenes   TCL-1 ,  MTCP-1 ,  ATM  
 Prognosis  Median survival <1 year with 

conventional chemotherapy 
 Treatment  Alemtuzumab alone or in 

combination with purine 
analogues 
 Consolidation with HSCT 
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the male: female ratio 3:1  [  13  ] . Patients are 
 characteristically symptomatic at presentation 
with a peripheral blood lymphocytosis often 
exceeding 100 × 10 9 /l  [  14  ] , generalised lymphade-
nopathy and splenomegaly. Dermal lymphoid 
in fi ltrates are present in a third of patients and 
peri-orbital oedema can be a feature. Serous effu-
sions, particularly pleural effusions, are seen in 
15% of patients at diagnosis but are common in 
relapsed or refractory disease. Anaemia and 
thrombocytopenia are less common at presenta-
tion than in B-PLL  [  15  ] , occurring in 25% and 
45% of patients, respectively. Central nervous sys-
tem involvement is rare. Human T-lymphotrophic 
viruses I and II (HTLV-I/II) are invariably nega-
tive by both serology and PCR. A small proportion 
of patients have a more indolent or “smouldering” 
form of T-PLL which may mimic stage A CLL. 
Although these patients are generally asymptom-
atic at presentation and may exhibit a long latent 
phase, they will inevitably progress after a median 
period of 33 months  [  16  ]  to follow the more 
aggressive course typical for T-PLL.  

   Morphology and Histopathology 

 T-PLL has a broad morphological spectrum  [  17  ] . 
In half of cases the cells have a round to oval 
nucleus, while in the remainder the nuclei are 
irregular, often with convolutions. The degree of 
nuclear irregularity, however, is less pronounced 
than that seen in Sézary Syndrome (SS) or ATLL 
cells. There are three subtypes: typical T-PLL, a 
small cell variant and a cerebriform variant account-
ing for 75%, 20% and 5%, respectively. All three 
share the same immunophenotypic and cytogenetic 
features and are thus classi fi ed as a single disorder 
 [  1  ] . Typical cases have a peripheral blood lympho-
cytosis with pro-lymphocytes of medium size with 
condensed nuclear chromatin, a single prominent 
nucleolus, intensely basophilic agranular cyto-
plasm and cytoplasmic protrusions or “blebs” in 
most cases (Fig.  9.1 ). In the small cell variant the 
pro-lymphocytes are considerably smaller and the 
nucleolus is less prominent and can often only be 
visualised under electron microscopy. In the rarest 
variant the pro-lymphocytes have a cerebriform 
nucleus resembling Sézary cells.  

 Although tissue histology is not essential for 
diagnosis, the bone marrow, lymph nodes and 
skin may be in fi ltrated. Diffuse and interstitial 
in fi ltration of the bone marrow is seen in the 
majority of cases and reticulin  fi brosis is almost 
always present. Lymph nodes show paracortical 
expansion by T-prolymphocytes. The skin histol-
ogy differs from that seen in mycosis fungoides 
(MF) and SS, showing dermal in fi ltration, prefer-
entially around the appendages and without epi-
dermotropism. Spleen histology shows a marked 
red pulp in fi ltration extending into the white pulp 
and capsule in contrast to T-cell large granular 
lymphocytic leukaemia which is con fi ned to 
the red pulp.  

   Immunophenotype 

 T-PLL cells exhibit a mature, post-thymic pheno-
type and are, by de fi nition, negative for terminal 
deoxynucleotidyl transferase (TdT) and the corti-
cal thymic marker CD1a. They express the pan-T 
cell markers CD2, CD5 and CD7  [  13  ] . CD7 is 
usually expressed with strong intensity in con-
trast to other mature T-cell malignancies where 
this marker may be weak or negative. CD3 and 
anti-TCR- a / b  may be negative in the cell mem-
brane but are always expressed in the cytoplasm, 
and the TCR- b  and/or  g  chain genes are rearranged 
in all cases. The majority (60%) have the CD4+/
CD8– phenotype, but alternatively may have 

  Fig. 9.1    Typical peripheral blood morphology in T-PLL 
showing small to medium sized lymphoid cells with a 
single nucleolus, basophilic cytoplasm and cytoplasmic 
protrusions       
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CD4+/CD8+ co-expression (25%) or have a 
CD4–/CD8+ immunophenotype (15%)  [  14  ] . The 
distinctive co-expression of CD4 and CD8, the 
weak CD3 membrane expression and the strong 
CD7 expression suggest that the T-PLL cell may 
be at an intermediate stage of differentiation 
between a cortical thymocyte and a circulating 
mature T-cell. Cell surface antigens linked to 
T-cell activation such as CD25, CD38 and class 
II HLA-DR are variably expressed and monoclo-
nal antibodies against natural killer cells and 
TIA-1 are negative. T-prolymphocytes strongly 
express the CD52 antigen at a high density  [  18  ] , 
which can be targeted by the monoclonal anti-
body alemtuzumab. In most cases T-PLL patients 
express the TCR- a  b  phenotype, although rare 
instances of TCR- g  d  have been reported  [  19  ] .  

   Molecular Features 

 In keeping with the aggressive clinical course of 
TPLL, patients usually have complex karyotypes 
and cytogenetic abnormalities which may occur 
progressively throughout the disease. The genetic 
hallmark of T-PLL is the inversion [inv(14)
(q11;q32)] or its variant the tandem translocation 
[t(14;14)(q11;q32)]  [  20,   21  ] . These rearrange-
ments of chromosome 14 are present in up to 
80% of cases  [  22  ]  and bring together the proto-
oncogene  TCL-1  (T-cell leukaemia 1) located at 
14q32.1 with the TCR  a  gene, located at 14q11. 
This results in deregulation of  TCL-1 , a gene 
physiologically expressed on CD4/CD8 double-
negative thymocytes  [  23,   24  ] . In about 20% of 
patients the translocation [t(X;14)(q28;q11)] 
(Fig.  9.2 ) is reported, which results in the juxta-
position of the  MTCP-1  gene (a member of the 
 TCL-1  gene family) located at Xq28 with the 
TCR- a  gene  [  25,   26  ] . Therefore, chromosomal 
rearrangements in T-PLL juxtapose  TCL-1  and 
 MTCP-1  to the TCR loci and lead to their activa-
tion. Genomic analyses of the 14q32.1 breakpoint 
region have revealed three additional genes; 
 TCL-1b, TNG1  ( TCL-1  neighbouring gene 1) and 
 TNG2 , which are also expressed on T-PLL cell 
lines and cells from patients with T-PLL but not 
on normal T-lymphocytes  [  27–  29  ] . Activation of 
 TCL-1  through hypomethylation of its promoter 

has also been described  [  30  ] . The  TCL-1  onco-
protein is expressed in approximately 70% of 
T-PLL cases  [  31  ]  and has been shown to associ-
ate with protein kinase B (Akt) resulting in the 
promotion of Akt-induced cell proliferation and 
survival  [  32  ]  .   

 In addition to the inversion rearrangement, 
which is regarded as the primary oncogenic event 
in T-PLL, the tumour cells usually harbour a high 
load of additional chromosomal aberrations. 
Abnormalities involving both arms of chromo-
some eight are frequent and over-expression of the 
c-myc protein is found in cases with iso8q. While 
the 14q abnormalities and trisomy 8q are common 
in western countries, they are rarely seen in Japan 
 [  33  ] . Although 11q23 abnormalities are seldom 
detected on cytogenetics, molecular analysis fre-
quently detects mutations of the tumour suppres-
sor gene  ATM . Studies have demonstrated that 
T-PLL is associated with recurrent regions of 
chromosomal loss at 22q11, 13q, 6q, 9p, 12p, 
11p11-p14 and 17p, as well as chromosomal gain 
at 8q, 14q32, 22q21 and 6p  [  22  ] . Recent single 
nucleotide polymorphism-based genomic map-
ping and global gene expression pro fi ling has 
identi fi ed differential expression of a number of 
genes in T-PLL compared to normal CD3 + T-cells 
 [  34  ] . These include functionally important genes 
involved in lymphomagenesis, cell cycle regula-
tion, apoptosis and DNA repair, which are clus-
tered in regions affected by known recurrent 
chromosomal aberrations in T-PLL. The upregu-
lated genes were clustered on chromosome arms 
6p and 8q, and the downregulated genes on 6q, 8p, 
10p, 11q and 18p. This information suggests that a 
gene dosage effect may be involved in the patho-
genesis of T-PLL and may also help to clarify the 
mechanisms involved in disease progression.  

   Differential Diagnosis 

 The morphology of prolymphocytes in the 
peripheral blood and cell markers are the vital 
requirements in order to make the diagnosis of 
T-PLL and distinguish it from other mature lym-
phoid leukaemias. T-PLL can be distinguished 
from B-PLL by immunological markers. 
Furthermore, skin in fi ltration and 



1419 The T-Cell Leukaemias

lymphadenopathy are unusual in B-PLL, while 
they are present in a substantial proportion of 
T-PLL patients. Morphology, histology and immu-
nological markers help to differentiate T-PLL from 
other mature T-cell malignancies such as T-LGL, 
ATLL and SS. The predominant population in 
T-cell LGL leukaemia is a granular lymphocyte, 
often with a CD8+ CD57+, CD16± phenotype, 
with or without expression of natural killer (NK) 
cell markers. The distinct geographical back-
ground, the clinical features (e.g. hypercalcemia) 
and positive HTLV-I serology distinguish ATLL 
from T-PLL. SS has distinct clinical features, skin 
histology and cell morphology.  

   Prognostic Factors 

 The prognosis for patients with T-PLL is poor. 
Data regarding speci fi c disease variables which 
in fl uence an individual’s disease course and 

response to treatment are limited. A recent series 
of 84 cases reported a median overall survival of 
24.7 months and a 5-year survival rate of 21%  [  35  ] . 
There was a highly signi fi cant correlation between 
poor outcome and high WBC count at presentation 
(>40 × 10 9 /l), shorter lymphocyte doubling time as 
well as with older age (>62 years) at presentation. 
Higher TCL-1 expression correlated with a higher 
WBC count at presentation, a rapid lymphocyte 
doubling time and a shorter overall survival  [  35  ] . 
The presence of hepatomegaly and serous effusions 
predict for a poor response to alemtuzumab  [  36  ] . 
Patients who do not respond to treatment have a 
median survival of only 4 months.  

   Treatment 

 T-PLL is an aggressive disease, which is often 
resistant to therapy. Overall prognosis is poor 
with a median overall survival historically of 

  Fig. 9.2    Karyotype in T-PLL showing a t(X;14) translocation       
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approximately 7 months in patients receiving 
conventional chemotherapy such as the alkylat-
ing agents  [  14  ] . However, survival has improved 
following the introduction of relatively new 
agents including the purine analogues and the 
anti-CD52 antibody (alemtuzumab; campath-
1H). Pentostatin has been shown to be effective, 
particularly in patients who are CD25+, CD38+ 
and CD103+  [  37  ] . A study of 55 patients per-
formed in 1994 reported an overall response rate 
of 45% with 9% complete remissions and median 
response duration of 6 months  [  38  ] . This also 
resulted in an improvement in overall survival. 
Unlike standard approaches to the use of pen-
tostatin in hairy cell leukaemia, initial doses of 
4 mg/m 2  were given weekly for 4 weeks then 
every 2 weeks to maximum response. Interestingly, 
no signi fi cant difference in response rate was 
observed between previously treated and 
untreated patients rendering this agent a versatile 
option in treatment of T-PLL. Equally positive 
results have been reported with cladrabine, 
although study numbers are smaller  [  39,   40  ] . 

 More recently, the anti-CD52 monoclonal 
antibody, alemtuzumab, has been utilised to tar-
get the CD52 antigen which is expressed at high 
density on the surface of T-prolymphocytes. An 
early study in 1997 of 14 patients reported an 
excellent response rate of 73%  [  41  ] . More 
recently, a European study of 39 patients with 
relapsed⁄refractory T-PLL, who received alemtu-
zumab intravenously three times a week after ini-
tial dose escalation, reported remarkable overall 

response rates of 76% with complete response 
rates of 60%  [  36  ] . Nine of the 39 patients were 
refractory to pentostatin. The median overall sur-
vival was 10 months and depth of response was 
positively associated with prolongation of sur-
vival; median overall survival was 16 months in 
those patients who achieved complete responses. 
Responses were poor in patients who had serous 
effusions, hepatic or CNS involvement. In the 
United States a retrospective analysis of 76 
patients with T-PLL treated on a compassionate 
use with standard alemtuzumab therapy reported 
OR rates of 50% with 37.5% CR  [  42  ] . These 
patients, who had received one or more lines of 
treatment and had progressive and/or refractory 
disease, had a superior quality and duration of 
response to alemtuzumab compared to prior ther-
apy. Alemtuzumab has subsequently been inves-
tigated in treatment naïve patients. In a preliminary 
study of 11 patients, all achieved a CR with 7 of 
11 patients still alive at median follow up of 
12 months (range 4–17 months)  [  43  ] . 

 The successful use of chemo-immunotherapy 
in B cell malignancies has prompted similar stud-
ies in T-PLL. The German CLL study group has 
reported results of a prospective phase II trial of 
 fl udarabine, mitoxantrone and cyclophosphamide 
(FMC) followed by alemtuzumab consolidation 
in 18 patients  [  44  ] . The ORR was 66% following 
FMC, increasing to 86% after alemtuzumab, with 
a median progression-free survival of 10.6 months 
and OS of 19.2 months. Table  9.2  summarises the 
results of clinical trials in T-PLL.  

   Table 9.2    Summary of clinical trials in T-PLL   

 Study  Regimen  No  CR (%)  PR (%)  ORR (%)  MPFS months  MS months 

  Previously treated patients  
 Mercieca  [  38  ]   Pentostatin a   55   9  36  45  6  9 
 Dearden  [  36  ]   Alemtuzumab  39  60  16  76  7  10 
 Keating  [  42  ]   Alemtuzumab a,b   76  38  12  50  4.5  7.5 
  Therapy-naive patients  
 Dearden  [  43  ]   Alemtuzumab  11  100   0  100  10+  13+ 
 Hop fi nger  [  44  ]   FMC + Alemtuzumab  18  NA  NA  66 (FMC)  10  19 

 86 (after alemtuzumab) 

   a Retrospective analysis 
  a Compassionate-use trial 
  CR , Complete remission;  PR , Partial remission;  ORR , Overall response rate;  MPFS , Median progression-free survival; 
 MS , Median overall survival;  NA , Not available  
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 Weidmann et al. have used a regimen consisting 
of  fl udarabine (days 1–4), cyclophosphamide 
(day 3), doxorubicin (day 4) together with alem-
tuzumab in escalating doses (days 1–4) to treat 23 
patients with a range of peripheral T-cell malig-
nancies  [  45  ] . Overall response rate in this series 
was 61% with a CR rate of 78% in the newly 
diagnosed patients. However, this cohort only 
included a single case of T-PLL. Anecdotal expe-
rience with the combination of alemtuzumab and 
pentostatin suggest that this combination may be 
more active than these agents used singly. 

 The introduction of alemtuzumab has 
signi fi cantly improved the outcome in T-PLL and 
it should be considered the treatment of choice. 
However, its use is not without risk. It causes pro-
longed T-cell depletion with signi fi cant immuno-
suppression and infective complications reported 
in approximately 13% of patients  [  42  ] . 
Prophylaxis for pneumocytsis and herpetic 
infections is required both during treatment and 
for a protracted period beyond completion and 
screening for cytomegalovirus (CMV) reactiva-
tion is advocated. Use of alemtuzumab in heavily 
pre-treated, often elderly patients is associated 
with increased risk of infectious and other treat-
ment-related complications, although it can be 
well tolerated in elderly patients because of lack 
of organ toxicity. Tolerability is improved when 
alemtuzumab is used as  fi rst line therapy. 
Responses to alemtuzumab are still transient and 
further disease progression is inevitable. 
Furthermore, patients may down-regulate expres-
sion of CD52 at relapse making treatment with 
alemtuzumab ineffective. Hence, all patients who 
achieve a response to therapy should be consid-
ered for consolidation with a haematopoietic 
stem cell transplant (HSCT) to prolong disease-
free and overall survival. 

 In a recent study 22 patients with T-PLL 
received a HSCT in  fi rst complete response, in 
second complete response or with a good partial 
response (PR) following alemtuzumab therapy. 
Thirteen were consolidated with an autologous 
HSCT and nine with an allogeneic HSCT ( fi ve 
sibling and four unrelated donor)  [  46  ] . In the 
patients who were autografted, 38% remain alive 
with median disease-free survival of 20 months 

(range 8–78 months). Of the nine patients who 
had an allograft, four had full intensity condition-
ing and  fi ve reduced intensity conditioning. Fifty-
six percent remain alive, one patient in continued 
CR 7 years post-SCT. Two patients died from 
transplant-related mortality (TRM) and both had 
received full intensity conditioning. Two patients 
relapsed. These results demonstrate that autolo-
gous HSCT can increase disease-free survival, 
but two thirds of patients still relapse. While allo-
geneic HSCT is an attractive option, TRM with 
full intensity conditioning is high. There are other 
case reports of successful outcome with reduced 
intensity conditioning  [  47,   48  ] , and this is a strat-
egy which merits further study. 

 Treatment regimens in the future are likely to 
be based on intravenous alemtuzumab with the 
addition of purine analogues such as pentostatin, 
gemcitabine or nelarabine. The role of new agents 
like bortezomib and pralatrexate will also need to 
be explored. Better understanding of the molecu-
lar pathogenesis may also lead to the introduction 
of new therapeutic approaches targeting speci fi c 
pathways such as Akt activation, ATM mutations 
(PARP inhibitors) and telomerase, all of which 
may be active in T-PLL.   

   T-Cell Large Granular Lymphocyte 
Leukaemia 

   Introduction 

 The term T-LGL was coined by Loughran in 1993 
 [  49  ]  to describe this clonal proliferation of 
mature, post-thymic T-cells. LGLs make up 
10–15% of the total peripheral blood mononu-
clear cell count in normal adults  [  50  ] . The major-
ity of these cells are of the CD3-natural killer 
(NK) lineage, with the minority of the CD3+ 
T-cell lineage (15%). T-cell LGLs are post-thy-
mic, antigen-primed cytotoxic CD8+ T lympho-
cytes and NK-cell LGLs belong to the innate 
immune system with the capability of non-major 
histocompatibility complex (MHC)–restricted 
cytotoxicity  [  51  ] . LGL proliferations are clonally 
derived from either CD3−/CD56+ or CD3/CD8+ 
LGLs and are designated natural killer LGL leu-
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kaemia or T-cell LGL leukaemia, respectively. 
The WHO classi fi es NK-LGL leukaemia within 
the spectrum of NK cell disorders, which are 
covered elsewhere in the text. This chapter will 
therefore focus on T-LGL leukaemia, which 
makes up approximately 85% of cases of LGL 
leukaemias. 

 In contrast to the other T-cell disorders, T-LGL 
leukaemia is generally an indolent condition with 
a median survival in excess of 10 years. The aeti-
ology is not fully understood, but there is a strong 
association with autoimmune disorders, suggest-
ing a common immunogenetic pathogenesis. The 
most common presenting features are cytope-
nias, characteristically neutropenia which may 
manifest as increased susceptibility to and sever-
ity of infection. There is no genetic hallmark of 
T-cell LGL and diagnosis relies on morphology, 
characteristic cell surface markers and demon-
stration of clonality. Treatment modalities are 
predominantly immunosuppressive in nature and 
are only indicated for symptomatic patients. 
Table  9.3  summarises the key features of T-LGL 
leukaemia.   

   Pathogenesis 

 The aetiology of T-LGL leukaemia is not clear. 
There is a strong association with autoimmune 
disorders suggesting a common immunogenetic 
pathogenesis. A polyclonal immune response 
with chronic activation of T-cells by an auto-
reactive or viral antigen is believed to be the ini-
tial stimulus to expansion of LGLs  [  52–  54  ] . It is 
not clear whether a second molecular event is 
necessary to establish the neoplastic phenotype. 
There has been much debate in the literature as to 
whether T-LGL leukaemia represents a neoplas-
tic or reactive condition; however, the demon-
stration of clonality supports a neoplastic 
proliferation. It has been suggested, however, that 
T-cell LGL leukaemia could represent an autoim-
mune disorder caused by chronic antigenic stim-
ulation leading to extreme expansion of only one 
clone of CD8+ cytotoxic T-cells  [  54,   55  ] . There 
have been several reports of detection of HTLV-1 
antibodies in cases of T-LGL leukaemia  [  56,   57  ] , 

but in contrast to ATLL, these represent just a 
few cases and there is no universal association. 
Recent studies have demonstrated involvement 
of hCMV in the ontogeny of CD4+ T-LGL leu-
kaemia, and it has been suggested that it could be 
the antigenic stimulus responsible for the initia-
tion and maintenance of the disease  [  58  ] . There is 
no evidence that any other virus is involved in the 
pathogenesis of T-LGL leukaemia. Rare cases of 
T-LGL have been reported as a form of lymphop-
roliferative disorder after autologous or allogeneic 
transplant  [  59,   60  ] , which must be distinguished 
from the oligoclonal T-cell populations frequently 
present in transplant patients at the point of lym-
phocyte reconstitution  [  61  ] . Clonal T-LGL popu-
lations have also been reported in association with 
low grade B-cell dyscrasias such as hairy cell leu-
kaemia, CLL and monoclonal gammopathy of 

   Table 9.3    Key characteristics of T-cell large granular 
lymphocyte leukaemia   

 Characteristic  fi ndings 

 Clinical features  Median age 55–60 years 
 M = F 
 60% symptomatic 
 LGLs in peripheral blood 
2–20 × 10 9  
 Cytopenias, characteristically 
neutropenia. Recurrent 
infection. 
 Strong association with 
autoimmune disorders (e.g. 
rheumatoid arthritis) 

 Morphology  LGLs with abundant cytoplasm 
 Fine or coarse azurophilic 
granules 

 Immunophenotyping  CD3+, TCR- a  b , CD8+, 
CD57+,CD16+ 

 Cytogenetics  Clonal rearrangement of 
TCR- b  chain gene 
 No characteristic cytogenetic 
abnormality 

 Oncogenes  Abnormalities of Fas/
Fas-ligand pathway, dysregu-
lated apoptosis 

 Prognosis  Generally an indolent disorder 
 Median survival >10 years 

 Treatment  Only if symptomatic 
 Immunosuppression—
methotrexate, cyclophosph-
amide, cyclosporine A 
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unknown signi fi cance  [  62–  64  ] . These do not 
usually progress to clinically signi fi cant disease 
and appear to represent a type of host response. 
The co-association of B-cell pathology with 
T-LGL leukaemia suggests that either a common 
antigen drives clonal B- and T-cells, or that 
humoral malignancy could serve as the stimulus 
for lymphocyte expansion representing an overac-
tive anti-tumour surveillance  [  64  ]  .  

 Dysregulation of several intracellular signalling 
pathways may account for the inherent resistance 
to apoptosis of LGL cells in vitro  [  65  ]  including 
Fas/Fas ligand  [  66,   67  ] , phosphatidylicnositol-3-
kinase  [  68  ]  and mitogen-activated protein kinase/
extracellular signal-regulated kinase/Ras  [  69  ] . The 
degree of cytopenias (most commonly neutrope-
nia) is usually out of proportion to the level of bone 
marrow in fi ltration, supporting an immune compo-
nent to the pathogenesis. Possible mechanisms for 
neutropenia include deregulated Fas/Fas ligand 
induced apoptosis of myeloid cells, immune com-
plex or antibody mediated neutrophil destruction, 
hypersplenism or direct inhibition of myeloid 
maturation  [  51,   70,   71  ]  .   

   Clinical Features 

 In contrast to the other T-cell leukaemias, T-cell 
large granulocyte leukaemia is a relatively indo-
lent condition, with a median survival in excess 
of 10 years  [  51  ] . It is a rare disorder, accounting 
for 2–3% of cases of small lymphocytic leukae-
mia  [  1  ] . The median age at diagnosis is 
55–60 years, but cases are reported in all age 
groups  [  72,   73  ]  and there is no reported gender 
predilection or geographical distribution. The 
total lymphocyte count is normal or slightly 
raised, usually under 15 × 10 9 /l, and the majority 
are LGLs. Traditionally, an increase in peripheral 
blood LGLs to greater than 2 × 10 9 /l for more 
than 6 months was required to make the diagno-
sis of LGL leukaemia. However, these criteria are 
not strictly necessary if T-cell clonality can be 
demonstrated. Sixty percent of patients are symp-
tomatic at presentation  [  74  ]  and the most common 
presenting feature is neutropenia, which is manifest 
in the form of increased frequency and severity of 

infection and oral ulceration. Opportunistic 
infections are uncommon. At diagnosis 85% of 
patients are neutropenic of whom 50% are within 
the severe range (<0.5 × 10 9 /l)  [  73  ] . Anaemia and 
thrombocytopenia are present in 50% and 20%, 
respectively  [  73  ] . Severe anaemia due to red cell 
hypoplasia has been reported in the context of 
T-LGL  [  75  ] . B symptoms are present in 20–40% 
of patients  [  51  ] . Lymphadenopathy is very rare 
but mild-to-moderate splenomegaly and hepato-
megaly are found in 20–50% and 10–20% of 
patients, respectively  [  51  ] . 

 There is a strong association with autoim-
mune disorders, most commonly rheumatoid 
arthritis, which co-exists in up to 30% of patients 
with T-LGL leukaemia  [  70  ] . Systemic lupus ery-
thematosus, Hashimoto’s thyroiditis, immune-
mediated cytopenias and pulmonary artery 
hypertension have also been described in patients 
with T-LGL leukaemia  [  49,   76,   77  ] . A polyclonal 
autoimmune response may represent the initiat-
ing element and explain this association and 
hypergammaglobulinaemia is common. Based 
on the tissue in fi ltration in the bone marrow 
and spleen as well as demonstration of clonality 
and the occasional  fi nding of non-recurring cyto-
genetic abnormalities, T-LGL leukaemia has 
been classi fi ed as a leukaemia rather than a reac-
tive condition  [  78  ] .  

   Morphology and Histopathology 

 There is a peripheral blood lymphocytosis due to 
an increased number of LGLs beyond the 10–15% 
of total peripheral blood mononuclear cells that 
LGLs account for in normal adults. Neoplastic 
cells are similar to normal LGLs; medium to 
large cells with eccentrically placed nuclei, mod-
erately condensed chromatin and abundant, 
weakly basophilic cytoplasm with coarse azuro-
philic granules  [  1  ]  (Fig.  9.3 ). The granules often 
exhibit a characteristic ultrastructural appearance 
described as parallel tubular arrays and contain a 
number of proteins such as perforin and gran-
zyme B that play a role in the cytotoxic function 
of these lymphocytes  [  79  ] . Macrocytosis can 
sometimes be a feature but smear cells are rare.  
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 Tissue histology is rarely essential for diagno-
sis. The bone marrow shows a variable, often low 
level, in fi ltrate by cells of similar morphology to 
those in the peripheral blood. The degree of 
cytopenias (most commonly neutropenia) is usu-
ally out of proportion to the level of bone marrow 
in fi ltration, supporting an immune component to 
the pathogenesis. In patients with severe neutrope-
nia, there is often a picture of maturation block at 
the myelocyte stage, with mature granulocytic 
cells poorly represented. It is usual for there to be 
a normal number of megakaryocytes even in cases 
with signi fi cant thrombocytopenia. Cases with 
marked anaemia often show either a lack of matur-
ing erythroblasts or megaloblastic erythropoiesis. 
Histologically, the pattern of in fi ltration may be 
interstitial, random focal, diffuse or nodular  [  80  ] . 
Nodules with non-clonal B-cell centres surrounded 
by CD4+ cells, with interstitial CD8+ cells, are a 
characteristic  fi nding in T-LGL  [  81  ] . Care must be 
taken to examine the cell morphology to distin-
guish T-LGL from the low-grade B-cell lymphop-
roliferative disorders. The in fi ltrates are composed 
of small to medium lymphocytes, the nuclei of 
which have irregular contours, condensed nuclear 
chromatin and inconspicuous nucleoli  [  80  ]  .  The 
granules are not visible on the thin rim of cyto-
plasm. An association with trilineage dysplasia 
has been noted in a signi fi cant minority of patients 
 [  82  ] . Diffuse in fi ltration of red splenic pulp with 
preservation of sinuses and white pulp cords is 
characteristic of T-cell LGL leukaemia.  

   Immunophenotype 

 Neoplastic proliferations of LGLs are classi fi ed as 
T-cell or NK-cell according to their expression of 
T-cell markers such as CD3. T-LGL leukaemias 
have a mature T-cell phenotype and usually 
express surface CD3, CD8, CD16 and CD57, 
whereas NK-LGL leukaemias express CD2 and 
cytoplasmic but not surface CD3 and are variably 
positive for CD16, CD56 and CD57  [  83  ] . CD57 is 
a 110-kDa glycoprotein found on NK cells and 
activated, effector CD8+ T-cells and is a charac-
teristic marker for LGL leukaemia  [  51  ] . TIA-1 is 
also usually expressed. T-cell activation markers 
such as HLA-DR determinants and CD38 are 
expressed in a variable number of cases. Most 
cases of T-LGL leukaemia involve CD8+ cyto-
toxic T-cells; however, rarer incidences of CD4+ 
CD8−, CD4+ CD8+ and even CD4− CD8− dis-
ease are reported  [  50,   84  ] . Abnormally diminished 
or lost expression of CD5 and/or CD7 is common 
 [  85,   86  ] . The most common immunophenotype is 
therefore CD3+, TCR- a  b , CD8+, CD57+ and 
CD16+. Expression of the CD94/NKG2 and KIR 
families of NK-associated MHC-class I receptors 
can be detected in 50% or more of cases of T-LGL 
leukaemias  [  1  ] . All KIR positive cases expressed 
a single KIR isoform  [  86  ]  and this  fi nding can 
serve as a surrogate marker of clonality.  

   Molecular Features 

 The diagnosis of T-LGL leukaemia requires dem-
onstration of clonality of the expanded LGL pop-
ulation by TCR gene rearrangement studies to 
distinguish the neoplastic proliferation from a 
reactive lymphocytosis  [  87  ] . This can be achieved 
using southern blot and/or PCR studies using 
primers speci fi c to the variable regions of the 
TCR- b  or - g  chain genes or by  fl ow cytometry 
using monoclonal antibodies against the variable 
regions of the TCR- b  or - g  chain. The majority of 
cases have TCR- b  chain gene rearrangement. 
Only in a minority the TCR- b  is in germline 
con fi guration and there is rearrangement of the 
TCR- g  chain gene  [  88  ] . There is no characteristic 
chromosomal abnormality detected in patients 
with T-LGL leukaemia and the majority will have 

  Fig. 9.3    Typical peripheral blood morphology in T-LGL 
Leukaemia showing large lymphoid cells with eccentric 
nucleus and abundant pale cytoplasm containing coarse 
azurophilic granules       
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normal cytogenetics. In those patients (<10%) 
with chromosomal abnormalities, inversion of 
12p and 14q, deletion of 5q and trisomy 3, 8 and 
14 have been reported  [  89–  91  ] . T-LGL leukae-
mia cells constitutively express Fas (CD95) and 
Fas-ligand, which is found at high levels in the 
patient’s sera  [  92  ] . Activated cytotoxic T-cells 
are usually eliminated by Fas-mediated apopto-
sis. However, a defective CD95 apoptotic path-
way confers resistance to the leukaemia cells 
 [  74  ] . The serum level of Fas-ligand has been 
shown to be a marker of disease activity and to 
fall on successful treatment  [  93  ] .  

   Differential Diagnosis 

 The diagnosis is made by a combination of mor-
phological examination and the demonstration of 
T-cell clonality in the context of a characteristic 
immunophenotype: CD3, CD8, CD16 and CD57 
positivity. Morphology and membrane markers 
distinguish T-LGL leukaemia from other B- and 
T-cell disorders. Cases morphologically resem-
bling T-LGL leukaemia but with an NK immuno-
phenotype are classi fi ed with the NK disorders. 
There is no agreement on the level of lymphocy-
tosis required for the diagnosis of T-LGL  [  84  ] , 
but a reactive lymphocytosis often has a value of 
<5 × 10 9  and T-LGL leukaemia >5×10 9 . However, 
values of LGLs greater than 2 × 10 9  are consistent 
with this diagnosis  [  1  ] . Traditionally, the LGL 
lymphocytosis should be present for at least 
6 months in order to make the diagnosis, but this 
criterion takes on a lesser importance with the 
advent of TCR rearrangement studies and the 
ability to demonstrate clonality. Reactive causes 
of LGL lymphocytosis such as following sple-
nectomy or viral infection can be distinguished 
by the germline con fi guration of the TCR chain 
genes.  

   Prognostic Factors 

 The uniformity of clinical, morphological and 
laboratory features contrasts with phenotypic, 
functional and genotypic heterogeneity and hence 

clinical course for an individual is dif fi cult to 
predict. The overall prognosis is good with a 
median survival in excess of 10 years  [  51  ] . The 
clinical course of T-LGL leukaemia is often sta-
ble or slowly progressive and the cause of death 
is most frequently infection and rarely progres-
sive disease. Spontaneous remissions have been 
reported  [  94  ] . Transformation of T-LGL to high-
grade large T-cell lymphomas has been reported 
in a minority of cases  [  95  ] . Rare cases of an 
aggressive CD56+ variant of T-LGL leukaemia 
have been described  [  96  ] , but are not classi fi ed 
separately by the WHO. The expression of CD26, 
a surface glycoprotein with an essential role in 
T-cell function, including being a marker of T-cell 
activation and a mediator of T-cell activating sig-
nals, has also been associated with a more aggres-
sive disease course  [  97  ] . There is no data 
regarding disease features which are predictive of 
a response to any particular treatment modality 
other than HLA DR4 positivity, which is highly 
predictive of response to Ciclosporin A  [  98  ] .  

   Treatment 

 T-LGL leukaemia is an indolent disorder and is 
usually managed with immunosuppressive 
medications at doses similar to those used in 
the treatment of autoimmune disorders  [  78  ] . 
Approximately 60–70% of patients will require 
treatment at some point during the course of their 
illness  [  99  ] . The main indication for treatment is 
neutropenia leading to recurrent infection, with 
other indications including symptomatic anaemia 
or thrombocytopenia, massive splenomegaly and 
systemic features. Symptomatic improvement 
may occur despite failure to normalise neutrophil 
counts and cytopenias may improve without 
eradication of the malignant clone  [  51,   98,   100  ] . 
Therefore the aim of treatment, in contrast to 
the other T-cell leukaemias, is primarily to allevi-
ate cytopenias without necessarily eliminating 
the clone. A substantial proportion of patients are 
asymptomatic and should be monitored closely 
but do not require treatment. 

 Because of the rarity of T-cell LGL leukaemia, 
there have been no prospective clinical trials 
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reported and treatment data is derived from 
retrospective case series and single institution 
studies, with no established “gold standard” ther-
apy. First line therapy is usually with single line 
immunosuppressive agents such as low dose 
methotrexate (10 mg/m 2  weekly), cyclophosph-
amide (50–100 mg daily) or cyclosporine 
A (5–10 mg/kg daily) with response rates in the 
order of 50–60%  [  101–  103  ] . There are no ran-
domised controlled trials to compare these agents. 
The onset of response to treatment is generally 
slow, with a median response time reported as 
4 months in a recent study, although one patient 
had a delayed response at 14 months  [  104  ] . Cross 
resistance is absent among these agents which 
have all demonstrated good overall safety, 
ef fi cacy and tolerability in the majority of 
patients. Responses can be sustained with contin-
ued treatment. However, reports of second malig-
nancies ( Error! Bookmark not de fi ned. ), taken in 
conjunction with the intrinsic potential for high 
grade transformation in T-cell LGL leukaemia 
 [  95  ]  ,  raise a note of caution. HLA-DR4 positivity 
has been shown to be highly predictive of respon-
siveness to cyclosporine A  [  98  ] , but there are no 
other data to predict an individual’s response to a 
particular agent. In the majority of cases there is 
no correlation between clinical response and 
reduction in the degree of bone marrow in fi ltration 
and number of circulating LGLs, in keeping with 
immunosuppressive or immunomodulatory rather 
than cytotoxic mechanism of action of these 
agents. Accordingly, there is no evidence that 
high dose therapy will bene fi t these patients by 
eradicating the clone. 

 The purine analogues including  fl udarabine, 
cladribine and pentostatin have also demonstrated 
ef fi cacy in T-cell LGL leukaemia  [  38,   105,   106  ]  
and have the advantage of being administered as 
single discrete courses without the need for long-
term maintenance therapy. As such they offer 
potentially attractive alternatives for younger 
symptomatic patients with T-cell LGL leukae-
mia. There are reports of the successful use of 
alemtuzumab in T-LGL  [  107,   108  ] , which has 
been shown to strongly express the CD52 antigen 
 [  109  ] . The use of alemtuzumab would have asso-
ciated increased expense and infective complica-

tions compared to other agents. Other monoclonal 
antibodies including anti-CD2 (Siplizumab, 
MedImmune, Gaitherburg, MD) and the 
humanised MiK-beta-1 monoclonal antibody 
(anti-CD122—the beta subunit of both inter-
lukin-2 and interleukin-15 receptors) are being 
evaluated in phase I studies for T-LGL leukaemia 
and other T-cell disorders. Both interleukin-2 and 
interleukin-15 are thought to impact on the pro-
liferation, survival and activity of LGLs  [  50, 
  110  ]  .  Though well tolerated, Mik b 1 monoclonal 
antibody treatment for T-cell LGL leukaemia did 
not result in amelioration of cytopenias in any of 
12 patients treated with this agent, despite down-
regulation of surface receptors seen in seven 
patients  [  111  ] . 

 Haematopoietic growth factors are useful pri-
marily in the early weeks to months required to 
see remissions with immunosuppressive thera-
pies and as adjuvants to other treatments. Long-
term steroid therapy should be avoided due to 
adverse effects. It is largely accepted that sple-
nectomy, in the absence of splenic bulk and/or 
immune thrombocytopenia, has little to add to the 
management of T-cell LGL leukaemia and often 
induces a transient response in neutrophil count 
at the expense of increasing lymphocytosis  [  112, 
  113  ] . Haematopoietic stem cell transplantation 
would rarely be indicated in this indolent disor-
der, but both autologous and allogeneic trans-
plants have been undertaken in younger patients 
who are refractory to other therapies  [  114  ] . The 
heavily immunosuppressive conditioning regi-
mens and GVHD prophylaxis regimens may have 
contributed to the responses observed.   

   Conclusion 

 The mature T-cell leukaemias are a rare and 
heterogenous group of post-thymic T-cell lym-
phoproliferative disorders which encompass 
T-PLL, T-LGL and ATLL. Unfortunately, with 
the exception of the more indolent T-LGL, they 
have in common their unresponsiveness to con-
ventional chemotherapy, lack of randomised con-
trolled trials to guide management and poor 
prognosis. New understanding of these diseases 
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on a cellular and molecular level has paved the 
way for targeted therapies which may circumvent 
the treatment challenges for which the diseases in 
this category are renowned. It is crucial that a 
collaborative international approach to trial 
design and the introduction of new therapies is 
undertaken in order to achieve the goal of improv-
ing the outlook for patients diagnosed with these 
rare and aggressive disorders.      
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         Introduction 

 Cutaneous T cell lymphomas (CTCL) are T cell 
non-Hodgkin lymphomas (NHL) with primary 
cutaneous involvement. Mycosis fungoides (MF) 
and Sézary syndrome (SS) are subsets of CTCL 
 [  1  ] . Although MF and SS are uncommon forms 
of NHL, they are the most common lymphomas 
with primary involvement of the skin. The annual 
incidence in the United States is estimated at 0.96 
cases per 100,000 with approximately 3,000 new 
cases per year in the United States  [  2  ] . While MF 
and SS occur in children and young adults, the 
median age at diagnosis is between 55 and 60 
years  [  3  ] . There is 2:1 male predominance, and 
black patients have a twofold greater risk for 
developing MF/SS than white. The diagnosis and 
work-up for MF and SS are outlined in the 
National Comprehensive Cancer Network 
(NCCN) practice guidelines.  

   Clinical Presentation 

 MF is the most common type of CTCL with a 
unique clinical–pathologic presentation. The 
initial cutaneous presentation of MF can be as 
patches or plaques that may subsequently evolve 
into tumors or generalized erythroderma; how-
ever, some patients may present with tumors or 
generalized erythroderma (Fig.  10.1 ). The most 
common initial cutaneous presentation is patch 
and plaque disease with approximately 30% of 
patients presenting with limited patch and plaque 
disease (less than 10% of the skin surface 
involved) and 35–40% with generalized patch 
and plaque (greater than or equal to 10% of the 
skin surface involved)  [  4  ] . Patches or plaques in 
MF are often localized, typically affecting 
 fl exural areas and the buttocks (“bathing trunk” 
distribution), although any cutaneous area of the 
body can be involved. The typical patches of 
mycosis fungoides are slightly scaling and mildly 
erythematous. More in fi ltrated lesions evolve 
into palpable plaques. These plaques are ery-
thematous and slightly scaling, with well-de fi ned 
borders. The shape and distribution of lesions are 
variable. Pruritus is the most common symptom 
even in the early phases of the disease and is often 
the problem that prompts a visit to the 
dermatologist.  

 However, the skin involvement can be much 
more extensive with in fi ltrated plaques evolving 
into ulcerating or fungating tumors or general-
ized erythroderma involving the entire skin sur-
face. Fifteen to 20% of patients with MF present 
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with tumorous lesions  [  4  ] . Tumors often become 
infected, and sepsis secondary to infection is 
often the cause of death in individuals so affected. 
Generalized dermal thickening from in fi ltrative 
disease may cause the classic but very unusual 
leonine facies of mycosis fungoides. 

 Another manifestation of skin involvement in 
mycosis fungoides is generalized erythroderma, 
with 15% of patients presenting as such  [  4  ] . The 
erythema may be accompanied by either atro-
phic or licheni fi ed plaques or tumors. In the more 
generalized presentations, keratoderma may 
develop, nails may become dystrophic, and scalp 
involvement can result in alopecia  [  1  ] . These 
patients are almost always intensely symptom-
atic from pruritus and scaling and often have 
lymphadenopathy due to diffuse and severe skin 
involvement. SS is a distinct subtype of CTCL 
which is characterized by the triad of erythro-
derma, lymphadenopathy, and neoplastic T cells 
(or Sézary cells). The presence of all three is not 

required for the diagnosis. However, the pres-
ence of blood involvement is required for the 
de fi nitive diagnosis of this syndrome. Sézary 
cells have the same microscopic appearance and 
immunophenotypic and genotypic characteris-
tics as the cells that in fi ltrate the epidermis. 
Sézary cells in the peripheral blood meet the cri-
teria of signi fi cance either by morphology,  fl ow 
cytometry, or molecular analysis  [  5,   6  ] . For a 
de fi nitive diagnosis, Sézary cells should number 
at least 1,000 per mm3  [  3,   5  ] . Additional ancil-
lary tests, which help to de fi ne the diagnosis, 
include an expanded peripheral blood CD4 +  pop-
ulation with increased ratio of CD4 to CD8 T 
lymphocytes (greater than 10:1), expanded pop-
ulations of abnormal T-cells with CD4 + /CD7 −  or 
CD4 + /CD26 −  phenotype, and molecular evidence 
of a relevant T-cell receptor gene rearrangement 
in the peripheral blood  [  5  ] . Patients may present 
initially with all components of SS or with only 
one component, e.g., generalized erythroderma, 

  Fig. 10.1    Clinical manifestations of mycosis fungoides. ( a ) Patch stage disease. ( b ) Cutaneous plaques and patches. 
( c ) Tumor stage disease. ( d ) Erythroderma       
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and subsequently progress to develop other clini-
cal features of SS  [  7  ] . Patients with SS have a 
worse prognosis than erythrodermic patients 
with mycosis fungoides who do not have the 
other  fi ndings of the SS  [  7  ] . 

 The median duration from the onset of skin 
symptoms to a diagnosis of mycosis fungoides 
may be 5 years or longer  [  8  ] . In many patients, the 
disease presents initially in a premycotic phase 
with nonspeci fi c, slightly scaling skin lesions that 
wax and wane over a period of years. Biopsies are 
generally nondiagnostic during this phase of dis-
ease, and patients may respond to treatment with 
topical corticosteroids. Clinically and histologi-
cally, the patients may be confused with a non-
speci fi c dermatitis. Some of these patients will 
experience an evolution of their disease and 
develop more typical patches or in fi ltrated 
plaques, from which a de fi nitive diagnostic biopsy 
may be obtained. Repeated biopsies must be 
obtained from patients suspected of having myco-
sis fungoides, even when an initial biopsy is nega-
tive. In addition, ancillary tests such as 
immunohistochemistry and T-cell receptor gene 
rearrangements may be helpful (Fig.  10.1 ).  

   Pathogenesis, Histology, 
Immunophenotype, 
and Molecular Diagnosis 

 The etiology of MF and SS remains undeter-
mined. Various studies and case reports have sug-
gested an association with genetic factors, 
environmental exposure, or an infectious etiol-
ogy, but none has con fi rmed a causal association. 
The immunopathogenesis has been a focus of 
much research in the last decade. The malignant 
lymphocytes in mycosis fungoides are CD4 +  
T cells that express the skin-homing receptors 
CLA and CCR4. The malignant cells are associ-
ated with increased T helper type 2 and reduced 
T helper type 1 cytokine production  [  9  ] . However, 
whether cytokine abnormalities are primarily 
involved or are secondary processes in the patho-
genesis is unclear. The trigger of T cell activation 
and subsequent clonal expansion of the malignant 
T cells in the skin remains unclear. 

 Genetic aberrations that contribute to the 
development and progression of mycosis fungoi-
des or SS are becoming better elucidated. 
Cytogenetic studies have yet to disclose a consis-
tent chromosomal change in all patients with 
mycosis fungoides, but alterations to 10q, includ-
ing loss of heterozygosity and microsatellite 
instability, are reported  [  10  ] . These may result in 
the loss of function of a tumor suppressor gene 
(or genes) found in this region, such as PTEN. 
Other studies have found evidence that 
p16(INK4a), a tumor suppressor gene located on 
9p, may be selectively inactivated with progres-
sion of mycosis fungoides from patch to tumor 
stage  [  11  ] . Recurrent chromosomal or genetic 
abnormalities have been reported in SS. In par-
ticular, utilizing high-resolution array-based 
comparative genomic hybridization, the SS 
genome was characterized by gross chromosomal 
instability with highly recurrent gains and losses. 
Prominent among deregulated genes are those 
encoding c-myc, c-myc regulating proteins, 
mediators of myc-induced apoptosis, and IL-2 
signaling pathways components  [  12  ] . Preliminary 
data from transcriptional analysis with oligonu-
cleotide microarrays in mycosis fungoides 
revealed promising clinically relevant gene sig-
natures predictive of survival, disease progres-
sion, and response to therapy  [  13  ] . However, 
further prospective long-term studies are needed 
to validate these early  fi ndings. 

 In patch lesions of mycosis fungoides, there 
is a perivascular or band-like in fi ltrate of small- 
to medium-sized atypical lymphocytes with 
hyperchromatic and convoluted (cerebriform) 
nuclei. The atypical cells exhibit epidermotro-
pism, with individual lymphocytes arranged 
along the dermal–epidermal junction in a single-
 fi le pattern or scattered throughout all layers of 
the epidermis in the absence of spongiosis. There 
may also be small intraepidermal collections of 
neoplastic lymphocytes known as Pautrier’s 
microabscesses (Fig.  10.2a ). Although such col-
lections are virtually pathognomonic of mycosis 
fungoides, in early patch-stage lesions, Pautrier’s 
microabscesses may not be present (Fig.  10.2b ). 
As lesions evolve from patches to plaques, the 
density of neoplastic cells within the dermis 
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increases, and the degree of epidermotropism 
becomes more exaggerated. In tumorous lesions, 
the dermal in fi ltrate is very dense, involving the 
full breadth of the dermis, often extending into 
the subcutaneous fat, and epidermotropism tends 
to diminish. Biopsies of patients with erythro-
derma show very similar histology to that of 
patch mycosis fungoides, but the in fi ltrate is typ-
ically more sparse, and the diagnosis is more 
dif fi cult to establish  [  14  ] . Most cases of conven-
tional mycosis fungoides exhibit the following 
immunophenotype: CD2 + , CD3 + , CD4 + , CD8 − , 
CD5 + , CD7 − , CD25 −/+ , CD30 −/+ , and T-cell 
 receptor alpha/beta + . Some cases exhibit a CD8 + /
CD4 −  immunophenotype.  

 Both Southern blot and polymerase chain 
reaction analyses are capable of detecting clon-
ally rearranged T-cell receptor gene sequences 
in clinical material from patients with mycosis 
fungoides. In normal and neoplastic T-cell ontog-
eny, the g region of the T-cell receptor gene is 
rearranged early on, such that most T-cell malig-
nancies have detectable T-cell–receptor g chain 
rearrangements, despite the fact that the alpha/beta 
heterodimer is more often expressed at the cell 
surface. For various practical reasons, polymerase 
chain reaction analysis of the gamma-chain 
region of the T-cell receptor (T-cell receptor 
gamma) has proved more useful than Southern 

blot analysis in the evaluation of T-cell lymphop-
roliferative disorders. Polymerase chain reaction 
of T-cell receptor gamma represents a very useful 
adjunct to the histopathologic diagnosis of 
various cutaneous T-cell malignancies, especially 
early patch-stage mycosis fungoides, and, at 
present, the sensitivity of the assay is approxi-
mately 70%. Beta-chain region of the T-cell 
receptor is also rearranged early on in T-cell 
development. However, the beta-chain region is 
much larger with more possible rearrangements. 
The T-cell receptors rearrangements in both the 
beta region and the gamma region have identical 
sensitivity (64%) and speci fi city (84%) when 
analyzed as individual assays  [  15  ] . It is well 
established that nonneoplastic in fl ammatory der-
matoses can exhibit detectable T-cell receptor 
gene rearrangements. The false-positive rate 
reported in the literature is quite variable, but the 
overall speci fi city is probably approximately 
80–90%  [  16  ] . Recently reported data suggest that 
the false-positive rate becomes lower when tissue 
samples from two anatomically different sites or 
different time points demonstrate presence of 
identical clones  [  17  ] . 

 Involved lymph nodes in mycosis fungoides or 
SS show a range of histologic features. The dis-
ease may cause regional nodes to develop the 
changes of dermatopathic lymphadenitis, with or 

  Fig. 10.2    Histopathologic features of mycosis fungoi-
des. ( a ) Epidermotropism, Pautrier microabscesses, atypi-
cal cells with hyperconvoluted nuclei. ( b ) Epidermotropism, 

spongiosis, no Pautrier’s microabscesses, minimal dermal 
in fi ltrate       
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without scattered individual atypical cerebriform 
lymphocytes (category N

1
). Category N

2
 lymph 

nodes demonstrate dermatopathic lymphadenitis 
with clusters of more than ten cytologically atypi-
cal lymphocytes con fi ned to the paracortex. 
Category N

3
 is reserved for lymph nodes that dem-

onstrate partial or total effacement of lymph node 
architecture by atypical lymphocytes  [  5  ] . Because 
reactive lymph nodes can sometimes exhibit non-
neoplastic lymphocytes with cerebriform nuclei, 
and because the diagnosis of early lymph node 
involvement by mycosis fungoides (i.e., category 
I) can be very dif fi cult on histologic grounds alone, 
molecular methods for demonstrating T-cell clon-
ality are gaining wide acceptance. Recent studies 
even suggest that patients with lymph nodes exhib-
iting rearranged T-cell receptor genes by molecu-
lar methods have a worse prognosis, regardless of 
the histologic grade  [  5  ] .  

   Staging of Mycosis Fungoides/Sézary 
Syndrome 

 Along with a revised clinical staging system for 
patients with mycosis fungoides and SS, a con-
sensus recommendation for staging evaluation 
has been established  [  5  ] . Accurate staging is 
important because therapeutic approaches in MF 
are largely based on the clinical stage of the dis-
ease. The standard clinical staging system for MF 
and SS is based on the extent and type of skin 
involvement (T classi fi cation), the presence of 
lymph node (N classi fi cation) or visceral disease 
(M classi fi cation), and the detection of abnormal 
(Sézary) cells in the peripheral blood (B 
classi fi cation)  [  5  ] . Tables  10.1  and  10.2  summa-
rize the revised TNMB categories and staging 
classi fi cation.   

 Many patients with mycosis fungoides have 
only cutaneous disease. Only 15–20% of patients 
with mycosis fungoides develop clinical prob-
lems related to extracutaneous disease. The most 
commonly identi fi ed site of extracutaneous dis-
ease is the regional lymphatics, usually in areas 
that drain signi fi cant sites of skin involvements 
and the blood compartment. Visceral disease may 
be identi fi ed subsequently. Any visceral site can 

be involved with MF and SS, the most common 
of which are the lungs, bone marrow, gastrointes-
tinal tract, liver, and central nervous system  [  18  ] . 

 The risk of extracutaneous disease tends to 
correlate with the extent and type of skin involve-
ment  [  19,   20  ] . The extent and type of skin 
involvement are de fi ned in the T-classi fi cation in 
the revised staging system  [  5  ] . T1 disease is 
de fi ned as less than 10% of the skin surface 
involved with patches or plaques while T2 dis-
ease is de fi ned as greater than 10% but less than 
80% of the skin surface involved with patches or 
plaques. T3 disease is de fi ned as tumor (nodular) 
disease, and T4 disease is erythroderma with at 
least 80% of the skin surface diffusely involved. 
Extracutaneous involvement at presentation is 
exceedingly rare in patients with T1 disease, 
infrequent in patients with T2 disease (2%), and 
(more) likely in patients with T3 (13%) or T4 
(24%) disease  [  4,   20  ] . Patients who present with 
limited cutaneous involvement (T1) may never 
progress to more advanced T classi fi cation, espe-
cially when appropriate treatment is administered 
 [  19,   21,   22  ] . Although MF may be a systemic dis-
ease from the outset, the clinical behavior is such 
that progression of skin disease precedes onset of 
clinical symptoms at extracutaneous sites. 

 Conventional staging for patients with myco-
sis fungoides includes a comprehensive physical 
examination with careful examination of the skin 
(including the scalp, palms, soles, and perineum) 
and lymph nodes, a complete blood count with 
Sézary cell studies, screening chemistries (includ-
ing lactate dehydrogenase), and chest X-ray. 
Additional imaging studies for patients with T1 
or T2 skin involvement are not recommended 
unless the patient has very extensive skin disease, 
lymphadenopathy or parameters associated with 
worse clinical outcome, such as folliculotropic 
disease, large cell transformation, or blood 
involvement. However, patients with T3 or T4 
disease are at increased risk for extracutaneous 
involvement, and further imaging, such as a con-
trast-enhanced chest/abdomen/pelvis computed 
tomography (CT) scan or whole body FDG-PET/
CT, is appropriate. The usefulness of added func-
tional information with FDG-PET (positron 
emission tomography) has been demonstrated in 
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mycosis fungoides and SS  [  23  ] . Lymph node 
biopsies should be obtained if lymphadenopathy is 
present. Suspected sites of visceral involvement 

should be con fi rmed by appropriate biopsy. Bone 
marrow involvement may often be detected in 
patients who meet the clinical criteria for SS but 
is extremely uncommon in classic mycosis fun-
goides  [  24  ] . Therefore, a bone marrow biopsy is 
not routinely used as part of the initial staging. 

 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 
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  [  5  ] . The revision also further 
speci fi ed histopathologic grading systems for 
lymph nodes. 

   Table 10.1    TNMB classi fi cation and Staging of mycosis fungoides/Sézary syndrome according to ISCL/EORTC   

 TNMB stages  Description 

 Skin (T) 
 T1  Limited patches, papules, plaques covering <10% of the skin surface 
 T2  Patches, papules, plaques covering ³10% of the skin surface 
 T3  One or more tumors 
 T4  Con fl uent erythema covering >80% BSA 

 Node (N) 
 N0  No abnormal nodes; biopsy not required 
 N1  Abnormal lymph nodes; histopathology Dutch grade I or NCI LN0-2 

 N1a  Clone negative 
 N1b  Clone positive 

 N2  Abnormal lymph nodes; histopathology Dutch grade 2 or NCI LN3 
 N2a  Clone negative 
 N2b  Clone positive 

 N3  Abnormal lymph nodes; histopathology Dutch grades 3–4 or NCI LN4; clone positive or negative 
 Nx  Abnormal lymph nodes; no histologic con fi rmation 

 Visceral (M) 
 M0  No visceral organ involvement 
 M1  Visceral involvement (must have pathology con fi rmation and organ involved should be speci fi ed) 

 Blood (B) 
 B0  Absence of signi fi cant blood involvement: <5% of peripheral blood lymphocytes are atypical 

(Sézary cells) 
 B0a  Clone negative 
 B0b  Clone positive 

 B1  Low blood tumor burden: >5% of peripheral blood lymphocytes are atypical (Sézary cells) but do 
not meet the criteria of B2 

 B1a  Clone negative 
 B1b  Clone positive 

 B2  High blood tumor burden: >1,000/ m L Sézary cells on ³ 407.CD4+/CD7- or ³ 307.CD4+ /CD26- 
cells with positive clone 

   Table 10.2    Clinical Staging of mycosis fungoides/
Sézary syndrome according to ISCL/EORTC   

 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 
 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 
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 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  [  5  ] .  

   Prognostic Factors 

 The T classi fi cation and presence of extracutane-
ous disease are the most important predictors of 
survival in patients with mycosis fungoides  [  4,   25  ] . 
Among patients with T4 disease (erythroderma), 
age older than 60 years, peripheral blood involve-
ment, and extracutaneous disease are indepen-
dent adverse predictive factors for survival  [  26  ] . 
Other worse prognostic factors include folliculo-
tropic or large cell transformed disease  [  22,   27  ] . 
Mycosis fungoides may be associated with folli-
cular involvement with or without mucin deposit. 
In these cases, involvement of the hair follicles is 
clinically prominent, and biopsy shows a heavy 
in fi ltration of the hair follicle epithelium by atyp-
ical cerebriform lymphocytes with sparing of the 
interfollicular epidermis  [  7  ] . 

 Histologically, transformation to large-cell 
lymphoma is de fi ned on the basis of either an 
in fi ltrate of large atypical lymphocytes that com-
prise greater than 25% of the dermal in fi ltrate, or 
nodular expansile aggregates of atypical large 
lymphocytes  [  28,   29  ] . This large cell transforma-
tion is associated with worse clinical outcome 
 [  27  ] . In the majority of cases, increased mitotic 
activity is readily observed, and the Ki-67 prolif-
eration rate by immunohistochemistry is greater 
than 25%  [  28  ] . Immunophenotypically, the trans-
formed large lymphocytes can exhibit variable 
loss of one or more T-cell–associated antigens 

such as CD3, CD5, CD4, CD8, CD45RO, or 
CD43. Also, the large cells may express lympho-
cyte activation markers such as CD30 and CD25 
 [  28  ] . In some cases, there are intermixed aggre-
gates of small, medium, or large-sized B lympho-
cytes, which are presumably reactive and should 
not be erroneously interpreted as a secondary 
B-cell lymphoproliferative disorder  [  28  ] . When 
CD30 expression is prominent among the trans-
formed large lymphocytes, CD30 +  lymphoprolif-
erative disorders (especially CD30 +  anaplastic 
large-cell lymphoma) must be considered in the 
differential diagnosis. Histologic  fi ndings that 
favor a diagnosis of transformed mycosis fungoi-
des include an accompanying in fi ltrate of smaller-
sized lymphocytes that exhibit epidermotropism 
(as seen in earlier-stage mycosis fungoides 
lesions), epidermotropism by CD30 +  lympho-
cytes (which is usually not a feature of anaplastic 
large-cell lymphoma), and a relatively low per-
centage of CD30 +  lymphocytes (as compared to 
cases of anaplastic large-cell lymphoma in which 
CD30 +  large lymphocytes are greater than 75%). 
In many cases, correlation with the clinical 
 fi ndings is essential for a de fi nitive diagnosis.  

   General Principles of Therapy 

 While there are multiple therapeutic options for 
MF and SS, there is a lack of well-designed, pro-
spective, controlled clinical trials comparing the 
ef fi cacy and safety of various therapies. Many 
studies use skin response as the primary endpoint 
only while others used composite or global 
responses as the primary endpoint. As a result, 
caution is needed when interpreting ef fi cacy data 
such as duration of response and time to response. 
The most important factor in designing a treat-
ment plan is the clinical stage (Figs.  10.3 ,  10.4 , 
 10.5 ,  10.6 ,  10.7 , and  10.8 ). Selection of a speci fi c 
treatment plan is based on the clinical stage, addi-
tional prognostic factors (e.g., folliculotropism or 
large cell transformation), toxicities associated 
with the treatment options, the patient’s age, and 
other social and medical problems. The NCCN 
as well as the European Organisation for the 
Research and Treatment of Cancer (EORTC) 
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 outline the treatment guidelines for MF and SS 
according to stage of disease  [  30  ] . In considering 
all possible therapeutic options for a given stage 
of disease, retrospective cohort as well prospec-
tive studies were reviewed. Subsequently, the 
studies were evaluated using the U.S. Preventive 
Services Task Force: Hierarchy of Evidence  [  31  ] .       

 In general, the treatment options in MF/SS are 
categorized into skin-directed treatments, systemic 
biologic/non-cytotoxic therapies, and systemic 
cytotoxic chemotherapies. For patients with T1 
and T2 disease without extracutaneous involve-

ment, stages IA–IIA, the primary treatment plan 
will usually be limited to skin-directed therapies. 
However, if these fail or there is histologic evi-
dence of either large cell transformation or folli-
culotropism, a more intensive regimen is usually 
indicated. With respect to tumor disease, stage 
IIB, the treatment plan depends on the extent of 
the tumor lesions. If the tumor lesions are few in 
number, the skin-directed treatment options for 
stage IA-IIA are indicated, and the tumor lesions 
should be treated with local radiation. In cases 
with extensive tumor involvement, total skin 
electron beam therapy (TSEBT) or systemic ther-
apies are considered. The affected skin in patients 
with erythroderma (T4) is very sensitive and 
may not tolerate skin-directed treatment. Hence, 
primary therapy for patients with erythroderma 
consists of the use of systemic biologic response 
modi fi ers (e.g., photopheresis, and oral retin-
oids/rexinoids, interferons [IFNs]), histone 
deacetylase inhibitors (HDAC-i), denileukin 
diftitox (fusion toxin), or low-dose methotrex-
ate monotherapy or in combination. When bio-
logic therapies fail in patients with refractory 
stage IIB to IV disease, single-agent chemotherapy 
such as gemcitabine, liposomal doxorubicin or 
Pralatrexate is considered. 

 Effective supportive care is critical in the man-
agement of patients with T4 disease. Increased 
susceptibility to bacterial and viral infection is a 
considerable source of morbidity and mortality. 
Patients with this type of compromise to the skin 
barrier should have diligent surveillance for skin 
infections, especially  Staphylococcus aureus  and 
herpes simplex virus. There is a low threshold for 
beginning systemic and skin-directed antibacte-
rial agents with the appropriate susceptibilities. 

 Mycosis Fungoides and SS are associated with 
severe pruritus, which can be a serious detriment to 
patient quality of life. The measurement of this 
very subjective symptom is important to assess 
improvements in itching. It is important to attempt 
to quantify the severity of pruritus using a tool such 
as a visual analog scale. The Visual Analog Scale is 
a line with the numbers one (representing minimal 
itch) through ten (representing the worst itch), and 
it is the most common assessment tool utilized in 
the assessment of pruritus in clinical trials. However, 

  Fig. 10.3    Diagnosis of MF       

  Fig. 10.4    Therapy schematic for mycosis fungoides, IA       
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a more rigorous validated tool is needed for clinical 
trials. The effective symptomatic treatment of 
pruritus is of utmost importance, especially in SS. 
Most often, occlusive medium potency topical 

steroids and oral anti-itch measures such as gabap-
entin and mirtazapine are used  [  32  ] . 

 Combination chemotherapy is generally 
reserved for patients with refractory lymph node 

  Fig. 10.5    Therapy schematic for mycosis fungoides, IB-IIA       

  Fig. 10.6    Therapy schematic for mycosis fungoides, IIB       
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  Fig. 10.7    Therapy schematic for mycosis fungoides, III       

  Fig. 10.8    Therapy schematic for mycosis fungoides, IV       
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or visceral (solid organ) disease. Patients with 
advanced disease in whom primary treatment 
fails are candidates for potential allogeneic stem 
cell transplantation. There is no evidence that 
early aggressive systemic therapy is better than 
conservative therapy in the management of lim-
ited disease. There is a de fi nite need for more 
reliably effective therapies, especially in advanced 
cases of the disease. As a result, participation in 
clinical trials is critical for patients with advanced 
disease who have failed primary systemic thera-
pies. It is important to consider allogenic stem 
cell transplant in patients with advanced disease 
as this may offer a long-lasting remission or pos-
sible cure. 

   Skin-Directed Therapies 

 Despite advances in treatment for MF and SS, 
traditional skin-directed therapies are still used as 
the primary therapeutic modality in the majority 
of patients with stage I–IIA disease. In patients 
where initial skin-directed therapy has failed or 
in those with severely symptomatic disease, skin-
directed therapies can be combined with systemic 
treatments, or the patients may be referred for 
experimental therapy. 

   Topical Corticosteroid Therapy 
 Topical steroids can be used either as primary 
treatment in patients with limited patch or thin 
plaque disease, or they can be combined with 
other skin-directed treatments for added symp-
tomatic control. The rationale for use of corticos-
teroids in MF is that they inhibit lymphocyte 
binding to endothelium and intercellular adhe-
sion  [  33  ] . In addition, they also induce apoptosis 
of neoplastic lymphoid cells  [  34  ] . 

 For patients with very limited skin involve-
ment, topical corticosteroids can be a very cost-
effective option for disease control. Application 
of topical steroids as treatment is generally per-
formed once to twice a day to affected areas  [  35  ] . 
The percentage of complete clearance in patients 
with T1 disease is 63% and in T2 disease is 25% 
 [  35  ] . However, all patients with complete 
clearance had patch disease only  [  35  ] . The ef fi cacy 

of topical steroids it not diminished over time and 
can be used again in the event of disease relapse. 
The bene fi t is that topical steroids can be used 
again for relapse of disease. However, long-term 
use of topical corticosteroids in any disease may 
lead to epidermal atrophy, striae, dyspigmentation, 
and steroid addiction. In particular clinical mor-
phologic subsets of MF, such as the poikiloderma-
tous MF, it may be dif fi cult to interpret resolution 
of disease when topical steroids are used. In this 
variant, the clinical  fi ndings of telangiectasias and 
atrophy are the same as the side effects induced by 
prolonged use of topical corticosteroids. Hence, 
caution should be used in interpretation of disease 
vs. side effect of therapy.  

   Topical Chemotherapy 
 Topical nitrogen mustard (mechlorethamine 
hydrochloride) is the major form of topical che-
motherapy used for MF and SS  [  36  ] . Topical car-
mustine (BCNU) has also been used  [  37  ] . 

 Nitrogen mustard is the most widely utilized 
topical chemotherapeutic agent for MF because 
of its well-demonstrated ef fi cacy, safety, and ease 
of application. The mechanism of action of nitro-
gen mustard in MF is unclear but may be medi-
ated by immune mechanisms (e.g., immune 
stimulation) or by interaction with the epidermal 
Langerhans cell  [  36  ] . 

 Topical nitrogen mustard preparation is 
applied to the skin once daily as initial therapy. If 
the disease is localized, the application  fi eld may 
be limited to the regional area of involvement or 
to the entire skin surface for those patients with 
generalized skin involvement. The initial concen-
tration used is usually 20 mg%. Other areas of 
disease activity may become evident secondary 
to the in fl ammatory reaction provoked by the 
nitrogen mustard. After a period of several weeks, 
treatment may be limited to the affected region. 
Alternatively, if the disease is initially limited in 
distribution, the nitrogen mustard may be applied 
only to the affected anatomic region or regions, 
with careful follow-up to detect any new areas of 
involvement. Treatment is continued on a daily 
basis until skin clearance is complete. This may 
require 6 months or longer and is then followed 
by a variable duration of maintenance therapy 
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(3–6 months). If response is particularly slow, the 
concentration of the topical nitrogen mustard may 
be increased to 30 or 40 mg%. In addition, the fre-
quency of application may be increased. The 
complete response rate for topical nitrogen mus-
tard for limited patch or plaque (T1) disease is 
70–80%. The median time to skin clearance is 
6–8 months. When treatment is discontinued, 
more than one-half of patients will relapse in the 
skin, but most will respond to a resumption of 
therapy. The proportion of patients treated with 
topical nitrogen mustard who have a durable com-
plete response (longer than 10 years) is 20–25%. 
In patients with a discrete number of refractory 
lesions, treatment may be supplemented with 
local irradiation. Once complete skin clearance is 
achieved with topical nitrogen mustard, a mainte-
nance regimen of some kind is usually instituted, 
but there is no evidence that more prolonged 
maintenance is bene fi cial  [  36,   38,   39  ] . 

 Both acute and chronic complications have 
been associated with topical nitrogen mustard 
therapy. The most frequent acute complication is 
an immediate or delayed cutaneous hypersensi-
tivity reaction. It occurs in less than 10% of 
patients treated with the ointment-based prepara-
tion of nitrogen mustard. However, patients can 
be desensitized with a variety of topical or sys-
temic desensitizing regimens  [  36,   39  ] . 

 Chronic use of topical nitrogen mustard is not 
associated with increased risk of secondary cuta-
neous malignancies  [  36  ] . However, in patients 
who have used topical nitrogen mustard in com-
bination or sequentially with other skin-damag-
ing therapies (e.g., ultraviolet [UV] phototherapy, 
radiation therapy), there is an increased risk for 
non-melanoma skin cancers  [  40,   41  ] . Application 
of nitrogen mustard in the genital areas should be 
strictly avoided since genital application has been 
linked with development of secondary skin 
cancers. Topical Nitrogen Mustard can be used 
safely in pediatric patients, and studies have not 
shown worse adverse effects in children  [  36  ] . 
There is no evidence of signi fi cant systemic 
absorption of the medication. 

 Another topical chemotherapeutic agent that 
has been used for patients with limited disease is 
carmustine (BCNU). The ef fi cacy of topical 

BCNU is similar to topical nitrogen mustard. 
BCNU can be used in solution or ointment form 
 [  37,   38  ] . Similar to nitrogen mustard, it can be 
applied to regional areas for localized disease or 
to the entire skin surface for generalized disease. 
86% of patients with T1 were completely clear 
after a median of 9 weeks of use, while 47% with 
T2 disease were clear after a median of 11.5 
weeks  [  42  ] . Contact should be avoided with the 
eyes or ori fi ces  [  42  ] . There are both cutaneous 
and hematologic side effects. The majority of 
patients experience a degree of erythema accom-
panied by a burning sensation. This tends to 
localize to the intertriginous areas. It usually sub-
sides with the use of topical corticosteroids and 
cool compresses. More severe erythematous reac-
tions can lead to the development of telangiecta-
sias that can persist for several years. Because of 
the systemic absorption of BCNU, the potential 
hematologic complications are greater, and the 
maximum duration of treatment is limited. Five 
percent of patients treating the general body sur-
face had mild leukopenia. Other adverse hemato-
logical side effects have not been observed  [  42  ] . 

 Topical corticosteroids, nitrogen mustard, and 
BCNU are indicated as initial primary therapy for 
patients with stage IA or IB disease. Topical che-
motherapy should be considered as an alternative 
for those patients who are candidates for photo-
therapy but prefer the convenience of home 
application or already have a signi fi cant amount 
of photodamage.  

   Phototherapy 
 Phototherapy involves using UV radiation in the 
form of UVA or UVB wavelengths. It can be used 
alone or in combination with psoralen, a photo-
sensitizing agent. Psoralen used with UVA 
(PUVA) is also referred to as photochemotherapy. 
PUVA therapy is widely used in dermatology for 
various dermatoses such as psoriasis. Psoralens 
intercalate between pyrimidines within DNA 
and, upon exposure to UVA, form photoadducts 
and DNA crosslinks  [  43  ] . This process results in 
cytotoxic, antiproliferative, and immunomodula-
tory effects. The long-wave UVA has an advan-
tage over UVB because of its greater depth of 
penetration. This is useful in that while MF is 
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de fi ned as an epidermotropic process, a consider-
able amount of neoplastic in fi ltrate is still in the 
dermis. 

 PUVA is indicated as primary therapy in gen-
eralized plaque and erythrodermic MF without 
evidence of extracutaneous disease. It is also used 
as palliative therapy in combination with another 
treatment in patients with advanced disease. 
Initially, PUVA treatments are given 2–3 times 
per week, with a minimum of 48 h between treat-
ments to monitor the delayed erythema reaction 
 [  44  ] . The initial dose of UVA and the rate at 
which the dose is increased are generally depen-
dent upon the skin type. Erythrodermic patients 
tend to require very low starting doses with very 
small dose increments. After maximal response, 
the frequency of PUVA treatments is decreased. 

 Both acute and chronic adverse effects have 
been observed with PUVA therapy  [  44  ] . Nausea 
from psoralen ingestion is observed in 10–20% 
of patients and can be managed by ingesting the 
drug with food or milk, or with appropriate anti-
emetics  [  43  ] . Phototoxic reactions can range 
from erythema to the development of bullae. 
Ultraviolet-opaque goggles must be worn dur-
ing the UVA irradiation. Long-term PUVA ther-
apy with high cumulative doses has been linked 
to an increased risk for the development of 
squamous cell carcinomas  [  45,   46  ] , pigmented 
macules  [  47  ] , and cataract formation  [  45  ] . Up to 
one-third of patients treated with PUVA develop 
signs of chronic photodamage and secondary 
cutaneous malignancies. After each PUVA treat-
ment, appropriate photoprotection, including 
application of sunscreens, protective clothing, 
and UV-shielding glasses, should be used for a 
minimum of 24 h. 

 UVB therapy is a widely used alternative to 
PUVA. While broadband has been used, it has 
been supplanted with light limited to the 311 nm 
wavelength known as narrowband UVB 
(NBUVB). The use of NBUVB does not require 
the ingestion of psoralen prior to therapy, which 
is advantageous in patients that have problems 
tolerating the medication. Similar to PUVA, it is 
performed 2–3 times per week with 24 h between 
treatments. NBUVB is considered to have less 
toxicity than broadband UVB or PUVA since the 

penetration of UVB is reduced. The clearance 
rate of NBUVB is T1 and T2 disease is 70–80% 
and is the same with PUVA  [  48  ] .  

   Topical Retinoid and Rexinoid Therapy 
 Retinoids modulate gene expression by activat-
ing nuclear retinoic acid receptors (RARs) and 
retinoid X receptors (RXRs). This leads to altera-
tions in cell differentiation, proliferation, and 
apoptosis  [  49  ] . These properties have prompted 
investigation into their use as antineoplastic 
agents. Broad-spectrum retinoids have an af fi nity 
for RARs but exhibit poor tissue speci fi city and 
low activity. There is a derivative category of 
agents, known as rexinoids, which speci fi cally 
activate the RXR receptors and have a lower 
af fi nity for RAR receptors. A rexinoid agent com-
monly used in MF is bexarotene. Although the 
molecular basis of bexarotene has not been 
clearly elucidated, it has been shown to induce 
apoptosis in CTCL lines  [  50  ] . 

 Bexarotene 1% gel, a rexinoid, is the most com-
monly used topical retinoid for treating MF. The 
medication is typically applied as a thin  fi lm to the 
patches or plaques. It is most effective and best 
tolerated when used twice daily  [  51  ] . The reported 
overall response rate is 63%, with a complete 
response rate of 21%  [  52  ] . Due to the irritant effect 
of the rexinoids, it is only feasible to use this agent 
when there is limited number of patches or plaques. 
It is not intended for generalized application. The 
most common toxicity of bexarotene gel is irrita-
tion at the sites of application and occurs in the 
majority of patients  [  51  ] . The irritation commonly 
occurs in  fl exural areas affected by MF. Because 
of the erythema from the irritant reaction, it may 
be necessary to withhold therapy for a few weeks 
to assess disease activity. 

 Tazarotene 0.1% gel, a RAR agonist, has also 
been evaluated in a pilot study  [  53  ] . The gel was 
applied daily to discrete lesions only. Use of the 
gel to lesions resulted in a 35% clearance rate 
 [  53  ] . Mild to moderate local irritation was the 
most common adverse event in the majority of 
patients (84%). Any associated irritation was 
relieved by decreasing the frequency to every 
other day application or the use of a mid-potency 
steroid  [  53  ] .   
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   Imiquimod 

 Imiquimod is a topical immunomodulator that has 
been approved by the Food and Drug 
Administration (FDA) for the treatment of genital 
warts. The drug is believed to function in part 
through the induction of local IFN production 
 [  54  ] . Because systemic IFN is effective in the 
treatment of MF, it has been hypothesized that 
topical imiquimod might also be effective while 
sparing patients the systemic side effects of IFN 
treatment. An open-label, pilot study used 5% 
imiquimod cream to localized patches and plaques 
of MF. Of the six patients, three had complete his-
tologic clearance  [  55  ] . Imiquimod was generally 
well-tolerated, and skin irritation was limited to 
lesions, which ultimately cleared with treatment. 

   Radiation Therapy 
 Mycosis fungoides is an extremely radiosensitive 
neoplasm. Individual plaques or tumors can be 
treated with local electron beam therapy (EBT) 
to total doses of 12–36 Gy, with a high complete 
response rates. The widespread use of total-skin 
EBT (TSEBT) was facilitated by the develop-
ment of the modern medical linear accelerator. 
TSEBT has been developed to treat patients with 
extensive cutaneous disease  [  56  ] . Radiation is 
administered four times a week to a total dose of 
30–36 Gy. A full “cycle” of treatment is adminis-
tered over a 2-day period. The dose administered 
with each cycle is 1.5–2.0 Gy. Most patients will 
tolerate 2.0 Gy per cycle, but lower doses are 
used for patients with erythroderma, atrophic 
skin, or a previous course of EBT. 

 The treatment course is 8–10 weeks in dura-
tion. During each treatment session, patients 
assume multiple positions to ensure that the entire 
skin surface is irradiated. Supplementary treat-
ment is required for the soles of the feet, perineum, 
and inframammary areas. Also, some patients 
with a discrete number of tumorous lesions will 
receive boost treatment to these tumors at the out-
set of EBT to reduce their thickness and permit 
better penetration by the electrons. The eyes are 
shielded routinely, but other areas may be pro-
tected over the course of the treatment to help 
control localized skin reactions. 

 TSEBT should be considered as initial therapy 
for patients with generalized very thickened 
plaque or tumorous disease, because the effective 
depth of treatment of EBT is more substantial 
than either topical nitrogen mustard or photother-
apy. It is also appropriate palliative therapy for 
patients with a recent history of rapid progression 
of disease and for those patients for whom topical 
nitrogen mustard, bexarotene gel, or photother-
apy was not effective. Although the curative 
potential of this treatment remains disputed, there 
is no doubt that it provides an important pallia-
tive bene fi t, especially for patients with extensive 
disease. Often, when disease recurs, it is in a 
more limited distribution and may be controlled 
more readily with localized topical therapies. 
Generally, after completion of TSEBT, adjuvant 
treatment with topical nitrogen mustard with or 
without systemic adjuvant (e.g., oral bexarotene, 
photopheresis) is indicated and may be continued 
for up to 6–12 months. Several centers have 
developed expertise in the use of TSEBT  [  56  ] . 
Overall response rates are nearly 100%, with 
complete response rates ranging from 40 to 98% 
depending on the extent of skin involvement. As 
many as 50% of patients with limited plaque dis-
ease and 25% of patients with generalized plaque 
disease may remain free of disease for longer 
than 5 years after completion of a single course 
of EBT  [  1,   56,   57  ] . Up to two courses of TSEBT 
may be administered over the course of a life-
time, which can limit its use in long-term man-
agement of the disease  [  58  ] . 

 In patients who have lymph node involvement 
or in some situations of localized visceral disease, 
megavoltage (4–15 MeV) photon irradiation may 
be helpful in providing important additional 
palliation. Doses of 24–36 Gy in 3–4 weeks are 
often suf fi cient to achieve local control of lymph 
nodes or other extracutaneous sites of disease. 
This is often combined with systemic chemother-
apy or biologic therapy (IFN- a  or bexarotene), 
depending on the extent of the extracutaneous 
involvement. 

 Short-term side effects associated with TSEBT 
include acute erythema, desquamation, tempo-
rary nail and hair loss, and an impaired ability to 
perspire properly for up to 12 months. Long term, 
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there is an increased risk of secondary squamous 
cell and basal cell carcinomas of the skin. The 
risk of secondary malignancies is greatest in 
those who have received long courses of therapy 
with other skin-damaging therapies such as 
phototherapy  [  43  ] .    

   Systemic Therapies 

 Systemic therapies are indicated when skin-
directed primary therapies fail or in aggressive or 
advanced MF cases. Patients with signi fi cant 
numbers of circulating Sézary cells should also 
be placed on a systemic therapy as part of their 
treatment regimen. Therapeutic efforts are 
focused on targeted biologic agents that promote 
apoptosis and manipulate the host immune 
response. The combination of either a biologic 
agent with a skin-directed therapy or the combi-
nation of multiple biologic agents results in 
improved disease control by acting in a synergis-
tic manner. Toxicity can also be reduced in com-
bination regimens as lower doses are required for 
each therapeutic modality. 

   Biologic Therapies 

   Extracorporeal Photopheresis 
 Extracorporeal photopheresis (ECP) is consid-
ered  fi rst line therapy for patients with Sézary 
cell blood involvement. ECP delivers psoralen 
and UVA radiation systemically by utilizing an 
extracorporeal technique  [  59  ] . White blood cells 
are collected in a clear container (leukapheresis) 
and exposed to psoralen. The cells are then irradi-
ated with UVA (PUVA). The irradiated cells are 
returned to the patient in a closed system. The 
ECP instrument performs the leukapheresis and 
delivers the UVA. The mechanism of action of 
ECP involves induction of malignant T cell 
apoptosis with PUVA, which is accompanied by 
the enhancement of a tumor-speci fi c immune 
response. ECP also induces monocytes to differ-
entiate into dendritic cells capable of phagocyto-
sing and processing the apoptotic tumor cell 
antigens  [  9,   60  ] . 

 A standard complete ECP regimen for CTCL 
consists of 2 consecutive days of therapy repeated 
at 2–4-week intervals. The frequency of adminis-
tration is adjusted according to disease severity 
and/or clinical response. After a maximal, stable 
response has been achieved, the frequency of treat-
ments is gradually decreased, and then stopped 
completely, unless the disease relapses or  fl ares 
during the weaning process, or when maintenance 
therapy is given. Maintenance therapy is given 
every 4–6 weeks; a repeat attempt at weaning can 
be made at a later time. If an adequate response is 
not attained with ECP monotherapy, or if patients 
have a signi fi cant level of circulating Sézary cells, 
additional biologic agents should be added. These 
can include IFN or systemic retinoid. A minimum 
of 4–6 months of treatment should be given before 
ECP is considered a failure. The overall response 
rate is 70–80%  [  61,   62  ] . 

 An advantage of ECP is its limited side effect 
pro fi le. One of the greatest advantages of ECP is 
that the adverse effects are minimal  [  59  ] . Common 
side effects include mild fatigue associated with 
leukapheresis and  fl uid shifts. Peripheral intrave-
nous access for treatment is preferable to central 
access to minimize complications. There are no 
signi fi cant side effects in terms of laboratory 
parameters. Patients receive psoralen, and need 
to protect their eyes and skin from UV exposure 
for 24 h after treatment. ECP has been shown to 
be most effective in patients with blood involve-
ment, particularly those with SS  [  61,   63  ] .  

   Interferon-Alpha 
 IFN therapy is indicated for refractory or advanced 
disease and is often combined with other skin-
directed or systemic therapies. IFN was originally 
discovered by Isaacs and Lindenmann  [  64  ] . It is a 
protein expressing virus non-speci fi c antiviral 
activity  [  65  ] . Based on antigenic proteins, IFNs 
are divided into three main groups: IFN-alpha, 
IFN-beta, and IFN-gamma. IFN-alpha and beta 
bind to IFN type I receptor while IFN-gamma 
binds to the IFN type II receptor. IFN-alpha prep-
arations are primarily used in the treatment of 
CTCL  [  66  ] . IFN-gamma has been used rarely as 
an alternative in patients who have developed 
resistance to IFN-alpha  [  66  ] . 
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 IFN-alpha induces a variety of immunologic 
effects that may lead to clinical response  [  9  ] . 
It directly enhances cell-mediated cytotoxicity by 
CD8 +  T cells and NK cells which augments the 
antitumor response. It also suppresses TH2 
cytokine production by malignant T cells, which 
can lead to enhanced immunomodulation. 

 IFNs are administered intramuscularly or sub-
cutaneously with a maximum plasma concentra-
tion 6–8 h after administration  [  66  ] . There are 
multiple regimens used. Traditionally, IFN-alpha 
is started at lower doses, such as 1–3 MU three 
times per week subcutaneously and titrated up as 
tolerated. However, because of the numerous 
associated side effects, it is typically not used as 
monotherapy. Rather, it is used in combination 
with ECP, systemic retinoids, methotrexate, and 
phototherapy in an effort to limit side effects. 
When used in combination, it is a  fi rst line ther-
apy for advanced MF and SS. 

 The dosage of IFN-a for mycosis fungoides is 
usually initiated at 3–5 million units daily or three 
times per week and is gradually increased, depend-
ing on the clinical response and the severity of 
adverse effects. Reported overall response rates 
when used as monotherapy are 53–74%, with 
complete response rates of 21–35%  [  67,   68  ] . 

 The adverse effects of IFN can prohibit its use 
in some patient populations such as the elderly. 
The most common side effects include fevers, 
chills, tachycardia, malaise, myalgias, and head-
aches that are part of the general  fl u-like syn-
drome  [  69  ] . The  fl u-like syndrome seems to 
decrease in intensity with time  [  68  ] . However, in 
patients on low-dose intermittent therapy, acet-
aminophen is able to control the symptoms. 
Hematological side effects primarily involve leu-
kocytes, platelets and erythrocytes. Leukopenia 
occurs within hours of exposure, and often stabi-
lizes around 40–60% of the normal leukocyte 
count. The recovery of granulocyte and lympho-
cyte counts is rather rapid after discontinuation of 
IFN therapy  [  69  ] . Prolonged IFN therapy often 
results in normocytic normochromic anemia, 
which in contrast to the IFN-induced leukopenia, 
has a slow recovery. Thrombocytopenia is also 
an observed side effect especially in patients with 
hematological malignancies  [  69  ] .  

   Retinoids 
 Systemic retinoids are indicated primarily in patients 
with advanced disease and can be used as mono-
therapy or as part of combination regimens with 
skin-directed or other biologic therapies. They are 
also used in early stage, refractory disease. 

 The most commonly used systemic retinoid is a 
RXR agonist, bexarotene; however, RAR agonists, 
such as isotretinoin, acitretin, or all- trans  retinoic 
acid, are available as alternative agents  [  70  ] . Much 
of the molecular basis of the mechanism of action 
of bexarotene is unknown. However, it has been 
shown to induce apoptosis in CTCL lines and T 
lymphocytes from Sézary patients  [  50,   71  ] . In 
addition, patients who have responded to bexaro-
tene had higher CD8 +  cell counts after therapy 
 [  72  ] . The initial dose of oral bexarotene is 300 mg/
m 2 /day, which can be adjusted according to the 
clinical response, patients; comorbidity risk, and 
the severity of adverse effects. 

 The reported response rate is approximately 
45–55%, with a 10–20% complete response rate 
depending on the dose of bexarotene and the 
severity of disease  [  52,   73  ] . 

 There is a common toxicity pro fi le for the dif-
ferent forms of retinoids, and many of these adverse 
effects are dose dependent. Most commonly, 
patients experience photosensitivity and dryness of 
the skin and mucous membranes. Other adverse 
effects include myalgia, arthralgia, hyperlipidemic, 
and fatigue, and less commonly, headaches. On 
rare occasions, headaches can be caused by 
pseudotumor cerebri. The well-known teratogenic 
effects of retinoids must be carefully addressed in 
female patients of childbearing age. Potential 
long-term, cumulative toxicity of retinoids includes 
the development of bony changes such as hyper-
ostosis. Bexarotene also has unique effects on the 
pituitary-thyroid axis, which results in hypothy-
roidism with low free thyroxine (FT4) and low 
thyroid-stimulating hormone (TSH) levels. 

 Bexarotene is a selective agonist for RXR 
receptors. The receptors can form homodimers 
and heterodimers with RARs as well as with other 
nuclear receptors such as vitamin D receptors 
and thyroid receptors. Due to the formation of het-
erodimers, the use of bexarotene affects the thyroid 
receptors leading to central hypothyroidism. 



17110 Cutaneous T-Cell Lymphomas

Because of their potential hepatotoxic and hyper-
lipidemic effects, liver function and serum lipid 
levels (triglycerides/cholesterol) should be mon-
itored during treatment. Bexarotene also has 
more profound effects on serum lipid levels, 
especially triglycerides, than any other retinoid. 
Thus, it is conventional to have patients on lipid-
lowering agents and thyroid supplements during 
bexarotene therapy. These are ideally started in 
the week prior to beginning bexarotene therapy. 
Gem fi brizol is contraindicated with bexarotene 
due to increased plasma levels of bexarotene and 
higher triglyceride levels. In addition, several 
patients were known to develop pancreatitis in 
early clinical trials  [  73  ] . The preferred lipid-low-
ering drugs are of the statin or feno fi brate class 
of agents  [  74  ] . Toxicities associated with sys-
temic retinoids are usually reversible upon ces-
sation of therapy. 

 Retinoids can be combined with skin-directed 
such as PUVA or with other systemic agents 
including IFN-alpha, ECP, or denileukin diftitox 
therapy. Combination therapies often have better 
ef fi cacy and safety pro fi les when compared to the 
use of individual biologic agents alone  [  9  ] .  

   Recombinant Fusion Proteins 
 Denileukin di fi tox is a recombinant cytotoxic 
fusion protein that targets the IL-2 receptor on 
T-cells. It is indicated for use in patients with 
advanced, persistent and recurrent MF and SS 
 [  75–  77  ] . This recombinant fusion protein com-
bines the receptor-binding domain of IL-2 with 
diphtheria toxin. Once the molecule is bound to 
the IL-2 receptor, it is taken up by endocytosis, 
and the diphtheria toxin is cleaved. This leads to 
inhibition of protein synthesis and results in kill-
ing of de fi ned neoplastic cell populations  [  78  ] . 

 Denileukin di fi tox is administered intrave-
nously for 5 consecutive days and repeated every 
3 weeks at daily doses of 9 or 18  m g/kg over 1 h. 
Ontak has undergone a multicenter phase III trial 
in patients with IL-2 receptor (CD25 + )-expressing 
mycosis fungoides  [  75  ] . Patients with intermedi-
ate or advanced stages of disease were included 
in the phase III trial. The overall response rate 
was 30%, with complete-response and partial-
response rates of 10% and 20%, respectively. 

Toxicities include fever, chills, nausea, a “capillary 
leak” syndrome, which may be ameliorated by 
pre- and post-treatment hydration, and a hyper-
sensitivity reaction, which can be countered with 
premedication with corticosteroids  [  77,   78  ] . 

 Bexarotene upregulates IL-2 receptors expres-
sion on T-cells. Hence, the use of bexarotene may 
lead to more enhanced binding of denileukin 
di fi tox and greater effectiveness  [  79  ] .  

   Histone Deacetylase Inhibitors 
 HDAC-i are a novel class of agents. HDAC inhi-
bition results in acetylation of histone and non-
histone proteins leading to a transcriptionally 
active chromatin and activation of gene expres-
sion  [  80  ] . Defective histone-acetylation enzymes 
have been identi fi ed in malignant cells  [  81,   82  ] ; 
hence, HDAC-i may have anticancer properties 
through the restoration of normal acetylation. 

 There are two HDAC-i used in advanced, 
refractory, and relapsed MF and SS. The  fi rst is 
vorinostat. It is generally used as monotherapy, 
but it can be used in combination with other skin 
directed and systemic agents. However, there is 
no data for the use of combination therapy involv-
ing HDAC-i, and caution is needed with regards 
to safety and ef fi cacy. Vorinostat is an oral agent 
that is dosed orally at 400 mg daily. The clinical 
ef fi cacy and safety was studied in a multicenter 
trial followed by United States FDA approval for 
the treatment of cutaneous manifestations of 
cutaneous T-cell lymphoma in patients with 
refractory disease  [  83,   84  ] . The overall response 
rate was 30% with no complete responses. 

 The most common side effects are gastrointes-
tinal (nausea, vomiting, diarrhea), constitutional, 
hematologic, and taste disorders  [  83  ] . HDAC-i  
can potentially prolong QTc; thus, any electrolyte 
abnormalities should be corrected to minimize 
complications. This is especially relevant in 
patients with a history of heart disease. Other 
serious side effects to monitor include throm-
boembolic events, gastrointestinal hemorrhage, 
ischemic stroke, and thrombocytopenia  [  83  ] . 

 A second HDAC-i, romidepsin, is FDA-
approved for use in CTCL. It is an intravenous drug 
used which is primarily used as monotherapy. 
It is given on days 1, 8, and 15 of a 28-day cycle at 
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a dose of 14 mg/m 2 . Toxicities are similar to those 
in seen in vorinostat  [  85  ] . The same monitoring 
recommendations are applicable to vorinostat and 
romidepsin. A clinically meaningful response is 
seen in up to one-third of patients. In advanced 
disease, global response rates were higher with 
romidepsin than vorinostat  [  83,   84,   86  ] .  

   Monoclonal Antibody Therapy 
 One of the most effective monoclonal antibodies 
used in the treatment of advanced disease such as 
erythrodermic (T4) MF and SS is alemtuzumab. 
It is reserved for those patients with advanced 
disease in whom other traditional therapies have 
failed. It is a humanized IgG antibody directed 
against CD52  [  78  ] . CD52 is expressed on 
T-lymphocytes, B-lymphocytes, natural killer 
cells, monocyte, and malignant T-cells in CTCL 
 [  87,   88  ] . The mechanism through which alemtu-
zumab exerts its clinical effect is not well known, 
but likely includes apoptosis  [  89  ] , antibody-
dependent cellular cytotoxicity  [  90,   91  ] , and 
complement mediated cell lysis  [  92,   93  ] . 

 In the standard therapeutic schedule used in 
other lymphomas, such as chronic lymphocytic 
leukemia, T-cell prolymphocytic leukemia, and 
peripheral T-cell lymphoma, escalating doses 
from 3 to 10 mg and then to 30 mg are adminis-
tered on alternating days followed by 30 mg 
three times per week for 12 weeks  [  94–  97  ] . 
However, evidence suggests that low dose inter-
mittent alemtuzumab (3 mg on day 1 with 10 mg 
on days administered subcutaneously thereafter), 
has equal ef fi cacy and durable remissions with 
less toxicity  [  98  ] . Alemtuzumab is more 
ef fi cacious in patients with SS. One of the goals 
of therapy is to keep the Sézary cell count 
<1,000 mm 3 . The overall response rate for 
advanced disease is 28% and the duration of 
response is less than 3 months  [  99  ] . 

 Complications of alemtuzumab include seri-
ous infections such as cytomegalovirus, general-
ized herpes simplex virus, fatal fungal and 
mycobacterial infections. Thus, prophylactic reg-
imen of antivirals, antifungals, and antibacterials 
are typically utilized with alemtuzumab therapy 
 [  99  ] . In addition, other hematologic toxicities 
occur, such as severe neutropenia, thrombocy-
topenia, and anemia  [  99  ] .   

   Systemic Cytotoxic Therapy 
(Chemotherapy) 

 Systemic chemotherapy is appropriate for patients 
with large cell transformed stage IIB MF and 
stage IV MF with extracutaneous involvement. 
Most chemotherapeutic regimens, however, result 
in only temporary palliative responses. Multiple 
single-agent and combination chemotherapies 
have been tried in advanced MF and SS. For 
single-agent chemotherapy, no particular drug has 
been shown to be superior and no large, randomized 
studies comparing agents have been reported. 
Single agent chemotherapy is more widely uti-
lized in MF/SS. Combination regimens are largely 
reserved as salvage after single agent therapy has 
failed or if there is solid organ involvement. 

 While typically used in advanced MF and SS, 
methotrexate has been used in lower doses for 
extensive stage IB disease. Methotrexate inhibits 
dihydrofolate reductase (DHFR), leading to the 
subsequent inhibition of DNA synthesis  [  100  ] . 
Multiple dose ranges and schedules have been 
used as therapy in erythrodermic MF (T4) and SS. 
No clear bene fi t has been demonstrated for higher 
doses compared to lower doses of methotrexate. 
Side effects observed with the use of methotrexate 
include elevated serum aminotransferase levels 
(which are usually reversible after dose reduction 
or withdrawal), oral mucositis, pharyngeal mucosi-
tis, gastrointestinal complications such as nausea 
and diarrhea, interstitial pulmonary  fi brosis, and 
uncommonly, reversible leucopenia  [  101  ] . More 
recently, newer antifolate prolatrexate has been 
shown to have clinical activity is relapsed on 
refractory MF or SS with less intensive dose regi-
men than systemic peripheral T- cell lymphoma. 

 Gemcitabine, a novel nucleoside analog, is 
activated by deoxycytidine kinase to its triphos-
phate form, gemcitabine triphosphate, which is 
then incorporated into RNA and DNA. The latter 
causes chain termination and inhibition of DNA 
repair, which is responsible for antitumor effect 
of the medication. Response rates as high as 70% 
have been reported, but the complete remission 
rate is low with a median duration of complete 
remission of 10 months (range 4–22 months) 
 [  102  ] . Recently this agent has been used as front-
line therapy for patients in whom control is 
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needed of massive lymph node disease. 
Gemcitabine is generally well tolerated, even in 
the elderly population. Myelosuppression with 
resulting anemia, thrombocytopenia, or leukope-
nia are the most common adverse events  [  102  ] . 
Cutaneous adverse events include  fl ares of 
lesional erythema within 1 week of treatment as 
well as generalized hyperpigmentation  [  102  ] . 
Serious adverse events are rare. 

 Doxorubicin is an anthracycline agent used in 
advanced stages of MF and SS. Pegylated lipo-
somal doxorubicin is a formulation of doxorubi-
cin that is encapsulated into liposomes. The 
liposomes serve as stable, long-circulating carri-
ers useful for delivering doxorubicin to tumor 
sites with a lower toxicity than the free drug. The 
most frequent side effects are mild anemia and 
lymphopenia. Another signi fi cant toxicity with 
this class of drugs is palmoplantar erythrodyses-
thesia  [  103  ] . 

 Another cytotoxic agent is temozolomide, 
which has shown encouraging activity in 
advanced MF. It is an imidazotetrazine derivative 
and oral alkylating agent that has excellent oral 
bioavailability  [  104  ] . Its mechanism of action is 
similar to that of other alkylating agents, which 
induce DNA damage by cross-linking. Resistance 
has been associated with high levels of the scav-
enger protein O6-alkylguanine-DNA alkyltrans-
ferase in tumor cells. Response rates of 30% have 
been reported in stage IIB and III patients. In a 
phase II study, the most frequent adverse effects 
were nausea, vomiting, neutropenia, and throm-
bocytopenia  [  104  ] . 

 In addition, other mechanisms to inhibit 
growth and encourage apoptosis of tumor cells 
are being developed. Bortezomib, which inhibits 
the proteasome, leads to the down-regulation of 
NF-KB activation and induction of CTCL cell 
apoptosis  [  105  ] . In a phase II trial, the response 
rate was 67% in all stages; however, the complete 
response rate was much lower at 10%  [  106  ] . With 
regard to hematologic adverse effects, neutrope-
nia and thrombocytopenia were observed. The 
most signi fi cant non-hematologic toxicity was 
sensory neuropathy  [  106  ] . 

 The purine analogs are a class of drugs that 
have demonstrated activity in MF and a variety of 
other NHL. T-cells have a high level of adenosine 

deaminase (ADA), a key enzyme in the purine 
degradation pathway. The purine analogs 
pentostatin,  fl udarabine, and 2-chloro-deoxyade-
nosine are a group of structurally similar agents, 
which were developed to target ADA. They have 
different interactions with ADA, but all result in 
DNA damage. Hematologic toxicity and oppor-
tunistic infections are the most common compli-
cations associated with this class of drugs. 
Prophylactic antibiotics against  Pneumocystis 
carinii  and antivirals to prevent herpes virus 
infection are routinely indicated  [  107  ] . 

 Most of the patients treated with combination 
chemotherapy have failed single agent chemother-
apy or have solid organ involvement (IIB to IV). 
There are no randomized trials comparing combi-
nation chemotherapy with single-agent regimens. 
The largest experience is with combinations such 
as cyclophosphamide, vincristine, and prednisone, 
with or without doxorubicin  [  108,   109  ] . Complete 
response rates are generally about 25% (range 
11–57%) and response duration is 3–20 months.   

   Hematopoietic Stem Cell 
Transplantation 

 There has been recent interest in using hematopoi-
etic stem cell transplantation (HSCT) in MF. 
Given the small number of patients treated thus 
far, there are no well-de fi ned prognostic factors to 
identify patients suitable for this therapy. Bigler 
and associates reported that  fi ve of six patients 
achieved a complete response with an autologous 
transplant  [  110  ] . In another study, eight of nine 
patients achieved a complete response  [  111  ] . 
However, all of the patients in these studies ulti-
mately relapsed, suggesting that autologous trans-
plantation is not a curative approach. 

 The concept of allogeneic HSCT is promising. 
Even in the absence of a complete response, an 
allogeneic graft-versus-tumor effect may provide 
an immune mechanism to control the malignant 
T-cell process associated with mycosis fungoi-
des. Molina and associates reported a complete 
response in all eight patients transplanted for 
refractory MF or SS. With a median follow-up of 
56 months, six patients remained alive and with-
out evidence of lymphoma  [  112  ] . Mild acute and 
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chronic GVHD developed in all patients who 
survived. A non-myeloablative approach has also 
been reported in which all three patients who 
achieved a durable complete response  [  113  ] . 

 It appears that compared to autologous HSCT, 
allogeneic HSCT may result in durable long-term 
remissions  [  114  ] . With better understanding of 
the disease biology, it may be possible to develop 
prognostic factors so that these aggressive 
approaches can be offered to suitable patients. 
Larger studies will be required to identify the 
best conditioning regimen, ef fi cacy, safety, and 
impact on quality of life.      
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         Introduction 

 T-cell malignancies arise from cells of the innate 
and adaptive immune system. The current World 
Health Organization (WHO)  [  1,   2  ]  classi fi cation 
recognizes over 20 distinct entities within the T/
natural killer (NK) cell neoplasms. The more 
common subtypes that occur in children and 
young adolescents are the precursor T lympho-
blastic leukemia/lymphoma and anaplastic large 
cell lymphoma (ALCL), anaplastic lymphoma 
kinase (ALK) positive. The rest are rarely 
observed in children. The majority of T-cell 

malignancies are aggressive neoplasms  [  3  ]  and 
although rare relative to the adult population they 
present a formidable challenge from diagnostic 
and therapeutic perspectives. In this chapter, we 
provide an update of the clinical and biologic fea-
tures of the common T-cell malignancies that 
occur in children and adolescents with a focus on 
molecular perspectives and implications for novel 
therapeutics. 

   T-Cell Acute Lymphoblastic Leukemia 
in Children and Adolescents 

 Acute lymphoblastic leukemia (ALL) is the most 
prevalent type of cancer occurring in children 
and adolescents in the Western World. A lym-
phoid malignancy derived from early progenitor 
cells in the bone marrow, it represents a heteroge-
neous group of diseases comprising multiple sub-
types with biologically different behaviors. T-cell 
lineage ALL is a less common subtype, account-
ing for approximately 15% of cases  [  4  ] . T-cell 
acute lymphoblastic leukemia (T-ALL) is associ-
ated with numerous unfavorable clinical factors 
and carries a worse prognosis than its counterpart 
precursor B-cell ALL (B-ALL)  [  4  ] . Children 
with T-ALL are more likely to manifest with 
National Cancer Institute (NCI) high-risk fea-
tures such as WBC >50,000 at diagnosis, older 
age, and central nervous system (CNS) involve-
ment. They are also more likely to have bulky 
disease with enlargement of the liver, spleen, 
lymph nodes, and to have a mediastinal mass  [  4  ] . 
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Although improvements have been achieved in 
outcomes with conventional chemotherapy regi-
mens, event-free survival (EFS) rates for children 
with T-ALL in some series may be inferior to 
those for children with precursor B-cell ALL. 
As discussed in the following section on T-cell 
lymphoblastic lymphoma (T-LBL), there are 
important biological and clinical differences 
between T-LBL and T-ALL despite the overarch-
ing similarities. The same is to be said in compar-
ing B-ALL and T-ALL. Inasmuch, with continued 
advances in the understanding of the unique char-
acteristics of T-ALL, there is hope for even fur-
ther improvement of outcomes with development 
of new treatment strategies. 

 Unlike T-LBL, which often presents with 
systemic B-symptoms and complications of 
supradiaphragmatic lymphadenopathy, T-ALL is 
more likely to present with fever, bone pain, and 
the typical symptoms associated with cytopenias-
petechiae and/or easy bruising, fatigue and pal-
lor, and infection  [  5  ] . However, since T-ALL is 
more likely than precursor B-cell ALL to present 
with signi fi cant lymphadenopathy, hepatospleno-
megaly, and a mediastinal mass, the clinical 
symptoms associated with T-ALL can overlap 
with those of T-LBL  [  5  ] . The distinction would 
therein be that ALL is de fi ned by having more 
than 25% involvement of the bone marrow with 
lymphoblasts. Flow cytometry studies are criti-
cally important in making an accurate distinc-
tion between the immunophenotypes of B and 
T lymphoblasts. 

 Treatment regimens for T-ALL have achieved 
signi fi cant improvements over the past 25 years 
through the introduction of intensive, high-dose, 
multi-agent chemotherapy regimens. Most con-
temporary protocols treat pediatric T-ALL with the 
same regimens given to children with high-risk 

B-ALL. Using multi-agent intensive regimens, 
several pediatric oncology cooperative groups 
including the Children’s Oncology Group (COG 
[formerly Children’s Cancer Group (CCG)]), Dana 
Farber Cancer Institute (DFCI), Berlin-Frankfurt-
Munster (BFM), French ALL Cooperative Group 
(FRALLE), and St. Jude’s ALL protocols over 
the past decade have consistently reported EFS 
rates ranging from 58 to 85% for children with 
T-ALL (Table  11.1  and Fig.  11.1 )  [  6–  13  ] . These 
regimens are similar in execution, utilizing treat-
ment programs of greater than 2 years in dura-
tion, employing phases focused on remission 
induction, consolidation, intensi fi cation, CNS-
directed therapy, and maintenance, as well as 
combining multiple chemotherapeutic agents. 
Chemotherapy frequently used across protocols 
includes glucocorticoids (prednisone and/or dex-
amethasone), anthracyclines, methotrexate 
(MTX) (at high and low doses), vincristine, 
asparaginase, 6-mercaptopurine, and cyclophos-
phamide. Many high-risk regimens will also 
incorporate cytarabine and etoposide into the 
combination. Intrathecal (IT) chemotherapy is 
given universally utilizing MTX, cytarabine, and 
hydrocortisone. Until recently, all treatment pro-
tocols utilized cranial radiation therapy (CRT) 
for patients with CNS disease, as well as those 
with high-risk for CNS relapse, which includes 
children with T-ALL.   

 The St. Jude’s group just completed their anal-
ysis of 498 ALL patients treated without the use 
of CRT. It was a landmark protocol in that even 
those patients who were CNS positive at diagno-
sis did not receive radiation. Based upon the rate 
of CNS relapse in comparison with historical 
controls that received CRT, the results demon-
strated that omission of CRT was safe and associ-
ated with EFS and overall survival (OS) rates 

   Table 11.1    Outcome in childhood T lymphoblastic leukemia: twenty- fi rst century results   

 References  Goldberg 
et al.  [  7  ]  

 Moghrabi 
et al.  [  8  ]  

 Ballerini 
et al.  [  6  ]  

 Moricke 
et al.  [  9  ]  

 Pui 
et al.  [  10  ]  

 Institution/group  DFCI  DFCI  FRALLE  BFM  St. Judes 
 Protocol/treatment  87-01, 91-01, 95-01  95-01  FRALLE-93  ALL BFM-95  Total therapy XV 
 Number of patients  125  52  200  275  76 
 EFS (%)  75 ± 4  85 ± 6  58 ± 3  70 ± 3.3  80 ± 8.7 
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comparable to prior protocols that utilized CRT. 
However, patients with T-ALL (in addition to 
those that were CNS positive at diagnosis and 
children with the t1;19 translocation) had a 
remarkably high hazard ratio for risk of CNS 
relapse, despite having received higher doses of 
MTX than in standard regimens (it has been 
shown that T-lineage lymphoblasts have a 
decreased af fi nity for uptake of MTX substrates 
and that higher doses are required to overcome 
this pharmacodynamic challenge)  [  14  ] . The 
authors make the argument that these patients 
nonetheless, should be treated without CRT 
regardless of the CNS relapse risk. Their ratio-
nale is that otherwise nearly 90% of this risk 
group of patients will thereby receive CRT that 
could have been avoided. Certainly the counter-
point can be made that until we are able to more 
accurately predict which subgroup of children 
with T-ALL are at an especially high risk for 
CNS relapse, they should all uniformly receive 
CRT. Overall, T-ALL patients on this protocol 

had an EFS of 78% which is comparable with 
prior treatment regimens  [  10  ] . 

 The best EFS rate to date for patients with 
T-ALL was reported on the DFCI 95-001 treat-
ment regimen (Table  11.1 ). They also treated 
T-ALL patients similar to the therapy for the 
high-risk B-ALL subgroup. However, their high-
risk treatment regimen was notable for an 
increased overall dose of asparaginase and addi-
tional doxorubicin. This treatment regimen did 
include CRT for T-ALL patients. The 5-year EFS 
was 85%, which is remarkably favorable com-
pared to all other large series of patients with 
T-ALL. In fact, children with T-ALL fared better 
on this protocol than those with pre-B ALL. The 
authors attributed the favorable outcome to the 
ef fi cacy of the high-risk treatment regimen, but it 
is perplexing that the high-risk pre-B ALL 
patients did not fare better as well  [  8  ] . 

 Relapsed ALL of both B and T-cell lineages 
presents an enormous challenge to the goal of 
achieving long-term cure. Only about one-third 

  Fig. 11.1    Event-free survival (EFS) by immunopheno-
type. Children with B-progenitor acute lymphoblastic leu-
kemia (B-ALL, ______) had an EFS rate of 79% ± 1%. 
Children with T-cell acute lymphoblastic leukemia ALL 

(T-ALL, - - -) had an EFS rate of 75% ± 4% ( P  = 0.56). 
Early events are more common in T-ALL (reprinted from 
Goldberg et al.  [  7  ] , with permission from American 
Society of Clinical Oncology)       
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of patients with relapsed ALL will experience 
long-term survival despite intensive re-induction 
regimens including the utilization of allogeneic 
stem cell transplantation (alloSCT)  [  15  ] . Patients 
with early relapse are de fi ned as occurring less 
than 36 months after initial diagnosis; early 
relapse portends a particularly dismal prognosis 
with less than 20% 3-year EFS  [  16  ] . It is dif fi cult 
to comment on the prognosis of relapsed T-ALL 
as results are only occasionally reported as sub-
sets within already small numbers of patients of 
relapsed ALL in general. In a recent COG analy-
sis of children with ALL in  fi rst relapse, 7/124 
patients had T-ALL, only 2 out of those 7 achieved 
a second remission, and no T-ALL patient lived 
longer than 10 months  [  17  ] . Another COG analy-
sis of children with early relapse of ALL had 28 
patients with T-ALL and an EFS of <5% for that 
subgroup of patients  [  16  ] . New developments in 
treatment strategies for relapsed T-ALL are des-
perately needed. 

 Nelarabine is a novel agent that has shown 
promise in relapsed and refractory T-ALL but not 
T-LL. It is a purine analog whose mechanism of 
action delivers markedly speci fi c toxicity to T 
lymphocytes. The use of Nelarabine in T-cell 
malignancies was  fi rst investigated based upon 
the observation that patients with purine nucleo-
side phosphorylase (PNP) de fi ciency suffer from 
T-cell immune de fi ciency due to the abnormal 
and toxic accumulation of deoxyguanosine 
triphosphate (dGTP) in T cells. Nelarabine is a 
derivative of dGTP and is resistant to degradation 
by PNP. In a phase II COG study, patients with 
T-ALL in  fi rst relapse (not involving the CNS) 
had a response rate of 55% (with 16 of 33 patients 
achieving a complete remission [CR]). CNS tox-
icity  ³ grade 3 was experienced in 18% of patients, 
manifesting as peripheral neuropathy, seizure, 
and hallucinations. The promise of such extraor-
dinary results in a historically extremely high-
risk group of patients has led to the investigation 
of Nelarabine’s utility in front-line therapy for 
children with high-risk T-ALL  [  18  ] . 

 Two groups of T-ALL patients that demon-
strated an especially high-risk for treatment fail-
ure are those who are poor initial responders to 
prednisone and those with minimal residual 

disease (MRD) at the end of induction therapy. 
The BFM cooperative group demonstrated that 
children with T-ALL that exhibit a poor response 
to 1 week of prednisone plus IT MTX on day 1 
have an EFS of 32% compared to 78% in good 
responders. Poor response was demonstrated as 
having  ³ 1,000 leukemic blasts/ m L peripheral 
blood on day 8 of induction  [  19  ] . The presence of 
MRD at the end of induction in patients with 
ALL has been an ominous prognostic sign for 
both pre-B and T-ALL, with as high as a 70% 
chance for early relapse. Patients with T-ALL 
have demonstrated an even higher risk of being 
MRD positive than their B-ALL counterparts 
 [  20–  22  ] . These risk factors have thereby served 
as a platform for building clinical trials investi-
gating the role of new drugs in improving overall 
EFS for patients with T-ALL. 

 The current COG study (AALL-0434) is one 
of the few ALL protocols designed speci fi cally 
for patients with T-ALL. Utilizing a BFM ALL 
treatment backbone, it is investigating the use of 
Nelarabine and high-dose MTX in the treatment 
of intermediate and high-risk T-ALL. Risk 
strati fi cation is based upon the aforementioned 
prognostic factors. High-risk patients are those 
with positive MRD (or gross induction failure) at 
end of induction. Low-risk patients are CNS 
negative, low-risk by NCI standards for age 
and initial WBC, exhibit good response to initial 
1 week of prednisone, and are MRD negative. 
Intermediate-risk patients do not  fi t the low-risk 
category, but are MRD negative at the end of 
induction. In preliminary pilot data from COG 
study AALL-02P2, higher-risk patients receiv-
ing Nelarabine fared as well as their low-risk 
counterparts not receiving the drug. More 
speci fi cally, patients with a poor response to 
prednisone that received Nelarabine in combi-
nation therapy achieved an equivalent 3-year 
EFS of 75% in comparison to those with a good 
response that did not receive Nelarabine. 
Moreover, this was achieved without the 
Nelarabine group experiencing excess toxicity 
 [  23  ] . Improvement of the cure rates for patients 
with high-risk T-ALL offers signi fi cant opportu-
nity to improve on the EFS for patients with 
T-cell lineage ALL overall. 
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 Recently, another smaller subset of patients 
with T-ALL has also demonstrated a markedly 
poor prognosis  [  24  ] . Lymphoblasts characterized 
by an immunophenotype of early T-cell precur-
sors (ETP-ALL) seem to have a distinct biology 
in comparison to typical precursor T lympho-
blasts. The early precursors tend to retain stem-
cell-like features and exhibit genomic instability. 
Of 239 patients investigated with T-ALL, 30 were 
found to have the ETP-ALL subtype. Of patients 
with ETP-ALL, there was a signi fi cant increase 
in MRD at day 18 and day 43, resulting in a 
signi fi cant increase in the risk of remission fail-
ure and/or hematologic relapses  [  24  ] . There was 
a 72% risk for failure or relapse at 10 years in 
patients with ETP-ALL vs. 10% for patients with 
typical T-ALL treated at St. Jude’s Children’s 
Research Hospital (Fig.  11.2a, b ). Currently the 
St. Jude’s treatment protocols have been adjusted 
to modify therapy by introducing alloSCT in CR1 
for patients with ETP-ALL  [  24  ] .  

 The BFM and CCG cooperative groups have 
previously examined the role of alloSCT in CR1 

for patients with high-risk disease  [  25,   26  ] . The 
BFM group de fi ned high risk as those having a 
poor response to prednisone and/or the inability 
to achieve remission with induction chemother-
apy  [  26  ] . The BFM group compared outcomes of 
179 patients that achieved CR1, 23 of whom 
received an alloSCT (8 from matched unrelated 
donors, 15 from sibling donors). The 5-year OS 
for patients who received an alloSCT was 67% 
vs. 47% for those who received only chemother-
apy (Fig.  11.3 )  [  26  ] . While the utility of alloSCT 
represents a reasonable treatment escalation strat-
egy for the high-risk group of T-ALL patients, it 
remains to be seen whether the encouraging 
results from the Nelarabine trials in front-line 
therapy may offset the survival advantage seen in 
patients treated with alloSCT in CR1.  

 Another developmental therapeutic strategy is 
based upon the unraveling of the Notch pathway 
involvement in the pathogenesis of T-ALL. The 
Notch family of transmembrane receptors is criti-
cally involved in cell differentiation, prolifera-
tion, and apoptosis pathways (see section on 

  Fig. 11.2    ( a ) Prevalence of minimal residual disease 
(MRD) during the early phases of therapy for patients with 
early T-precursor (ETP) or typical T-ALL. MRD levels were 
measured by  fl ow cytometry ( a ).  Horizontal bars  indicate 
median values, if above 0.01%. ( b ) Kaplan–Meier plots of 
the cumulative incidence of remission failure or hemato-
logical relapse in patients with typical T lymphoblastic 

leukemia (T-ALL;  red ) vs. early T-cell precursor (ETP)-
ALL ( blue ) treated on St. Jude protocols. The curves start 
at the time of diagnosis. Outcome estimates at 10 years of 
follow-up are shown;  P  values are from the log-rank test 
(reprinted from Coustan-Smith et al.  [  24  ] , with permission 
from Elsevier)       
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molecular basis of pediatric T-ALL)  [  27  ] . 
Activating Notch mutations have been found in 
50–60% of human T-ALL samples  [  28  ] . Gamma-
secretase inhibitors (GSIs) are a family of drugs 
that inhibit the activation of Notch1 and their util-
ity in the treatment of T-ALL has been under 
investigation. GSIs in combination with gluco-
corticoids can exhibit potent anti-leukemic effects 
 in vivo , while combination of the two medicines 
results in a decrease of the dose-limiting gastro-
intestinal toxicities seen with GSIs. The effect of 
this combination also revealed the ability to 
induce apoptotic cell death in leukemic cells that 
were prior considered glucocorticoid-resistant 
 [  29  ] . It has also been shown that Notch positively 
regulates the mTOR pathway with c-Myc as a 
potential intermediary. Combination treatment 
with GSIs plus an mTOR inhibitor has shown 
synergistic effects against T-ALL cells in both 
 in vitro  and  in vivo  models  [  30,   31  ] . In addition, 
GSIs have also been combined in preclinical 
models with the proteasome inhibitor bortezomib 
and P13K-AKT inhibitors  [  32,   33  ] . Ultimately, 
after it seemed curative effects in T-ALL had 
plateaued after many years of unwavering EFS 

rates, promising new therapies targeting speci fi c 
characteristics of T-cell pathology are offering 
exciting new hope for physicians, scientists, and 
patients alike.  

   T-Cell Lymphoblastic Lymphoma 
in Children and Adolescents 

 Lymphoblastic lymphoma (LBL) is the second 
most common type of childhood non-Hodgkin 
lymphoma (NHL) after Burkitt lymphoma (BL). 
The vast majority (80–90%) of cases of LBL are 
derived from the T-cell lineage, in contrast to 
ALL, in which most cases are precursor B-cell in 
origin. This renders T-LBL the most common 
type of T-cell lymphoma occurring in children 
 [  34–  36  ] . For many years T-LBL and T-ALL were 
thought to be diseases on different ends of a sin-
gle spectrum of pathology, but recent advances in 
the understanding of the biology of lymphoblas-
tic disease have shed light on some important dif-
ferences amidst the many shared commonalities 
 [  37,   38  ] . Furthermore, there are some important 
clinical distinctions between T-LBL and T-ALL. 

  Fig. 11.3    Kaplan–Meier estimate of disease-free sur-
vival (DFS) at 5 years in stem-cell transplantation (SCT) 
patients vs. patients treated with chemotherapy alone 
(Acute Lymphoblastic Leukemia-Berlin-Frankfurt-
Munster trials 90 and 95; analysis as treated). From the 

group of patients treated with chemotherapy alone, 
patients with an event before 0.43 years (medium time to 
transplantation) were excluded (reprinted from Schrauder 
et al.  [  26  ] , with permission from American Society of 
Clinical Oncology)       
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While T-LBL tends to have localized and earlier 
relapse than its counterpart, T-ALL tends to have 
more frequent CNS involvement at initial diag-
nosis  [  39–  41  ] . 

 Childhood T-LBL commonly presents with a 
supradiaphragmatic mass and as advanced stage 
III/IV disease, while B-cell LBL tends to present 
with limited disease in sites including the skin, 
bone, and peripheral lymph nodes. Typically, 
T-LBL may present as an adolescent male with 
respiratory distress found to have an anterior medi-
astinal mass. Severe complications can potentially 
arise from a supradiaphragmatic mass including 
respiratory failure and superior vena cava (SVC) 
syndrome warranting emergent intervention with 
steroids and/or radiation therapy. Disease may also 
involve the bone marrow and CNS; however, one 
must keep in mind that greater than 25% involve-
ment of the bone marrow with lymphoblasts is 
referred to as lymphoblastic leukemia, while >5% 
but <25% involvement of the bone marrow would 
be termed stage IV LBL  [  42  ] . 

 Children with limited disease T-LBL have a 
favorable prognosis with long-term OS of 
85–90%  [  34–  36,   42  ] . Although disease free sur-
vival (DFS) rates are only 63–73%, children with 
limited disease (Murphy stages I and II) have 
favorable responses to salvage therapies. ALL-
based treatment protocols have been the mainstay 
of therapy for this group of children with T-LBL 
 [  43,   44  ] . Patients with localized disease are 
currently being treated without local surgical 
intervention, local radiation therapy, and CRT. 
However, most cases of T-LBL are advanced 
stage, so the focus of the treatment discussion 
will be on therapeutic approaches for children 
with advanced stage III/IV disease. 

 The prognosis for children with advanced 
stage T-LBL improved signi fi cantly after the 
introduction of the 10-drug LSA 

2
 L 

2
  regimen in 

the 1970s  [  45  ] . From that point forward, most 
treatment protocols for LBL have been based 
upon the combination of corticosteroids, vincris-
tine, anthracyclines,  l -asparaginase, cyclophos-
phamide, MTX, cytarabine, 6-mercaptopurine, 
and 6-thioguanine. The BFM regimens employ 
an ALL backbone therapy with some adjust-
ments, while many other regimens have been 
based on the LSA 

2
 L 

2
  regimen with various 

modi fi cations. Nearly all contemporary strategies 
are divided into stages that include induction, 
consolidation, re-intensi fi cation, and mainte-
nance chemotherapy. The timing and dosing of 
some speci fi c medicines may vary, but overall 
most protocols reported since the year 2000 have 
been able to achieve a 75–90% EFS with regi-
mens ranging from 12 to 24 months duration 
(Table  11.2 ).  

 The highest EFS reported to date was from the 
BFM-90 protocol in which patients with advanced 
stage disease all received CRT, regardless of 
whether or not they had CNS involvement. The 
EFS was 90% for stage III/IV patients; however 
due to the deleterious long-term effects of CRT, 
subsequent studies have focused on the safety 
and ef fi cacy of omitting CRT (Fig.  11.4a )  [  40  ] . 
Multiple studies have investigated protocols in 
which CRT was only utilized in patients with 
CNS positive disease. The Italian AIEOP LNH-
92 protocol reported an EFS of 65% in advanced 
stage T-LBL; however they notably did not imple-
ment a re-intensi fi cation phase after induction 
and consolidation therapy  [  46  ] . The BFM-95 
protocol also administered CRT to patients with 

   Table 11.2    Advanced disease lymphoblastic lymphoma in children   

 BFM  [  218  ]   St. Jude  [  219  ]  
 EORTC-
CLCG  [  220  ]   DFCI  [  221  ]   UKCCSG  [  222  ]   CCG  [  223  ]  

 Patients ( N )  101  24  60  21  95  102 
 Protocol  NHL-BFM-90  Total therapy-X  EORTC 58881  APO  UKCCSG 8503  CCG 5941 
 Duration (months)  24  32  24  24  24  12 
 EFS (Est) 3–6 years  90%  73%  76%  58%  65%  79% 

  Reprinted from Cairo  [  34  ] ,   www.jbpub.com    , with permission from Jones and Bartlett 
  EFS  event-free survival;  Est  estimate  

http://www.jbpub.com
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CNS positive disease only, choosing to optimize 
delivery of high-dose MTX and IT chemother-
apy. In a historical comparison to their earlier 
protocols including BFM-90 and 86, they deter-
mined that omitting CRT may be non-inferior to 
treatment including CRT in CNS negative 
patients. However, the EFS for advanced stage 
LBL in the BFM-95 protocol was 82%, lower 

than that of the BFM-90 study  [  47  ] . The COG 
reported on a shortened (12-month) intensi fi ed 
multi-agent chemotherapy regimen for advanced 
stage disease, also only administering CRT to 
patients that were CNS positive. This strategy 
yielded a 5-year EFS of 78% concluding that the 
shortened approach was safe and achieved similar 
results as more prolonged ALL-based regimens 

  Fig. 11.4    ( a ) Probability of duration of EFS and 95% 
con fi dence bands. This research was originally published in 
 Blood   [  40  ] . © American Society of Hematology. ( b ) 

Probability of EFS and overall survival (survival) of all 
patients from diagnosis (reprinted from Abromowitch et al. 
 [  48  ] , with permission from Wiley-Blackwell Publishing)       
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(Fig.  11.4b )  [  48  ] . The most recent COG study for 
T-LBL examined whether the effects of high-
dose MTX and early intensi fi cation of therapy 
with anthracycline and cyclophosphamide would 
further improve DFS. Preliminary data shows 
that neither high-dose MTX nor early 
intensi fi cation in BFM-type ALL therapy resulted 
in improvement in EFS for T-LBL  [  49  ] .  

 Recently, the European Organisation for 
Research and Treatment of Cancer (EORTC) and 
St. Jude’s have employed treatment protocols 
entirely omitting CRT, even in patients who are 
CNS positive. The EORTC CLG 58881 trial uti-
lized a BFM-based regimen and achieved a 6-year 
EFS of 78% for advanced stage disease. They 
successfully demonstrated that omission of CRT 
did not in fl uence the rate of CNS relapse. And 
notably, they also established treatment response 
to the 7-day prednisone-only prephase as a 
signi fi cant prognostic factor. Patients with a CR 
after the prephase (16 out of 121) had an EFS of 
100%, contrasting with an EFS of 14% for those 
with no response to the prephase  [  50  ] . The 
NHL13 protocol utilized by the group at St. 
Jude’s was based on their institutional ALL ther-
apy including a maintenance phase with alternat-
ing pairs of therapeutic agents and incorporating 
high-dose MTX every 8 weeks in addition to a 
re-induction regimen 16 weeks into the mainte-
nance phase. They were able to demonstrate an 
excellent EFS rate of 83% for advanced stage 
T-LBL despite omission of CRT as well. The 
study however only analyzed 41 patients, in com-
parison to the other studies discussed above in 
which the number of patients ranged from 85 to 
156  [  51  ] . 

 The majority of children who relapse/progress 
do so within 24 months of diagnosis and the 
prognosis for children who develop recurrent dis-
ease is poor, with less than a 10% 5-year OS 
(Fig.  11.5a )  [  39,   52  ] . In an effort to improve out-
come for patients with relapsed disease, intensive 
re-induction chemotherapy followed by either 
autologous (auto) or alloSCT improved DFS to 
between 23 and 58%  [  53–  55  ] . Retrieval chemo-
therapy has included NHL regimens such as 
DECAL (dexamethasone, etoposide, cisplatin, 
high-dose cytarabine and L-asparaginase)  [  56  ]  

and ICE (ifosfamide, carboplatin, and etoposide) 
 [  57  ] . Patients with disease that is chemosensitive 
to the retrieval regimen have better outcomes fol-
lowing either auto or alloSCT  [  57,   58  ] . In a retro-
spective comparison of auto vs. alloSCT, 
signi fi cantly lower relapse rates were observed 
following alloSCT vs. autoSCT; however higher 
treatment-related mortality offset any survival 
bene fi t  [  59,   60  ] . In a more recent analysis from 
the BFM, OS was 14% among 28 patients with 
relapsed T-LBL (Fig.  11.5b ). They all went on to 
receive salvage therapy, while 9 patients went on 
to receive an alloSCT. Of those who received an 
alloSCT, 4 were still alive >4 years post-alloSCT. 
The two patients that received autoSCT suc-
cumbed to their disease  [  39  ] . Although these 
numbers are too low to derive any statistically 
signi fi cant conclusions, it remains that any chance 
for survival in this group of patients with relapsed 
or progressive T-LBL depends upon a suf fi cient 
response to salvage chemotherapy and a success-
ful alloSCT. The development of newer therapies 
for T-LBL has not met much success. Nelarabine 
has been shown to have a signi fi cantly more sub-
stantial effect on refractory T-ALL than T-LBL 
 [  18  ] . In terms of targeted therapies, the upregula-
tion of Notch and the associated mTOR protein 
kinase pathway has stimulated investigation to 
the effects of mTOR and/or Notch inhibition 
 in vitro   [  61  ] . And  fi nally, phase I studies have 
been undertaken examining the role of Forodesin 
in T-cell malignancies, although mostly in adults 
with peripheral T-cell lymphoma (PTCL). 
Forodesin is a PNP which was recognized more 
than 30 years ago as a potential target for the 
treatment of patients with T-cell malignancies 
when an inherited de fi ciency of PNP was reported 
to be associated with a profound T-cell lym-
phopenia  [  62  ] .  

 With such dismal salvage rates in LBL, accu-
rate delineation of prognostic factors to identify 
patients at high risk of relapse is vitally impor-
tant. Unfortunately though, de fi nitive prognostic 
factors in childhood T-LBL have yet to be well 
established. Aside from the striking results of the 
EORTC CLG trial in which treatment response to 
the 7-day prednisone prephase demonstrated 
polar extremes of eventual EFS rates, clinical 
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prognostic factors have not been elucidated. The 
assessment of    treatment response, either by labo-
ratory or radiographic monitoring (including 
2-Deoxy-2-[18F] fl uoro- d -Glucose positron emis-
sion tomography [FDG PET]), is a potential 
method of identifying high-risk patients and 

determining prognostic parameters to guide 
therapeutic adjustments for patients that require 
intensi fi cation of up-front therapy  [  63  ] . 

 T-LBL has a scarcity of cytogenetic and 
molecular factors associated with poor response 
to therapy. Recently, however, there have been 

  Fig. 11.5    ( a ) Time and site of disease progression or 
relapse in children with relapse of a lymphoblastic lym-
phoma (LBL).  I , patients with T-cell lymphoblastic lym-
phoma;  X , patients with precursor B-cell lymphoblastic 
lymphoma;  BM  bone marrow. (*)This patient was treated 
according to high-risk arm and experienced relapse during 

intensive phase of treatment 11 months after start of 
therapy. ( b ) Probability of survival at 5 years for children 
with disease progression or relapse of LBL (reprinted 
from Burkhardt et al.  [  39  ] , with permission from American 
Society of Clinical Oncology)       
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some interesting studies shedding light on 
potentially important prognostic factors. Loss of 
heterozygosity at chromosome 6q was associated 
with an increased risk of relapse in T-LBL  [  37  ] . 
Meanwhile, substantial advances have been 
established in the ability to detect levels of mini-
mal disseminated disease (MDD) and MRD. 
T-cell receptor (TCR) real-time quantitative poly-
merase chain reaction (PCR) assays have been 
successfully utilized as a technique to assess and 
monitor MDD and MRD in T-LBL  [  64  ] . In a 
recent analysis of  fl ow cytometry methods of 
detecting disease at molecular levels in 99 
patients, two-thirds were found to have MDD in 
the bone marrow at diagnosis, and of those with 
 ³ 5% T-LBL cells in the marrow, the 2-year EFS 
was 51.9% vs. 88.7% for those patients with 
lower levels (Fig.  11.6a, b ). The analysis reveals 
a very striking trend towards poor response to 
therapy and the presence of MDD and provides a 
foundation for further studies to examine the 
relationship between MDD and risk for relapse 
 [  65  ] . Having encountered a relative ceiling in the 
inability to signi fi cantly improve EFS in the treat-
ment of advanced stage LL over the past decade, 

development of accurate prognostic factors will 
likely serve as the key to future improvements in 
outcome. Ultimately, it will be crucial to deter-
mine subgroups of high-risk patients that will 
bene fi t from alternative and intensi fi ed modali-
ties of treatment including alloSCT as  fi rst line 
strategies.   

   Molecular Basis of T-ALL/T-LBL 
in Children and Adolescents 

 T-ALL and T-LBL represent 15% of childhood 
ALL and one-third of childhood and adolescent 
NHLs, respectively. T-ALL is characterized by 
prominent (>30%) bone marrow in fi ltration by 
T-cell lymphoblasts, whereas T-LBL demonstrate 
mediastinal masses in the context of limited or no 
bone marrow involvement  [  66  ] . Both clinical enti-
ties share a similar spectrum of molecular and 
cytogenetic abnormalities and most probably rep-
resent different clinical manifestations of the same 
thymocytic neoplasm, commonly referred to as 
T-ALL  [  66  ] . Current treatment, mainly consisting of 
multi-agent combination chemotherapy, provides 

  Fig. 11.6    ( a ) Percentage of T-cell lymphoblastic lym-
phoma (T-LL) cells in bone marrow at diagnosis as 
detected by  fl ow cytometry according to disease stage 
based on conventional criteria.  Horizontal bars  indicate 
the median value in each group. ( b ) EFS according to levels 

of T-LL cells in bone marrow at diagnosis measured by 
 fl ow cytometry: ( a ) <5% and  ³ 5% T-LL cells (reprinted 
from Coustan-Smith et al.  [  65  ] , with permission from 
American Society of Clinical Oncology)       
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an OS rate of approximately 70–90% in children 
and adolescents  [  67,   68  ] . Despite recent progress 
in the treatment of these diseases, the prognosis 
of T-ALL/T-LBL patients with primary resistant 
or relapsed leukemia is very poor, underscoring 
the need to develop more effective antileukemic 
drugs  [  67,   68  ] . 

 Over the last 20 years, great progress has been 
made in unraveling molecular-genetic defects 
that are involved in the pathogenesis of T-ALL 
 [  69,   70  ] . It is now generally accepted that the leu-
kemic transformation of immature thymocytes is 
caused by a multistep pathogenesis involving 
numerous genetic abnormalities that permit 
uncontrolled cell growth  [  66,   71  ] . 

 In T-ALL, transcription factors are frequently 
activated due to disturbances in the rearrangement 
process of the TCR genes, juxtaposing the proto-
oncogenes to the enhancers of  TCR b   (7q34) or 
 TCR a  d   (14q11)  [  72  ] . These TCR-mediated trans-
locations occur in approximately 33% of T-ALL 
cases  [  73  ]  and cause deregulation of (1) basic 
helix-loop-helix (bHLH) family members such as 
 TAL1   [  74–  76  ] ,  TAL2   [  77  ] ,  LYL1   [  78  ] , and 
 BHLHB1   [  79  ] ; (2) LIM-only domain (LMO) fac-
tors such as  LMO1  and  LMO2   [  80–  82  ] ; and (3) 
the  TLX1/HOX11   [  83–  86  ] ,  TLX3/HOX11L2   [  87, 
  88  ] ,  NKX2.5   [  89  ] , and  HOXA9   [  90,   91  ]  homeo-
box genes;  MYC   [  92,   93  ] ,  MYB   [  94,   95  ] , and 
 TAN1 , a truncated and constitutively activated 
form of the NOTCH1 receptor  [  96  ] . In addition, a 
number of non-TCR-mediated translocations gen-
erate speci fi c fusion products including  MLL-ENL  
 [  97  ] ,  CALM-AF10   [  98  ] , and  SET-NUP214   [  99  ] . 

 From gene expression pro fi ling studies and the 
analysis of T-ALL mouse models, the concept 
emerged that aberrant expression of these onco-
genic transcription factors cause disruption of the 
normal circuitry that controls cell proliferation, 
differentiation, and survival during T-cell develop-
ment  [  88,   90,   100  ] . Since these microarray studies 
also suggested that the transcription factor deregu-
lations are associated with speci fi c patterns of gene 
expression and a differentiation arrest at speci fi c 
stages of T-cell development, these genetic lesions 
are thought to de fi ne different molecular-genetic 
subgroups in T-ALL. For example, T-ALL patients 
that show rearrangements of the  TAL1 ,  TAL2 , 

 LMO1 , or  LMO2  genes are characterized by a 
highly similar gene expression signature, probably 
due to the fact that these transcription factors 
normally participate in the same transcriptional 
complex  [  101  ] . Also,  CALM-AF10 ,  MLL -
rearrangements, inversion 7 positive patients, and 
 SET-NUP214  positive T-ALL patients share a 
common expression pro fi le that is characterized 
by the activation of the cluster of  HOXA  transcrip-
tion factors  [  90,   99  ] . Activation of other transcrip-
tion factors including  TLX1 ,  TLX3 , and  MYB  has 
each been shown to have their unique gene expres-
sion pro fi le  [  88,   94,   100  ] . 

 The complexity of genetic alterations associ-
ated with T-cell transformation is completed with 
a few highly prevalent cytogenetic and molecular 
alterations that occur throughout all molecular 
subtypes of T-ALL. The most prominent T-cell-
speci fi c abnormality is the presence of activating 
mutations in  NOTCH1 , which are detected in over 
55% of T-ALL cases  [  28  ] . However, the most 
prevalent genetic lesion in T-ALL is the homozy-
gous or heterozygous inactivation of the genomic 
 CDKN2A  and  CDKN2B  loci, located in tandem at 
chromosome 9p21, occurring in more than 70% 
of T-ALL cases  [  102  ] . T-ALL is further character-
ized by a wide variety of rare but recurrent genetic 
lesions which result in (1) activation of genes 
involved in cell proliferation such as  LCK   [  103  ] , 
 CCND2   [  104  ] ,  JAK1   [  105  ] ,  ETV6-JAK2   [  106  ] , 
 ETV6-ABL1   [  107  ] ,  NUP214-ABL1   [  108  ] ,  EML1-
ABL1   [  109  ] ,  FLT3   [  110,   111  ] , and  RAS   [  112  ]  and 
(2) inactivation of tumor suppressor genes respon-
sible for control of cell growth including  NF1  
 [  113  ] ,  SHIP1   [  114  ] , and  PTEN   [  115  ] . Some other 
genetic defects are more restricted to speci fi c 
molecular-genetic subtypes, including  WT1  muta-
tions that are most prominently found in T-ALL 
cases with aberrant rearrangements of the onco-
genic  TLX1 ,  TLX3 , and  HOXA  transcription factor 
oncogenes  [  116  ] . 

   Activation of NOTCH1 Signaling 
 NOTCH1 is a transmembrane receptor that plays 
a major role in normal hematopoiesis driving lin-
eage commitment of lymphoid progenitor cells 
towards T-cell development  [  117  ] . Thus, inacti-
vation of NOTCH1 signaling in lymphoid 
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progenitors in mice blocks T-cell development 
and promotes differentiation towards the B-cell 
lineage  [  118–  120  ] . In the reciprocal setting, con-
stitutive activation of NOTCH1 inhibits B-cell 
development and promotes extrathymic T-cell 
development  [  121  ] . 

 NOTCH1 is synthesized as a single precursor 
protein (pre-NOTCH), which is processed by a 
furin protease to generate a heterodimeric protein 
consisting of an extracellular subunit and a trans-
membrane/intracellular subunit. Upon binding to 
the Jagged and Delta-like family of receptors, 
NOTCH1 undergoes two additional proteolytic 
cleavages which ultimately release the intracel-
lular domains of the receptor (ICN1) in the cyto-
sol  [  119,   120  ] . ICN1 is then transported to the 
nucleus where it mediates the expression of tar-
get genes such as  HES1 ,  HEY1 ,  MYC ,  PTCRA , 
and  DTX1   [  122–  124  ] . 

 A speci fi c role for  NOTCH1  in human T-ALL 
was originally postulated due to its involvement 
in the rare chromosomal translocation, t(7;9)
(q34;q34.3), which couples the intracellular part 
of  NOTCH1  to the  TCR b   locus and leads to the 
aberrant expression of an intracellular constitu-
tively active form of NOTCH1  [  96  ] . The involve-
ment of activated NOTCH1 in the pathogenesis 
of T-ALL was further demonstrated by animal 
models, in which expression of constitutively 
active forms of NOTCH1 were shown to induce 
T-cell tumorigenesis  in vivo   [  125  ] . 

 A broader role for NOTCH1 in T-cell leukemo-
genesis emerged when activating  NOTCH1  muta-
tions were identi fi ed in more than 50% of T-ALL 
samples resulting in constitutive NOTCH signal-
ing  [  28  ] .  NOTCH1  mutations mainly affect the 
heterodimerization (HD) domain and the 
C-terminal PEST domain. In addition, about 20% 
of T-ALL patients harbor mutations in both the 
HD and PEST domain of  NOTCH1   [  28  ] . Finally, a 
rare but highly active group of alleles, the so-called 
juxtamembrane expansion (JME) mutations, result 
from internal duplication insertions in the extracel-
lular juxtamembrane region of the receptor  [  126  ] . 

 It was postulated that point mutations in the 
HD domain and JME alleles enhance the acces-
sibility for proteolytic cleavage by  g -secretase, 
leading to ligand independent cleavage of 

NOTCH1 and release of ICN  [  28,   126  ] . Truncating 
mutations, as predominantly identi fi ed in the 
PEST domain, result in the removal of so-called 
Cdc phosphodegron domains (CPDs), which are 
normally involved in the degradation of ICN1 by 
the proteasome complex. PEST domain muta-
tions therefore lead to the stabilization of ICN1. 
One of the proteins that bind to CPDs, thereby 
priming ICN for degradation, is the F-box protein 
FBXW7. FBXW7 is an E3-ubiquitin ligase that 
also regulates the half-life of other proteins 
including Cyclin E, cMYC, and cJUN  [  127  ] . 

 Not surprisingly, mutations in this  FBXW7  
gene were also identi fi ed as alternative or addi-
tional mechanism of NOTCH1 activation/stabili-
zation in human T-ALL. Indeed,  FBXW7  point 
mutations were identi fi ed in 8–30% of T-ALL 
patients  [  128–  130  ] , frequently in association with 
NOTCH1 HD mutations  [  128–  130  ] . 

 Great interest exists in the inhibition of 
NOTCH1 signaling by GSIs as a potential thera-
peutic strategy in T-ALL. These small molecules 
interfere with the proteolytic cleavage of the recep-
tor, inhibiting the release of ICN1 to the nucleus. 
GSIs induce growth arrest in some T-ALL cell 
lines and cause prolonged cell cycle arrest and 
apoptosis in primary T-ALL cells  [  28,   131  ] . 
However, despite the high prevalence of  NOTCH1  
mutations and the presence of high levels of ICN1 
in these tumors, some of these T-ALL cell lines 
failed to respond to NOTCH1 inhibition, suggest-
ing primary resistance to GSI treatment  [  28  ] . 
Recently, it was shown that mutational loss of the 
tumor suppressor  PTEN  was associated with resis-
tance towards NOTCH inhibition in T-ALL cell 
lines  [  115  ] . Importantly, although resistant for GSI 
treatment, PTEN mutant T-cell lines were highly 
sensitive for AKT inhibition, providing a rational 
for combined NOTCH1- and PI3K-AKT-directed 
therapeutic approaches in human T-ALL  [  32,   115  ] . 
Similarly, NOTCH1 regulates the NF- k B signal-
ing pathway and inhibition of NOTCH signaling 
with GSIs can be synergistic with blocking the 
NF- k B with bortezomib  [  33  ] . 

 However, the clinical development of GSIs 
has been hampered by the emergence of serious 
side effects, including severe gastrointestinal tox-
icity that results from conversion of intestinal 
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crypt cells into goblet cells in the gut  [  132–  134  ] . 
Notably, recent data suggested that inhibition of 
NOTCH1 signaling may reverse glucocorticoid 
resistance in some T-ALLs and that the combina-
tion of dexamethasone, a glucocorticoid exten-
sively used in T-ALL treatment, and GSIs may 
ameliorate GSI-induced gut toxicity and provide 
a useful combination in the treatment of T-cell 
leukemias  [  29,   135  ] . Thus, NOTCH1 inhibition 
enhanced the effects of dexamethasone in gluco-
corticoid receptor autoupregulation and the acti-
vation of BIM-induced apoptosis  [  29  ] . 

 Another clinically relevant downstream target 
of  NOTCH1  is the chemokine receptor  CCR7  
which mediates the in fi ltration of CNS by leuke-
mic lymphoblasts  [  136  ] . Therefore, pharmaco-
logical targeting of this chemokine receptor 
might reduce the risk of CNS relapse in T-ALL/
T-LBL  [  136  ] . 

 Overall, the identi fi cation of a multiplicity of 
molecular abnormalities in T-ALL has 
signi fi cantly improved our understanding of the 
mechanisms that contribute to the malignant 
transformation of T-cell precursors and opened 
the  fi eld for the development of speci fi c targeted 
therapies blocking the activity of key genes and 
pathways required for the aberrant cell growth, 
proliferation, and survival of T-ALL/T-LBL lym-
phoblasts. In addition, further insights in the tran-
scriptional networks regulated by the major T-cell 

oncogene  NOTCH1  revealed a variety of novel 
targets or treatment approaches that might be 
explored for T-ALL/T-LBL therapy, including 
the combined use of NOTCH inhibitors with 
PI3K-AKT pathway inhibitors  [  32,   115  ] , anti-
NF- k B drugs  [  33  ] , and/or glucocorticoids  [  29,   135  ]  
or the targeting of the CCR7 receptor to prevent 
CNS relapse  [  136  ] . Hopefully, these novel 
treatment strategies will further improve T-ALL/
T-LBL treatment outcome and reduce the 
therapy-related toxicities associated with inten-
sive chemotherapy in T-ALL/T-LBL.   

   Anaplastic Large Cell Lymphoma 
in Children and Adolescents 

 Approximately 10% of NHLs that occur in chil-
dren and adolescents are ALCL. First recognized 
in the 1980s  [  137  ] , there have been signi fi cant 
advances in elucidating the distinct biological 
features of ALCL over the past 20 years 
(Fig.  11.7 )  [  138  ] . There are two clinically distinct 
presentations of ALCL: a primary cutaneous 
form that presents exclusively in the skin and sys-
temic ALCL  [  139  ] . Most cases of ALCL demon-
strate TCR gene rearrangements, even when 
immunophenotypic analysis fails to demonstrate 
expression of T-cell antigens  [  140  ] . The systemic 
form of ALCL is most often characterized by 

  Fig. 11.7    Timeline of major events in the characterization of ALCL (reprinted from Chiarle et al.  [  138  ] , with permis-
sion from Macmillan Publishers Ltd.)       
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translocations of the  ALK  gene. Translocation of 
the  ALK  gene on chromosome 2q23 renders the 
disease  ALK   +   (Fig.  11.8 ). The most common 
translocation in ALCL partners  ALK  with the 
nucleophosmin ( NPM ) gene on chromosome 
5q35. Less common  fi ndings include transloca-
tion of  ALK  to partner genes on chromosomes 1, 
2, 3, and 17 that also result in upregulation of 
 ALK  expression (Table  11.3 )  [  141  ] .  ALK   +   ALCL 
carries a signi fi cantly better prognosis than the 
 ALK   −   ALCL counterpart. These categorizations 
help determine risk strati fi cation parameters and 
enable the implementation of appropriately 
different therapeutic approaches.    

 ALCLs are characterized by large, pleomor-
phic, multinucleated cells with eccentric horse-
shoe-shaped nuclei and abundant clear to 
basophilic cytoplasm with an area of eosinophilia 
near the nucleus (termed “hallmark cells”)  [  142  ] . 
These “hallmark cells” may resemble Reed–
Sternberg cells found in Hodgkin lymphoma (HL), 
although they tend to have less conspicuous 

nucleoli compared to Reed–Sternberg cells. 
Several morphologic variants of ALCL have been 
identi fi ed in the revised European American lym-
phoma (REAL) and WHO classi fi cations  [  143  ] . 
These include the common variant (75%) com-
posed primarily of hallmark cells, the lymphohis-
tiocytic variant (10%) that has a large number of 
benign histiocytes admixed with neoplastic cells, 
and the small cell variant (10%) where small neo-
plastic cells predominate and only scattered hall-
mark cells are visualized. Other (<5%) less 
well-described variants include a sarcomatoid 
variant, signet ring variant, neutrophil rich vari-
ant, and giant cell variant  [  140  ] . 

 The distribution of ALCL subtypes in children 
is different than in adults. More than 90% of 
childhood ALCL cases are  ALK   +    [  140  ] , while 
approximately 60% of ALCL cases overall 
express  ALK   [  144  ] . Primary cutaneous cases of 
ALCL are nearly always  ALK   −   and are quite 
uncommon in children  [  141  ] . Expression of  ALK  
is not entirely unique to ALCL, as it is a gene 

  Fig. 11.8    Translocation of ALK gene on chromosome 2 
with NPM gene on chromosome 5 in ALCL (adapted 
from Lim and Elenitoba-Johnson  [  180  ] , with permission 

from The American Society for Biochemistry and 
Molecular Biology)       
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normally involved in neuronal development and 
is rarely seen in cases of diffuse large B-cell lym-
phoma (DLBCL) and also in in fl ammatory 
myo fi broblastic tumors  [  145  ] . 

 Children tend to present with advanced stage 
III/IV ALCL at diagnosis  [  146  ] . Around 40–60% 
of patients with systemic ALCL present with B 
symptoms and have extranodal disease, most 
commonly involving the skin (20–25%), bone, 
and soft tissue, and commonly in association with 
nodal disease  [  147  ] . This contrasts with primary 
cutaneous ALCL, which although extranodal, is 
limited solely to the skin. Skin lesions usually 
present as solitary or localized nodules; however 
multifocal skin involvement occurs in 15–20% of 
patients  [  1,   2  ] . Involvement of the bone marrow 
occurs in less than 10% of patients  [  144  ] , and 
CNS involvement is less common in ALCL than 
in other forms of childhood NHL such as BL and 
LBL, occurring in less than 5% of patients  [  148  ] . 

 Risk strati fi cation is ultimately important in 
the determination of the treatment of ALCL. 
Optimal therapeutic approaches for limited dis-
ease ALCL has yet to be established, as both 
B-NHL intensive therapy and T-ALL protocols 
have been used with similar ef fi cacies. EFS has 
been reported to be as high as 100% for children 
with localized ALCL (stage I/stage II resected) in 
the NHL-BFM90 trial with 2 months of chemo-
therapy including dexamethasone, ifosfamide, 
MTX, cytarabine, etoposide, and prophylactic IT 
therapy  [  149  ] . St. Jude Children’s Research 
Hospital reported a 75% EFS on a small number 
of children with localized CD30 positive large 
cell lymphoma (presumably ALCL) treated with 
three courses of CHOP (cyclophosphamide, dox-
orubicin, vincristine, and prednisone), either with 
or without maintenance therapy (6-mercaptopu-
rine plus MTX)  [  150  ] . 

 Treatment of advanced stage ALCL in chil-
dren has evolved over the past two decades. 
Different strategies, including B-NHL intensive 
protocols and LSA 

2
 -L 

2
 -type therapies, have 

achieved EFS rates ranging between 65 and 75% 
(Table  11.4 )  [  149,   151–  155  ] . The backbone of 
combination doxorubcin, prednisone, and vin-
cristine (APO) has been investigated in multiple 
trials over the past 15 years. Pediatric Oncology 

Group (POG)-9315 examined the utility of adding 
intermediate-dose MTX and high-dose cytara-
bine to the backbone APO regimen vs. standard 
APO alone; however there was insuf fi cient power 
in the study to detect a difference between the 
two arms and those patients receiving MTX and 
cytarabine experienced greater toxicity. Children 
treated on the backbone APO arm had a 2-year 
EFS of 75.1%  [  152  ] . More recently, the COG has 
examined the addition of weekly vinblastine to 
the APO regimen based upon French data show-
ing the remarkable overall response rate (ORR) 
of patients (10 out of 12) with relapsed ALCL to 
weekly vinblastine  [  156  ] . However in a recent 
report of the results from the COG study, the 
addition of vinblastine had no statistically 
signi fi cant improvement on the EFS or OS and 
was associated with increased myelosuppression. 
The overall 2-year EFS for the study was 77% 
 [  157  ] . Results from the international trial 
ALCL99 based upon the European approach of 
utilizing multi-agent intensive B-NHL-like 
therapy (built upon the BFM90 protocol) were 
recently reported. The study revealed an improve-
ment in safety in utilizing a less toxic regimen 
including administration of high-dose MTX 
without IT chemotherapy and reported a 2-year 
EFS of 74%  [  158  ] .  

 Until the ALCL99 trial, cases of CNS negative 
ALCL had been treated with prophylactic IT che-
motherapy. With the recent success in preventing 
CNS relapse without the use of IT chemotherapy, 
the question arises whether a reduction in the 
number of high-dose MTX administrations can be 
employed. CRT in doses of 18–24 Gy in addition 
to high-dose MTX and/or Cytarabine and IT med-
icines has been reserved for cases of those rare 
patients with overt CNS disease  [  149,   151  ] . 

 Several prognostic parameters have been 
identi fi ed in children with advanced disease 
ALCL. Some of the poor-risk clinical prognostic 
factors that have been identi fi ed include visceral 
organ involvement (liver, lung, spleen), mediasti-
nal involvement, elevated lactate dehydrogenase 
(LDH), and disseminated skin disease (Fig.  11.9 ) 
 [  151,   159,   160  ] . More recently, correlation 
between tumor biology and treatment failure has 
become extremely important. Presence of MRD 
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as detected by PCR analysis of the  NPM-ALK  
transcript in the bone marrow and peripheral 
blood was associated with a signi fi cant increase 
in cumulative incidence of relapse in ALCL, 50% 
for PCR positive vs. 15% for negative (Fig.  11.10 ) 
 [  161  ] . Meanwhile, the presence of anti- ALK  anti-
bodies is inversely correlated to tumor dissemi-
nation and the risk of relapse in  ALK   +   ALCL and 
supports the use of  ALK  as an important potential 
immunotherapeutic target  [  162  ] . Additionally, 
analysis of the recent ALCL99 international trial 
revealed that two of the less common morpho-
logic subtypes of ALCL, small cell and lympho-
histiocytic, were signi fi cantly associated with a 
high risk of treatment failure, independent of 
clinical risk factors  [  163  ] . Ultimately, the contin-
ued development in the ability to predict those 
patients at higher risk for relapse will enable an 
intensi fi cation of front-line therapy and poten-
tially improve outcomes.   

 Chemosensitivity at the time of relapse is a 
hallmark feature of childhood ALCL and has 
rendered salvage strategies for ALCL generally 
effective  [  164,   165  ] . Relapses in ALCL tend to 

occur later than in other histologic subtypes of 
childhood NHL  [  166  ] . The clinical behavior after 
relapse has been variable with some patients 
developing rapidly progressive disease and oth-
ers having an indolent, waxing and waning course 
 [  167  ] . These differences have made uniform 
treatment approaches dif fi cult to establish. In 
analyzing a series of three clinical trials in France 
over two decades, therapeutic intervention for 
relapse varied widely from single agent 
Vinblastine, to multi-agent chemotherapy, to 
fully ablative chemotherapy with both autoSCT 
and alloSCT. Higher risk for treatment failure 
included earlier relapse and more intensive initial 
treatment. Three-year risk DFS was not 
signi fi cantly different in patients who underwent 
ablative SCT in CR2 vs. those treated with che-
motherapy alone  [  156  ] . However, more recent 
reports of alloSCT for relapsed and refractory 
ALCL have demonstrated encouraging results 
including a 3-year EFS of 75% for the larger 
series of 20 patients (Fig.  11.11 )  [  168,   169  ] .  

 Currently, new treatment strategies are focus-
ing on determining the utility of targeted agents 

  Fig. 11.9    OS and PFS according to risk group. Standard 
risk group indicates no risk factor (i.e., no mediastinal 
involvement and no lung, spleen, or liver involvement, 
and no skin lesion). High-risk group, at least 1 risk factor, 

mediastinal involvement, visceral involvement, or skin 
lesion. This research was originally published in  Blood  
 [  159  ] . © American Society of Hematology       
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  Fig. 11.10    Outcome of ALCL patients according to 
quantitative PCR results for  NPM-ALK  in bone marrow. 
Cumulative incidence of relapse of the 74 patients with 
either a negative qualitative BM PCR or a positive qualitative 

BM PCR using quantitative PCR results and a  NPM-ALK  
cutoff copy number of 10/10 4  copies  ABL  (NCN). 
This research was originally published in  Blood   [  161  ] . 
© American Society of Hematology       

  Fig. 11.11    EFS estimate for the 20 patients with ana-
plastic large cell lymphoma-relapse treated by allogeneic 
hematopoietic stem cell transplantation (reprinted from 

Woessmann et al.  [  169  ] , with permission from Wiley-
Blackwell Publishing)       
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as well as the optimal risk strati fi cation that would 
determine using alloSCT in frontline therapy. 
CD30 antigen is expressed in close to 100% of all 
childhood and adolescent ALCL; this expression 
is controlled by  ALK  (Fig.  11.12 ). In phase I/II 
trials, one partial response and one CR have been 
achieved with SGN-30 monotherapy in heavily 
pretreated patients with relapsed and refractory 
ALCL  [  170,   171  ] . More recently, SGN-35, 
another monoclonal antibody targeting the CD30 
antigen, has met even greater success than its pre-
decessor. Two separate phase I trials have exam-
ined the role of SGN-35 monotherapy in patients 
with refractory/recurrent CD30 +  lymphomas 
including cases of both ALCL and HL. At higher 
dose ranges of drug, preliminary data in one trial 

revealed that 7 of 8 evaluable patients achieved 
CR. In the other trial, also at the higher dose 
ranges of drug, 7 of 28 evaluable patients achieved 
CR with an ORR of 46%  [  172,   173  ] . The impres-
sive response to monotherapy in heavily pre-
treated patients offers exciting hope that 
incorporating SGN-35 into combination therapy 
will provide promise for better results with front-
line therapy.  

 Advances in the study of the biological char-
acteristics of ALCL have also led to the develop-
ment of novel therapeutic agents. Potential 
developmental therapeutic strategies include tar-
geting the  ALK  protein with both small molecule 
inhibition as well as directed antibodies. The 
 ALK  inhibitor TAE684 has proven effective with 

  Fig. 11.12    ALK and CD30 signaling. In anaplastic large 
cell lymphoma (ALCL), CD30 expression is controlled 
by anaplastic lymphoma kinase (ALK) activity through 
the phosphorylation of signal transducer and activator of 
transcription 3 (STAT3) and the extracellular signal-regu-
lated kinase 1 (ERK1)- and ERK2-mediated upregulation 
of JUNB protein levels. Phosphorylated STAT3 and acti-
vated AP1 complexes containing JUNB cooperate to 
enhance  CD30  transcription. The nucleophosmin (NPM)–
ALK fusion protein impedes full CD30 signaling and 
nuclear factor  k B (NF k B) activation by titrating tumor 

necrosis factor receptor-associated factor 2 (TRAF2) 
away from CD30 through dimerization with wild-type 
(WT) NPM. CD30 engagement results in TRAF2 degra-
dation and BCL3 phosphorylation. The effect of CD30 
engagement in ALCL cells is the activation of both the 
canonical and alternative NF k B pathways, which result in 
apoptosis and p21-mediated cell-cycle arrest. Clinical tri-
als are currently using speci fi c antibodies directed against 
CD30 ( red arrow ) in ALCL109.  TK  tyrosine kinase 
(reprinted from Chiarle et al.  [  138  ] , with permission from 
Macmillan Publishers Ltd.)       
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 in vitro  and  in vivo  inhibition of  ALK   +   ALCL. In 
separate mouse models the drug was able to 
achieve prevention of tumor development as well 
as regression of pre-induced tumor  [  174  ] . The 
aforementioned evidence showing a strong cor-
relation with circulating anti- ALK  antibodies and 
a lower risk for relapse has led to investigations 
in vaccination strategies stimulated by the  ALK  
antigen  [  175  ] . Somatic mutations in ALCL are 
rare. Monoallelic and biallelic mutations of the 
perforin ( PRF1 ) gene and sonic hedgehog ( SHH ) 
have been reported in some cases of childhood 
lymphomas. Direct sequencing identi fi ed 6 dif-
ferent mutations in 12 patients (27.3%) of 44 
patients with t(2;5) + ALCL. The incidence of 
 PRF1  mutations was found to be signi fi cantly 
higher in patients with ALCL compared with 400 
control subjects, among whom only heterozy-
gous A91V was observed in 41 subjects (10.2%) 
(chi-square test, 10.9;  P  < 0.01)  [  176  ] .  PRF1  
mutations have been described in other NHLs 
and are thought to result in defective perforin-
mediated cytotoxicity due to abnormal confor-
mational changes induced by the A91V mutation 
 [  177  ] . Ampli fi cation of  SHH  gene in a subset of 
 ALK  positive ALCL  [  178  ]  has been shown to 
lead to deregulation of the  SHH  signaling path-
way. While genomic studies were essential in 
identifying the characteristic upregulation of the 
 ALK  protein in ALCL, proteomic studies of 
ALCL have been instrumental in understanding 
the importance of the  ALK  gene and its associ-
ated network of proteins (Fig.  11.13a, b )  [  179, 
  180  ] . Most recently, unraveling of the proteomic 
signature of the  NPM/ALK  fusion gene identi fi ed 
cellular changes affecting cell proliferation, ribo-
some synthesis, survival, apoptosis evasion, 
angiogenesis, and cytoarchitectural organization 
 [  179  ] . Further investigation showed loss of cell 
adhesion as a consequence of  NPM/ALK  expres-
sion in a kinase-dependent manner, and sensitiv-
ity of  NPM/ALK -positive ALCLs to inhibition of 
the  RAS , p42/44ERK, and FRAP/mTOR signal-
ing pathways  [  179  ] . Understanding the effects of 
 NPM/ALK  alteration on a diverse array of cellu-
lar pathways offers novel insights into  NPM/
ALK -positive ALCL pathobiology. Other pro-
teomic studies have demonstrated the constitutive 

expression of CD25 in pediatric ALCL and have 
led to  in vitro  investigations of the anti-CD25 
agent, denileukin diftitox, as a novel therapeutic 
approach  [  181,   182  ] . Furthermore, the 
identi fi cation of other important downstream 
cellular pathways interconnected with  ALK  has 
led to studies examining the utility of disrupting 
 ALK -associated pathways in an attempt to pre-
vent tumorigenesis. Heat shock protein 90 ( Hsp-
90 ) and the PI3K/Akt apoptosis pathway have 
both demonstrated interactions with the  ALK  
protein network.  In vitro  studies targeting  Hsp-
90  resulted in increased degradation of  NPM-
ALK  and subsequent apoptosis in ALCL cell 
lines  [  183  ] , while PI3K/Akt negative mice 
injected with  NPM/ALK   +   cells showed 
signi fi cantly impaired tumor forming capacity 
 [  184  ] . Altogether, advances in our understanding 
of the genomic and proteomic characteristics of 
ALCL have enabled an expanded approach to 
therapeutic targeting of developmental strate-
gies. Combining new and less toxic therapies 
offers an exciting opportunity to enhance both 
the ef fi cacy and safety of therapies for future 
patients.   

   Other Peripheral T-Cell Lymphomas 
in Children and Adolescents 

 PTCLs other than ALCLs are composed of a 
diverse group of rare disease entities. After 
ALCL, PTCL-not otherwise speci fi ed (nos) 
makes up the second largest type of PTCL. In 
children, PTCL-nos accounts for only approxi-
mately 1% of all cases of NHL  [  185  ] . In contrast, 
it represents around 4% of NHL in adults  [  186  ] . 
It is important to remember though, that the inci-
dence of PTCL varies based on geographical and 
ethnic differences; for example, there is a dis-
tinctly higher prevalence of PTCL in Asia  [  186  ] . 
While the etiology of certain subtypes of PTCL is 
well described (i.e., human T-cell lymphotropic 
virus [HTLV] in adult T-cell leukemia/lymphoma 
and Epstein–Barr virus [EBV] in the EBV T-cell 
lymphoproliferative [LPD]), for the most part the 
etiology of this diverse group of diseases has yet 
to be determined  [  3  ] . 



  Fig. 11.13    ( a ) Functional categories of proteins 
expressed in the membrane, cytoplasmic, and nuclear 
fraction of ALCL. GoMiner analysis of proteins identi fi ed 
in the membrane, cytoplasmic, and nuclear fractions 
reveals proteins from diverse functional categories. ( b ) 
Proteins identi fi ed within the NPM/ALK protein network. 

The proteins identi fi ed within the NPM/ALK immuno-
complex are visualized using GeneGO software analysis. 
 reg  regulated;  PKC  protein kinase C;  GAK  cyclin 
G-associated kinase (reprinted from Lim and Elenitoba-
Johnson  [  180  ] , with permission from The American 
Society for Biochemistry and Molecular Biology)       
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 The other entities of PTCL are too numerous 
to discuss each in great detail, but are listed in 
Table  11.5 . The 2008 WHO Classi fi cation of 
Lymphoid Neoplasms has subdivided PTCLs 
into four groups based upon their mode of clini-
cal presentation: leukemic/disseminated, extran-
odal, extranodal-cutaneous, and nodal. Examples 
of the leukemic/disseminated types include the 
HTLV-1 positive adult T-cell lymphoma/leuke-
mia and systemic EBV positive T-cell LPD of 
childhood. The extranodal variety of PTCL 
includes extranodal NK/T-cell lymphoma, 
enteropathy-associated T-cell lymphoma, and 
hepatosplenic lymphoma. The extranodal-cuta-
neous forms include Mycosis Fungoides/Sezary 

syndrome, primary cutaneous CD30 +  LPD 
(discussed in more detail in the ALCL section), 
subcutaneous panniculitis-like T-cell lymphoma, 
and primary cutaneous  g  d  T-cell lymphoma. The 
nodal sub group includes ALCL, angioimmuno-
blastic T-cell lymphoma, and PTCL-nos, previ-
ously referred to as PTCL-u  [  139  ] .  

 The biological characteristics of PTCL-nos 
also exhibit diversity. It has been challenging to 
identify the normal counterpart T cells that cor-
relate with the cellular origin of disease for 
PTCL-nos. A variety of immunophenotypic 
changes have been observed across different 
stages of T-cell differentiation with cells express-
ing different combinations of pan-T-cell antigens 
as well as markers of both cytotoxic and activated 
T-cell subtypes  [  187  ] . Similarly, although several 
different cytogenetic changes have been observed 
in cases of PTCL-u, a speci fi c pattern that corre-
lates to clinically meaningful consequences has 
yet to be established  [  188  ] . In fact, ALCL is the 
only T-cell lymphoma that is characterized by a 
consistently recurring genetic abnormality in the 
t2;5 translocation  [  189  ] . Furthermore, although 
clonal gene rearrangements of the TCR are often 
seen in cases of PTCL-u, these molecular changes 
vary and none serve to represent a characteristic 
pattern  [  3  ] . 

 Some recent observations in the biological 
behavior of PTCL have opened the door to some 
exciting scienti fi c investigations. Gene array 
analysis of PTCL-u specimens has linked the 
reduced expression of  NF- k B  genes with shorter 
survival  [  190  ] . While further studies are required 
to understand the precise relationship between 
the  NF- k B  pathway and PTCL-u tumorigenesis, 
this data offers an excellent opportunity to 
improve our understanding of disease progres-
sion as well as discover a target for developmen-
tal therapeutics. Similarly, another study was able 
to separate PTCL-u into three subgroups based 
upon microarray-based genomic  fi ndings. These 
three groups included one characterized by the 
expression of cyclin D2, another with the overex-
pression of  NF- k B1  and  Bcl-2  genes, and the 
third marked by overexpression of genes involved 
in the interferon/JAK/STAT pathway  [  191  ] . 
Again, while further investigations are required 

   Table 11.5    WHO 2008 classi fi cation of precursor and 
mature T/NK-cell neoplasms   

 Leukemic or disseminated 
 T lymphoblastic leukemia/lymphoma 
 T-cell prolymphocytic leukemia 
 T-cell large granular lymphocytic leukemia 
 Chronic lymphoproliferative disorders of NK cells 
 Aggressive NK-cell leukemia 
 Adult T-cell lymphoma/leukemia (HTLV1-positive) 
 Systemic Epstein–Barr virus (EBV)-positive T-cell 
lymphoproliferative disorders of childhood 

 Extranodal 
 Extranodal NK/T-cell lymphoma, nasal type 
 Enteropathy-associated T-cell lymphoma 
 Hepatosplenic T-cell lymphoma 

 Extranodal-cutaneous 
 Mycosis fungoides 
 Sezary syndrome 
 Primary cutaneous CD30 +  lymphoproliferative 
disorders 

 Primary cutaneous anaplastic large cell lymphoma 
 Lymphomatoid papulosis 

 Subcutaneous panniculitis-like T-cell lymphoma 
 Primary cutaneous gamma-delta T-cell lymphoma 
 Primary cutaneous aggressive epidermotropic CD8 +  
cytotoxic lymphoma 

 Nodal 
 Angioimmunoblastic T-cell lymphoma 
 Anaplastic large cell lymphoma, ALK-positive 
 Anaplastic large cell lymphoma, ALK-negative 
 Primary cutaneous small/medium CD4 +  T-cell 
lymphoma 

  Based on data from refs.  [  1,   2  ]      
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to unravel a deeper understanding of these path-
ways and how they are involved in lymphom-
agenesis, these studies have identi fi ed novel and 
potentially important biological observations in 
PTCL. 

 The clinical presentations of PTCL are as var-
ied as the biological characteristics. Most patients 
present with either generalized lymphadenopathy 
(commonly in the cervical region) or extranodal 
disease. The extranodal presentation often 
involves the liver, spleen, skin, and bone marrow. 
The majority of patients have advanced stage dis-
ease at diagnosis and exhibit systemic constitu-
tional B symptoms such as fevers, night sweats, 
and/or weight loss. LDH is often elevated and 
there may or may not be abnormalities appreci-
ated on the CBC. Often times patients are found 
to have symptoms associated with increased 
cytokine production from the abnormal T cells 
and can even present with the overt hyper-
in fl ammatory signs of a hemophagocytic syn-
drome  [  3  ] . 

 Unfortunately, treatment strategies employed 
over the years for PTCL have been as varied as 
their clinical and pathological  fi ndings. It has 
been extremely challenging to develop and estab-
lish effective treatment regimens because the 
clinical experience in pediatric PTCL has been 
sparse and individual studies have been hampered 
by too few patients. The largest cohorts of pediat-
ric PTCL patients have recently been reported 
from the United States of America (USA) and the 
United Kingdom (UK). 

 The COG analyzed 20 pediatric patients 
identi fi ed over a 9-year period. The cohort 
included mostly patients with PTCL-u; however 
there were also patients with extranodal NK/T-
cell lymphoma nasal type, subcutaneous pannic-
ulitis-like T-cell lymphoma, and enteropathy-type 
T-cell lymphoma. Treatment choice was differen-
tiated based upon clinical staging. Patients with 
advanced stage III/IV disease were treated with a 
regimen of doxorubicin, prednisone, vincristine, 
mercaptopurine, and MTX ± alternating therapy 
with high-dose cytarabine and intermediate-dose 
MTX. Patients with localized stage I/II disease 
were treated with CHOP. Of patients with localized 
disease, 2 relapsed and 9 of 10 survived. Of 

patients with advanced stage disease, 6 relapsed 
and 5 of 10 survived. These results are markedly 
better than most studies analyzing adults with 
PTCL. However, while CHOP-like therapy seems 
adequate for patients with localized disease, the 
OS for patients with advanced stage disease was 
only 50%, leaving plenty of room for improve-
ment  [  192  ] . 

 The experience in the UK was quite similar to 
that of the COG in the USA. The UK study ana-
lyzed 25 cases of PTCL in children and adoles-
cents over a 20-year period. They observed a 
similar distribution of PTCL subtypes with 68% 
of patients having PTCL-u, the remainder of 
cases were angiocentric PTCL, angioimmuno-
blastic T-cell lymphoma, and subcutaneous pan-
niculitis-like T-cell lymphoma. In this 
retrospective analysis, patients were treated either 
with B-NHL CHOP-like regimens or with T-ALL 
type of treatment strategies. Among children with 
PTCL-u, 9 of 12 survived with T-ALL therapy, 
while only 1 of 5 that received B-NHL therapy 
survived. Similar to the COG results, when ana-
lyzed based upon extent of disease, the majority 
of patients (9 of 12) with localized stage I/II dis-
ease survived, while only 6 of 12 children with 
advanced stage disease survived. The authors 
concluded that children with PTCL-u should be 
treated with T-ALL-like therapy; however it is 
still apparent that a large percentage of children 
with advanced stage disease do not survive 
 [  185  ] . 

 Outcomes for adults with PTCL have been 
even worse. Treatment strategies have varied 
widely, yet 5-year OS in adult studies has ranged 
from 25 to 45%  [  3,   193–  195  ] . Conventional che-
motherapy combinations used in adults have most 
frequently included CHOP-like therapy; however 
there have also been attempts to incorporate 
cytarabine, cisplatin, and etoposide without any 
improvement in survival rates. With the poor out-
comes from conventional chemotherapy, the use 
of high-dose chemotherapy with both autoSCT 
and alloSCT has also been explored. 

 High-dose chemotherapy with autoSCT has 
been attempted as both salvage and front-line 
therapy in PTCL. In the setting of refractory or 
recurrent disease, OS after autoSCT has been 
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reported around 33%  [  196  ] . Some studies report 
higher OS rates ranging between 39 and 48%; 
however their cohorts included cases of ALCL 
which typically do well with autoSCT for salvage 
therapy. When analyzed based upon histologic 
subtype, the cases of PTCL had OS closer to 30% 
in those same studies  [  197  ] . Attempts to treat 
PTCL with front-line autoSCT have yielded 
slightly better results; however the biggest obsta-
cle to achieving better outcomes was the inability 
to attain remission in signi fi cant numbers of 
patients. A large study performed in Italy for 
patients with high-risk PTCL receiving autoSCT 
as up-front therapy reported long-term OS rates 
of 39%. However, a number of patients pro-
gressed before autoSCT and never received the 
therapy. Of the patients that did get high-dose 
chemo and autoSCT, 12-year DFS rate was 55% 
 [  198  ] . 

 Many groups have also attempted alloSCT for 
PTCL. This strategy provides the advantage of 
infusing lymphoma-free grafts and potential for a 
graft vs. lymphoma effect. Studies have demon-
strated a lower risk of relapse in patients receiv-
ing alloSCT (in comparison to autoSCT); however 
the high rates of transplant-related mortality with 
fully ablative conditioning regimens have offset 
any survival advantages  [  199  ] . The Italian group 
has recently reported on the role of alloSCT with 
reduced intensity conditioning regimens. In a 
pilot study of 17 patients with refractory and 
recurrent disease (8 of whom relapsed after prior 
autoSCT), a 3-year progression-free survival of 
64% was achieved, with only 1 of 17 patients suf-
fering from transplant-related mortality  [  200  ] . 
This study offers promising data for a disease 
that has been notoriously dif fi cult to treat for 
many years. 

 Pediatric studies have shown that patients with 
advanced stage III/IV disease have markedly 
worse outcomes than those with localized stage I/
II disease  [  185,   192  ] . In adults, the International 
Prognostic Index (IPI) has commonly been used 
for risk strati fi cation. The IPI incorporates high-
risk features such as advanced stage disease, 
LDH level greater than twice normal, elderly 
patient age, multifocal extranodal involvement of 
disease, and poor performance status. A Canadian 

study demonstrated the validity of the IPI in adult 
patients with PTCL-u, showing that of 117 
patients, those with an IPI score of 0–1 (30% of 
the cohort) had a 5-year OS of 64%, while those 
with an IPI score >2 (70% of the cohort) had an 
OS of 30%  [  195  ] . The Italian group has estab-
lished the Prognostic Index for PTCL-u (PIT) 
model based upon principles from the IPI and 
results from a series of nearly 400 patients. Using 
four clinical variables, age, performance status, 
LDH level, and bone marrow involvement, they 
were able to identify prognostic groups. Groups 1 
and 2 had zero or one adverse factor and 5-year 
OS rates of 62% and 53%, respectively. Groups 3 
and 4 had two or more than two adverse factors 
and OS rates of 33% and 18%, respectively  [  201  ] . 
In application to pediatric patients, certainly they 
will not carry the adverse factor of elderly age 
status, but indicators of advanced stage disease 
like elevated LDH and bone marrow involvement 
will portend for a worse prognosis. 

 With the overall poor outcomes in adult 
patients with PTCL and pediatric patients with 
advanced stage PTCL, advances in therapeutic 
strategies are desperately needed. New agents in 
investigation for PTCL include a wide array of 
agents from the following pharmacologic catego-
ries: nucleoside analogs, histone deacetylase 
inhibitors, anti-angiogenesis agents, folate inhib-
itors, proteasome inhibitors, and monoclonal 
antibodies. Of the nucleoside analogs, pentosta-
tin and gemcitabine have shown the most prom-
ise. A single institution study demonstrated an 
ORR to gemcitabine in refractory/recurrent dis-
ease to be 60%; however there were only ten 
patients evaluated  [  202  ] . Currently gemcitabine 
is being investigated in combination with other 
agents against a variety of lymphomas. 
Nelarabine, on the other hand, achieved an ORR 
of only 10.5% and also exhibited marked toxicity 
 [  203  ] . The histone deacetylase inhibitor, depsi-
peptide, induced an ORR of 26% in data from a 
phase II trial  [  204  ] . Anti-angiogenesis agents like 
bevacizumab have been utilized speci fi cally in 
angioimmunoblastic T-cell lymphoma and there 
are some case reports of achieving CR in 
refractory/recurrent cases  [  205,   206  ] . The new 
anti-folate agent Pralatrexate has shown promise 
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in phase I/II trials with an ORR of 47% in 26 
patients with T-cell lymphoma, many of whom 
had PTCL  [  207  ] . Investigations were expanded 
to a multicenter trial enrolling over 100 patients 
with PTCL, with interim data showing ORR of 
29% in 65 patients, with 11% of total patients 
achieving CR  [  208  ] . Combining proteasome 
inhibitor, bortezomib, with liposomal doxorubi-
cin has proven safe and effective for advanced 
stage hematologic malignancies  [  209  ] . 
Proteasome inhibitors are known to promote 
apoptosis and the anti-proliferative properties via 
inhibition of the NF- k B pathway. Bortezomib 
thus provides an attractive mechanism of action 
in PTCL with recent biology studies demonstrat-
ing an overexpression of  NF- k B1  genes in certain 
subgroups of PTCL. It has been investigated    in 
refractory and relapsed cutaneous T-cell lympho-
mas, achieving an ORR of 67% as single-agent 
therapy. Although the majority of cases in that 
trial were  Mycoses Fungoides , which is charac-
teristically unique in comparison to other forms 
of PTCL, there were two patients with PTCL-u in 
that study, one of whom achieved response  [  210  ] . 
Currently there are studies examining the role of 
bortezomib in combination with other therapies 
for PTCL as front-line therapy  [  211  ] . 

 The development of monoclonal antibodies 
has fostered much progress in the treatment of 
pediatric lymphomas in the past decade. In PTCL 
there has been much interest in incorporating 
monoclonal antibodies into combination thera-
peutic regimens. Alemtuzumab is a humanized 
monoclonal antibody that targets CD52, an anti-
gen expressed on nearly all lymphocytes. It has 
been studied as a single agent in refractory/recur-
rent cases of PTCL, achieving a 36% ORR in a 
pilot study of 14 patients. However, there were 
excessive infectious complications experienced 
in the study with  fi ve patients suffering from 
treatment-related mortality  [  212  ] . A more recent 
study examined the role of alemtuzumab in com-
bination with CHOP chemotherapy as front-line 
therapy. This experience revealed tolerable rates 
of toxicity and 1-year EFS of 41%  [  213  ] . Other 
monoclonal antibodies have been explored in the 
setting of cutaneous T-cell lymphomas and their 
utility in other forms of PTCL remains to be 

elucidated. They include the anti-CD4 antibody 
zanolimumab, as well as daclizumab and denile-
ukin diftitox, two antibodies targeting the CD25 
antigen, which is a form of the human IL-2 recep-
tor  [  214,   215  ] .  

   Rare T-Cell Lymphomas in Children 
and Young Adolescents 

   Hepatosplenic Gamma Delta T-Cell 
Lymphoma 
 This is a very rare and aggressive peripheral 
T-cell neoplasm that is characterized by involve-
ment of the liver, spleen, and bone marrow. It is a 
disease of young adults with a distinct male pre-
dominance. Patients present with marked hepa-
tosplenomegaly without lymphadenopathy. Up to 
20% of cases arise in the setting of chronic 
immune suppression, most commonly in the set-
ting of solid organ transplantation or prolonged 
antigenic stimulation as in in fl ammatory bowel 
disease after exposure to azathioprine and 
in fl iximab. More recently, EBV-negative T-cell 
lymphomas with features consistent with hepa-
tosplenic T-cell lymphomas have been reported 
in patients receiving in fl iximab for in fl ammatory 
bowel disease  [  216  ] . Molecular studies consis-
tently show isochromosome 7q often in conjunc-
tion with trisomy 8. The cells have rearranged 
TCR genes. Gene expression pro fi ling of  g / d  
T-cell lymphoma  [  217  ]  revealed that genes of 
NK-cell associated molecules such as killer cell 
immunoglobulin-like receptor genes and killer 
cell lectin-like receptors were found to be over-
expressed relative to other PTCL with  a / b  phe-
notype. Gene ontology analysis of differentially 
expressed genes show enrichment of those 
involved in cellular defense response, signal 
transduction activity, receptor activity, transmem-
brane receptor activity, and immunoglobulin-G 
binding.  

   EBV Positive T-Cell Lymphoproliferative 
Disorders 
 In the 2008 WHO classi fi cation two new major 
types of EBV-associated T-cell LPDs affecting 
the pediatric population have been incorporated: 
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systemic EBV-positive T-cell LPD of childhood 
and Hydroa vacciniforme-like lymphoma. Both 
of them occur predominantly in Asians and in 
Native Americans from Central and South 
America and Mexico.  

   Systemic EBV-Positive T-Cell 
Lymphoproliferative Disease 
of Childhood 
 Most patients present with acute onset of fever 
and general malaise after which patients develop 
hepatosplenomegaly and liver failure with or 
without lymphadenopathy. The disease has a 
rapid progression to multiple organ failure, sep-
sis, hemophagocytic syndrome, and death. 
Chronic EBV infection has been documented in 
some patients prior to the development of dis-
ease. Most cases secondary to acute primary EBV 
infection are CD8 +  whereas those in the setting of 
severe chronic active EBV infection (CAEBV) 
are CD4 + . EBER-1 is positive in the neoplastic T 
cells. The neoplastic cells exhibit clonal TCR 
gene rearrangement and harbor EBV in a clonal 
episomal form. All cases carry type A EBV, either 
with wild-type or the 30 base pair deleted product 
of  LMP1  gene. This is a life-threatening illness of 
children and young adults characterized by a 
clonal proliferation of EBV-infected T cells with 
an activated cytotoxic phenotype. It usually 
occurs shortly after primary acute EBV infection 
in previously healthy patients or in the setting of 
CAEBV. It has a rapid progression with multiple 
organ failure, sepsis, and death, usually from 
days to weeks. The most frequent sites of involve-
ments are liver and spleen followed by lymph 
nodes, bone marrow, skin, and lung. The most 
typical phenotype of the tumor cells is 
CD2 + CD3 + CD56  −   and positive for cytotoxic pro-
teins. Most cases secondary to acute primary EBV 
infection are CD8 + , whereas cases in the setting of 
severe CAEBV are CD4 + . EBV is always positive. 
The tumor cells have monoclonally rearranged 
TCR genes.  

   Hydroa Vacciniforme-Like Lymphoma 
 This is an EBV-positive cutaneous T-cell lym-
phoma occurring in children and associated with 
sun sensitivity. This condition affects primarily 

sun-exposed skin, in particular the face. The 
lesions present as papulovesicular eruptions that 
precede ulcerations and scarring. The clinical 
course is variable and some may have recurrent 
skin lesions. Late in the disease course, there is 
development of systemic symptoms such as fever, 
wasting, lymphadenopathy, and hepatosplenom-
egaly. The neoplastic cells exhibit clonal TCR 
gene rearrangement and harbor EBV in a clonal 
episomal form. It is still not clear whether severe 
mosquito-bite allergy, which is of NK derivation 
and EBV-associated, is part of Hydroa vaccini-
forme-like lymphoma or a distinctive entity 
within the spectrum of EBV-associated disorders. 
Both disorders are considered part of the spec-
trum of severe CAEBV, with a broad spectrum of 
clinical aggressiveness. 

 Ultimately, despite its rare occurrence in chil-
dren and adolescents, PTCL remains a diagnostic 
and therapeutic challenge for this age group. 
While there continues to be progress in the 
identi fi cation of speci fi c disease entities, improve-
ments in the outcomes with treatment strategies 
have been slow to improve. A large number of 
developmental therapeutic agents are continually 
being examined in adults, where the numbers of 
patients enable such investigations. However, 
with the paucity of pediatric cases of PTCL, there 
will have to be extrapolation of adult data to 
improve on the outcomes of cases with advanced 
stage disease. As we learn more about the biol-
ogy of these diseases and the potential bene fi ts of 
speci fi c targeted agents, decisions in treatment 
strategies will become more enlightened. Until a 
tried and true therapeutic regimen is discovered, 
it seems that children with advanced stage and/or 
refractory/recurrent PTCL may bene fi t from 
induction therapy followed by an alloSCT with 
reduced-intensity conditioning regimens.   

   Summary 

 T-cell malignancies in children and adolescents 
represent a heterogeneous group of neoplasms 
that arise from precursor T lymphocytes and a 
variety of mature T subsets. Most T-cell 
malignancies exhibit aggressive clinical behavior. 
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T-ALL and T-LBL represent 15% of childhood 
ALL and one-third of childhood and adolescent 
NHL respectively. Although the molecular genet-
ics of T-ALL has been well studied, relatively 
little is known regarding the molecular pathoge-
netic mechanism involved in T-LBLs. It has been 
widely accepted that T-ALL and T-LBL likely 
represent different clinical manifestations of the 
same disease. Recent molecular analyses of 
T-LBLs however provide some evidence that they 
may exhibit distinct molecular genetic aberra-
tions. Furthermore, many clinical trials have 
considered these diseases as one entity. The prev-
alence of  NOTCH  activation in T-ALLs has gen-
erated signi fi cant interest in the use of GSIs as a 
therapeutic strategy in T-ALLs. The results of 
clinical trials which are currently underway 
would be of interest. Within the mature T-cell 
malignancies, the  ALK  positive ALCLs are the 
most prevalent. Logically, the molecular aberra-
tion that de fi nes this group of T-cell malignan-
cies has led to the generation of a panel of 
potential tyrosine kinase inhibitors. Small mole-
cule inhibitors to the  ALK  tyrosine kinase are 
currently under clinical investigation for relapsed 
ALCLs. Clearly, the number of developmental 
therapeutic agents available for children and 
adolescents is signi fi cantly lower than that for 
adults, where the numbers of patients enable 
such investigations. However, with the paucity 
of pediatric cases of PTCL, there will have to be 
extrapolation of adult data to improve on the 
outcomes of cases with advanced stage disease. 
As we learn more about the biology of these dis-
eases and the potential bene fi ts of speci fi c tar-
geted agents, decisions in treatment strategies 
will become more enlightened. Until a tried and 
true therapeutic regimen is discovered, it seems 
that children with advanced stage and/or refrac-
tory/recurrent PTCL may bene fi t from induction 
therapy followed by an alloSCT with reduced-
intensity conditioning regimens. With improved 
diagnostic criteria for subclassi fi cation of T-cell 
neoplasms and better understanding of the molec-
ular pathogenetic mechanisms, there is increas-
ing optimism for greater availability of therapeutic 
agents for T-cell malignancies in children and 
adolescents.       
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   Introduction 

 T-cell non-Hodgkin’s lymphomas (NHLs) con-
stitute about 10–15% of aggressive lymphomas. 
The prognostic signi fi cance of the immunophe-
notype has been explored in several studies and 
results have been reported concerning the out-
come of peripheral T-cell lymphoma (PTCL) 
compared to that of B-cell lymphomas (BCLs). 
PTCL patients were found to have generally 
poorer prognoses than patients with BCL. 
However, PTCL represents a heterogeneous 
group of lymphomas and a wide variety of differ-
ent histological subtypes have been recognized. 

 Patients with PTCL were treated until ritux-
imab era with the same approach used for aggres-
sive BCLs. In GELA prospective studies, LNH 87, 
LNH 93, and LNH 98, over 900 T-cell lymphoma 
patients were treated with conventional treatment 
as well as dose intensive treatments including 

autologous bone marrow transplantation for 
patients with adverse prognostic factors. When 
the outcomes for the T-cell lymphoma patients 
treated in the LNH 87 protocol with CHOP-
like regimens were reviewed, the prognostic 
value of T-cell phenotype was studied, 5-year 
overall (OS) and event free survival (EFS) were 
41% and 33% respectively  [  1  ] . Age, LDH, per-
formance status, BM involvement, and non-ana-
plastic T-cell NHL were highly independent 
signi fi cant factors affecting OS, and there was no 
difference in outcome in the different arms of the 
study. In the subsequent  fi ve arm randomized 
LNH 93 protocol the results were similar. In these 
studies, the intensive regimen ACVBP was the 
standard control arm, and for patients less than 
60 years; no difference could be seen between 
ACVBP and m-BACOD or CHOP for low-risk 
patients  [  2–  4  ]  or stem cell transplantation for 
high-risk patients or an alternating regimen with 
ifosfamide and etoposide for patients between 
60 and 70 years  [  5  ] . Due to the limitation of such 
subset retrospective analysis it was not possible 
to determine superiority of any arm, but all regi-
mens included anthracyclines. The retrospective 
T-cell Lymphoma Project demonstrated similarly 
that there were no signi fi cant differences in the 
outcomes for patients who received anthracy-
cline-containing regimens as opposed to non-
anthracycline-based regimens in the  fi rst line 
 [  6  ] . CHOP, therefore, has remained the standard 
 fi rst-line regimen.  
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   Historical Data for CHOP-Based 
Chemotherapy Regimens in the 
Different Histological Subtypes 

   Peripheral T-Cell Lymphoma, NOS 

 PTCL, not other speci fi ed (PTCLnos) represents 
the largest PTCL subtype in North America (60–
70% of T-cell lymphomas)  [  6  ] . In the WHO 
classi fi cation it encompasses all of the PTCLs 
not classi fi able as a speci fi c disease entity in con-
trast to the rare, but “speci fi ed” subtypes  [  7  ] . 
Given the biological heterogeneity encountered 
in the PTCLnos, it is widely believed that it is 
made up of more than one disease type. PTCLnos 
occurs primarily in adults with a median age of 
60 years. Despite being classi fi ed in as a nodal 
PTCL in the WHO classi fi cation, the majority of 
patients have extranodal site involvement includ-
ing the gastrointestinal tract, liver, bone marrow, 
and skin. The majority of patients present with 
advanced stage (III–IV) and often with elevated 
LDH and B symptoms. The 5-year survival of 
patients with PTCLnos historically has approxi-
mately 30% using standard chemotherapy (CHOP 
and CHOP-like therapy)  [  6  ] . In one recent review, 
outcome has been associated with prognostic 
score, with patients with low IPI (0–1) having a 
5-year OS of 50% vs. 11% for those with 4–5 risk 
factors  [  8  ] . 

 While PTCLnos is a heterogeneous subtype, a 
number of prognostic markers have been 
identi fi ed. The overexpression of Epstein–Barr 
virus in 110 nodal NOS T-cell lymphomas was 
found in 53 patients and was associated with an 
even poorer prognosis  [  9  ] . Additionally for 
patients with the PTCL-NOS subtype, CD30 
expression as well as the expression markers of 
proliferation such as Ki-67 has been analyzed for 
their prognostic ability  [  10  ] . Two chemokine 
receptors, CXCR3 and CCR4, were found to be 
expressed in 63% and 34% of PTCL-NOS cases, 
respectively  [  11,   12  ] . The dominant chemokine 
expression found in this study was CXCR3-
positive/CCR4-negative; this phenotype was 
shown by multivariate analysis to be an indepen-
dent adverse prognostic factor.  

   Angioimmunoblastic T-Cell Lymphoma 

 Angioimmunoblastic T-cell lymphoma (AITL) 
represents a distinct clinicopathological entity, 
among nodal PTCLs. It generally occurs in 
elderly patients presenting with generalized 
lymphadenopathy, hepatosplenomegaly, anemia, 
and hypergammaglobulinemia. Recent data con-
cerning the identity of the normal cellular coun-
terpart of AITL are emerging. It is now believed 
that AITL derives from a follicular helper T-cell 
subset  [  13,   14  ] . The tumor cells usually express 
CD4, CD10, Bcl6, and CXCL13, a phenotype 
that is unique among T-cell lymphomas. 

 To evaluate the prognostic signi fi cance of 
clinicobiologic and pathological features in 
AITL, 157 AITL patients were retrieved from the 
GELA LNH87-LNH93 randomized clinical tri-
als  [  15  ] . One hundred forty-seven patients 
received a cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (CHOP)-like regimen 
with intensi fi ed courses in half of them. Median 
age was 62 years, with 81% advanced stage, 72% 
B symptoms, 65% anemia, 50% hypergamma-
globulinemia, and 66% elevated LDH. Overall 
7-year survival was 30%. In multivariate analy-
sis, only male sex ( P  = 0.004), mediastinal lymph-
adenopathy ( P  = 0.041), and anemia ( P  = 0.042) 
adversely affected overall survival. It was not 
possible to isolate a group of better prognosis and 
both IPI and PIT were of limited value. AITL 
portends a poor prognosis even when treated 
intensively. However, 30% of patients are long-
term survivors, suggesting that there may be a 
more favorable subset  [  15  ] .  

   Anaplastic Large Lymphoma 

 Primary systemic anaplastic large cell lymphoma 
(ALCL) accounts for 2–8% of all lymphomas 
and 10–15% of all childhood NHLs. Two distinct 
clinical forms of primary ALCL are now recog-
nized: limited to the skin, not discussed here, and 
systemic. Clear clinicopathologic differences 
have been found between AKL-positive (ALK+) 
and ALK-negative (ALK−) subtypes in most 
studies. An increased incidence of extranodal 
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involvement was seen in the AKL-negative 
group. Skin, bone, and soft tissues were com-
monly affected extranodal sites. ALK+ ALCL is 
associated with lower IPI scores than the ALK− 
group and is the most common ALCL occurring 
in children. ALK status is the most important 
prognostic factor in outcome for ALCL, with 
ALK+ patients having a 5-year overall survival 
of 70% and progression-free survival of 60% vs. 
5-year OS of 49% and FFS of 36% for the ALK− 
group  [  16  ] . 

 In children in most European studies, ALCL is 
considered to be a separate entity and is treated 
with either a short and intensive chemotherapy 
regimen, as for BCL or with more prolonged che-
motherapy derived from T-cell lymphoma proto-
cols. The European Intergroup Study of ALCL 
compared the results and prognoses of 225 chil-
dren enrolled in trials designed to treat childhood 
ALCL with short and intensive chemotherapy  [  17  ] . 
Multivariate analysis revealed three signi fi cant 
prognostic factors: (1) mediastinal involvement, 
(2) visceral involvement, (3) skin lesions. For the 
good-prognosis group with 0 factors, the 5-years 
PFS was 89%; for the poor-risk group with at least 
one factor, the 5-years PFS was 61%. 

 While no large comparative studies have been 
published in adults with ALCL, responses to 
CHOP and CHOP-like regimens range from 60 
to 90%. The overall survival of patients with 
stage I or II disease with low IPI exceeds 90%. 
According to the GELA study which included 
146 adults with T/null- and B-cell ALCL, the 
5-year overall-survival rate for patients without 
adverse IPI was 82%, as compared to 78% for 
patients with an IPI of 1, 50% for the high-inter-
mediate-IPI group, and 25% for the high-IPI 
group  [  18  ] . Dose-intensive treatments have been 
used in this study, according to initial strati fi cation 
based on prognostic factors. However, in that 
investigation, strati fi cation according to ALK 
positivity had not been done, and results may also 
re fl ect the different percentage of ALK+ lympho-
mas in adults. In the good-prognosis group of 
ALK+ lymphomas the 5-year overall-survival 
rate was 94% for patients with 0–1 risk factor vs. 
41% for those with two or more factors  [  19  ] . 

Although ALK positivity is considered a marker 
of better prognosis, patients with two or more IPI 
factors still have a poor prognosis, and new 
approaches are needed. 

 Considering the response rate and the survival 
of patients with ALK+ lymphoma, consolidation 
with ASCT is not recommended if patient achieve 
a complete remission. The NCCN guidelines 
does not recommend autologous stem cell trans-
plant in  fi rst remission for this group of patients. 
For ALK− patients the debate is still open for 
patients with at least two IPI adverse prognostic 
factors, and the NCCN guidelines would suggest 
that such patients be consolidated with a stem 
cell transplant.  

   Extranodal Natural Killer/T-Cell 
Lymphoma, Nasal Type 

 Extranodal NK/T-cell lymphoma, nasal type, is a 
rare and severe disease, more frequent in Asia 
and South America than in Europe and North 
America. It shows a striking association with 
Epstein–Barr virus. Usually extranodal NK/T-
cell lymphomas primarily involve the nasal cav-
ity or other parts of the upper aerodigestive tract 
but sometimes occur in extranasal sites without 
involving the nasal cavity or nasopharynx (gas-
trointestinal tract, skin, testis, liver, spleen, bone 
marrow). There is no consensus treatment except 
that the addition of radiotherapy for early stage 
nasal cases results in survival bene fi t and can be 
used upfront as producing a 83% complete remis-
sion rate  [  20,   21  ] . Patients with extranodal NK/T-
cell lymphoma have a cumulative 5-year survival 
probability of 40%  [  21,   22  ] . The median overall 
survival is better in nasal compared to the extra-
nasal cases in early (2.96 year vs. 0.36 year) and 
late stage disease (0.8 year vs. 0.28 year)  [  23  ] . 

 For patients with refractory or relapsed extran-
odal NK/T-cell lymphoma,  l -asparaginase-based 
regimens have been shown to be associated with 
ORR of 79% with 63% CR  [  24,   25  ] . A novel regi-
men that incorporates  l -asparaginase along with 
ifosfamide, etoposide, dexamethasone, and meth-
otrexate (SMILE) has been developed and shown 
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to be associated in a Phase I study with a response 
rate of 67% in refractory patients  [  26  ] . A prospec-
tive phase II trial has been reported with SMILE 
regimen in patients with newly diagnosed stage 
IV or relapsed refractory NK/T-cell lymphomas 
 [  27  ] . Of 39 enrolled patients, 29 (74%) completed 
the planned treatment. The responses were com-
plete remission (CR   ) in 15, partial remission in 
14, and early death due to infection in 4. Overall 
response rate and CR were 74% (95% CI, 58–87) 
and 38%, respectively. The most common grade 
3 nonhematologic toxicity was infection (41%).  

   Enteropathy-Type T-Cell Lymphoma 

 EATL is a rare type of T-cell lymphoma, often 
associated with a history of celiac disease, that 
usually arises in the jejunum but can involve 
other gastrointestinal tract sites (e.g., stomach 
and colon). There are two histological groups of 
EATL that correlate with clinical and immuno-
phenotypic features. Pleomorphic-anaplastic 
ETL is usually associated with a history of celiac 
disease and histologic evidence of enteropathy 
and is most often CD56−. Monomorphic ETL 
often occurs without a history of celiac disease, 
has variable histological evidence of enteropathy, 
and is usually CD56. The most commonly used 
regimen for patients with enteropathy-type intes-
tinal T-cell lymphoma is CHOP. However, the 
use of combination chemotherapy is dif fi cult, and 
less than 50% of patients can complete their 
planned courses of chemotherapy, often because 
of poor nutritional status. Observed complica-
tions of treatment are gastrointestinal bleeding, 
small-bowel perforation, and the development of 
enterocolic  fi stulae. Relapses occurred in 79% of 
patients who respond to initial therapy. Response 
data are available mainly from study of Gale et al. 
 [  28  ] . Of 24 patients treated with combination 
chemotherapy, ten (41%) achieved a complete 
remission and four (16%) a partial response. The 
regimens included an intensive weekly combina-
tion of vincristine, doxorubicin, prednisolone, 
and high-dose methotrexate ( n  = 5); cyclophosph-

amide, doxorubicin, vincristine, and predniso-
lone (CHOP) at 21-day intervals ( n  = 12); 
alternating 21-day cycles of CHOP with procar-
bazine, etoposide, and prednisolone orally on 
days 3–7, and doxorubicin intravenously on day 
1 ( n  = 1); cyclophosphamide, vincristine, doxoru-
bicin, and prednisolone ( n  = 1); and alternating 
weekly cycles of prednisolone, doxorubicin, 
cyclophosphamide, and etoposide with predniso-
lone, bleomycin, vincristine, and methotrexate 
(PEACE-BOM;  n  = 3). Less than 50% of patients 
completed their planned chemotherapy courses, 
largely because of complications of treatment. 
Poor nutritional status was common, requiring 
parenteral nutrition during chemotherapy in ten 
patients and enteral feeding in another two. 
Gastrointestinal bleeding occurred in one patient 
5 days after starting treatment. Four patients suf-
fered small-bowel perforation. In three, this 
occurred after the  fi rst cycle of treatment (at 1, 2, 
and 4 days) and proved a fatal event. The actuar-
ial 1-year and 5-year overall-survival rates were 
39% and 20% respectively.  

   Hepatosplenic T-Cell Lymphoma 

 Hepatosplenic T-cell Lymphoma (HSTCL) is a 
rare aggressive type of extranodal lymphoma char-
acterized by hepatosplenomegaly, bone marrow 
involvement, and peripheral blood cytopenias. 
Most cases express the gamma-delta T-cell recep-
tor, but cases can have an alpha/beta phenotype 
and are considered to be a variant of the disease. 
Many patients have a history of immunosuppres-
sion. The median age is ~30 years, with a male pre-
dominance. Prognosis of HSTCL is poor; response 
data are available mainly from two studies  [  29,   30  ] : 
median survival time is ~12 months, and almost all 
patients ultimately die despite consolidative or sal-
vage high-dose therapy. Current treatment modali-
ties appear to be ineffective in most patients. The 
question of whether aggressive treatment improves 
the overall survival is unresolved. Possibly trans-
plantation after a short attempt to induce remission 
might be a suggestion.  
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   Data with More Intensive Regimens 

 Given the overall inferiority of CHOP-line BCL 
regimens in the retrospective studies, more 
aggressive infusional regimens, including hyper-
CVAD and hyper-CHOP, among others, were 
evaluated in patients with aggressive T-cell lym-
phomas. A retrospective study from MD 
Anderson Cancer Center explored alternative 
higher dose regimens and compared those against 
CHOP in 135 patients with PTCL. Among those 
patients with non-ALCL disease, there was no 
signi fi cant difference in outcome between those 
treated with CHOP and aggressive alternatives 
(3-year OS: 43% vs. 49%)  [  31  ] . However, these 
results are dif fi cult to interpret, as the study was 
not randomized. 

 Mercadal et al. reported results from a study 
of patients who were treated in the  fi rst line with 
mega CHOP/ESHAP followed by autologous 
stem cell transplant for patients achieving remis-
sion  [  32  ] . Forty-one patients were enrolled and 
received three courses of high-dose cyclophosph-
amide 2,000 mg/m 2 /day, adriamycin 90 mg/m 2 /
day, vincristine and prednisone alternating with 
three courses of etoposide, cisplatin, cytarabine, 
and prednisone (ESHAP). The histological distri-
bution of the patients included PTCL unspeci fi ed, 
20 cases (49%); angioimmunoblastic,12 cases 
(29%); hepatosplenic, 2 cases (5%); extranodal 
NK nasal type, 2 cases (5%); panniculitis like, 2 
cases (5%) and others. Sixty-eight percent of 
patients received the planned treatment. After 
chemotherapy, 20 patients reached complete 
response (CR) and 4 had a partial response, for an 
overall response rate of 58%. The outcome of the 
16 patients who showed primary refractoriness to 
mega-CHOP/ESHAP was extremely poor, with a 
median OS of 8 months. Grade 3 or 4 hemato-
logic toxicity occurred in 63 and 68% of patients 
after CHOP and ESHAP respectively. Thirty-
eight and 15% of patients in the CHOP and 
ESHAP courses respectively required hospital-
izations for infections and one patient died of 
sepsis. Overall, the CR rate in this study (50%) 
was not better than with CHOP alone in studies 
done by the same group, suggesting no advantage 
to this more aggressive approach. 

 Recently the German High Grade Non-
Hodgkin’s Lymphoma Study group explored the 
use of dose intensive CHOP or the addition of 
etoposide to CHOP for aggressive lymphomas. 
They reported results for patients with aggressive 
T-cell lymphomas treated on seven trials with 
6–8 courses of CHOP or CHOEP (Hi-CHOEP or 
MegaCHOEP)  [  33  ] . Of 343 T-cell patients 
enrolled in these studies, 70 had PTCLnos, 28 
had AITL, 78 had ALK+ ALCL, and 113 had 
ALK− ALCL. When analyzed for prognostic fac-
tors, B-symptoms were most frequent in AITL 
patients and bulky disease was seen more often in 
ALCL, either ALK-positive or -negative, than in 
other subtypes. Over half of all ALCL (ALK-
positive or -negative) patients, 46% of PTCLnos, 
and 21% of AITL patients were in the low-risk 
group by IPI. 

 As an aggregate, the younger patients demon-
strated an improvement in EFS for both etopo-
side containing regimens (75% vs. 51%) 
compared to the non-etoposide regimen, but there 
was no overall survival difference. The positive 
effect of etoposide on EFS was seen even in the 
favorable ALK+ patients. For the elderly patients, 
neither shortening of the time interval from 3 to 
2 weeks (CHOP-21 vs. CHOP-14), administra-
tion of eight instead of six courses of CHOP-14, 
or the addition of etoposide (CHOEP) signi fi cantly 
improved EFS or OS and increased toxicity was 
seen with the more intensive regimens. EFS for 
the different subtypes was 41% for PTCLu, 45% 
for ALK− ALCL, 50% for AITL, and 76% for 
ALK+ ALCL. Outcomes in this study were 
related to IPI for the non-ALK+ patients. Those 
with IPI 0 and 1 had a favorable 3-year EFS 
above 50%. Patients with IPI of 2 or greater 
showed a 3-year EFS below 34%. The conclu-
sions from this study which is one of the largest 
randomized studies of  fi rst-line regimens is that 
younger patients may bene fi t from the addition of 
etoposide in terms of response rate and EFS, 
which would therefore potentially allow more 
patients to undergo a consolidation autologous 
stem cell transplant in  fi rst remission. The stan-
dard for the elderly based on these data remains 
six cycles of CHOP at standard doses. Finally, the 
excellent outcomes in patients with low IPI 
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suggest that this group may do well and should 
be distinguished from the intermediate and high 
IPI patients. 

 Another more intensive regimen explored in 
the GELA group was ACVBP (   doxorubicin 
75 mg/m 2  D1, cyclophosphamide 1,200 mg/m 2  
D1, vindesine 2 mg/m 2  D1 and D5, bleomycin 
10 mg D1 and D5, and prednisone D1–D5, fol-
lowed by a sequential consolidation consisting of 
HD methotrexate (two courses), etoposide + ifos-
famide (four courses), and cytarabine (two 
courses) at 2 weeks intervals). In a randomized 
study reported by Tilly et al., there was a statisti-
cal advantage in patients 60–70 years old for 
ACVBP (47 T-cell lymphomas) vs. CHOP (49 
T-cell lymphomas)  [  34  ] . A further study was 
done adding bortezomib to the regimen (5 mg/m 2  
was administered at D1 and D5 of each ACVBP 
cycle, and then at D1, D8, and D15 every 4 weeks 
during consolidation phase)  [  35  ] . Fifty-seven 
patients were enrolled and were to receive four 
cycles of bortezomib-ACVBP over 10 weeks; 46 
patients responded and received consolidation 
with high-dose methotrexate, ifosfamide, etopo-
side, and cytarabine. Only 28 patients completed 
the consolidation phase of the study and 39% of 
patients died from lymphoma. There was no 
overall difference in response rate between the 
ACVBP-bortezomib regimen and ACVBP alone. 

 The Groupe Ouest Est d’Etude des Leucemies 
et Autres Maladies du Sang devised an alterna-
tive therapeutic schedule including etoposide, 
ifosfamide, cisplatin alternating with doxorubi-
cin, bleomycin, vinblastine, dacarbazine (VIP-
reinforced-ABVD; VIP-rABVD) and compared 
it to CHOP/21 as front-line treatment in 88 
patients with non-cutaneous PTCL  [  36  ] . Patients 
assigned to VIP-rABVD ( n  = 43) received six 
alternative cycles every 4 weeks (three VIP and 
three rABVD). VIP cycles (1, 3, and 5) included 
etoposide 100 mg/m 2 /day IV days 1–3, ifosf-
amide 1,000 mg/m 2 /day days 1–5, and cisplatin 
20 mg/m 2 /day as a continuous infusion on days 
1–5. The three cycles of rABVD    (cycles 2, 4, and 
6) included on days 1 and 15, doxorubicin 50 mg/
m 2 /day, bleomycin 10 mg/m 2 /day, vinblastine 
10 mg/m 2 /day, and dacarbazine 375 mg/m 2 /day. 
Eighty-eight patients were enrolled, including 

57 with PTCL-nos, 15 with AITL, and 14 with 
ALCL. Among the 14 ALCL patients, 10 were 
ALK+. Grade 3 or 4 neutropenia was higher in 
the VIP-rABVD arm (23% vs. 8%), but treatment 
mortality was similar (9% vs. 8%). 

 The 22-year EFS of 41% vs. 45% for the 
CHOP-21 arm vs. the intensive regimen was no 
different despite the more aggressive regimen and 
median overall survival was 42 months for each of 
the arms. Outcome in this study was better for 
patients with ALK+ ALCL and for those with low 
IPI. Patients with localized disease underwent 
consolidative involved  fi eld radiotherapy.   

   New Combination Therapies for PTCL 

   CHOP-Based Regimens 

 A number of studies have investigated chemoim-
munotherapy in aggressive T-cell lymphomas. 
Alemtuzumab is a CD52-targeted monoclonal 
antibody that has demonstrated activity as a sin-
gle agent and in combination with CHOP. Up to 
40% of PTCL cases have been shown to express 
CD52 by immunohistochemistry, although 
expression has been shown to vary by subtype 
 [  37  ] . One phase II study by Kim et al. enrolled 
20 patients treated with CHOP combined with 
intravenous alemtuzumab in 3-week cycles 
(cycle 1: 10 mg on day 1, 20 mg on day 2; subse-
quent cycles: 30 mg on day 1) as frontline ther-
apy  [  38  ] . Immunohistochemistry for CD52 
expression was not required for study entry. 
Trimethoprim/sulfamethoxazole, twice daily, 
three times a week, and acyclovir 600 mg, twice 
daily, were administered starting on day 8 and 
continued during the study and up to a minimum 
of 2 months following discontinuation of the 
alemtuzumab therapy. The overall response rate 
to this combination was 65% CR and 15% PR. 
Responses were seen    in all ten pts    with PTCLnos, 
one of three with extranodal NK/T-cell lym-
phoma, two of three with AITL, and one of two 
with ALK- ALCL and SPTCL respectively. 
Nearly all patients (90%) experienced grade 
4 neutropenia and 5 of 20 experienced CMV-
reactivation. Additionally, there were two 
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 treatment-related deaths, including one who died 
from pseudomonas pneumonial and lung abscess. 
The high complete response rate of 65.0%, 1-year 
event-free survival rate of 43.3%, and 1-year 
overall survival rate of 44.3% in this study was 
comparable to other studies with CHOP but tox-
icity was high and the regimen was signi fi cantly 
immunosuppressive in this population. 

 Gallamini et al. conducted a study of CHOP 
plus alemtuzumab combination in which alemtu-
zumab 30 mg was given subcutaneously on day 1 
in cycles 1–4 in the  fi rst cohort of patients and 
then for all eight courses in the second cohort 
 [  39  ] . There were 14 patients with PTCLu, 6 with 
AITL, 3 with ALK− ALCL, and 1 with EATL. Of 
24 evaluable patients, 71% had CR, including all 
6 with AITL, all 3 with ALK− ALCL, 7 of 14 
with PTCLu, and the one with EATL. The ORR 
was 75%. Neutropenia was seen in 34% of the 
treatment cycles and CMV reactivation in 9%. 
There was one patient who had    reactivation of 
Jakob-Creutzfeldt virus and two who developed  
aspergillosis. At a median follow-up of 16 months 
at the time of the report (range, 5–42 months), 14 
patients were alive, 9 had died from progressive 
disease, and 1 had died from pneumonia at day 
198 while in CR. The overall median duration of 
response was 11 months. This study demonstrated 
that subcutaneous alemtuzumab was better toler-
ated and associated with a lower but still 
signi fi cant incidence of opportunistic infections. 

 A phase I study evaluated alemtuzumab 
 combined with dose-adjusted EPOCH (etopo-
side, prednisone, vincristine, cyclophosphamide, 
doxorubicin) in PTCL patients  [  40  ] . In this 
study, alemtuzumab was administered at doses of 
30, 60, or 90 mg prior to each EPOCH cycle. 
Signi fi cant bone marrow aplasia occurred in two 
of three patients at both the 60 and 90 mg dose 
groups; therefore, phase II study accrual is con-
tinuing at the 30 mg dose of alemtuzumab. 
Infections were reported in 11 of 14 patients, 
including bacterial, fungal, and viral pathogens. 
Patients underwent ongoing CMV surveillance 
and received prophylactic therapy with acyclovir 
and trimethoprim–sulfamethoxazole. 

 Based on these encouraging data with alemtu-
zumab and CHOP, the alemtuzumab-CHOP 

combination is being compared to CHOP-21 in 
the  fi rst line by the Nordic Lymphoma Group and 
the German High Grade Lymphoma Groups (the 
ACT Trial). Patients over age 60 will be random-
ized between the two arms and will then be fol-
lowed until progression. Patients under age 60 
will be randomized to either six cycles of CHOP-
14 or four cycles of alemtuzumab-CHOP-14 and 
two cycles of CHOP-14 without alemtuzumab vs. 
six cycles of CHOP-14. Patients in remission will 
then undergo an autolous stem cell transplant. 

 Another targeted agent that has been com-
bined with CHOP in  fi rst-line therapy for PTCL 
has been the interleukin-2 fusion toxin protein, 
denileukin diftitox. Denileukin diftitox combines 
the interleukin-2 receptor-binding domain with 
diphtheria toxin, and is FDA approved for patients 
with relapsed or refractory cutaneous T-cell lym-
phomas whose tumors express the CD25 subunit 
of the interleukin-2 receptor. In a single center 
phase II study at MD Anderson Cancer Center, 
denileukin diftitox was administered to 27 
patients with relapsed aggressive T-cell lympho-
mas at the standard dose of 18  m g/kg/day for 
5 days on a 21 day cycle  [  41  ] . The overall 
response rate was 48% in heavily pretreated 
patients with relapsed PTCL. Responses were 
seen in four of ten patients with PTCL-NOS, two 
of three with AITL, and two of two with ALCL. 
The progression-free survival was 6 months. In 
this trial, the expression of CD25 by immunohis-
tochemistry was not predictive of response to 
denileukin diftitox. 

 Based on these encouraging data in relapsed 
patients, a multi-center prospective phase II trial 
evaluated the ef fi cacy and safety of the combina-
tion of denileukin diftitox with CHOP in 49 
untreated patients with aggressive PTCL sub-
types  [  42  ] . In this study, denileukin diftitox was 
administered at a dose of 18  m g/kg/day on days 1 
and 2 and CHOP was given on day 3; this was 
followed by growth factor support on day 4 every 
21 days. Histologic subtypes included: ALCL 8, 
AILT 10, PTCLnos 19, EATL 3, panniculitis-like 
TCL 5, NK/T 1, hepatosplenic TCL 1. The 
median cycles was six with seven pts completing 
only one cycle of therapy; three pts died with PD 
after cycle one, and four patients were taken off 
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study for toxicity. The ORR in 47 pts was 68% 
with 57% CR. In the ef fi cacy-evaluable pts ( ³ 2 
cycles completed) the ORR was 86% (CR 75%). 
All patients with AITL, ALCL, and EATL 
responded, as did 3 of 5 with SPTCL and 9 of 12 
with PTCLnos. Median PFS for the 47 pts was 
12 months and 2-year estimated OS was 60%. 
The median response duration for the 33 respond-
ers was 29 months. The most frequent grade 3 or 
4 adverse events were bone marrow suppression 
and febrile neutropenia, which occurred in 12% 
of patients. Denileukin diftitox-associated toxici-
ties included infusion related rigor in seven pts, 
hypoalbuminemia in 17, and acute hypersensitiv-
ity in 1. There was no prolonged immunosup-
pression, or opportunistic infections, and a 
randomized study of CHOP with or without 
denileukin diftitox is ongoing. 

 In another study by the GELA, CHOP was 
combined with rituximab in elderly patients (age 
59–79) with AITL in an attempt to target non-
neoplastic B lymphocytes which may provide 
paracrine growth factors to the malignant T cells. 
Twenty- fi ve patients aged 59–79 years with newly 
diagnosed AITL were enrolled and treated with a 
combination of eight cycles of rituximab (375 mg/
m 2  at day 1 of each cycle) and CHOP chemother-
apy delivered every 3 weeks (R-CHOP21). Most 
of the patients had advanced disease (stage IV: 
92% and B symptoms: 68%). Twenty-one patients 
completed the eight cycles of R-CHOP. The over-
all response rate was 80%, with 44% achieving a 
complete response. With a median follow-up of 
24 months, the progression free survival was 42 
and the 2-year overall survival was 62%. It was 
concluded that R-CHOP21 did not improve the 
complete response rate or outcome compared to 
historical data with CHOP. 

 CHOP has also been combined with the beva-
cizumab, the anti-VEGF receptor growth factor 
monoclonal antibody. Several PTCL subtypes, 
especially AITL, are characterized by the overex-
pression of angiogenic factors, such as VEGF. 
At least one relapsed AITL patient has achieved a 
CR following treatment with bevacizumab  [  43  ] . 
A combination of CHOP and bevacizumab has 
been studied in patients with PTCL or NK-cell 
neoplasms by the Eastern Cooperative Oncology 

Group. Patients received bevacizumab at a dose 
of 15 mg/kg on day 1 followed by maintenance 
bevacizumab. However, this trial has been sus-
pended when a preliminary analysis reported a 
high incidence of cardiac events related to the 
therapy, including four cases of congestive heart 
failure  [  44  ] .  

   Gemcitabine-Based Regimens 

 Gemcitabine has demonstrated signi fi cant activ-
ity as a single agent in patients with cutaneous 
T-cell lymphomas and has been used in a number 
of combination regimens for PTCL  [  45  ] . Zinzani 
reported    results from 19 patients with CTCL and 
20 patients with PTCL who received gemcitabine 
at a dose of 1,200 mg/m 2  on days 1, 8, 15 sched-
ule every 28 days. All patients had been heavily 
pretreated. The overall response rate was 51%; 
MF patients had a CR rate of 16% and a PR rate 
of 32%, while PTCL patients had a CR rate of 
30% and a PR rate of 25%. 

 A combination of gemcitabine with cisplatin 
(GEM-P) was tested in a phase II study  [  46  ] . The 
regimen consisted of gemcitabine given at 
1,000 mg/m 2  on days 1, 8, 15 with cisplatin 
100 mg/m 2  on day 8 and methylprednisolone 
1,000 mg/m 2  on days 1–5 of a 28-day cycle. Of 27 
patients treated, the response rate was 73% overall 
and 80% in  fi rst-line patients. Grade 3 or 4 neutro-
penia occurred in 41% of treated patients. 

 The combination of gemcitabine with vinorel-
bine and  fi lgrastim was also found to be active in 
a pilot study. Patients received vinorelbine 25 mg/
m 2  and gemcitabine 1,000 mg/m 2  on days 1 and 8 
of each 21-day cycle  [  47  ] . The overall response 
rate was 70% for the PTCL patients ( n  = 10) 
treated with this regimen. Febrile neutropenia 
occurred in 6% of cycles. 

 In another study, gemcitabine was combined 
in a CHOP-based regimen (CHOP-EG, CHOP 
plus etoposide and gemcitabine) as  fi rst-line 
treatment  [  48  ] . The regimen consisted of classi-
cal CHOP plus etoposide 100 mg/m 2  intrave-
nously on day 1 and gemcitabine 600 mg/m 2  on 
day 1 in a 3-week interval. Fourteen of 26 enrolled 
patients had PTCLnos and 8 had NK/T-cell 
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lymphomas, 2 had AITL and 2 had ALK− ALCL. 
Responses were seen in 10 of 14 PTCL, 7 of 8 
NK/T, one of two AILT and both ALCL patients. 
The overall response rate was 76.9%. Median 
survival has not yet been reached, while median 
EFS was 7 months at a median follow-up dura-
tion of 383 days. Estimated overall survival at 
1 year was 69.6%. The most severe adverse event 
was grade 4 neutropenia in 14 patients (53.8%) 
and febrile neutropenia in four patients (15.4%). 
While active, this regimen did not appear to be 
superior to studies with CHOP-etoposide and 
incidence of myelosuppression was higher. 

 The Southwest Oncology Group has recently 
completed a study of gemcitabine, cisplatin, 
etoposide, and Solu-Medrol (PEGS) for patients 
with untreated or relapsed PTCL. The majority of 
the patients (79%) were untreated at the time of 
study entry. The 1-year event-free survival was 
reported to be 38%. 

 Another regimen incorporating gemcitabine 
was the GIVOX regimen (gemcitabine, ifosf-
amide, and oxaliplatin). In a group of high-risk 
PTCL patients, the response rate was 86% with 
67% CR and the 5-year EFS was 49%. Toxicities 
were primarily hematologic with grade 4 throm-
bocytopenia and anemia occurring in 38% and 
24% of patients respectively.   

   Transplantation as a Consolidation 
Therapy 

 The role of autologous or allogeneic stem cell 
transplanation in  fi rst remission has been explored 
in a number of prospective nonrandomized trials. 
The largest studies are from the Nordic and the 
German groups, who report overall EFS ranging 
from 30 to 50% and transplant rates of 40–70% 
based on intent to treat analysis. The Nordic 
group reported results from 160 patients treated 
with CHOEP-14 followed by BEAM condition-
ing  [  49  ] . At a median follow-up of 4 years, the 
OS was 50% and the PFS was 48%. Outcome 
results were similar for the nodal subtypes of 
PTCL. In the German study reported by Reimer 
et al., 83 patients were treated with CHOP ×4, 
followed by Dexa BEAM or ESHAP  [  50  ] . 

The conditioning regimen for the transplant was 
high-dose cyclophosphamide and total body irra-
diation. In this study, the CR rate to CHOP was 
39%, and only 66% of patients were able to be 
transplanted. At a mean follow-up of 33 months, 
the OS was 48% and the EFS was 53%. 

 Based on the poor outcomes for most patients 
with PTCL, the NCCN guidelines recommends 
that autologous stem cell transplantation be con-
sidered in  fi rst remission all but the ALK+ ALCL 
group. A randomized study comparing outcomes 
with and without transplantation is underway as 
is a study comparing outcomes with autologous 
or allogeneic stem cell transplantation. However, 
more data is needed to identify prognostic factors 
which predict which patients will bene fi t from 
these approaches.  

   Summary of First-Line Treatment 
Approaches for PTCL 

 Because of the inferior outcomes with CHOP-
based regimens and the paucity of data exploring 
other regimens in a randomized setting, treat-
ment strategies for patients with aggressive 
T-cell lymphomas are not clearly de fi ned. In the 
United States, the NCCN has established evi-
dence-based treatment approaches for T-cell 
lymphoma and strati fi es patients based on stage 
(Table  12.1 ). For early stage patients with local-
ized disease, chemotherapy should be followed 
by involved  fi eld radiotherapy. It is recom-
mended that all patients except for those with 
low IPI be consolidated with autologous stem 
cell transplant. ALK+ ALCL is identi fi ed as the 
one subtype which has an excellent outcome and 
should not be transplanted in  fi rst remission. 
Recent data suggest that ALK+ patients with 
high IPI could be an exception to this rule. In 
prospective trials where up to 40% of patients do 
not undergo a complete remission and therefore 
cannot be consolidated with transplant, new 
approaches are necessary.  

 Selection of  fi rst-line therapy based on histo-
pathologic features has not yet been widely 
employed but should be considered. For nodal 
T-cell lymphomas (PTCL-NOS, AITL, ALCL) 



226 D. Sibon et al.

the standard regimen used is a CHOP-based 
therapy (Table  12.2 ). For extranodal subtypes, 
regimens may be individualized. NK/T-cell lym-
phoma patients have also had inferior outcomes 
with CHOP-based regimens, and consideration 
of alternative regimens such as SMILE and 
asparaginase combinations should be strongly 
considered for these patients.       
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         Introduction 

 Peripheral T-cell lymphoma (PTCL) is a 
heterogeneous group of diseases with variable his-
tologies, immunophenotype features, geographic 
and ethnic frequencies, and clinical natural history 
 [  1  ] . At present, the standard treatment for PTCL is 
chemotherapy based on the CHOP regimen 
designed for the largest group of aggressive B-cell 
lymphomas. However, with the exception of ALK +  
ALCL the outcome is poor with low number of 
complete responses and early progression. These 
facts translate into a poor outcome with 5 year 
overall survival values of 25–35% and a subse-
quent pattern of early and continuous relapses  [  2  ] . 

 Until very recently no speci fi c drugs for T-cell 
lymphomas have been incorporated to the thera-
peutic armamentarium, and retrospective studies 
suggest that anthracyclines do not add bene fi t 
for these patients, so CHOP is still the most 
commonly used regimen. Intensi fi cation of treat-
ment with high-dose therapy and autologous 
stem cell transplantation or a graft-versus-PTCL 
effect with allogeneic hematopoietic stem cell 

transplantation have been shown to be associated 
with prolonged disease-free survival in selected 
PTCL patients.  

   Retrospective Studies of ASCT 
for PTCL 

 Autologous SCT is the standard procedure after 
salvage chemotherapy in relapsing and refractory 
aggressive B-cell lymphomas, provided that the 
tumor has proven chemosensitivity to the salvage 
regimen  [  3  ] . When this strategy is applied to 
PTCL, results are similar in these types of lym-
phomas to the corresponding larger group of 
aggressive B-cell lymphomas. 

 As shown in Table  13.1 , the results for autolo-
gous stem cell transplantation in the salvage set-
ting across a number of studies demonstrate an 
OS of 30–45% and a corresponding PFS of 
25–35% at 3–5 years.  

 The transplant-related mortality (TRM) is 
generally low at 3–10% despite the fact that many 
of the patients are heavily pretreated. Bene fi t 
from autologous transplantation is most evident 
in patients who demonstrate chemosensitivity to 
the salvage regimen. In the largest series reported 
by the Spanish GELTAMO group, the results in 
123 patients (25% of the patients with diagnosis 
of ALCL) demonstrate at 5 years a 45 and 34% of 
OS and PFS respectively. Only chemosensitive 
patients had bene fi t in terms of PFS  [  4  ] . 

 Multivariate analysis revealed two prognostic 
adverse factors (adjusted-international prognostic 
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   Table 13.1    Main retrospective series on the use of ASCT in PTCL (Reprinted from Gutierrez et al.  [  45  ] , with permis-
sion from Nature Publishing Group)   

 Study  Cases  % ALCL  Clinical setting  Survival  TRM (%)  Comment 

 Rodriguez 
 [  47  ]  

 29  NA  Salvage  3 year-OS: 36% 
 3 year-PFS: 28% 

 10  Results similar to DLCL 

 Blystad  [  48  ]   40  35  Frontline 1st CR 
 Salvage 

 3 year-OS: 58% 
 3 year-PFS: 48% 

 7.5  Good results if 
chemosensitive 

 Song et al.  [  33  ]   36  55  Salvage  3 year-OS: 48% 
 3 year-PFS: 37% 

 17  Results similar 
to DLCL 

 Jantunen 
et al.  [  7  ]  

 19  38  Frontline 1st CR 
 Salvage 

 5 year-OS: 45% 
 5 year-PFS: 28% 

 11  Better results in ALCL 

 Kewalramani 
 [  49  ]     

 24   0  Salvage  5 year-OS: 33% 
 5 year-PFS: 24% 

 NA  Results similar to DLCL 

 Smith  [  50  ]   32  65  Salvage  5 year-OS: 34% 
 5 year-DFS: 18% 

 3  Results worst than 
in DLCL 

 Feyler et al.  [  6  ]   33  31  Salvage  2 year-OS: 49% 
 2 year-PFS: 49% 

 3  Good results if 
chemosensitive 

 Rodriguez 
et al.  [  4,   5,   11  ]  

 74  31  Frontline 1st CR  5 year-OS: 68% 
 5 year-PFS: 63% 

 4  Very good results 
in 1st CR 
 Worst if PIT > 2 

 Rodriguez 
et al.  [  4,   5,   11  ]  

 123  25  Salvage  5 year-OS: 45% 
 5 year-PFS: 34% 

 5  Results similar to DLCL 
 Worst if a-IPI > 1 and B2M 

   ALCL  anaplastic large cell lymphoma;  TRM  transplant-related mortality;  NA  nonavailable;  OS  overall survival;  PFS  
progression-free survival;  DLCL  diffuse large-cell lymphoma;  CR  complete response;  PIT  prognostic index for periph-
eral T-cell lymphoma, : Elevated beta-2-microglobulin     

index 2–3 and elevated beta-2 microglobulin) 
associated with favorable outcome in terms of 
PFS and OS. Using these and other covariates, a 
new prognostic index was de fi ned for patients 
treated with ASCT in the salvage setting. As 
shown in Fig.  13.1 , the value of this index relies 
on the identi fi cation of a subset of patients with 
the two adverse prognostic factors that, together 
with truly chemoresistant cases, do not bene fi t 
from ASCT consolidation and for whom other 
innovative therapies, including Allo-HSCT, 
should be tested.  

 The question as to the bene fi t of consolidation 
in  fi rst CR with transplant has bene fi t has been 
addressed in a number of prospective and retro-
spective studies. The largest prospective series by 
the GELTAMO group  [  5  ]  describes the results of 
74 patients who underwent ASCT consolidation 
after achieving a CR to induction chemotherapy 
regimen with CHOP or CHOP-like regimens. 

 With a prolonged follow-up of more than 
60 months, the OS and PFS were 68 and 63%. 
In this study the only independent prognostic 
index able to identify a subset of patients who do 
not bene fi t from the ASCT as frontline consolida-

tion at  fi rst CR was the presence of more than two 
adverse factors of the PIT (prognostic index for 
PTCL) index described by Gallamini and 
colleagues. 

 In another prospective study of 82 patients, 64 
of them underwent ASCT with 50% of them in 
 fi rst CR. The OS and PFS at 2 years of these 
patients consolidated with ASCT in  fi rst CR were 
62 and 59%, respectively supporting data of other 
series that show a substantial bene fi t of consoli-
dation with ASCT in patients in  fi rst CR  [  6  ] . 
Similarly, another series from Finland reported 
5-year OS and PFS of 63 and 64%, respectively. 
These results may be confounded by inclusion of 
ALK +  patients, who have a more favorable out-
come  [  7  ] . 

 However, other studies are not so encourag-
ing. The GELA performed a subset analysis of 
patients with PTCL included in the LNH93-3 
aggressive lymphoma study  [  8  ] . Seventy-six 
patients with T-cell phenotype were analyzed 
in a randomized study of poor risk IPI patients 
comparing the GELA standard regimen 
ACVBP (doxorubicin, cyclophosphamide, 
epirubicin, vincristine, and prednisone) for 
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four cycles and the experimental arm of CEOP/
ECVBP (cyclophosphamide, epirubicin, vincris-
tine, prednisone/epirubicin, cyclophosphamide, 
vindesine, bleomycin, and prednisone) followed 
by consolidation with BEAM and ASCT. Results 
of this and pooled analysis of the prior LNH-87 
study lead to the GELA investigators to state that 
consolidation with transplant did not add bene fi t 
to standard therapy even in CR patients. 

 In summary, review of these retrospective 
studies demonstrates several points. First ASCT 
is relatively safe with a low mortality. Second, 
most studies are based on BEAM or BEAM-like 
conditioning regimens with only a few studies 
using total body irradiation (TBI) in the condi-
tioning regimen. Third, only chemosensitive 
patients are likely to bene fi t from the transplant.  

   Prospective Studies 

 At present,  fi ve prospective studies testing the 
hypothesis that consolidation with transplant in 
patients in remission after induction therapy 
have been reported (Table  13.2 ). The  fi rst study 
reported by Reimer et al.  [  9  ]  describes the 
outcome of 83 patients with nodal aggressive 
histological subtypes: PTCL-NOS, AIL, and 
ALCL (ALK − ). The treatment plan consisted of 
four initial courses of CHOP with two addi-
tional cycles allowed if no CR was obtained. 
Only chemosensitive patients advanced to 

ASCT. The conditioning regimen was based on 
myeloablative radiochemotherapy (fractionated 
TBI and high-dose cyclophosphamide).  

 Of the initial 83 patients, 55 (66%) were able 
to undergo the transplant. At the time of trans-
plant, 73% of the patients were in CR and 27% 
were in PR. After the transplant 87% of the 
patients achieved a CR. The results in an intent to 
treat analysis showed that 58% of the population 
obtained a CR and 8% a PR. With a median 
observation time of 33 months, the estimated 
3-year OS, DFS, and PFS were 48, 53, and 36%, 
respectively. Of note that the 3-year OS of the 
patients who were transplanted was 71%. 

 Corradini et al.  [  10  ]  reported the outcome of 
62 patients transplanted at a median follow-up of 
76 months. The 5-year OS and PFS were 54 and 
40% respectively. As suggested by the authors, 
only patients with ALCL (ALK + ), patients with 
an age-adjusted international prognostic index of 
0–1, or patients in  fi rst CR obtained bene fi t from 
the procedure. 

 The GELTAMO group  [  11  ]  reported their pro-
spective trial of 26 patients who were treated with 
three cycles of MegaCHOP (2 g/m 2  CY, 90 mg/m 2  
Doxorubicin 1.4 mg/m 2 , Vincristine 60 mg/m 2 , 
Prednisone and mesna). After these three cycles, 
patients were evaluated with computerized 
tomography and gallium scan. At that point, the 
patients that were in CR received one or two more 
cycles of MegaCHOP and were transplanted. 
However those patients in less than CR received 

  Fig. 13.1    Pretransplant value of a-IPI and beta-2-microglobulin for PTCL in the salvage setting;  OS  overall survival; 
 PFS  progression-free survival (Based on data from Rodríguez et al.  [  46  ] )       
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3 cycles of the salvage regimen Ifosfamide and 
Etoposide and if in at least PR went to the trans-
plant. With this strategy the OS and PFS at 3 years 
were 72 and 53% respectively. Interestingly still 
23% of the patients did not receive the transplant, 
mainly due to early progression. In addition, 
there was no difference in outcome in early 
responders compared to the group that received 
the salvage regimen after not being in CR with 
the initial induction regimen. 

 The largest prospective study was reported by 
the Nordic Lymphoma Group  [  12  ] . With a median 
of 3 years of follow-up, they reported approxi-
mately 60% of transplanted patients were still 
alive. In this study the induction regimen was a 
dose-dense regimen of CHOEP-14. 

 Another study reported by Mercadal et al.  [  13  ]  
from the GELCAB Spanish group included 41 
patients who were treated with chemotherapy 
and then transplant if in remission. Only 17 out of 
41 patients (41%) underwent the planned trans-
plant due to progression and toxicity. Interestingly, 
only 23% of the patients transplanted    in chemo-
sensitive remission relapsed vs. 57% of those 
patients who were chemosensitive but non-trans-
planted for various reasons. Similarly the 4-year 
PFS was 59% for the patients transplanted vs. 
29% for the chemosensitive non-transplanted 
group. This study con fi rms the earlier retrospec-
tive data that only patients in chemosensitive are 
likely to bene fi t from consolidation with the 
autologous stem cell transplantation. 

 Although these results are encouraging, 
approximately 20–30% of the patients do not get 
to transplant for early progression or toxicity and 
another 20–30% of those in CR after the trans-
plant relapse of their disease. Thus better induc-
tion regimens with new drugs and therapeutic 
maneuvers to maintain the remission posttrans-
plant should be the focus of the next clinical 
research efforts .  

 In summary the existing data suggests that 
patients who do not bene fi t from the ASCT in the 
salvage setting are those who are chemorefrac-
tory pretransplant and/or those with an age 
adjusted IPI  ³ 2 and an elevated beta-2 micro-
globulin. These patients need new approaches 
including allogeneic stem cell transplantation 

procedures or innovative experimental 
treatments. 

 In addition, retrospective data suggest    that only 
patients in low-risk groups of the PIT system and in 
remission after induction therapy seem to obtain 
bene fi t from the ASCT consolidation. Randomized 
studies are needed to con fi rm that consolidation with 
ASCT improves the outcome of these patients. 

   Stem Cell Transplant in 
Angioimmunoblastic T-Cell Lymphoma 

 Angioimmunoblastic T-cell lymphomas are a sub-
set of aggressive T-cell lymphomas in which the 
data suggests that there may be a bene fi t for autolo-
gous transplantation in  fi rst remission. A retrospec-
tive multicenter study of 146 AITL patients has 
been reported by the European Bone Marrow 
Transplant group (EBMT)  [  14  ] . At a median fol-
low-up of 31 months, they reported a 59% overall 
survival and a relapse rate of 51%. Interestingly the 
non-relapse mortality was 7% at 24 months. Disease 
status at transplantation was identi fi ed as the major 
factor associated with the outcome. Patients trans-
planted in CR had a PFS of 56% at 48 months vs. 30 
and 23% respectively for those chemosensitive and 
chemorefractory disease patients. 

 These data highlight once again, the fact, that 
basically patients in CR prior to the transplant 
are the ones who bene fi t the most. However, 
25% of refractory patients also had bene fi t. 
Autologous transplantation could be considered 
in selected refractory patients, and early trans-
plantation might represent the best option for 
patients in CR. 

 Other smaller series by the GELTAMO (Grupo 
español de linfomas y trasplante autologo de 
médula ósea) reported similar outcomes. 

 In this study  [  11  ] , 19 patients underwent a 
transplant in  fi rst remission (15 cases) and in the 
salvage setting (4 cases). After the transplant, 
79% achieved a CR and at 3 years the PFS and OS 
were 55 and 60%, respectively. In this study, 
patients who were transplanted in a refractory dis-
ease status did not bene fi t from this procedure. 

 Thus, with the small experience available and 
without the robustness of a randomized study, it 
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seems that consolidation with transplant in AITL 
patients chemosensitive prior to the transplant 
demonstrated bene fi t in both PFS and OS. 
However, longer follow-up and especially data 
from the ongoing randomized studies are needed 
to warrant this therapeutic modality as the new 
standard frontline therapy of these lymphomas.  

   Autologous Stem Cell Transplantation 
in Cutaneous Lymphomas 

 Patients with cutaneous T-cell lymphomas who 
have advanced disease with extensive nodal 
involvement, cutaneous tumors, or large cell 
transformation have a poor prognosis with an 
estimated median survival of 1–4 years. Current 
therapy based on systemic standard regimens for 
aggressive lymphomas yields usually responses 
that generally are short lived with a recurrent pat-
tern of relapses. Therefore, intensi fi cation of 
treatment has been a logical step to take in these 
malignancies. However, there is a paucity of data 
concerning ASCT in these lymphomas. In fact, 
only case reports or small series with no more 
than ten patients have been reported. CTCL, sub-
cutaneous panniculitis-like T-cell lymphoma, pri-
mary cutaneous gamma–delta T-cell lymphomas, 
and CD30-cutaneous large T-cell lymphoma 
report responses to high-dose therapy that are 
short lived with short progression-free survival 
rates  [  15–  17  ] . In this setting, the experience with 
allogeneic HSCT is much more promising  [  18  ] . 
Consolidation with autologous stem cell trans-
plantation is not considered a standard of care in 
these patients.  

   Autologous Transplantation 
in Extranodal NK/T-Cell Lymphoma 

 Treatment outcomes for NK/T-cell lymphoma 
vary according to disease stage and location. 
Overall, long-term survival is reported as 30–40% 
for patients with upper aerodigestive nasal loca-
tions and signi fi cantly lower for patients with 
widespread disease  [  19  ] . Due to these unfavorable 
results with standard chemo-radiotherapy regi-

mens, ASCT has been tested in both: as consoli-
dation of  fi rst remission or in the salvage setting. 

 Although the experience with consolidation 
with ASCT is small, there may be a trend toward 
improved survival when compared with histori-
cal controls. In a multinational, multicenter, con-
trolled trial, Lee et al.  [  20  ]  reported a signi fi cantly 
higher disease-speci fi c survival in the ASCT 
group in patients who were in complete remis-
sion at the time of the procedure, 87% for the 
ASCT group vs. 68% for the standard treatment 
group ( P  = 0.02). In contrast, the patients trans-
planted not in CR did not bene fi t from the proce-
dure. Au et al. reported a similar  fi nding in a 
series of 18 patients  [  21  ] . 

 Thus, with the small experience available at 
present and without randomized studies to con-
vince us the superiority of consolidation with 
ASCT, it seems that patients in  fi rst CR bene fi t 
from the procedure. For patients in refractory dis-
ease or in second remission in the salvage setting, 
the available results are generally poor; therefore, 
other options including allogeneic transplant pro-
cedures if feasible should be offered as would be 
discussed later in this chapter.  

   Prognostic Factors in the 
Transplant Setting 

 Several systems have been proposed for PTCL 
and NK/T-cell lymphoma. However the impact 
of these systems for patients treated with ASCT 
is not known. In one series, the PIT (prognostic 
index for PTCL)  [  22  ]  as described by Gallamini 
et al., which system take into account, age, PS 
(ECOG, LDH, and bone marrow involvement as 
discrete covariates), predicted outcome in patients 
consolidated in  fi rst CR with ASCT better than 
the IPI  [  5  ] . In the salvage setting, the GELTAMO 
group proposed a new system based on two dis-
crete variables: the IPI and the beta-2 microglob-
ulin. In their series, patients who presented with 
both age-adjusted IPI higher than one and an ele-
vated B2m had an inferior outcome with ASCT 
in the salvage setting. Clearly these patients need 
other therapeutic options including if feasible, 
allogeneic transplant  [  4  ] .  
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   Allogeneic Transplantation for PTCL and 
Cutaneous T-cell Lymphomas (CTCL) 

 Allogeneic stem cell transplantation (alloSCT) is 
an effective salvage treatment for some histo-
types of relapsed non-Hodgkin lymphomas 
(NHL). Its peculiar ef fi cacy is partly ascribed to 
the so-called  graft- versus -lymphoma  (GVL) 
 effect , an immune mediated reaction operated by 
the transplanted immune system against the lym-
phoma cells. The existence of a GVL effect is 
mainly supported by three evidence: (1) tumor 
responses were observed after immune suppres-
sion withdrawal, (2) donor lymphocyte infusions 
(DLI) alone can cause tumor regression, (3) con-
comitant to the onset of acute graft-versus-host 
disease (GVHD)  [  23,   24  ]  a lymphoma regression 
has been sometimes observed. Low grade NHLs 
have shown the most striking results, since 
alloSCT can provide a tumor-free graft and the 
indolent course of the disease allows the full 
exploitation of the GVL effect  [  25–  27  ] . On the 
other hand, less data are available for aggressive 
histologies, and in particular for rare entities such 
as T-cell lymphomas  [  28–  30  ] . 

 In this chapter, the clinical results obtained in 
the most common subtypes of T-NHL, such as 
PTCL and primary CTCL, have been reported. In 
the largest prospective study published so far, 
288 PTCL patients treated with different antracy-
cline-containing regimens showed a 5-year over-
all survival (OS) and event-free survival (EFS) 
signi fi cantly worse compared with diffuse large 
B-cell lymphomas (DLBCL), with the exception 
of Alk-positive anaplastic T-cell lymphomas 
 [  31  ] . High-dose chemotherapy and autologous 
stem cell transplantation (autoSCT) in relapsed 
or newly diagnosed PTCL signi fi cantly changed 
the course of the disease in selected subsets of 
patients. Disease-free survival (DFS) and OS 
ranged between 35 and 45% respectively in most 
of the studies for relapsed patients  [  32,   33  ] . In a 
prospective study of high-dose chemotherapy as 
up-front therapy for PTCL, the outcome was 
improved only for patients with an age-adjusted 
international prognostic index (aaIPI) of 0–1, or 
in complete remission (CR) before transplanta-
tion or in case of Alk-positivity  [  10  ] . In general 

the main cause of treatment failure in autoSCT 
studies was disease progression before transplan-
tation, suggesting that more intensive therapies 
and new drugs are needed to improve disease 
control  [  5,   10  ] . 

 Similarly, in relapsed and advanced stage 
CTCL (Sezary syndrome (SS) and mycosis fun-
goides (MF)], there is no effective standard care 
and chemotherapy regimens usually induce tran-
sient responses that are not able to change the 
prognosis of these patients. The experience with 
autoSCT is very limited and not encouraging 
since most of the patients relapsed. The reinfu-
sion of malignant cells with the graft and the fail-
ure of T-cell depletion procedures contributed to 
the poor results published so far  [  18  ] . The con-
cept emerging from this brief introduction is that 
different mechanisms of tumor-killing are 
required to improve the outcome of Alk-negative 
PTCL and advanced CTCL. 

   Peripheral T-Cell Lymphomas 
 A retrospective analysis by Kim et al. on 233 
relapsed lymphoma patients receiving a myeloab-
lative alloSCT from a related or an unrelated 
donor showed a 2-year cumulative incidence of 
relapse of 21%, whereas the cumulative incidence 
of TRM was 40%. While they included a large 
number of aggressive lymphomas ( n  = 111) in this 
study, there were 51 patients with PTCL. The 
2-year OS for aggressive lymphomas was 42%, 
and patients with PTCL had a better survival than 
those affected by DLBCL, suggesting that T-cells 
can be a good target for donor-derived immune 
cells  [  34  ] . In this series, chemorefractory disease 
and a failed autoSCT were identi fi ed as adverse 
prognostic factors for both OS and TRM. 

 Le Gouill et al. have recently reported a retro-
spective review of allogeneic stem cell transplan-
tation in 77 patients with PTCL (anaplastic large 
cell lymphoma (ALCL) ( n  = 27), PTCL-unspeci fi ed 
( n  = 27), angioimmunoblastic T-cell lymphoma 
(AIL) ( n  = 11), and rare subtypes ( n  = 12)]. The 
majority of the patients (74%) received myeloab-
lative conditioning and were allografted from 
HLA identical siblings (78%). This study included 
mainly patients with chemosensitive disease (70%). 
The results of this study were rather encouraging 
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with a 57 and 53% 5-year OS and EFS, respectively. 
In addition, they reported several interesting 
observations: (1) the OS was better in the nodal 
subtypes (55–80%) as compared to other histo-
pathological subtypes (33%), (2) better OS and 
EFS were observed in patients receiving fewer 
prior therapies before alloSCT and/or with 
chemosensitive disease, (3) the authors observed 
an unexpected 5-year OS of 30 in patients with 
chemorefractory disease  [  35  ] . While survival 
was encouraging, but toxicity is still too high. 

 In order to decrease the toxicity and TRM of 
myeloablative alloSCT, reduced-intensity or non-
myeloablative conditioning (RIC) regimens have 
been developed from the beginning of 1990s. 
Unlike myeloablative conditioning which relies 
mainly upon high-dose chemotherapy and/or 
radiotherapy to eradicate the malignant cells, RIC 
regimens based their activity more on the GVL 
effect. Most of the studies performed to date have 
shown that RIC regimens are associated with a 
reduced TRM; therefore, this strategy can be 
offered to the elderly or heavily pretreated patients 
or patients affected by comorbidities  [  36  ] . 

 A small pilot study  fi rst showed that RIC 
alloSCT is feasible and effective in relapsed 
PTCLs  [  37  ] . After a thiotepa– fl udarabine–
cyclophosphamide based regimen 17 patients 
received HLA-identical allogeneic stem cells. 
The 2-year TRM was 6%, supporting the feasi-
bility of this strategy. Fourteen of seventeen 
enrolled patients were alive (12 in complete 
remission) after a median follow-up of 28 months 
with an estimated 3-year OS and progression-free 

survival (PFS) of 81 and 64%, respectively. 
Notably 15 of 17 patients were chemosensitive at 
transplant, and this can also explain the good 
clinical results (Fig.  13.2 ).  

 A recent update of that pilot study including 
38 patients con fi rmed the original observations. 
Patients were transplanted at relapse, after a 
median of two lines of therapy (range, 1–4) and 
54% of them had failed a previous autoSCT. 
Thirty- fi ve percent of the patients were in CR at 
transplant, whereas 40% were in partial remis-
sion (PR). The lymphoma subtypes were distrib-
uted as follows: unspeci fi ed PTCL  n  = 15, ALCL 
 n  = 9 (Alk-negative = 6, Alk-positive = 3), angio-
immunoblastic  n  = 6, intestinal  n  = 3, others  n  = 5. 
At a median follow-up of 50 months, 21 of 38 
patients were alive ( n  = 19 in CR,  n  = 2 with 
disease), 12 died of disease, and 5 died of TRM 
(Fig.  13.1 ). The median time to relapse was 
140 days (range, 38–603). In 34 of 38 evaluable 
patients the incidence of acute and chronic GVHD 
was 47 and 42%, respectively. The PFS was 
in fl uenced by histotype and disease status before 
transplant. In fact, 3-year PFS was 75% for both 
angioimmunoblastic and unspeci fi ed PTCL and 
40% for ALCL and the other subtypes. Patients in 
CR, PR, or chemorefractory at transplant experi-
enced a 3-year PFS of 66, 52, and 25%, respec-
tively. Eight patients received DLI with or without 
chemotherapy for relapsed or persistent disease: 
three patients achieved a long-lasting CR (median 
follow-up of 65 months (range, 84–64)), one 
patient achieved PR, and the others showed pro-
gressive disease  [  38  ] . 

  Fig. 13.2    Survival curves of relapsed patients affected by PTCL receiving RIC allogeneic stem cell transplantation; 
 PFS  progression-free survival;  OS  overall survival       
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 A recent phase II prospective trial on 194 patients 
undergoing an RIC alloSCT has further supported 
our previous observation that alloSCT may over-
come the unfavorable prognostic impact of T-cell 
phenotype. In fact, at a median follow-up of 5 years, 
PFS and OS were not signi fi cantly different between 
patients with relapsed aggressive lymphoma of 
B- or T-cell origin (PFS: 63 vs. 57% at 5 years, 
 p  = 0.45; OS: 67 vs. 55% at 5 years,  p  = 0.51)  [  39  ] . 

 A recent retrospective analysis of the European 
Blood and Marrow Transplantation group has 
been conducted in 45 patients affected by AIL: 25 
transplants were myeloablative and 20 were based 
on reduced-intensity conditioning. In this cohort 
of patients, mainly with chemosensitive disease, 
the cumulative incidence of relapse was limited 
(20% at 3 years). The 3-year OS and PFS were 64 
and 54%, respectively, with a plateau in the sur-
vival curve after the  fi rst year from the transplant 
 [  40  ] . The intensity of conditioning regimen did 
not have a signi fi cant impact on NRM, relapse 
risk, and overall survival (Table  13.3 ).  

 Although these results are encouraging, the dis-
ease progression before transplantation remains an 
unresolved issue affecting approximately 30% of 
the patients at diagnosis. In the attempt to identify 
an active salvage regimen, alemtuzumab has been 
associated with chemotherapy. After eight courses 
of CHOP-Campath, 17 out of 24 patients achieved 
CR (71%), and 13 of them had a median duration 
of 11 months  [  41  ] . Wulf et al. demonstrated that 
alemtuzumab, associated or not to chemotherapy, 
was able to induce lymphoma remission before 
alloSCT in six of ten patients with advanced PTCL 
 [  42  ] . Although the follow-up was very short (only 
7 months), six of these patients remained in remis-
sion after allografting.  

   Cutaneous T-Cell Lymphomas 
 The  fi rst experience of alloSCT in patients 
affected by CTCL was restricted to ten young 
patients receiving myeloablative conditioning 
regimens  [  18  ] . Four of ten patients relapsed after 
alloSCT, but responded to the withdrawal of 
immunosuppressive medication and/or donor 
lymphocytes infusions suggesting the existence 
of “graft-versus-CTCL effect.” 

 CTCL typically affects the elderly (median 
age at diagnosis 60 years); therefore RIC regimens 

have been explored also in this setting. Molina 
et al. conducted a retrospective study, including 
eight patients heavily pretreated ( n  = 5 SS,  n  = 3 
MF). Half of them received an RIC regimen con-
sisting of  fl udarabine and melphalan, and four of 
eight were allografted from unrelated donors 
 [  43  ] . All the patients achieved a clinical remis-
sion, but two of them died of TRM. Interestingly, 
before alloSCT, six patients showed clonal T-cell 
receptor  g -chain gene rearrangements (TCR g  R) 
in peripheral blood or bone marrow, that resulted 
negative in the posttransplant PCR studies. 
Patients affected by MF with cytogenetic abnor-
malities usually have a very poor outcome. In this 
study, all the patients with such abnormalities 
achieved a cytogenetic remission. 

 Onida et al. reported the outcome of 15 patients 
with advanced CTCL ( n  = 9 MF,  n  = 6 SS), refrac-
tory to a median of three previous lines of treat-
ment. At median follow-up of 41 months, the 
results were encouraging with an estimated 
5-year PFS of 60%  [  44  ]  (Table  13.4 ).  

 The optimal conditioning regimen and the bet-
ter timing for alloSCT are currently unknown, 
but these preliminary results are interesting and 
should stimulate novel collaborative efforts for 
prospective trials. 

 In summary, RIC alloSCT (a) was able to 
decrease signi fi cantly TRM, thus elderly and/or 
heavily pretreated patients can become eligible for 
alloSCT; (b) can produce clinical results supporting 
the existence of a “graft-versus-T-cell lymphoma” 
effect; (c) an up-front strategy with RIC alloSCT 
can be considered in patients below 65 years of age 
in the context of controlled prospective trials. 

 The challenge still    remains for the 30% of 
patients who progress despite any treatment at 
diagnosis, and for them we need novel agents to 
induce a remission state before any transplant 
procedure. For those responding and then relaps-
ing, thus showing a story of chemosensitive dis-
ease, alloSCT might be a reasonable option up to 
65 years of age. 

 In conclusion, with the available information 
concerning these two stem cell transplantation 
procedures, we propose a working treatment 
algorithm for PTCL excluding anaplastic large 
T-cell lymphomas ALK +  cases that is depicted in 
Fig.  13.3 .  
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  Fig. 13.3    Proposed treatment algorithm for PTCL 
(excluding ALK + cases).  PTCL  peripheral T-cell lym-
phoma;  AA  Ann Arbor;  a-IPI  adjusted International 
Prognostic Index;  PIT  prognostic index for peripheral 
T-cell lymphoma;,  DLCL  diffuse large-cell lymphoma; 

 CR  complete response; PR partial response;  ASCT  autolo-
gous stem cell transplantation;  ECOG  PS Eastern 
Cooperative Oncology Group Performance Status;  RIC  
reduced-intensity conditioning;  Alo-HSCT  allogeneic 
hematopoietic stem cell transplantation       

   Table 13.4    Allogeneic stem cell transplantation in relapsed CTCL   

 Authors  No. Pts 
 Chemosensitive disease 
before allo-SCT 

 Type of conditioning 
regimen  NRM (%)  PFS (%)  OS (%) 

 Molina et al.  [  43  ]   8  All refractory  Myeloablative (50%)  25 b  (4 years)  –  75 b  (4 years) 
 4 SS 
 4 MF  RIC (50%) 

 Onida et al.  [  44  ]   15  All refractory  RIC (100 %)  20 b  (3 years)  60 (3 years)  – 
 6 SS 
 9 MF 

   Pts  patients;  alloSCT  allogeneic stem cell transplantation;  NRM  non-relapse mortality;  PFS  progression-free survival; 
 OS  overall survival, SS Sezary Syndrome, MF Mycosis Fungoides, RIC reduced-intensity conditioning 
  a Abstract report 
  b The value was given as frequency  
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 Since, these groups of lymphomas are 
currently a very active area of research, new 
upcoming information might modify this thera-
peutic proposal.        
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         Introduction 

 Although the use of antibodies as tumor-targeting 
agents dates back to 1953 when Pressman and 
Korngold  [  1  ]  showed that radiolabeled rabbit 
antisera could speci fi cally target mouse osteo-
genic sarcoma cells, not until 1975, with the 
development of the hybridoma technology  [  2  ] , 
adequate quantities of murine monoclonal anti-
bodies (mAbs) became available for clinical use. 
These early trials demonstrated that murine mAbs 
had some measure of antitumor activity in hema-
tological malignancies but also highlighted the 
limiting effect of the human-anti-mouse humoral 
immune responses on multiple mAb administra-
tions. Despite the simplicity of the concept (anti-
body–antigen interaction), researchers had to 
confront a number of technical dif fi culties, 
including the selection of a proper and stable 
target, ef fi cient delivery, and immunogenicity 
due to the murine components of the mAbs  [  3  ] . 

In 1997 the anti-CD20 antibody rituximab 
became the  fi rst recombinant chimeric mAb 
approved by the US Food and Drug Administration 
(FDA) for use in the treatment of cancer, demon-
strating very limited immunogenicity and leading 
to the explosion of the  fi eld on mAb-based thera-
peutics. The methodology for the manufacturing 
of mAbs for clinical use has evolved substantially 
over the past 15 years, allowing the creation of 
“designer” antibody biopharmaceuticals that 
have fully human sequence and combine the 
desired antigen-binding speci fi city with unique 
biodistribution and pharmacodynamic properties. 
The nomenclature of mAb re fl ects this diversity. 
While the suf fi x  mab  de fi nes the product as a 
monoclonal antibody, the letter or syllable in 
front of the  mab  reveals the antibody’s source as 
murine (- omab ), chimeric (- ximab ), humanized 
(- zumab ), or fully human (- umab )  [  4  ] . Thus 
edrocolomab is a murine anti-EpCAM antibody, 
galiximab is a chimeric anti-CD80 antibody, 
alemtuzumab is a humanized anti-CD52 anti-
body, and ofatumumab is a fully human anti-
CD20 antibody. 

 One of the key goals in the clinical develop-
ment of mAbs for clinical use is the identi fi cation 
of speci fi c surface antigens—de fi ned according 
to standardized nomenclature as clusters of dif-
ferentiation (CD)—whose expression is ideally 
restricted to the malignant cells. Unfortunately, 
such degree of speci fi city is rarely achieved and 
many clinically relevant antigens represent essen-
tial components of vital activation, survival, and 
traf fi cking pathways for both malignant and 
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normal cells. Therefore, the fact that cell surface 
antigens expressed on lymphoma cells are virtu-
ally always present on their normal counterparts 
continues to represent a signi fi cant limit for the 
clinical application of these agents. mAbs induce 
tumor cell death by blocking survival pathways 
(direct apoptosis) along with other immunologic 
mechanisms such as antibody-dependent cellular 
cytotoxicity (ADCC) and complement-dependent 
cytotoxicity (CDC). mAbs have been used as 
single agent therapy or, in the attempt to enhance 
their ability to destroy tumor cells, in combina-
tion with chemotherapy, other antibodies or 
conjugated either to radioisotopes or to immuno-
toxins. Based on the activity in hematologic 
malignancies and their safety pro fi le, mAbs are 
now among the most frequently used biopharma-
ceutical agents. 

 The development of mAbs for the treatment of 
T-cell lymphomas (TCLs) is rooted in the early 
functional characterization of the T-cell receptor 
and other surface antigens in human T-cells  [  3–  6  ] , 
and in subsequent studies aimed at the discovery 
of novel immune suppressive drug for use in 
human transplantation. The  fi rst mAb approved 
for clinical use was the anti-CD3 murine anti-
body OKT3 (muromonab), approved in 1986 for 
the prevention of kidney transplant rejection. 
Clinical experience with OKT3 showed that the 
drug was potently immune suppressive, achiev-
ing the desired effect against organ rejection, but 
also revealed a signi fi cantly higher risk of devel-
opment of post-transplant lymphoproliferative 
disorder (PTLD), compared to conventional anti-
rejection drugs such as antimetabolites and cal-
cineurin inhibitors. The progressive discovery 
and characterization of surface markers such as 
CD2, CD4, CD5, CD6, CD25, CD30, and CD52 
that are expressed on various functional subsets 
of T-cells, led to the development of correspond-
ing murine or chimeric mAbs for clinical use. 
Although early investigations of these mAbs 
were focused on prevention of graft versus host 
disease (GVHD) and solid organ allograft rejec-
tion, as well as the treatment of severe autoim-
mune diseases, pilot studies in select subtypes of 
TCL we also conducted, with encouraging results. 
Both early and later studies of mAb-based therapy 

in TCL, however, have so far failed to achieve 
the ef fi cacy,  fl exibility of use in combination, and 
safety pro fi le of rituximab. Most of the anti-T-
cell mAbs in clinical development or approved 
for TCL interfere with T-cell activation and 
traf fi cking and result in severe and prolonged 
T-cell depletion. Many have been associated with 
reactivation of latent herperviruses, such as 
Epstein-Barr virus (EBV) and cytomegalovirus 
(CMV), and a broad spectrum of bacterial and 
fungal opportunistic infections. Thus, in the 
absence of truly tumor-speci fi c markers, the 
dif fi culty of balancing an ef fi cient kill of malig-
nant T-cells with an adequate preservation of 
normal cell-mediated immunity remains the most 
challenging obstacle to the development of active 
and safe mAbs for the treatment of TCL. Presently 
a number of mAbs targeting T-cell surface 
antigens are being evaluated in clinical trials 
(Table  14.1 ) and the purpose of this chapter is to 
summarize the present and potentials roles for 
mAbs in the treatment of TCL.  

   CD2 Antigen 

 CD2 is an approximately 50 KD transmembrane 
glycoprotein expressed on dendritic cells, natu-
ral killer (NK) cells, thymocytes, and mature 
T-cells  [  6–  9  ]  with much higher expression on 
activated T-cells than on resting T-cells  [  10  ] . 
Although the speci fi city for T-cell activation 
resides in the TCR/CD3 complex, the interaction 
of additional accessory molecules such as CD2, 
CD28, and lymphocyte functional antigen-1 
(LFA-1) with ligands on the antigen presenting 
cells (APCs), is required for complete T-cell 
activation to occur  [  11  ] . CD2 acts as an adhesion 
molecule  [  12  ]  through its extracellular region 
which has two Ig superfamily domains, the  fi rst 
one binds CD58 (LFA-3)  [  13  ]  and the second one 
binds CD59  [  14  ] , helping to localize the T-cells 
in proximity of APCs  [  11,   15–  17  ] . CD2 acts also 
as a signaling molecule through its large intra-
cytoplasmatic domain: as a result of CD2–CD58 
interaction, the CD2 intra-cytoplasmatic domain 
physically associates with the Wiskott-Aldrich 
syndrome protein  [  18  ]  and the tyrosine kinase 
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p56 lck   [  19,   20  ]  resulting in the initiation of the 
phospholipase C pathway  [  21,   22  ] , in actin polym-
erization with further strengthening of intercel-
lular adhesion, in the production of IL-2 and, 
ultimately, into T-cell activation and prolifera-
tion  [  23  ] .  

   CD2-Targeted Therapy 

 The limited expression of CD2 restricted to 
mature T-cells, the expression of CD2 on malig-
nant T-cells, combined with preliminary data 
showing that engagement of CD2 by mAbs can 
directly trigger apoptosis  [  24  ] , provided the 
scienti fi c rationale for their use in immunother-
apy for TCL. A number of mAbs directed against 
CD2 have demonstrated the ability to inhibit 
T-cell activation. In particular, the rat mAb BTI-
322 (MedImmune, Inc.) has been used in the pre-
vention of allograft rejection  [  25  ]  and in the 
therapy of GVHD  [  26  ] . Given the immunosup-
pressive properties of BTI-322, a humanized 
genetically engineered version of this molecule 
was developed for clinical application 
(Siplizumab, BioTransplant, Inc.). Siplizumab 
(MEDI-507) is a humanized IgG1 k  monoclonal 

antibody initially studied in murine models of 
adult T-cell leukemia (ATL)  [  27  ] : severe com-
bined immune de fi ciency (SCID) mice engrafted 
with human HTLV-1 positive T-cell leukemia 
cells treated with MEDI-507 survived signi fi cantly 
longer when compared either with mice treated 
with a humanized mAb direct toward CD25 or 
with phosphate-buffered saline (PBS) (control 
group). Based on this preclinical data and on the 
data obtained with its use in the prevention in the 
therapy of transplant rejection and autoimmune 
disease  [  28  ] , phase I trials were conducted in 
patients with CD2 +  lymphomas/leukemias  [  29, 
  30  ] . In the 2006 report, 16 patients diagnosed 
with peripheral T-cell lymphoma (PTCL) ( n  = 9), 
cutaneous T-cell lymphoma (CTCL) ( n  = 6), and 
natural killer (NK)-large granular lymphocytic 
(NK-LGL) leukemia ( n  = 1) were treated with 
biweekly infusion of escalating doses of intrave-
nous (IV) siplizumab (range 0.7–4.8 mg/kg). 
Two responses were observed, one partial 
response (PR) in the NK-LGL patient and one 
complete response (CR) in a PTCL patient, both 
treated at 3.4 mg/kg. Dose-limiting toxicities 
(DLT) included one case of erythematous 
con fl uent dermatitis and one case of pulmonary 
edema, no maximum tolerated dose (MTD) was 

   Table 14.1    mAbs therapy for T-cell leukemia and lymphoma   

 Target  Description  Targeting agent  References 

 CD2  LFA-3 (CD58) receptor  Alefacept (Amevive) Siplizumab 
(MEDI-507) 

  [  24–  30,   171,   172  ]  

 CD3  Signaling chain (CD3 z ) of the T-cell 
receptor (TCR) 

 Muromonab-CD3 (Orthoclone, OKT3)   [  34–  39,   173  ]  

 CD4  TCR co-receptor Anti-Leu3a M-T412  Zanolimumab (HuMax-CD4)   [  43,   47–  49  ]  
 CD5  Scavenger receptor family member  Anti-Leu1 T101   [  4,   174  ]  

 Anti-CD5-ricin A (CD5-Plus) 
 CD25  IL-2 receptor  a -subunit  Murine anti-Tac   [  57,   63,   69,   72–  76,   175  ]  

 Daclizumab (Zenapax) 
 Denileukin diftitox (Ontak) 

 CD122  IL-2 and IL-15 receptor  b -subunit  Murine and humanized Mik- b 1   [  81  ]  

 CD30  TNF receptor family member  Ber-H2   [  103–  105,   119–  122  ]  
 He fi -1 
 M67 
 MDX-060 
 SGN-30 
 SGN-35 

 CD52  GPI-anchored glycoprotein  Alemtuzumab (Campath)   [  124  ]  
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established. In the 2009 report, 29 patients with 
T-cell malignancies received escalating doses of 
IV siplizumab (range 0.2–4.8 mg/kg), either with 
a weekly schedule or biweekly schedule. 
Although the initial responses were encouraging, 
4 patients (13.7%) (3 of 7 patients treated with 
the weekly schedule and 1 of 22 treated with 
biweekly schedule) developed an EBV-
lymphoproliferative disease (LPD) and the trial 
was stopped. The weekly administration of sipli-
zumab decreased the CD2 expressing cells to a 
greater extent than the biweekly schedule high-
lighting the importance of NK/T cells depletion 
in conjunction with no effect on the B cell com-
partment in the pathogenesis of EBV-LPD.  

   CD3 Antigen 

 The TCR heterodimer is associated with the 
polypeptide dimers of the CD3 complex which 
comprises  fi ve invariant polypeptide chains:  g ,  d , 
 e ,  z , and  h   [  31  ] . The CD3 complex stabilizes the 
TCR and participates in signal transduction 
through its extracellular ( g ,  d ,  e ), transmembrane 
and intra-cytoplasmatic domain  [  32,   33  ] . 
Engagement of the TCR by antigen or mAbs 
anti-CD3 induces phosphorylation of CD3  g ,  d ,  e , 
and  z  chains and internalization of the TCR. The 
outcome of these interactions, including activa-
tion and apoptosis, is in fl uenced by the dynamic 
interactions between TCR and peptide-MHC 
complexes and, speci fi cally, depends on slight 
differences in terms of af fi nity and dissociation 
rates of the antigen/TCR complex.  

   CD3-Targeted Therapy 

 The clinical utility of the  fi rst generation of mAbs 
speci fi c for CD3 (such as muromonab-CD3, also 
called Orthoclone OKT3, Ortho Biotech, Inc.) 
has been limited by several drawbacks related to 
their composition. The  fi rst was the induction of 
neutralizing anti-mouse Ab response which 
reduces the re-treatment ef fi cacy  [  34–  36  ] . The 
second is a syndrome of adverse events which 
includes  fl u-like symptoms, respiratory distress, 

hypotension, and hypoglycemia  [  36  ] . This  fi rst 
generation of mAbs can induce T-cell activation 
through cross-linking of the CD3/TCR complex 
(via the F(ab ¢ ) 

2
  arms) and Fc g  receptor (Fc g R) on 

the surface of accessory cells (via the Fc region), 
with consequent release of cytokine such as 
tumor necrosis factor  a  (TNF a ), interleukin-2 
(IL-2), and interferon  g  (IFN- g )  [  37,   38  ] . Recently, 
a humanized, non-Fc g R-binding, anti-CD3 mAb 
(visilizumab, PDL BioPharma Inc.) directed 
against the  e  invariant chain of the CD3/TCR 
complex, has been evaluated for the treatment of 
steroid refractory acute GVHD  [  39  ] . This mAb 
retains the speci fi city for CD3 but has an engi-
neered and modi fi ed Fc portion that fails to trig-
ger T-cell activation    and therefore is associated 
with signi fi cantly less cytokine release. Despite 
this signi fi cant structural improvement, to date, 
there are no published reports of the use of mAbs 
speci fi c for CD3 in TCL. A phase I, multiple dose 
escalation trial of IV humanized anti-CD3 mAb 
(HuM291) in patients with CD3 +  TCL has been 
recently completed at Stanford University (clini-
cal trial number NCT00006009); however, the 
results are not yet available.  

   CD4 Antigen 

 CD4 is a 55 kD single chain glycoprotein con-
taining four immunoglobulin-like domains that 
project from the T-cell surface, a hydrophobic 
transmembrane domain and a long cytoplasmic 
tail  [  40  ] . In association with the TCR, CD4 acts 
as a co-receptor for the major histocompatibility 
complex (MHC) class II molecules  [  41  ] . The 
main physiological importance of this surface 
glycoprotein is signaling which takes place 
through its cytoplasmic tail. The intracytoplas-
mic region of CD4 is constitutively and non-
covalently associated with a src-like tyrosine 
kinase (p56 lck ) that initiates the transduction cas-
cade following antigen binding  [  42  ] . CD4 is nor-
mally expressed on helper/regulatory T-cells, 
and, at a lower level, on monocytes, macrophages, 
and dendritic cells  [  40  ] . CD4 is also expressed on 
the malignant cells of PTCL and CTCL patients 
 [  43  ] . The fact that CD4 is expressed only on a 



24714 Monoclonal Antibodies (mAb) in the Therapy of T-Cell Lymphomas

subset of normal T-cells, it is brightly expressed 
on malignant cells from CTCL patients, it is pres-
ent in all stages of    disease with no down-modula-
tion during disease progression and it is involved 
in cell signaling, has provided the rationale for 
targeting CD4 with mAbs.  

   CD4-Targeted Therapy 

 The therapeutic activity of mAbs speci fi c for 
CD4, in their murine and humanized variant, has 
been evaluated in human in fl ammatory diseases 
such as rheumatoid arthritis and psoriasis  [  44–  46  ]  
as well as in CTCL  [  43,   47,   48  ] . In an early study 
 [  47  ] , seven previously treated mycosis fungoides 
(MF) patients were treated with a chimeric 
murine antibody composed of the IgG1 k  human 
constant regions and the mouse variable regions 
directed against CD4 (SK3/anti-Leu3a; Becton-
Dickinson, Inc.). Patients received IV doses of 
10, 20, 40, or 80 mg twice a week for 3 consecu-
tive weeks. At the 80 mg dose, the antibody was 
detected in skin lesions and also coating circulat-
ing CD4 +  T-cells in the peripheral blood, how-
ever, no signi fi cant depletion of CD4 +  cells was 
observed. In a second phase I study  [  48  ] , 8 previ-
ously treated MF patients received a single IV 
dose (50, 100 or 200 mg) of a different chimeric 
murine anti-CD4 mAb directed to a distinct 
epitope on CD4 (cM-T412; Centocor, Inc.). 
Following the antibody infusion there was a 
depletion of peripheral blood CD4 +  cells in 7 of 
the 8 patients. The overall response rate (ORR) 
was 88% with 5 patients achieving a PR and 2 
patients achieving a minor response (MR). The 
time to progression (TTP) ranged from 6 to 52 
weeks, with an average of 25 weeks. More 
recently, HuMax-CD4 (zanolimumab, Genmab, 
Inc.), a fully human anti-CD4 mAb, isolated from 
transgenic mice as a hybridoma clone and subse-
quently expressed in Chinese hamster ovary cells, 
was able to induce signi fi cant T-cell depletion in 
repeated dosing and was found to be safe and 
well tolerated in human in fl ammatory diseases 
 [  45,   46  ] . Based on its safe pro fi le and the prelimi-
nary encouraging results obtained with murine 
anti-CD4 mAbs, the therapeutic activity of 

zanolimumab was also evaluated in two separate 
but otherwise identical phase 2 clinical trials in 
refractory CTCL  [  43  ] . In the  fi rst of the two stud-
ies, 27 patients with early-stage MF received 
weekly IV infusion of zanolimumab at either 
280 mg (13 patients) or 560 mg (14 patients) for 
a total of 16 weeks. In the second study, 11 
patients with advanced-stage treatment refractory 
MF and 9 patients with Sezary syndrome (SS) 
were treated with weekly IV infusion of zanoli-
mumab at either 280 mg (7 and 4 patients, respec-
tively) or 960 mg (4 and 5 patients, respectively). 
Overall, 13 of 38 patients (34.2%) with MF and 2 
of 9 patients (22.2%) with SS obtained an objec-
tive response to zanolimumab (MF: 1 CR, 3 
CCRs, and 9 PRs; SS: 2 PRs). 56% of the MF 
patients (7 of 14 at 560 mg and 3 of 4 at 980 mg) 
treated at the high-dose levels achieved objective 
response compared with only 15% at the 280 mg 
dose (3 of 20). In patients with SS, the response 
rate was 1 in 4 at the 280 mg dose and 1 in 5 at 
the 980 mg dose. In patients with MF, high-dose 
treatment resulted in an earlier time to response 
with 9 of 10 responses achieved within 8 weeks 
(median time to response 8 weeks, range 2–12 
weeks) and more durable responses (median 
duration of response 81 weeks, range 8–91 
weeks) compared with low dose treatment (three 
responses obtained at 4, 8, and 12 weeks; dura-
tion of response 12, 13, and 24 weeks). In patients 
with SS, the two responses lasted 8 weeks 
(280 mg) and 61 weeks (980 mg). Overall, treat-
ment was well tolerated with infections and 
eczematous dermatitis being the most frequent 
adverse events observed. This antibody was 
designed to prevent the interaction between the 
CD4 receptor and the MHC class II molecule, 
thereby interfering with T-cell activation, and, 
recently, the mechanism through which zanoli-
mumab may inactivate or delete T-cells has been 
described  [  49  ] . Ligation of CD4 by zanoli-
mumab inhibits the necessary p56 lck -mediated 
co-stimulation by uncoupling this kinase from 
the TCR and allowing this enzyme to transmit 
an inhibitory signal via Dok-1 and SHIP-1 
inhibitory molecules that may also reduce AKT 
activity. Secondly, zanolimumab induces potent 
ADCC with no role played by CDC and, lastly, 
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it may act by down-modulating CD4 itself. 
Despite its promising pro fi le in terms of thera-
peutic activity and safety, future developments 
for zanolimumab and its clinical applications 
are on hold due to pharmaceutical company’s 
decision.  

   CD25 Antigen 

 Interleukin-2 (IL-2) is a potent immunomodula-
tory cytokine whose function is the activation of 
T- and B-lymphocytes, NK cells, and mac-
rophages  [  50  ] . Three polypeptide chains ( a ,  b , 
and  g ) are non-covalently associated to form the 
high af fi nity interleukin-2 receptor (IL-2R)  [  51–
  53  ] . The  a  (CD25 or p55) and  b  (CD122 or p75) 
chains are involved in binding IL-2, while signal 
transduction which involves Janus kinase-1 
(Jak-1), Jak-3, and STAT-5 pathways, is carried 
out by the  g  (CD132 or p64) chain, along with 
the  b  subunit  [  54–  56  ] . CD25 is a 55 kD, heavily 
glycosylated, integral membrane protein which, 
by itself, functions as a low af fi nity IL-2R. 
CD25, initially de fi ned using the murine mAb 
anti-Tac  [  57  ] , is a polypeptide composed of 272 
aminoacids with an extracellular, transmem-
brane, and a very short intracellular domain. 
CD25 is dimly expressed on normal, resting 
peripheral blood T-cells, however is rapidly 
upregulated following antigen or cytokines 
stimulation  [  55  ] . Among T-cell malignancies, 
CD25 is strongly expressed by ATL and ALCL 
 [  55  ] , highly variable expressed on CTCL  [  58  ] . 
It has been shown that CD25 expression varies 
depending on tissue site from CTCL patients: 
CD25 has been found to be highly expressed in 
epidermis, down-regulated in dermis, and exten-
sively down-regulated in lymph nodes, suggest-
ing that the microenvironment may play a role 
in affecting CD25 expression  [  58  ] . It has also 
been shown that CD25 expression correlates 
with advanced stage (T status) and histological 
grade (large cell transformation) of CTCL, sug-
gesting a role as prognostic marker for this anti-
gen  [  59  ] . Recently, soluble IL2-R has been 
identi fi ed as a reliable marker of disease activity 
in patients with ATL  [  60  ] .  

   CD25-Targeted Therapy 

 Several studies have established the importance 
of CD25 as a valuable target for immunotherapy 
 [  61–  63  ] . A number of mAbs speci fi c for CD25 
have been evaluated in several T-cell mediated 
disorders including prevention of rejection of 
transplanted organs  [  64  ] , noninfectious uveitis 
 [  65  ] , multiple sclerosis  [  66  ] , and HTLV-1-
associated disorders  [  67  ] . In 1997, daclizumab, a 
therapeutical humanized mAb speci fi c for CD25 
(zenapax, Hoffmann-La Roche) has been 
approved by the FDA for use in the prevention of 
renal allograft rejection  [  68  ] . Also among T-cell 
malignancies, various forms of CD25-speci fi c 
mAbs have been tested in a preclinical and clini-
cal setting. These include the murine mAb anti-
Tac  [  57  ] , daclizumab  [  69,   70  ] , and 7G7/B6 mAb 
that targets CD25 at an epitope other than the 
IL-2 and anti-Tac binding sites  [  71  ] . These mAbs 
signi fi cantly prolonged the survival of MET-1 
mice (murine model of ATL), however cure was 
not achieved  [  72  ] . For this reason, daclizumab 
has been combined with  fl avopiridol in the 
MET-1 murine model in which a marked synergy 
between these two drugs has been observed  [  73  ] . 
The clinical use of the murine mAbs has been 
limited due to their immunogenicity associated 
with rapid generation of neutralizing anti-mouse 
Ab, short in vivo survival and modest ADCC-
mediated cell death due to the reduced binding to 
human Fc receptors  [  74  ] . However also dacli-
zumab, as many other unmodi fi ed mAbs, has 
shown only modest activity as single cytotoxic 
agent in ATL patients. To overcome these limita-
tions, daclizumab has been employed as a carrier 
of cytotoxic agents such as radionuclides or tox-
ins. In a phase I/II trial, 18 patients with ATL 
were treated with 55 doses of  90 Y-labeled anti-
Tac mAb involving 5–15 Ci per patient  [  75  ] . Ten 
of the evaluable patients responded to treatment, 
with 8 patients achieving a PR and 2a CR   . 
Hematologic toxicity was the limiting side effect. 
In an alternative approach, the antitumor activity 
of the anti-Tac mAb conjugated with a truncated 
Pseudomonas exotoxin (anti-Tac (Fv)-PE38 
(LMB-2)) was evaluated in a phase I/II trial  [  76  ]  
in which 35 patients with a CD25 +  lymphoma/
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leukemia were enrolled. Among these patients, 1 
had CTCL/SS, 3 had PTCL unspeci fi ed and 2 
ATL. Patients received escalating dose of LMB-2 
on alternate days for 3 doses (1 cycle), with a 
starting dose of 2  m g/kg administered IV, every 3 
weeks. Of the 6 patients with T-cell malignan-
cies, 3 achieved a PR (1 with CTCL/SS, 1 with 
PTCL, 1 with ATL). Responding patients experi-
enced rapid reductions of circulating malignant 
cells, improvement in skin lesions, and regres-
sion of lymphomatous masses and splenomegaly; 
however, all responses were of short duration.  

   CD122 Antigen 

 CD122 or p75 represents the  b  subunit shared by 
the heterotrimeric IL-2 and IL-15 receptors  [  77  ] . 
IL-15 is produced by macrophages, dendritic 
cells, and other non-lymphoid cells, it mainly 
works inducing T-cells and NK-cells maturation, 
enhancing the survival of CD8 +  cytotoxic lym-
phocytes and stimulating the production of 
TNF a , IL-1 b , and other cytokines  [  78  ] . 
Dysregulation of IL-15 and its receptor have been 
reported in CTCL, acute lymphoblastic leukemia 
(ALL), ATL, and T-LGL leukemia  [  79–  81  ] .  

   CD122-Targeted Therapy 

 In a phase I trial, 12 patients with T-LGL leuke-
mia received escalating dose of Mik- b 1 murine 
mAb, every 3 days, with a starting dose of 0.5 mg/
kg, administered IV  [  81  ] . Greater than 95% satu-
ration of CD122 was achieved in all patients; 
however, no responses in terms of decreases in 
T-LGL cell count were observed. A phase I safety 
and pharmacokinetic study of the humanized form 
of Mik- b 1 in T-LGL leukemia is now underway.  

   CD26 Antigen 

 CD26 is a 110 kD surface glycoprotein expressed 
by a variety of cells including epithelial cells, 
T-lymphocytes, and NK cells  [  82  ] . CD26 
possesses an intrinsic dipeptidyl peptidase IV 

(DPPIV) activity in its extracellular domain  [  83  ]  
and plays an important role in T-cell activation 
 [  82  ] . CD26 expression is tightly regulated on 
T-cells and it is signi fi cantly enhanced after acti-
vation  [  84  ] . CD26 is capable of providing a potent 
costimulatory signal which can induce several 
activation pathways leading to proliferation and 
cytokines production  [  82  ] . However the mecha-
nism of costimulation remains unclear since the 
cytoplasmic domain consists of only six amino-
acids and lacks a phosphorylation site, leading to 
the conclusion that CD26 must interact with other 
molecules to exert this function. CD26, through 
its peptidase activity, can also cleave certain 
chemokines involved in T-cell function and 
monocytes function, including RANTES and 
LD78 b   [  85,   86  ] ; it has also been shown that 
CD26 regulates adenosine deaminase surface 
expression with this complex perhaps playing a 
role in regulating immune function  [  87  ] .  

   CD26-Targeted Therapy 

 Among TCL, CD26 is absent or dimly expressed 
in MF/SS  [  88  ] , variably expressed in T-LGL  [  89  ] , 
and expressed at high levels in  g  d  hepatosplenic 
and ALCL  [  90  ] . An mAb speci fi c for CD26 (1F7) 
has shown to have in vitro and in vivo antitumor 
effect in human CD30 +  ALCL cell lines by induc-
ing G1–S cell cycle arrest and enhancement of 
p21 Cip1  expression  [  91  ] . It has also been shown 
that CD26 is a marker of aggressive clinical 
behavior and poor prognosis for T-LGL  [  89  ]  and 
T-cell lymphoblastic leukemia/lymphoma  [  92  ] . 
A phase I trial, involving a humanized anti-CD26 
Mab, will be conducted in relapsed/refractory 
patients with CD26 positive tumors, including 
TCL, in the near future (Dr. NH Dang, Nevada 
Cancer Institute).  

   CD30 Antigen 

 CD30 is a 105–120 kD type I transmembrane 
glycoprotein and a member of the tumor necrosis 
factor (TNF) receptor superfamily  [  93  ] . The 
mature CD30 comprises 577 amino acids, with a 
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365 amino acids extracytoplasmatic domain 
physiologically bound by CD30 ligand (CD153), 
a 24 amino acids transmembrane domain and a 
188 amino acids intracytoplasmatic domain 
which regulates signaling transduction following 
receptor binding through its serine/threonine 
phosphorylation sites  [  94  ] . In normal tissues, 
CD30 expression is restricted to activated B- and 
T-lymphocytes  [  95  ] . In the immune system, 
CD30 functions as a costimulatory molecule in 
the presence of TCR stimulation, it activates 
T-cells production of cytokines such as IL-2, 
TNF, and IFN g  and it appears to be involved in 
the negative selection of autoreactive lympho-
cytes  [  96  ] . In tumor cells, CD30 was originally 
identi fi ed on the surface of Reed-Sternberg cells 
 [  97  ] ; however, it has been shown to be highly 
expressed also on ALCL tumor cells  [  98  ]  and can 
be expressed at variable levels on CTCL cells 
 [  99  ] . A cleaved form of CD30 (sCD30) can be 
found in the plasma of CD30 +  lymphoma patients 
as a result of cleavage by TNF a -converting 
enzyme, a zinc metalloproteinase, with serum 
levels of sCD30 correlating with neoplastic activ-
ity, tumor burden, response to treatment, and time 
to treatment failure in ALCL  [  100  ] .  

   CD30-Targeted Therapy 

 Although its function has not been completely 
clari fi ed, CD30-mediated signaling has been 
implicated in both lymphocytes death and prolif-
eration, therefore a number of different mAbs 
targeting different epitopes of CD30 have been 
developed  [  101–  107  ] . It is even more interesting 
that the same antibody (M67) has showed oppo-
site effect in ALCL cell lines and Hodgkin’s dis-
ease (HD) cell lines  [  108  ] . Speci fi cally, M67 was 
able to induce enhanced apoptosis in ALCL cell 
lines; however, it had no effects on HD cell lines. 
CD30 binding has been associated with NF- k B 
activation  [  109  ]  and the difference in outcome 
between ALCL and HD cells following anti-
CD30 treatment was attributed to the inability of 
ALCL cells to activate NF- k B  [  110  ] , in contrast 
with HD cells which constitutively express 
NF- k B  [  111  ] . Chimeric anti-CD30 mAbs have 

also been tested in murine xenograft model of 
ALCL in which treatment with these mAbs was 
able to signi fi cantly prolong survival of mice 
bearing chemotherapy resistant human ALCL 
 [  112,   113  ] . In the attempt to improve its in vitro 
and in vivo antitumor activity, Ber-H2, an mAb 
speci fi c for CD30, has been conjugated with the 
plant ribosome-inactivating protein saporin and 
showed promising initial results  [  114  ] . Based on 
these preclinical data, mAbs targeting CD30 have 
been evaluated in phase I/II clinical trials. In a 
phase I/II trial, MDX-060 (Medarex, Inc.), a fully 
human anti-CD30 mAb, was administered at 
doses up to 15 mg/kg to 21 patients (16 with HD, 
3 with ALCL, and 2 with CD30 +  TCL unspeci fi ed) 
 [  115  ] . Adverse events were common but primar-
ily mild or moderate in intensity and an MTD 
was not de fi ned. In phase II, an additional 51 
patients were treated, 4 of which with ALCL. Of 
the 7 patients with ALCL, 2 (28%), with a pre-
dominantly skin disease, achieved a CR. Both 
CR lasted more than 1 year with both patients 
receiving additional cycles of therapy. In another 
phase I trial, SGN-30 (Seattle Genetics, Inc.), a 
chimeric anti-CD30 mAb, was administered at 
four dose levels (2, 4, 8, or 12 mg/kg) on a weekly 
schedule for 6 consecutive weeks, to 24 patients 
with refractory lymphoma (21 with HD and 3 with 
CD30 +  NHL)  [  116  ] . Antibody treatment was well 
tolerated and, although antitumor activity was 
not an objective of this trial, of the 3 patients with 
CD30 +  NHL, 1 patient (33%) with a history of 
cutaneous ALCL achieved a CR and 2 patients 
achieved stable disease (SD). Forero-Torres et al. 
 [  117  ]  recently reported on 79 patients, 38 with 
refractory/relapsed HD and 41 with systemic 
ALCL (35 with ALK −  ALCL), treated in a multi-
center phase II trial with SGN-30 at a dose of 
6 mg/kg for 6 weeks. After the  fi rst 24 patients 
were enrolled, the dose was escalated to 12 mg/kg 
per week. Overall the treatment was well toler-
ated, adverse events were common but primary 
mild or moderate. In the ALCL group, 2 patients 
achieved a CR and 6 patients a PR for an ORR of 
21% and with a response duration ranging from 
27 to 1,460+ days. Duvic et al.  [  118  ]  recently 
reported the results from another multicenter 
phase II trial in which SGN-30 was administered 
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to patients with CD30 +  lymphomas. Speci fi cally, 
5 patients with primary cutaneous ALCL (pc-
ALCL) and 1 patient with multiple clinical diag-
nosis (mixed CD30 +  lesions), received 1 dose of 
IV SGN-30 at 4 mg/kg every 3 weeks for up to 
six doses. Six patients with pc-ALCL, 3 with 
lymphomatoid papulosis (LyP), 3 with trans-
formed MF, and 5 with multiple clinical diagno-
sis (mixed CD30 +  lesions), received 1 dose of IV 
SGN-30 at 12 mg/kg every 3 weeks for up to six 
doses. Eligible patients could receive two addi-
tional courses. Overall the treatment was well 
tolerated but adverse events were common, 15 
patients (65%) experienced at least 1 adverse 
event with fatigue being the most common. 10 
patients (43%) achieved a CR (6 with pc-ALCL, 
1 with LyP, and 3 with mixed CD30 +  lesions) and 
6 patients (26%) achieved a PR (3 with pc-ALCL, 
1 with LyP, 1 with MF, and 1 with mixed CD30 +  
lesions) for an ORR of 87%. However the 
responses were of short duration (the overall 
median duration of objective response, CR + PR, 
was 84 days, range 1–238). Overall, anti-CD30 
mAbs have shown an acceptable safety pro fi le, 
however, in the majority of studies, anti-CD30 
mAbs as single agents showed only modest anti-
tumor activity in most CD30 +  TCL, suggesting 
combination strategies as an attractive alternative 
option. Phase I/II trials with SGN-30 either in 
combination with chemotherapy or conjugated 
with drugs/toxins are now ongoing in pretreated 
patients with CD30 +  hematologic malignancies. 

 Better ef fi cacy with CD30-targeting agents 
has been observed with brentuximab vedotin 
(SGN-35, Adcetris, Seattle Genetics, Inc), an 
antibody-drug conjugate which consists of the 
anti-CD30 monoclonal antibody cAC10 (SGN-
30) conjugated with the cytotoxic agent monom-
ethyl auristatin E (MMAE) via a protease-cleavable 
linker  [  119,   120  ] . Brentuximab vedotin was 
recently approved by the US FDA in August 2011 
for the treatment of relapsed or refractory 
Hodgkin’s lymphoma (HL) and ALCL. In the 
initial phase I dose-escalation study  [  121  ] , bren-
tuximab vedotin was administered intravenously 
on days 1, 8, and 15, of each 28-day cycle at 
doses ranging from 0.4 to 1.4 mg/kg. Forty-four 
patients were enrolled: 38 with Hodgkin’s 

lymphoma, 5 with systemic ALCL, and 1 with 
PTCL. Doses were escalated in increments of 
0.2 mg/kg until DLT was observed. Antitumor 
assessments were carried out every two cycles. 
The MTD was 1.2 mg/kg. The most common 
adverse events were peripheral sensory neuropa-
thy, fatigue, nausea, diarrhea, arthralgia, and 
fever. The majority of events were mild to moder-
ate in severity. Tumor regression occurred in 85% 
of patients and the overall objective response rate 
was 59% ( n  = 24), with 34% ( n  = 14) complete 
remissions. The median duration of response was 
not reached at a median follow-up of 45 weeks on 
study. FDA approval was based on data from two 
pivotal, open-label clinical trials independent 
review of response rate. Brentuximab vedotin 
was administered intravenously at a dose of 
1.8 mg/kg over the course of 30 min once every 3 
weeks. Results from the Hodgkin study ( n  = 102) 
showed an ORR of 73% (95% con fi dence inter-
val [CI], 65–83%), including 32% with complete 
remission (95% CI, 23–42%). Response duration 
averaged 6.7 months (range, 1.3–21.9+ months). 
Data from the ALCL study ( n  = 58) revealed an 
86% response rate (95% CI, 77–95%), with 57% 
complete remission rate (95% CI, 44–70%). 
Median response duration was 12.6 months 
(range, 0.1–15.9+ months)  [  122  ] . Based on these 
data, brentuximab vedotin represents a welcome 
addition to the therapeutic tool box for CD30 +  
lymphomas, including ALCL and HL, with high 
response rates and manageable toxicity. While 
the drug appears to be safe on early follow up, 
more recently the FDA issued a warning to health 
care professionals due to three cases of progres-
sive multifocal leukoencephalopathy (PML), and 
a new boxed warning highlighting this risk has 
been added to the drug label  [  123  ] . In addition, a 
contraindication was added, warning against the 
use of brentuximab with the cancer drug bleomy-
cin because of the increased risk for pulmonary 
toxicity.  

   CD52 Antigen 

 CD52 is a 21–28 kD, glycosylphosphatidylinosi-
tol (GPI)-anchored, heavily glycosilated, protein, 
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encoded by a gene on human chromosome 1 
 [  124  ] . The peptide component of CD52 is repre-
sented by a 12 aminoacids scaffold, which under-
goes signi fi cant posttranslational modi fi cation 
 [  125  ] . Attempts to identify a ligand have not been 
successful and the physiologic function of CD52 
remains to be clari fi ed: it may mediate a variety 
of biological effects such as signal transduction 
including promotion of cell–cell adhesion and 
protection of the cell from environmental insult, 
however, CD52 knock-outs or congenitally 
CD52-de fi cient animals have not been described. 
Relatively recently, it has also been suggested 
that CD52 may contribute to the activation of 
CD4 +  regulatory T-cells  [  126  ] . CD52 is highly 
expressed on membrane lipids raft of all B and T 
lymphocytes at most stages of differentiation 
(except plasma cells), as well as on monocytes, 
macrophages, eosinophils, NK cells, and den-
dritic cells  [  124,   127–  130  ] . The antigen is also 
found in the male reproductive tract, where it is 
strongly expressed on epithelial cells lining the 
epididymis, vas deferens, and seminal vesicle 
 [  131  ] . Notably, CD52 is not expressed on 
hematopoietic stem cells, erythrocytes, and 
platelets  [  132  ] ; however, it has been found on a 
subpopulation of CD34 + CD38 +  cells which are 
believed to represent lymphocyte-committed 
progenitors  [  133  ] . CD52 is also variably 
expressed on subsets of tumor cells, at a particu-
lar high density on T-prolymphocytic leukemia 
(T-PLL) cells followed by B-CLL, hairy cell leu-
kemia (HCL), ALL, and NHL, including TCL 
 [  128,   134,   135  ] . However, in contrast with B-cell 
malignancies, there is a great variability in terms 
of CD52 expression in TCL. Currently the 
expression of CD52 is best assessed by  fl ow 
cytometry  [  136  ] , in fact, a reliable assay for the 
detection of CD52 on paraf fi n-embedded, 
formalin- fi xed tissue is not available and data on 
CD52 expression in various subtypes of TCL are 
con fl icting, due to inconsistent reproducibility 
 [  134,   135,   137,   138  ] . Alemtuzumab has shown 
encouraging activity in T-cell malignancies 
 [  139  ] , however, the variable expression of CD52 
among TCL and the profound lymphopenia 
associated with the use of this mAb, have par-
tially limited its use in TCL.  

   CD52-Targeted Therapy 

 Campath-1H (alemtuzumab [U.S.], mabCampath 
[E.U.], Genzyme, and Bayer HealthCare 
Pharmaceuticals Inc.) is a humanized IgG1 k  
mAb directed against the human CD52 antigen 
that is FDA approved for the management of 
patients with pretreated  [  140  ]  and untreated 
B-CLL  [  141  ] . The CD52 epitope recognized by 
alemtuzumab corresponds to the last three amin-
oacids of the peptide scaffold and part of the GPI 
anchor  [  139  ] . The mechanisms underlying the 
therapeutic effect of alemtuzumab in lymphoid 
malignancies have not been well characterized. 
The spectrum of biologic effects on tumor cells is 
heterogeneous and the dominant mechanism of 
antitumor activity may differ from disease to dis-
ease. In vitro and in vivo evidence show that 
alemtuzumab induces CDC, ADCC, and direct 
apoptosis in B- and T-cell malignancies  [  125, 
  142–  147  ] . The pharmacokinetics (PK) of alemtu-
zumab has been studied in B-CLL, using the 
approved schedule consisting of a 2 h IV infusion 
at a starting dose of 3 mg on day 1, 10 mg on day 
2 up to the target dose of 30 mg, three times per 
week for up to 12 weeks  [  148  ] . Considering the 
fact that remarkable “ fi rst-dose” reactions con-
sisting in fever, vomiting, rigors, skin rash, dysp-
nea, and hypotension have been noted in the 
majority of patients treated with the IV route 
 [  149  ] , Hale et al.  [  148  ]  compared blood concen-
trations of alemtuzumab in B-CLL patients after 
IV and subcutaneous (SC) dosing. SC adminis-
tration was not associated with “ fi rst-dose” reac-
tions and similar peak drug concentrations were 
achieved; however, a higher cumulative dose of 
SC alemtuzumab was required to reach concen-
trations similar to the IV administration. PK data 
with alemtuzumab (IV or SC) in T-cell malignan-
cies are not available. Multiple studies have 
shown single-agent alemtuzumab to be active in 
T-cell malignancies ( T-PLL :  [  150  ] ;  CTCL :  [  151–
  155  ] ;  PTCL :  [  156  ] ); however, clinical experience 
with alemtuzumab treatment in T-cell malignan-
cies has been limited to small series and approval 
for this indication has not been granted yet. The 
 fi rst suggestion of activity in T-PLL came from a 
phase II trial  [  150  ]  in which 39 patients with 
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previously treated T-PLL received IV alemtu-
zumab (30 mg, three times a week until maxi-
mum response). The ORR was 76% (60% 
complete response, CR, and 16% partial response, 
PR). The TTP was 10 months (range 3–45) and 
median OS was 13 months (24 months for patients 
in CR). The response rate and survival were 
signi fi cantly longer than those reported for con-
ventional therapies  [  157  ] . In a retrospective study 
of 76 patients with heavily pretreated T-PLL, 
alemtuzumab was administered at the standard 
schedule for up to 12 weeks. The ORR was 50% 
with 28 patients (37.5%) achieving a CR. The 
TTF was 4.5 months, the median OS was 7.5 
months (14.8 months for patients in CR)  [  158  ] . In 
an early, preliminary, European experience, 50 
B- and T-cell NHL patients received single-agent 
alemtuzumab  [  151  ] . Eight of these patients had 
advanced refractory MF: an ORR of 50% with 2 
CRs and 2 PRs was seen. These promising results 
led to a multicenter phase II trial with the largest 
reported CTCL series  [  152  ]  in which 22 patients 
with heavily pretreated, CD52-positive, advanced 
stage MF/SS, were treated with single-agent 
alemtuzumab. Alemtuzumab was administered 
IV at the standard dose of 30 mg, three times per 
week, for up to 12 weeks. The ORR rate was 55% 
(32% CR, 23% PR), with better ef fi cacy in 
patients with erythroderma (69% ORR) than 
those with plaques/skin tumors (40% ORR). 
Median TTF for all responders was 12 months 
(range 5–32). Infectious complications were 
observed, including asymptomatic CMV reacti-
vation (4 patients), generalized HSV (1 patient), 
1 case of fatal aspergillosis, and 1 case of fatal 
 Mycobacterium pneumonia . In another phase II 
trial  [  153  ] , 8 MF/SS patients (7 of whom with 
refractory disease), received IV alemtuzumab 
according to the standard schedule; however, the 
ORR was only 38%, with no CR observed and a 
shorter TTF (4 months). In the attempt to reduce 
the incidence of hematologic toxicities and the 
risk of infectious complications associated with 
the standard schedule, Zinzani et al.  [  154  ]  
assessed the impact of a reduced-dose schedule 
of IV alemtuzumab (10 mg, three times per week, 
for 4 weeks) in 10 pretreated patients (6 PTCL 
and 6 MF). Despite the dose reduction, an ORR 

of 75% (with no CRs) among the MF patients 
and an ORR of 50% (with 2 CRs) among the 
PTCL patients were observed. More importantly, 
no grade 3–4 hematologic toxicities were noticed 
and CMV reactivation occurred in only 1 patient. 
More recently Bernengo et al.  [  155  ]  investigated 
the association of a reduced-dose schedule of 
alemtuzumab with the SC administration route in 
the attempt to also eliminate the systemic reac-
tions associated with the IV route. Eleven 
relapsed/refractory MF patients and 3 untreated 
SS patients were enrolled, 4 of them received 
alemtuzumab 3 mg on day 1, 10 mg on day 3, 
then 15 mg on alternating days, for a total of four 
doses. A reduced dosage (3 mg on day 1, then 
10 mg on alternating days) was administered to 
the remaining patients. The ORR was 85.7%, 
with 3 CRs (21.4%). After a median follow-up of 
16 months, the median TTF was 12 months. 
Infectious complications occurred in 4 patients. 
Lenihan et al.  [  159  ]  described the activity of 
alemtuzumab, at the standard IV 12-week dosing 
schedule, in 5 patients with SS. Activity was 
modest with only 3 PR achieved, and a variety of 
cardiovascular adverse events were observed, 
including chronic heart failure, hypotension, pul-
monary thromboembolism, and atrial  fi brillation, 
even in the absence of known cardiac risk factors. 
However evidence of cardiac toxicity with alem-
tuzumab treatment has not been con fi rmed  [  160  ] . 
A few additional small studies reporting on the 
activity of alemtuzumab in SS have been pub-
lished  [  161–  163  ] . Data on PTCL patients and 
single-agent alemtuzumab are even scarcer than 
those available for T-PLL and CTCL. In the only 
prospective trial in PTCL patients treated with 
single-agent alemtuzumab published so far  [  156  ] , 
14 patients with advanced relapsed/refractory 
disease received IV alemtuzumab following the 
standard schedule. The ORR was 36% with 3 
patients achieving a CR and 2 patients achieving 
a PR. The duration of response was 2, 6, and 12 
months for each of the CR patients. However, in 
these heavily pretreated patients, alemtuzumab 
therapy was associated with signi fi cant toxicity, 
including CMV reactivation in 6 patients, pulmo-
nary aspergillosis in 2 patients, EBV-related 
hemophagocytosis in 2 patients. 
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 In the attempt to enhance the response rate 
and prolong the TTF, alemtuzumab has also been 
administered in association with chemotherapy 
in the treatment of TCL patients. 

 In the  fi rst phase II trial, 20 patients with pre-
viously untreated PTCL (10 patients with PTCL-
unspeci fi ed, 3 with angioimmunoblastic 
lymphoma, 3 with extranodal NK/TCL, nasal 
type, 2 with ALK −  ALCL, and 2 with subcutane-
ous panniculitis-like TCL) received CHOP 
(cyclophosphamide, doxorubicin, vincristine, 
prednisone) plus alemtuzumab (10 mg IV on day 
1, 20 mg on day 2 of the  fi rst cycle, then 30 mg 
IV on day 1 in the subsequent cycles), based on 3 
week interval  [  164  ] . An ORR of 80% with a 65% 
CR rate was observed however the trial was pre-
maturely closed due to two treatment-related 
deaths and high incidence of infectious compli-
cations as well as hematologic adverse events. 
An Italian prospective multicenter phase II trial 
evaluated the activity of alemtuzumab in combi-
nation with CHOP in 24 patients with previously 
untreated PTCL (8 patients with PTCL-
unspeci fi ed, 7 with angioimmunoblastic lym-
phoma, 3 with ALK −  ALCL, and 1 with 
enteropathy-associated TCL)  [  165  ] . SC alemtu-
zumab was administered at 30 mg at day 1 to 8 
courses of CHOP-28. An ORR of 75% with a 
71% CR rate was observed. Thirteen patients 
were disease free with an overall median duration 
of response of 11 months. Neutropenia and CMV 
reactivation were the most common hematologic 
and non-hematologic complications, occurring in 
59 of 176 (34%) and 15 of 176 (9%) of CHOP 
chemotherapy courses, respectively. Two cases 
of invasive aspergillosis and 1 case of PML were 
also noticed. Alemtuzumab was also combined 
with CHOP and ESHAP (ethopside, cytarabin, 
cisplatin, and methylpredinsolone) in 13 patients 
with untreated PTCL (3 patients with PTCL-
unspeci fi ed, 5 with extranodal NK/TCL, nasal 
type, 4 with subcutaneous panniculitis-like TCL, 
and 1 with enteropathy-associated TCL)  [  166  ] . 
SC alemtuzumab was administered at 30 mg at 
day 1–3 of cycle 1–5 plus CHOP (day 1 of cycle 
1, 3, 5) and ESHAP (day 1 of cycle 2, 4, 6) at 
28-day intervals. In the 10 evaluable patients, an 
ORR of 90% with a 80% CR rate was observed. 

Infection was the major adverse event with CMV 
reactivation occurring in 54% of the patients. 

 Recently, two phase III trials (ACT1 and 
ACT2) combining CHOP with alemtuzumab as 
primary treatment for patients with PTCL, have 
been opened by the European Intergroup. 

 In a German phase II trial, alemtuzumab was 
combined with  fl udarabine, cyclophosphamide, 
and doxorubicin (alemtuzumab 3, 10, 30, 
30 mg, days 1–4,  fl udarabine 25 mg/m 2  days 
2–4, cyclophosphamide 600 mg/m 2  day 3, and 
doxorubicin 50 mg/m 2  day 4, every 28 days) 
 [  167  ]  to treat 19 newly diagnosed and 11 
relapsed/refractory PTCL patients (13 patients 
with PTCL-unspeci fi ed, 9 with angioimmuno-
blastic lymphoma, 2 with ALK −  ALCL, 2 with 
enteropathy-associated TCL, 2 with nasal-type 
NK-/TCL, 1 with an NK-cell lymphoma and 1 
with a T-PLL). An ORR of 63% with a 58% CR 
rate and with ten ongoing remissions at the time 
of publication, were observed in the previously 
untreated patients’ group. An ORR of 45% with 
a 28% CR rate was observed in the relapsed/
refractory group. The toxicity was signi fi cant 
with 65% of the patients experiencing a sus-
tained grade III/IV neutropenia, 40% of the 
patients had a CMV reactivation which was 
symptomatic in 2. 

 As emerged from many clinical trials, most of 
the TCL patients experience variable grades of 
cytopenia during treatment with alemtuzumab, 
especially if heavily pretreated and with advanced 
stage of disease. Thrombocytopenia is generally 
most common during the  fi rst 2 weeks and neu-
tropenia is most common during weeks 5 and 6 
 [  152  ] . Importantly, grade 4 neutropenia could be 
an indication to postpone alemtuzumab therapy 
but prematurely terminating treatment should be 
avoided especially in SS patients because, 
although resolution of peripheral blood lympho-
cytosis occurs early, bone marrow is unlikely to 
be clear of disease after 4 weeks of therapy  [  152, 
  155  ] . Monocytes, NK cells and peripheral blood 
but not tissue antigen-presenting dendritic cells 
are also profoundly depleted but this reduction 
is not as pronounced as for lymphocytes. 
Profound and sustained T and B lymphopenia is 
the most signi fi cant and consistent side-effect of 
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alemtuzumab, according to the high expression 
of CD52 antigen on these cells’ surface  [  152  ] . 
Granulocytes population usually returns to base-
line levels early during the unmaintained follow-
up while monocytes remain at around 50% of 
their baseline value for a prolonged period of 
time. B lymphocytes normalize relatively 
quickly, CD8 +  T lymphocytes recover slower, 
and CD4 +  T lymphocytes may remain subnormal 
for over a year  [  152  ] . The stage of the disease, 
the disease itself, the number of prior treatments 
and the myelo/immunosuppression alemtu-
zumab-induced, increase the susceptibility to 
opportunistic and other severe infections, pri-
marily bacterial  [  152,   168  ] . The most frequent 
opportunistic infection is caused by CMV. The 
overall incidence of CMV reactivation ranges 
between 5 and 43% in patients treated with alem-
tuzumab  [  150–  153,   155,   156  ]  and it is usually 
observed shortly after the nadir in T-cell counts, 
between 4 and 6 weeks of therapy. Antiviral pro-
phylaxis (acyclovir, famciclovir, valaciclovir) is a 
mandatory procedure in these patients but these 
antiviral agents do not prevent CMV reactivation, 
although most patients respond rapidly to IV 
ganciclovir. At the present, no data are available 
to recommend routine prophylaxis for CMV but 
routine weekly monitoring with CMV antigene-
mia is indicated. Antibacterial and anti-Pneumo-
cystis Jiroveci prophylaxis is recommended as 
well. CMV monitoring and prophylaxis should 
be continued for 2–4 months after alemtuzumab 
discontinuation  [  168  ] . Recently, cases of EBV-
associated B and TCL after treatment with alem-
tuzumab in combination with chemotherapy for 
TCL have been reported  [  169,   170  ] . Alemtuzumab 
administered with proper antimicrobial prophy-
laxis has shown to be active in TCL; however, 
hematologic toxicities and infection complica-
tions are a major concern. The infusion related 
events are drastically reduced by the SC admin-
istration without affecting the ef fi cacy. 
Alemtuzumab as single agent does not appear to 
be curative, therefore combination strategies 
with chemotherapeutic, biological agents and 
emerging class of new compounds such as his-
tone deacetylase inhibitors should be further 
explored.   

   Conclusions 

 TCL represent a heterogeneous group of 
lymphoid neoplasms, and, with the exception of 
ALK +  ALCL, early stage MF and T-LGL leuke-
mia, TCL have a suboptimal response to conven-
tional chemotherapy and a poor prognosis. Few 
patients achieve CR, relapse is common and usu-
ally associated with chemo-resistance. Malignant 
T-cells express a number of potential targets for 
immunotherapy. mAbs such as alemtuzumab 
have shown signi fi cant clinical activity in a vari-
ety of T-cell malignancies and represent a 
signi fi cant improvement over previous therapy 
considering that durable remissions have been 
seen in heavily pretreated patients with TCL. 
However, mAbs as single agents do not appear to 
be curative in TCL. Therefore, although active as 
single agents, mAbs may have a greater role in 
alternative strategies such as combinations with 
other biological or chemotherapeutic agents, 
either simultaneously or sequentially, with the 
hope to translate durable remissions into 
improved survival. Maintenance therapy or 
retreatment based on the monitoring of malig-
nant T-cells should also be considered although 
antigen mutation or modulation may limit 
repeated administration activity. Another insight 
derives from studies involving mAbs covalently 
bound to radioisotope or toxins to enhance their 
ability to destroy tumor cells. This multimodal-
ity strategy together with a personalized, tai-
lored, stage-speci fi c approach may represent the 
future management of TCL patients. Based on 
the number of investigational mAbs now avail-
able and the activity shown by some mAbs alone 
or as a part of a multimodality strategy, there is 
no doubt that mAbs therapy of TCL will con-
tinue to be an area of active interest and expand-
ing clinical trials.      
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         Introduction 

 The nucleoside analogs (NA) are one of the most 
active classes of drugs in patients with T-cell 
lymphoma. The analogs have developed based on 
the discovery metabolic syndromes associated 
with de fi ciency of purine catabolizing enzymes. 
The lack of adenosine deaminase (ADA) enzyme 
was associated with a variant of severe combined 
immunode fi ciency syndrome where patient suf-
fered with both B- and T-lymphocytopenia  [  1  ] . 
De fi ciency of purine nucleoside phosphorylase 
on the other hand leads to T-lymphocytopenia in 
pediatric patients  [  2  ] . ADA and PNP enzymes are 
involved in metabolic clearance of dAdo and 
dGuo, respectively. As a result in these patients 
there is an accumulation of these nucleosides in 
the plasma and triphosphate (i.e., dATP and 
dGTP) in the cells. Inherently, T-cells have high 
levels of ADA, a key enzyme in the dAdo degra-
dation pathway. Potent inhibitors of ADA and 
PNP were developed and two of these, deoxyco-
formycin and forodesine, made to the clinic and 

have been tested effectively in T-cell lymphoma. 
Among the pyrimidine nucleoside analogs, 
gemcitabine has shown ef fi cacy in T-cell malig-
nancies. For purine nucleoside agents, cladribine 
and  fl udarabine have shown activity in mature 
T-cell leukemias, with overall response rates 
between 35 and 41%  [  3,   4  ] . Nelarabine has shown 
selectivity and speci fi city for T-cell diseases that 
include leukemias and lymphomas. This chapter 
reviews and summarizes the activity of these 
agents in T-cell neoplasms.  

   Pentostatin 

   Structure and Synthesis 

 Pentostatin (2 ¢ -deoxycoformycin), a natural 
product, is a potent transition state inhibitor of 
adenosine  [  5,   6  ] . Structurally it resembles the 
ADA substrate dAdo but binds tightly with the 
enzyme resulting in its inhibition (Fig.  15.1 ;  [  7  ] ).   

   Metabolism and Mechanisms of Action 

 There is very limited phosphorylation of deoxy-
coformycin itself  [  8  ] . The drug directly inhibits 
ADA enzyme. As this enzyme mediates the nor-
mal metabolic clearance of deoxyadenosine, 
inhibition of this enzyme cause deoxyadenosine 
levels to increase in plasma  [  9,   10  ]  as do the 
dATP in erythrocytes and leukemia cells  [  11–  14  ]  
mimicking ADA de fi ciency syndrome  [  15  ] . 
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Because deoxyadenosine uses deoxycytidine 
kinase for its phosphorylation, this enzyme is 
important for this drug also. 

 It is thought that the imbalance of deoxynucle-
otide pools caused by this greatly increased dATP 
concentration activates cell death mechanisms. 
More importantly, dATP is a global inactivator of 
the activity of ribonucleotide reductase and inhib-
its conversion of all four ribodiphosphates to their 
deoxy-forms  [  16  ] . Hence, this perturbation of 
dNTP pool results in inhibition of DNA synthesis 
and initiation of cell death. Additionally, dATP 
has been demonstrated to be part of apoptosomes; 
these are formed by cytochrome C, Apaf-1, pro-
caspase 9, and dATP  [  17  ] . Binding of dATP trig-
gers the reaction leading to cleavage of procaspase 
9 to caspase 9 and downstream effect on the acti-
vation of caspase 3; the route which is known as 
intrinsic cell death pathway. Hence accumulation 
of increased dATP could further activate cell 
death pathway  [  18  ] .  

   Pentostatin as a Single Agent 
in the Clinic 

 Pentostatin has been the most extensively studied 
in T-cell lymphoma and has shown variable 
response rates. However, many of the reports are 
limited to small single-center studies. Larger pro-
spective randomized trials will be necessary to 
examine this therapy and to further explore com-
bination regimens, which may result in increased 
responses. In the earliest clinical trials pentosta-

tin was used in high doses to treat patients with T 
acute lymphoblastic leukemia (T-ALL)  [  19  ] . This 
was associated with treatment limiting toxicities. 
Since that time pentostatin in lower, well toler-
ated, doses has shown remarkable activity in 
patients with hairy-cell leukemia, chronic lym-
phocytic leukemia, low-grade B-cell malignan-
cies as well as in T-cell lymphoma  [  20  ] . The 
commonly used schedule now is intravenous 
administration of pentostatin at 4 mg/m 2  given 
every 1–2 weeks. Other higher dose schedules 
have also been used in reported studies. Dose 
adjustments are required if renal function is 
impaired. 

 The majority of data evaluating pentostatin in 
T-cell lymphomas is based on trials in cutaneous 
T-cell lymphoma (CTCL). There are also reports 
that support the activity of these agents in other 
mature T-cell malignancies (Table  15.1 ). In the 
early 1980s, there were small reports describing 
the effectiveness of pentostatin in patients with 
T-cell leukemias, including patients refractory to 
other therapy  [  19,   20,   27–  30  ] . The European 
Organization for Research and Treatment for 
Cancer Leukemia Cooperative Study Group 
(EORTC) conducted a Phase II trial that included 
76 patients with advanced T-cell malignancies, 
including 25 patients with what was then termed 
“T chronic lymphocytic leukemia” (T-CLL)  [  21  ]  
(Table  15.1 ). The response rate with pentostatin 
was 8% with a median disease-free survival of 
22 weeks. T-CLL has been reclassi fi ed by WHO 
as T prolymphocytic leukemia (T-PLL), which 
has been shown in other studies to be responsive 
to pentostatin. The  fi rst case study was published 
in 1986, showing that two patients achieved 
remission following pentostatin  [  31  ] . In the early 
1990s, Matutes et al.  [  22  ]  published a report of 
78 patients with T-PLL describing the clinical 
and laboratory features of the disease. Of the 78 
patients, 31 were treated with pentostatin. There 
were 15 responses (48%) including 3 complete 
responses (CR) and 12 partial responses (PR). 
Another phase Il study conducted by the EORTC 
treated 20 patients with T- or B-prolymphocytic 
leukemia with weekly pentostatin  [  23  ] . Of the 20 
patients, 6 patients had T-PLL. There were nine 
overall responders in the entire study population 

  Fig. 15.1    Structures of deoxyadenosine and inhibitor of 
adenosine deaminase, pentostatin       
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(45%) including two (33%) of the patients with 
T-PLL. All of the responses were PR and the 
median duration of response was 9 months (range 
2–30 months). The majority of patients (85%) 
enrolled in this study had received prior chemo-
therapy. By far the largest published experience 
with pentostatin in mature T-cell malignancies 
has been at the Royal Marsden Hospital in 
London  [  24,   25,   32  ]  (Table  15.1 ). A total of 165 
patients who had a range of relapsed/refractory 
post-thymic T-cell malignancies received pen-
tostatin at a dose of 4 mg/m 2  weekly for 4 weeks 
and then every 2 weeks until maximal response. 
Responses were seen in 34% of patients with a 
median response duration of 6 months (range 
3 months to 15 years). Some patients had durable 
remissions, with disease subtypes the main pre-
dictor of response; T-PLL and Sézary syndrome 
(SS) had the best response rates of 45% and 62%, 
respectively. Only a minority (<10%) of these 
responses were complete. Although some of the 
remissions have been prolonged (up to 15 years 
in an SS patient) most patients relapsed within 
1 year  [  25  ] . Activity in ATLL was disappointing 
and this has been con fi rmed by a number of stud-
ies in Japan. Tsimberidou et al.  [  26  ]  published 
the most recent report of pentostatin in peripheral 
T-cell lymphoma (PTCL), using a different dose 
schedule (5 mg/m 2  × 3 days).  

 Table  15.2  summarizes the role of pentostatin 
in CTCL. Forty-two patients including 32 (76%) 
with mycosis fungoides (MF)/SS and 10 patients 
(24%) with other T-cell leukemias or lymphomas 
were enrolled. The overall response rate was 
54.8% (CR = 14.3% and PR = 40.5%). Durable 
responses were observed mainly in patients with 
SS or PTCL. The median duration of response 
was 4.3 months (range 1–61 months). Several 
other smaller studies of pentostatin as a single 
agent in previously treated CTCL showed an 
overall response rate of approximately 50% 
(range 26–100%)  [  33–  36  ] . The  fi rst report was 
by Grever et al.  [  33  ]  in four patients with advanced 
refractory MF, with two achieving CR and two 
PR. Subsequent trials did not con fi rm these high 
response rates for MF with responses (mostly 
PR) seen in 0–57%. The distinction was not 
always clear between MF and SS in these studies 

but, where stated, the best responses were seen in 
erythrodermic CTCL/SS. Again, response rates 
appear to be dose-related. There have been 
numerous case reports of successful treatment of 
other, rarer, T-cell malignancies, including T-large 
granular lymphocyte (LGL) leukemia  [  38–  40  ] , 
hepatosplenic T-cell lymphoma  [  41–  43  ] , and 
granulomatous slack skin disease  [  44  ] .   

   Pentostatin Combination Therapy 

 A study combining pentostatin with interferon- a  
for the treatment of refractory CTCL showed an 
increased response rate compared with historic 
data using pentostatin alone, with a response 
duration of 13 months  [  37  ] . Monoclonal antibody 
therapy is also emerging as a promising approach 
to treating PTCL. The anti-CD52 antibody alem-
tuzumab is an effective therapy in PTCL  [  45  ]  and 
has produced durable responses in two-thirds of 
heavily pretreated patients with T-PLL  [  46  ] . 
There is some limited experience of the combina-
tion of pentostatin and alemtuzumab  [  47  ]  and 
this deserves further exploration. However, the 
increased risk of infection must be considered. 

 There are other agents which have also shown 
single agent activity in small numbers of patients 
with PTCL, including anti-CD4 and anti-CD25 
monoclonal antibodies, denileukin diftitox 
(ONTAK), bexarotene, and histone deacetylase 
(HDAC) inhibitors. Further study will be neces-
sary to delineate the role of any of these agents in 
combination with purine analogs.   

   Forodesine 

   Structure and Synthesis 

 Several inhibitors of PNP that block dGuo degra-
dation have been synthesized, developed, and 
tested in in vitro cultures and some were brought 
to animal in vivo systems (reviewed in  [  48  ] ). 
None were potent enough to be effectively used 
in the clinic  [  49,   50  ] . A new strategy has subse-
quently been used to develop powerful inhibitor 
by identi fi cation of the transition-state structure 



26715 Nucleoside Analogs in the Therapy of T-Cell Malignancies

   Ta
b

le
 1

5
.2

  
  Su

m
m

ar
y 

of
 tr

ia
ls

 o
f 

A
D

A
 in

hi
bi

to
r, 

pe
nt

os
ta

tin
, i

n 
C

T
C

L
   

 St
ud

y 
 Pe

nt
os

ta
tin

 d
os

e 
 To

ta
l #

 p
at

ie
nt

s 
 C

R
 (

%
) 

 PR
 (

%
) 

 O
R

R
(%

) 
 D

ur
at

io
n 

of
 r

es
po

ns
e 

 H
o 

et
 a

l. 
 [  2

1  ]
  

 4 
m

g/
m

 2   Q
 w

ee
k 

×
 3

 
 21

 S
S 

 5 
 28

 
 33

 
 22

 M
F 

 0 
 23

 
 23

 
 th

en
 Q

 2
 w

ee
k 

×
 6

 
 th

en
 Q

 m
on

th
 ×

 6
 

 D
ea

rd
en

 e
t a

l. 
 [  2

4  ]
  

 4 
m

g/
m

 2   w
ee

k 
×

 4
 

 7 
SS

 
 14

 
 86

 
 10

0 
 (n

ot
 r

ep
or

te
d)

 
 th

en
 Q

O
W

 
 6 

M
F 

 0 
 0 

 0 
 M

er
ci

ec
a 

et
 a

l. 
 [  2

5  ]
  

 4 
m

g/
m

 2   Q
 w

ee
k 

×
 4

 
 16

 S
S 

 19
 

 44
 

 63
 

 9 
m

on
th

 f
or

 S
S 

 th
en

 Q
 2

 w
ee

k 
til

l o
pt

io
na

l 
re

sp
on

se
 

 4 
SL

 
 0 

 50
 

 50
 

 13
 M

F 
 0 

 0 
 0 

 G
re

ve
r 

et
 a

l. 
 [  3

3  ]
  

 4 
m

g/
m

 2   ×
 3

 d
ay

s 
th

en
 m

on
th

ly
 

 18
 

 11
 

 22
 

 33
 

 C
R

 (
7–

10
 m

on
th

) 
 PR

 (
1–

3 
m

on
th

) 
 C

um
m

in
gs

 e
t a

l. 
 [  3

4  ]
  

 5 
m

g/
m

 2   x
 3

 d
ay

s,
 

 6 
 0 

 67
 

 67
 

 Q
 3

 w
ee

k 
 G

re
in

er
 e

t a
l. 

 [  3
5  ]

  
 4 

m
g/

m
 2   Q

O
W

 
 18

 
 11

 
 28

 
 39

 
 C

R
 (

4 
m

on
th

–6
 y

ea
r)

 
 PR

 (
1.

5–
6 

m
on

th
) 

 K
ur

zr
oc

k 
et

 a
l. 

 [  3
6  ]

  
 3.

75
–5

 m
g/

m
 2   d

ay
 ×

  
 24

 
 29

 
 43

 
 71

 
 3.

2 
m

on
th

 f
or

 S
S 

 3 
da

ys
 q

 3
 w

ee
ks

 
 2 

m
on

th
 f

or
 M

F 
 Fo

ss
 e

t a
l. 

 [  3
7  ]

  
 A

lte
rn

at
in

g 
w

/I
FN

 
 41

 
 5 

 37
 

 42
 

 15
.8

 m
on

th
 



268 V. Gandhi and P.L. Zinzani

stabilized by the target enzyme. Using inosine as 
a substrate for transition-state analysis, a series of 
9-deazanucleoside analogs, termed immucillins, 
was designed to mimic the transition-state 
(Fig.  15.2 ;  [  49  ] ). The immucillins have a carbon–
carbon linkage between a cyclic amine moiety 
that replaces ribose, and either 9-deaza-hypoxan-
thine (immucillin H, now forodesine, Fig.  15.2 ) 
and or 9-deaza-guanine (immucillin G), respec-
tively. Chemically forodesine is [(1S)-1-(9-
deazahypoxanthin-9-yl)-1,4-dideoxy-1,4-imino-
 d -ribitol]. These analogs inhibited PNP with high 
potency; the Ki values were in 20–80 pM range 
for human and bovine enzyme  [  51  ] .   

   Metabolism and Mechanisms of Action 

 Forodesine itself is a poor substrate for phospho-
rylation and no metabolites were detected in cells 
when incubated with this compound  [  51  ] . Hence 
forodesine’s actions are through PNP inhibition. 
Consistent with this statement, cells incubated 
with forodesine alone (without deoxyguanosine) 
did not have any cytotoxic effects. Because in the 
body PNP is responsible for metabolic clearance 
of deoxyguanosine; the levels of dGuo increases 
in the plasma when animals are infused with 
forodesine  [  52  ] . 

 In vitro cytotoxicity to T-lineage leukemia 
cells requires deoxycytidine kinase and the pres-
ence of dGuo. This was associated with elevation 
of dGTP (154-fold), which was signi fi cantly 
higher than dGTP accumulation in normal 

lymphocytes (15-fold)  [  51,   53  ] . The proposed 
mechanism of action of forodesine is that the 
high accumulation of dGTP inhibits the ribonu-
cleotide reductase. However, decrease in pyrimi-
dine deoxynucleotides was not observed in 
leukemia blasts during therapy. Although the 
exact mechanism is not known, the nuclear 
consequence of the deregulated levels of deoxy-
nucleotide pools inhibits DNA synthesis that 
eventually leads to cellular death  [  54  ] . 

 Pharmacology studies demonstrated that cyto-
toxicity was associated with elevated plasma 
deoxyguanosine  [  54  ]  and the pronounced intrac-
ellular accumulation of dGTP  [  54  ] . Models of 
this metabolic disease demonstrated that imma-
ture T lymphocytes and T-lymphoblastoid cells 
were selectively sensitive to treatment with deox-
yguanosine, whereas lymphocytes of B cell lin-
eage did not accumulate high levels of dGTP and 
were much less sensitive to deoxyguanosine 
 [  55–  58  ] . Hence, for forodesine dGuo acts as a 
drug. Primary leukemia cells when incubated with 
forodesine and deoxyguanosine showed cytotox-
icity which was directly correlated to levels of 
dGTP increase in leukemia cells  [  59  ]  and resulted 
in increase in proapoptotic Bim protein  [  60  ] .  

   Forodesine as a Single Agent 
in the Clinic 

 A phase I clinical trial, performed by Gandhi 
et al.  [  54  ] , was designed to determine the maxi-
mum tolerated dose for forodesine and to corre-
late the drug pharmacodynamics to the 
administered dose. The patients with relapsed or 
refractory T-cell disorders were treated with 
forodesine at a dose of 40 mg/m 2  over 30 min of 
IV infusion on the  fi rst day, then the treatment 
was continued for days 2–5 at the same dose 
administered twice daily and repeated every 
21–28 days. Recently, Furman et al.  [  61  ]  have 
presented spectacular results of phase IIa, multi-
center, open-label, single-arm, repeated dose, 
ongoing clinical trial in patients with advanced 
precursor T-ALL or T-PLL. Forodesine was 
administered intravenously, at the dose 40 mg/m 2  
for 5 days weekly for a total of six cycles. In total 

  Fig. 15.2    Structures of inosine and inhibitor of purine 
nucleoside phosphorylase, forodesine       
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34 pretreated patients, OR rate was 32.4% and 
CR was achieved in 20.6%. Time to progression 
for CR patients was 77–398 days and OS were 
77–459 days. In the analyzed group only two 
patients died. In another report by Stelljes et al. 
 [  62  ] , forodesine was given at 40 mg/m 2  for 5 days 
up to six cycles in three patients with refractory/
relapsed T-ALL (two patients were prior to and 
one post-allogeneic hematopoietic stem cells 
transplantation; HSCT). Up to the publication of 
the study all three were alive and in CR with sur-
vival of 215+, 398+, and 180+ days, respectively. 
In authors’ opinion, forodesine used in 
 monotherapy can be effective before and after 
allogeneic HSCT with minimal toxicity and with-
out affecting potential graft versus leukemia 
effect. Recently, Gore et al.  [  63  ]  have shown that 
forodesine contributed to a primary antileukemic 
cytotoxic effect as well as a secondary immuno-
logic effect by allowing the development of an 
ongoing graft-versus leukemia effect in T-ALL 
patients who relapsed following allogeneic HSCT 
and were treated with this drug. 

 Forodesine is clinically active also in CTCL. 
In a multicenter phase I/II, dose-escalation study, 
forodesine was administered IV at doses between 
40 and 135 mg/m 2   [  64  ] . In this study one CR (8%) 
and two PR (15%) were obtained. Recently, the 
same authors submitted results of phase I/II open-
label a dose-escalation study, evaluating ef fi cacy 
of oral forodesine administration at the doses 
from 40 to 320 mg/m 2  in 28 refractory CTCL 
patients. The OR rate was 53.6% (7.1% with CR 
and 46.4% with PR). Only Iymphopenia of grade 
3 or 4 was observed in two patients (5%)  [  65  ] . 
Results of clinical trials with forodesine used as 
monotherapy are presented in Table  15.3 .    

   Gemcitabine 

   Structure and Synthesis 

 Gemcitabine was synthesized at Eli Lilly by 
Larry Hertel  [  66  ]  based on the fact that the atomic 
radius of hydrogen is similar to that of  fl uorine 
which suggested that metabolic enzymes may 
utilize a  fl uorine substituted nucleoside analog 
with high ef fi ciency. This postulate was correct 
as gemcitabine is the best substrate known for 
deoxycytidine kinase with Km value of 1–10  m M 
 [  67,   68  ] . The positioning of geminal  fl uorine at 
the 2 ¢ -position inspired the generic name of the 
drug (Fig.  15.3 ).   

   Metabolism and Mechanisms of Action 

 Similar to cytarabine, gemcitabine is cleared rap-
idly by deamination  [  69  ] , although because it is a 
much better substrate for phosphorylation by 
deoxycytidine kinase, high levels of gemcitabine 
triphosphate accumulate in different cell types 
during in vitro incubations  [  70,   71  ]  and during 
therapy  [  72–  74  ] . 

 Gemcitabine has multiple mechanisms of 
actions and most of these actions are DNA-
directed. The diphosphate of gemcitabine has 
been studied extensively regarding its biochemi-
cal actions on both subunits of ribonucleotide 
reductase to illustrate a mechanism-based irre-
versible inactivation of the enzyme  [  75,   76  ] . 
X-ray crystallographic studies with ribonucle-
otide reductase bound to gemcitabine diphosphate 
illustrates that the binding is different than the 
natural substrate CDP  [  77  ] . Unlike other known 

   Table 15.3    Results of clinical trials with PNP inhibitor, forodesine   

 Drug  Phase  Disease  N  CR (%)  PR (%)  ORR (%)  Author 

 Forodesine  I  T-ALL  5  0  0  0  Gandhi et al.  [  54  ]  
 T-PLL 

 II  T-ALL  34  21  11  32  Furman et al.  [  61  ]  
 T-PLL 

 II  T-ALL  3  100  –  100  Stelljes et al.  [  62  ]  
 I/II  CTCL  28  7  46  53  Duvic et al.  [  64  ]  
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ribonucleotide reductase inhibits, such as 
hydroxyurea,  fl udarabine, cladribine, and clofar-
abine triphosphate and dATP (accumulates with 
pentostatin), gemcitabine diphosphate is irrevers-
ible inhibitor. Hence the activity of the enzyme is 
restored only after new synthesis of the enzyme 
once the inhibitor is removed. Studies have 
demonstrated role of this action on cytotoxicity 
especially combination chemotherapy  [  78  ] . 
In addition, inhibition of ribonucleotide reductase 
results in a decrease in cellular dCTP pool which 
activates deoxycytidine kinase activity  [  67  ]  and 
may facilitate incorporation of gemcitabine 
triphosphate into DNA  [  79,   80  ] . 

 The activities of gemcitabine are DNA-
directed in that the nucleoside and its nucleotides 
interact with numerous metabolic enzymes in the 
deoxycytidine salvage pathway acting as inhibi-
tory alternative substrates for some.  [  70  ] . 
Gemcitabine is novel among nucleoside analogs 
as it is active against numerous solid tumors. 

 Incorporation of the analog in DNA is consid-
ered as the primary cytotoxic lesion leading to 
cell death  [  81  ] . Incorporation into DNA is fol-
lowed by a DNA damage response and recent 
data suggest that the MRN complex (Mre11-
Rad50-Nbs1 complex), which is involved in rec-
ognition and repair of double strand breaks is 
activated in response to gemcitabine-mediated 
stalled replication forks  [  82,   83  ] . Also role of 
ATM and DNA-PK as molecular sensors for rep-
lication halt has been identi fi ed  [  81,   82  ] .  

   Gemcitabine as a Single Agent 
in the Clinic 

 In hematopoietic malignancies, gemcitabine has 
shown a high level of activity as a single agent in 
relapsed or refractory Hodgkin’s disease and some 
degree of ef fi cacy in aggressive and indolent non-
Hodgkin’s lymphoma. Among the several second-
line and experimental drugs for PTCL and CTCL, 
gemcitabine should be considered among the 
most suitable options to date for pretreated 
PTCLU and MF patients. Gemcitabine has been 
demonstrated to be an effective monotherapy with 
a 60–70% overall response rate in patients with 
advanced, heavily pretreated patients  [  84–  87  ] . 
In a phase II trial, Zinzani et al.  [  86  ]  treated 44 
consecutive, previously treated patients with MF 
(30 cases) and PTCLU (14 cases) with exclusive 
skin involvement. Gemcitabine was given to all 
patients on days 1,8, and 15 of a 28-day schedule 
at a dose of 1,200 mg/m for a total of three cycles. 
Of the 44 patients, 5 (11.5%) achieved CR, 26 
(59%) PR, and the remaining 13 showed no 
bene fi t from the treatment. Two of the CRs were 
histologically con fi rmed. The complete and par-
tial response rates were the same for patients with 
MF and those with PTCLU, respectively. No dif-
ference in terms of overall response rate was 
observed between relapsed and refractory patients. 
The median durations of CR and PR were 
15 months and 10 months, respectively. Two other 
studies have shown good activity when using 
gemcitabine for the treatment of patients with 
refractory T-cell lymphoma. Sallah et al.  [  85  ]  
reported their experience in ten patients with 
refractory and relapsed T-celI malignancies treated 
with gemcitabine. Two patients had CTCL   , two 
T-PLL, two nodal PTCL, two small lymphocytic 
lymphoma, one anaplastic, and one angiocentric 
lymphoma. The drug dose was the conventional 
1,200 mg/m 2  on days 1, 8, and 15 of each 28-day 
cycle. Of the ten patients, two achieved a com-
plete response (one T-PLL and one anaplastic) 
and four a partial response (two CTCL, one angio-
centric, one PTCL) for an overall response rate of 
60%. The median and mean duration of response 
was 13 months and 16 months, respectively. The 
second trial was conducted at the M.D. Anderson 

  Fig. 15.3    Structures of deoxycytidine and its analog 
gemcitabine       

 



27115 Nucleoside Analogs in the Therapy of T-Cell Malignancies

Cancer Center  [  84  ] . Thirty-three pretreated CTCL 
patients received gemcitabine at a lower dose of 
1,000 mg/m 2  for six or more cycles. Thirty-one 
patients had MF; the overall response rate was 
68% including three CR. These  fi ndings show 
that gemcitabine has substantial activity and 
acceptable toxicity in previously treated patients 
with MF and PTCL. 

 In addition, there are also interesting data in 
untreated patients  [  88  ]  and few data describing 
the ef fi cacy of gemcitabine combinations in 
patients with T-cell lymphoma  [  89–  93  ] . For these 
reasons we ran a phase IIb multicenter study with 
gemcitabine as primary chemotherapy of patients 
with advanced CTCL (or pretreated only with 
PUVA or radiotherapy). The patients were 
recruited from the Italian Cutaneous Lymphoma 
Study Group. Thirty-two patients with untreated 
MF, PTCLU, and SS were treated with gemcit-
abine in seven Italian institutions. Twenty-six of 
32 patients had a diagnosis of MF, 5 were diag-
nosed with PTCLU, and only 1 patient had SS. 
The median age of the patients was 58 years 
(range  25 – 77  year); 22 patients were male and 10 
were female. Of the 32 patients studied, 4 had 
been previously treated with local radiotherapy, 
10 had received previous PUVA therapy, and 8 
had been treated previously with PUVA and 
radiotherapy, whereas 10 patients had not received 
any previous treatment. Gemcitabine was given 
to all patients on days 1, 8, and 15 of a 28-day 
schedule at a dose of 1,200 mg/m2 per day for a 
total of six cycles. The overall response rate 
(CR + PR) was 75% (24 of 32 patients). The CR 
were 22% (7 of 32 patients) and 53% (17 of 32 
patients), respectively. Patients with MF had a 
CR rate of 23% (6 of 26 patients) and a PR rate of 
50% (13 of 26 patients). Conversely, patients 
with PTCLU had a CR rate of 20% (1 of 5 
patients) and a PR rate of 80% (4 of 5 patients). 
Of the seven patients who achieved a CR, three 
were still in disease remission after a median 
follow-up of 10 months (range 4–22). The median 
PFS and OS were, respectively, 10 months and 
19 months. 

 Its modest toxicity pro fi le and the easy sched-
ule of administration make gemcitabine an ideal 
agent for consideration in the development of 

chemotherapy regimens. In particular, it would 
be interesting to evaluate the use of two different 
nucleoside analogs ( fl udarabine or pentostatin 
plus gemcitabine) in modulating the entry route 
into DNA and their action in terms of direct 
cytotoxicity and apoptosis, respectively. Earlier 
investigations demonstrated the possibility of poten-
tiating  fl udarabine with low doses of gemcitabine. 
In addition, combinations of gem citabine with 
other compounds are under investigation. For 
example pralatrexate, a 10-deazaaminopterin 
derivative is a novel antifolate designed to have 
high af fi nity for the reduced folate carrier type I 
 [  94  ] . The combination of pralatrexate with 
 gemcitabine is currently being explored in a 
phase I/II clinical trial. 

 Hematologic toxicities: anemia of WHO grade 
III was observed in 5–10% of patients, neutrope-
nia of WHO grades III and IV in 20% and 10% of 
patients, respectively, WHO grade III and IV 
thrombocytopenia in 20% and 10% of patients, 
respectively. Non-hematologic toxicity: transient 
elevations in liver transaminases were observed 
in 5–10% of patients. Renal and pulmonary 
toxicity was very rare; WHO grade III and IV 
less than 1%. Flu-like symptoms with headache, 
fever, myalgias, and fatigue occurred in up to 
10% of patients. No alopecia usually occurs 
during gemcitabine therapy. Neurotoxicity in 
connection with gemcitabine is rare. Peripheral 
edema occurs in 10% of patients. These toxicities 
were usually mild and reversible after the end of 
therapy.   

   Nelarabine 

   Structure and Synthesis 

 Nelarabine (Arranon®) resembles arabinosyl-
guanine and acts as a prodrug of ara-G which is 
an analog of natural nucleoside deoxyguanosine 
(Fig.  15.2 ). Chemically it is 2-amino-9- b - d - 
arabinofuranosyl-6-methoxy-9H-purine and also 
known as compound-506U78, and GW506U. 
There were two reasons for an interest in ara-G 
prodrug. First, due to the success of cytarabine 
arabinosyl analogs were created with other bases 
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such as adenine and guanine. Second, as mentioned 
earlier, the discovery that genetic de fi ciency of 
PNP results in a profound T-cell lymphopenia 
suggested that analog of dGuo which is resistant 
to PNP may show selectivity to T-cells. 

 Reist and Goodman  [  95  ]  devised procedures 
for the chemical synthesis of 9- b - d -arabinosyl-
guanine (ara-G). Despite this compelling evidence 
for its T-cell speci fi city and the pressing need for 
active agents in these diseases, ara-G had not been 
evaluated in clinical trials, probably due to the 
low solubility of the compound. The recent devel-
opment of a more soluble 6-methoxy-prodrug 
(2-amino-9-B- d -arabinofuranosyl-6-methoxy-
9H-purine, 506U, Compound-506U78, nelara-
bine; Fig.  15.4 ) of ara-G by Burroughs Wellcome 
Co. has now made such trials possible  [  96  ] .   

   Metabolism and Mechanisms of Action 

 Nelarabine is a poor substrate for direct phosphory-
lation, which prohibits further anabolism of the 
parent drug  [  96  ] . When infused to patients, ara-G is 
liberated when ADA demethoxylates nelarabine. 

Although nelarabine is a poor substrate for this 
enzyme with a Km value of 170  m M (rel. Vmax = 2% 
of adenosine), the abundance of this enzyme in 
large body organs (including spleen and thymus) 
results in a rapid conversion. With respect to T-cell 
diseases, it is of importance to note that there are 
high levels of ADA in RBCs, which are probably 
responsible for the conversion in the circulation 
 [  97  ] . The generation of ara-G in the plasma of 
monkeys and humans infused with nelarabine was 
rapid  [  96,   97  ] . The t½ of nelarabine was 11 min in 
monkeys and between 14 and 17 min in humans 
with a concomitant peak of ara-G, re fl ecting the 
metabolic conversion to ara-G by ADA and a 
smaller element of renal clearance. 

 Ara-G is transported into T-lymphoblastoid cells 
via nucleoside transport system  [  98  ] . Despite the 
relatively low af fi nity of these systems, they have a 
generally high capacity that is not likely to limit cel-
lular metabolism of ara-G but the initial phosphory-
lation of ara-G to its monophosphate appears to be 
the rate-limiting step in triphosphate formation. 
This step is catalyzed by two enzymes  [  99  ] ; high 
af fi nity (Km dGuo, 7  m M; ara-G, 7  m M), low 
speci fi c activity mitochondrial deoxyguanosine 

  Fig. 15.4    Structures of 
deoxyguanosine and its 
analog nelarabine which 
acts as a prodrug for 
analog arabinosylguanine       
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kinase  [  100,   101  ]  and low af fi nity (Km dCyd, 
<1  m M, ara-G, >100  m M) cytosolic deoxycytidine 
kinase  [  96,   101–  103  ] . Subsequent phosphorylation 
steps are required to generate the triphosphate ara-
GTP. As expected from experience with other 
nucleoside analogs, T-cell lines accumulated higher 
levels of ara-GTP  [  104–  106  ] , which was retained 
for a longer time  [  107  ] . Greater accumulation of 
analog triphosphate was also observed in primary 
leukemia cells  [  108,   109  ] . 

 For its mechanism of actions, the triphosphate 
of ara-G behaves similar to other nucleoside ana-
logs. It is the proximal active metabolite which 
competes with natural substrate dGTP for incor-
poration into DNA. Because dGTP levels are low 
in cells, the analog triphosphate incorporation is 
favored. Following analog incorporation, the 
modi fi ed DNA is resistant to further deoxynucle-
otide addition in DNA replication and repair reac-
tions  [  110  ] . Using in vitro DNA primer extension 
assays, it has been demonstrated that the molecu-
lar basis for ara-GTP-induced inhibition of DNA 
synthesis is due in part to incorporation of the 
nucleoside analog  [  111,   112  ] . T-cell selective 
cytotoxicity investigations illustrated that in addi-
tion to higher accumulation of ara-GTP, induction 
of Fas-mediated cell death pathway further 
enhanced the cell killing in T-cell types  [  113  ] .  

   Nelarabine as a Single Agent 
in the Clinic 

 Nelarabine is a potent agent for the treatment of 
hematologic malignancies with major ef fi cacy in 

T-cell disorders  [  114–  116  ] . Kurtzberg et al.  [  116  ]  
reported the clinical outcome of pediatric and 
adult patients with refractory hematological 
malignancies treated with nelarabine. The OR 
rate was 31%, however this rate was 54% in the 
subgroups of patients with T-ALL who achieved 
a complete or PR after one or two cycles of nelar-
abine (Table  15.4 ). The ef fi cacy of intravenous 
nelarabine in patients with refractory or relapsed 
T-ALL or T-lymphoblastic lymphoma (T-LBL) 
was evaluated in phase II, noncomparative, open-
label, multicentre trials in children and young 
adults aged <21 years when  fi rst diagnosed  [  117  ] , 
and adolescents and adults aged  ³ 16 years  [  118  ] , 
and in the GMALL (German Multicentre Study 
Group for Adult ALL) trial in adults aged 
 ³ 19 years  [  119  ] . The pediatrics  [  114  ]  and adult 
 [  118  ]  trials recruited 153 and 40 patients; of 
these, 39  [  117  ]  and 28  [  118  ]  had not responded 
to, or had relapsed following treatment with, at 
least two prior chemotherapy regimens. In the 
initial group of pediatric patients, nelarabine 
1.2 g/m 2 /day was infused over 1 h for 5 consecu-
tive days every 3 weeks, but was reduced to 
650 mg/m 2 /day for 5 days in subsequent patients. 
In adult patients, the treatment regimen for the 
 fi rst three patients was nelarabine 2,200 mg/m 2 /
day infused over 2 h on days 1, 3, and 5, but for 
subsequent patients, the dose was reduced to 
1,500 mg/m 2 . In the GMALL trial, of 49 evalu-
able patients, 34 were in  fi rst relapse (of these, 
32 were refractory to at least one salvage chemo-
therapy regimen), 7 were in second relapse, 7 
were in second relapse after stem cell transplan-
tation and 2 patients never reached a CR. Patients 

   Table 15.4    Results of clinical trials with nelarabine as monotherapy   

 Drug  Phase  Disease  N  CR (%)  PR (%)  ORR (%)  Author 

 Nelarabine  I  Pediatric T-ALL  26  27  15  42  Kurzberg et al.  [  116  ]  
 Adult T-ALL  13  15  62  80 
 T-CLL/T-PLL  7  0  29  29 
 B-ALL/Pre-B-ALL  10  0  10  10 
 B-CLL/B-PLL  4  0  25  25 
 B-NHL  6  0  17  17 
 AML-CML-BC  8  13  0  13 

 II  T-ALL  106  26  8  32  Berg et al.  [  117  ]  
 II  T-ALL  26  31  10  41  DeAngelo et al.  [  118  ]  

 T-lymphoma  13 
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received nelarabine 1,500 mg/m 2 /day on days 1, 
3, and 5 (number of cycles not stated)  [  119  ] .  

 Nelarabine treatment induced CR or 
CR-incomplete (CRi; it was de fi ned as CR with-
out full hematological recovery) in approximately 
one- fi fth of pediatric and adult patients who had 
not responded to, or had relapsed following treat-
ment with two or more prior chemotherapy regi-
mens. The CR rate in pediatric patients was 13% 
and a further 10% had a CRi, for a total of CR/
CRi response rate of 23%. In the adult trial, 18% 
had a CR and a further 3% had a CRi, for a total 
CR/CRi response rate of 21% (Table  15.4 ). For 
responders as a group, the duration of CR ranged 
from 4.7 to 36.4 weeks in pediatric patients and 
from 15.1 through >195.4 weeks in adult patients. 
In the GMALL trial, 25 patients (51%) achieved 
a CR and 19 patients went on to receive stem cell 
transplantation. Neurological adverse events are 
the most likely adverse events to limit treatment 
with nelarabine. 

 The drug is approved for the treatment of 
pediatric and adult patients with T-ALL and 
T-LBL whose disease has not responded to, or 
has relapsed after treatment with at least two 
prior chemotherapy regimens. The recommended 
dose of the drug in adults is 1,500 mg/m 2 /day 
infused undiluted over 2 h on day 1, 3, and 5, and 
repeated every 21 days. In pediatric patients the 
recommended dose is 650 mg/m 2 /day infused 
intravenously undiluted over 1 h for 5 consecu-
tive days, repeated every 21 days. The ef fi cacy of 
nelarabine in combination chemotherapy for 
newly diagnosed T-ALL is currently being inves-
tigated in a large, multinational, phase III trial in 
patients aged 1–30 years.       
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         Introduction 

 Cutaneous T-cell lymphoma (CTCL) is challenging 
to treat. Patients with advanced disease typically 
only enjoy brief responses to conventional chemo-
therapeutics, and are at particularly high risk of 
infectious complications during the treatment with 
chemotherapy. Combination and intensi fi cation of 
conventional chemotherapeutics fails to cure the 
vast majority of patients of patients with CTCL or 
other forms of peripheral T-cell lymphoma (PTCL). 
In this context, biological agents, and in particular 
the histone deacetylase inhibitors (HDACis), pres-
ent an attractive alternative because they lack many 
of the side effects of conventional chemotherapy 
and appear to overcome chemotherapy resistance. 

 The HDACis target not only the epigenome 
but also numerous nucleic and cytoplasmic non-
histone proteins and are powerful and selective 
inducers of cancer cell apoptosis and modi fi ers of 
the tumour microenvironment. To date, the best 
data for their use comes from trials in the 
lymphoid malignancies and CTCL is the only 
condition for which HDACis are currently 
registered. The FDA has approved romidepsin 
and vorinostat for use in relapsed/refractory 
CTCL and these agents provide patients with a 
new opportunity for durable clinical response. 
Similarly, romidepsin has potent activity in nodal 
PTCLs, with emerging data supporting a future 
role in clinical practice, either alone or in combi-
nation with conventional therapies. 

 Here we discuss the concept of epigenetic 
modifying agents, brie fl y review the putative 
targets for the HDACis and discuss key clinical 
trials supporting their use in T-cell lymphoma.  

   Epigenetics and Epigenetic Therapies 

 The term “epigenetics” refers to changes in gene 
expression that are not coded in the DNA 
sequence itself, which are heritable in the prog-
eny of cells after mitosis  [  1  ] . Epigenetic thera-
pies, therefore, target the dysregulated gene 
expression of neoplasia by altering the structure 
of chromatin or DNA promoter regions, rather 
than by addressing defects in the primary DNA 
code of conventional oncogenes or tumour sup-
pressor genes. 
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 Drugs in clinical use today target two epigenetic 
mechanisms. Methylation of the CpG dinucle-
otides in the promoter regions of genes is heritable 
and suppresses gene expression. This mechanism 
is targeted by the DNA-methyltransferase inhibi-
tors azacitidine and decitabine. The DNA dem-
ethylating agents are predominantly used in 
myeloid malignancies although trials continue in 
the lymphoid malignancies, particularly in combi-
nation with other agents. The HDACis are a broad 
and novel class of agents that target one aspect of 
the “histone code,” lysine-acetylation. Histones 
are octomeric proteins largely responsible for the 
structure of chromatin and the packaging of DNA 
within the cell. Condensed chromatin results in 
tightly packaged DNA, limiting access to tran-
scription factors. A variety of modi fi cations to the 

histone tail, including acetylation, methylation, 
ubiquitination, phosphorylation and sumoylation, 
alter histone charge and subsequently chromatin 
structure and gene expression  [  2  ] . The archetypal 
and most successfully druggable example apply-
ing to all of the agents in this chapter is histone 
acetylation. The key enzymes involved are his-
tone acetyltransferases (HATs) and histone 
deacetylases (HDACs), which have contradic-
tory effects on the acetylation status of histones 
and on chromatin structure  [  1  ] . Histone acetyla-
tion by HATs results in neutralisation of charge, 
decreased af fi nity for DNA, loosening of the 
histone–DNA interaction and open chromatin 
structure—making it more accessible to tran-
scription factors and enhanced gene expression. 
( fi gure  16.1 , and  16.2 )  [  3  ]  Conversely, histone 

  Figure 16.1    HDACs remove acetyl groups from the lysine tails of histones. Conversely HATs result in histone hyper-
acetylation, open chromatin formation and increased accessibility of target genes to transcription factors.       

  Figure 16.2    Relaxation of chromatin leads to increased gene expression       
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deacetylation by HDACs leads to a more compact 
chromatin structure and gene repression. Following 
this logic, the HDACi could be considered de-
repressors of gene expression, although in truth 
they have a far more complex set of effects and are 
probably best considered  modulators  of gene 
expression.    

   Targets of HDACi 

   Histone Targets 

 HDACs can be grouped according to their struc-
ture and homology to yeast enzymes. Classes I, II 
and IV are the zinc-dependent. Class III HDACs 
are the NAD-dependent deacetylases, sirtuins, 
which are not targets of the HDACis in current 
clinical use. Class I enzymes (HDAC 1,2,3,8) are 
found primarily in the nucleus, as is the single 
member of class IV, HDAC 11. Class II can be 
divided into two subgroups, IIa (HDAC 4,5,7,9) 

which can shuttle between the nucleus and 
cytoplasm, and IIb (HDAC 6,10) which is pre-
dominantly cytoplasmic  [  4  ] . Knowledge of the 
speci fi c function of each HDAC isoenzyme (and 
therefore the effect of inhibition) continues to 
accumulate, but distinguishing the individual 
properties can be a dif fi cult undertaking given 
the complexity of the cellular pathways involved. 
(Figure  16.3 ) One useful property of HDAC inhi-
bition is that transformed cells are more sensitive 
to their pro-apoptotic effect than normal cells  [  4  ] . 
This is probably due to the dependence of 
malignant cells on HDACs for tumour cell 
growth, differentiation and apoptosis that provide 
a differential survival advantage  [  5  ] .  

 HDACis share a common mechanism of action 
in binding a zinc ion critical to HDAC function. 
At present, the simplest method of grouping 
HDACi is based on speci fi city. HDACis which 
inhibit most or all zinc-dependent HDACs (pan-
HDAC inhibitors) include the hydroxamic acid 
derivatives (trichostatin A, vorinostat [SAHA], 

  Figure 16.3    Exposure to HDACi leads a wide spectrum 
of biological effects including induction of apoptosis, 
inhibition of angiogenesis, induction of cellular senes-

cence and disruption of the aggresome/Proteasome and 
endoplasmic reticulum.       
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panobinostat [LBH589]). Class I-speci fi c HDACis 
include benzamide derivatives (entinostat, moce-
tinostat) and cyclic tetrapeptides (romidepsin 
[previously called depsipeptide])  [  6  ] . These are 
summarised in Table  16.1 . Cytoplasmic HDAC6 
has effects on cell motility and proteasome and 
aggresome pathways which, along with inhibition 
of HDACs 1 and 2, is considered to be responsible 
for much of the anti-cancer effects of these drugs 
 [  6  ] . A key difference between the pan-HDACs 
and the class 1-speci fi c HDACis is thought to be 
the inhibition of cytoplasmic HDAC6.  

 In cancer cells, HDACis induce caspase-
dependent cell death, apparently through 
increased expression and activation of pro- 
apoptotic members of the intrinsic pathway (bax, 
bim, bak, etc.) and down-regulation of BCL-2 
pro-survival proteins  [  7–  12  ] . HDACi may induce 
sensitivity of cells to death-receptor pathway-
induced apoptosis; this appears to occur either 
through increased expression of death receptors 
 [  13,   14  ]  or thorough mechanisms independent of 
death receptor expression  [  15–  17  ] . 

 In addition to apoptosis, HDACis induce cell 
cycle arrest at G1/S or G2/M through a number of 
mechanisms including, in particular, the induc-
tion of p21.  [  18–  21  ]  They also induce reactive 
oxygen species.  [  22–  24  ]   

   Non-Histone Targets of HDACs 

 The effects of HDACi on non-histone targets may 
be more important than direct changes in chro-
matin modi fi cation for anti-tumour effect  [  25  ] . 
Putative non-histone targets of HDACs include 
the STAT proteins, alpha-tubulin, HSP90, NF-KB 
and more controversially, p53.  [  6,   26  ]  

 An important way in which inhibition of 
HDAC6 may induce cell death is through disrup-
tion of the misfolded protein response (MPR). 
The MPR is a three pronged pathway which pro-
tects the cell from the accumulation of misfolded 
proteins that arise from defective protein synthe-
sis  [  27  ] . Protein folding occurs in the endoplas-
mic reticulum, and requires the chaperone 
function of HSP90.  [  28,   29  ]  Misfolded proteins 
accumulate into aggresomes by means of an 

HDAC6-dependent microtubule, and are then 
earmarked for destruction by the autophagosome. 
 [  30  ]  This system thereby serves as a homeostatic 
mechanism which protects the cell from prote-
osomal dysfunction  [  6  ]  and suggests the appeal 
of synergistic anti-cancer activity between pro-
teasome inhibitors and HDACis.  [  31  ]  HDACis 
induce both acetylation and dysfunction of 
HSP90, and disruption of the aggresome through 
acetylation of the tubulin. This is part of the ratio-
nale for the use of HDACi in myeloma; however, 
despite the evidence for HDACi causing dysfunc-
tion of the aggresome–proteasome pathway  [  32  ]  
clinical studies of HDACi have shown the class 
I-selective HDACi romidepsin can rescue patients 
with bortezomib-refractory myeloma.  [  33  ]  
Moreover, there is no suggestion that this poten-
tial mechanistic difference between the pan-
HDACi and the isotype-selective HDACi effects 
the response rates in other cancers: as we shall 
show, response rates to the pan-DAC inhibitor 
vorinostat in CTCL are similar to those of 
romidepsin.  [  34  ]  Key pharmacokinetic properties 
of the approved agents are listed in table  16.2 .    

   Mechanism of Action in T-Cell 
Lymphoma—Biomarkers and 
Hypotheses 

 It is probable that the importance of these various 
mechanisms of action differs by disease being 
treated, and remarkable that the diseases most 
responsive to HDACis bare profound immuno-
logical and cytokine-signalling perturbation. The 
accessibility of the skin for biopsy means that 
CTCL provides an opportunity for the study of 
the effects of HDACis on tumour cells, in vivo ,  
giving us more insights than other types of malig-
nancy allow. 

 In CTCL, STAT3 phosphorylation is increased 
in a cytokine-independent manner, possibly as a 
consequence of defective T-cell receptor signal-
ling  [  35–  40  ] . Duvic and colleagues explored the 
mechanisms of action of HDACi using immuno-
histochemistry on primary patient samples in the 
phase II study of vorinostat  [  11,   41  ] . They showed 
that phospho-STAT3 was increased in the 
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cytoplasm and the nucleus of lymphocytes and 
keratinocytes at baseline in all patients in whom 
biopsies were performed. Repeat immunohis-
tochemistry after 4 weeks of treatment showed 
reduced levels of phospho-STAT3 in the nucleus 
in 9 of 11 patients with clinical improvement and 
in only 3 of 16 who did not show a clinical 
improvement. Interestingly, overall pSTAT-3 was 
 increased  in the cytoplasmic compartment, sug-
gesting that vorinostat does not alter expression 
of pSTAT3, but rather it impedes its ability to 
translocate to the nucleus and function as a tran-
scription factor. Fantin  [  11  ]  went on to examine 
more baseline samples and suggested that patients 
with higher baseline nuclear p-STAT3, and base-
line nuclear p-STAT1 were likely to be resistant 
to vorinostat. Researchers investigating the 
mechanism of panobinostat using in vitro and 
in vivo models, have suggested that vorinostat 
resistance in particular CTCL cell lines could be 
overcome by panobinostat, via reduction in the 
overall quantity of activated p-STAT3 in cells 
 [  42,   43  ] . These  fi ndings have not been replicated 
by other investigators and the differences in 
methodology make it dif fi cult to make de fi nitive 
statements about the precise effect of HDACi on 
STAT3 signalling; however, it is reasonable to 
conclude that reduced STAT3 signalling repre-
sents both a potential mechanism of action and 
resistance for HDACi in CTCL and further inves-
tigation is required. 

 In addition to the observations on STAT3, the 
immunohistochemical work of Duvic et al .  showed 
that thrombospondin 1, an inhibitor of angiogen-
esis, is upregulated after exposure to vorinostat, 
supporting the hypothesis anti-angiogenic effects 
are important to HDACi activity in CTCL.  [  41  ]  
Work from  Ellis  et al.  [  44  ]  has provided further 
support for the anti-angiogenesis hypothesis. 

They performed serial gene-expression pro fi ling 
on samples from ten patients with CTCL treated 
with panobinostat and showed consistent changes 
in expression in a set of 23 genes, including 
down-regulation of expression the angiogenic 
genes GUCY1A3 and ANGPT1. 

 Following a genome-wide loss of function 
screen on cell lines which suggested that cells 
with higher expression of RAD23B/HR23B  [  45  ] , 
Khan and colleagues went on to show that patients 
whose tumours had higher levels of expression 
HR23B by immunohistochemistry at baseline 
were more likely to have responsive disease. 
HR23B has a ubiquitin-like domain and shuttles 
proteins to the proteasome for degradation. The 
 fi nding supported the concept that disruption of 
the proteasome is important in CTCL, and the 
authors suggested that it could be a useful bio-
marker. Further studies elucidating the precise 
mechanism and whether romidepsin exerts a 
similar effect are required.  

   Clinical Studies 

   Cutaneous T-Cell Lymphoma 

 The selection of CTCL and PTCL as a candidate 
diseases for the HDACi came through results 
from conventionally designed, broadly inclusive 
clinical phase I trials as opposed to a clear pre-
clinical rationale.  [  46  ]  HDACi therapy induces 
objective responses in a signi fi cant minority of 
patients, in the order of 25–30% across studies. 
The responses take a median of 8 weeks and up to 
2 years to occur, and appear to last somewhere 
between 6 months and a year in responding 
patients; however, median treatment duration 
was in only about 3 months across the studies. 

   Table 16.2    Pharmacokinetic properties of registered HDACis   

 Vorinostat PO  [  71–  73  ]   Romidepsin IV  [  74,   75  ]  

 t1/2  1.5–2 h  3 h 
 Protein binding (%)  71  >90 
 Metabolism  Hepatic (glucoronidation)  CYP3A4, 5 (minor) 
 Excretion  <1% intact drug excreted renally  66% excreted in bile in pre-clinical models 
 Bioavailability  43%  N/A 
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A proportion of patients bene fi t from protracted 
clinical responses as well as signi fi cant improve-
ments in more subjective symptomatic end-points 
such as erythema and pruritis. This comes at the 
cost of other symptoms such as asthenia and gas-
trointestinal side effects, as well as reversible 
thrombocytopenia, which appear to vary between 
the various HDACis and doses administered.   

   Response Criteria 

 Consensus response criteria for CTCL have only 
recently been published, but warrant discussion 
here because variations in response criteria affect 
interpretation of studies of CTCL  [  47  ] . The new 
consensus criteria incorporate a composite assess-
ment of responses in the skin, blood, nodes and 
viscera. Cutaneous response criteria utilise 
changes in the mSWAT tool (Table  16.3 )  [  48  ]  in 
which overall body surface area involvement and 
disease type is incorporate in the overall score. 
Unfortunately all CTCL response criteria are 
somewhat subject to inter-observer variability. 
An important aspect of the consensus criteria is 

that responses, including progression, require 
con fi rmation at least 4 weeks after the initial 
observation. This stipulation prevents patients 
coming off-study due to a temporary disease  fl are 
or the typical minor clinical  fl uctuations charac-
teristic of CTCL.  

 The studies presented here all precede the 
release of the consensus criteria and so the trials of 
HDACi in CTCL are dif fi cult both to interpret, 
and to compare with each other. (Table  16.4 ) 
Interestingly, some do not incorporate visceral 
responses, and others do not include the mSWAT. 
For example, criteria for progression in the 
panobinostat study mandated patients come off 
study after minor progression (25% increase in 
mSWAT) which after a deep response might still 
represent a signi fi cant improvement over the 
patient’s baseline condition. The authors of the 
conventional response criteria do not provide a 
single agreed measure of the pruritis that accom-
panies Sézary syndrome. Choice of that endpoint 
varies across the studies presented here but most 
commonly a 30 mm or 30% reduction in a 100 mm 
visual/analogue scale was considered as consistent 
with a signi fi cant clinical symptomatic response.   

   Table 16.3     The mSWAT (modi fi ed severity weight assessment tool).  Patch = any size lesion without induration or 
signi fi cant elevation above the surrounding uninvolved skin; plaque = any size lesion that is elevated or indurated; crust-
ing, ulceration or poikiloderma may be present tumour = any solid or nodular lesion  ³  1 cm in diameter with evidence of 
deep; Tumour = in fi ltration in the skin and/or vertical growth.  [  47,   48  ]    

 Body region (%BSA)  Patch*     Plaque*  Tumour* 

 Head (7) 
 Neck (2) 
 Anterior trunk (13) 
 Arms (8) 
 Forearms (6) 
 Hands (5) 
 Posterior trunk (13) 
 Buttocks (5) 
 Thighs (19) 
 Legs (14) 
 Feet (7) 
 Groin (1) 
 Subtotal of lesion BSA 
 Weighting factor  X 1  X 2  X 4 
 Subtotal lesion BSA x weighting factor 
 mSWAT score = summation of each column line above 
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   Table 16.4    Response assessment methods varied considerably in studies of all patients in studies of CTCL   

 Drug  First author  Notes on response assessments 

 Vorinostat  Olsen  [  50  ]   Skin: mSWAT  [  48  ]  
 PR: 50% reduction in mSWAT 
 CR:100% clearing of skin disease 

 PD: 25% worsening of mSWAT from baseline or  ³ 50% increase in SPD of nodal 
disease 
 Date of relapse: mSWAT score from nadir to a more than 50% difference between 
the baseline and the nadir 

 Con fi rmation of CR/PR:  ³ 4 weeks 
 Con fi rmation of SD: not de fi ned 
 Pruritis: VAS with 30 mm reduction for at least 4 weeks considered signi fi cant, 
with no increase in use of anti-pruritis medications 
 Separate reporting of nodal response, not reported in overall response 
results— ³ 50% reduction in nodal disease or  ³ 25% reduction in blood tumour 
burden 

 Duvic  [  41  ]   Physician’s Global Assessment of Clinical Condition (PGA)  [  76  ]  

 PR:  ³ 50% improvement in either BSA or skin score with reduction of lymph 
nodes or blood when involved 

 PD:  ³ 25% increase in the number or area of clinically abnormal nodes, or % of 
BSA or new visceral disease or increase in circulating Sézary cells 
 Pruritis: 30% reduction of VAS for 4 weeks 
 Con fi rmation of CR/PR: 4 weeks 
 Con fi rmation of SD: 8 weeks 
 Con fi rmation of PD: 4 weeks 

 Romidepsin  Whitakker  [  52  ]   LN: RECIST  [  77  ]  
 Skin: Composite of SWAT  [  48  ]  score and erythroderma scores.  [  78  ]  
 PR: 50% improvement in the  sum of  Cheson, SWAT and erythroderma scores but 
with  ³ 30% improvement in skin, and no worsening at any site 
 PD: new cutaneous or non-cutaneous tumour or >25% improvement in the sum of 
the three assessments or  ³ 15% worsening of skin 
 CR: response at all sites 
 Pruritis: VAS with 30 mm reduction for at least two cycles considered signi fi cant. 

 Piekarz  [  51  ]   Skin or Viscera: RECIST  [  77  ]  
 LN: IWG/Cheson  [  56  ]  
 Erythroderma: present or absent 
 Flow presence: present or absent 
 PR: either a response in the skin or lymph nodes 
 CR: a response in all sites of disease 

 Panobinostat  Duvic  [  53  ]   Skin: mSWAT, PGA 
 Lymph nodes: Con fi rmatory CTs were performed to excluded disease progression 
in the nodes at the time of response in the skin 

 PD:  ³ 25% increase in mSWAT compared to nadir 
 Con fi rmation of progression not required 

  Abbreviations: PGA Physician’s global assessment of clinical condition, mSWAT-modi fi ed severity weighted assess-
ment tool  
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   Ef fi cacy 

   Vorinostat 

 Vorinostat (suberoylanilide hydroxamic acid, 
SAHA) was the  fi rst HDACi approved by the 
FDA, in 2006, for patients with CTCL who had 
failed two prior systemic therapies.  [  49  ]  Clinical 
response data came from two phase II studies: a 
pivotal, single-arm study of 74 patients  [  50  ]  and a 
smaller 3-arm, sequential, non-randomised study 
that recruited 33 patients to treatment on one of 
the three treatment schedules of vorinostat.  [  41  ]  

 In the pivotal study by Olsen et al . , subjects 
received 400 mg/day, now the FDA-recommended 
dose. 61 of the 74 patients (82%) had clinically 
advanced disease, 30 (40.5%) had Sézary syn-
drome and all had been exposed to two (median 
3) prior systemic therapies: 96% to oral bexaro-
tene; 64% to interferon and 60.8% to systemic 
chemotherapeutics. Reported response rates were 
limited to cutaneous responses, and based on 
reductions in the mSWAT. Although baseline 
computed tomography scans were performed, 
and visceral disease monitored during the study, 
formal response criteria and response data did 
not include visceral disease. (Table  16.4 ) The 

overall response rate was 29.7% (95% CI 19.7–
41.5) and a response was seen in a third of patients 
with Sézary syndrome; however, only 1 patient 
experienced a complete remission. (Figure  16.4 ) 
An additional 48% had a measurable disease 
improvement (See diagram). Pruritis improve-
ment (rather then resolution) was experienced by 
a third of the 65 patients who recorded a score of 
3 or above at baseline. Responses occurred after 
a median of 8 weeks and lasted a median of 
6.1 months.  

 Duvic et al .  simultaneously conducted a sec-
ond study, exploring 3 dose levels of vorinostat. 
Patient characteristics were similar to the pivotal 
study by Olsen. Patients were sequentially 
enrolled into the open dose level: 400 mg daily 
( n  = 13), 300 mg bd 3,4 or 5 days a week ( n  = 11) 
and 300 mg bd x 14 days, with 7 days rest, with 
200 mg bd maintenance ( n  = 9). Each of these 
doses had been established as MTDs in previous 
phase I studies. The overall response rate was 
comparable between the three dose levels, 
although was perhaps poorer for the intermittent 
dosing schedule (group 2). The overall response 
rate was 24%. The authors described a “clinical 
bene fi t”, as determined by stable disease, pruritis 
relief, or both in an additional 19 (58%) of the 
study patients. In common with the study by 

  Figure 16.4    Percentage change in mSWAT in the pivotal 
study of vorinotsat, 47 of 61 patients had a reduced 
MSWAT score. [Reprinted from Olsen EA, Kim YH, 
Kuzel TM, et al. Phase IIb multi-centre trial of vorinostat 

in patients with persistent, progressive or treatment 
refractory cutaneous T-cell lymphoma. J Clin Oncol 
2007;25:3109–15. With permission from American 
Society of Clinical Oncology.]       
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Olsen, was the observation that a broad range of 
clinical CTCL presentations, with responses seen 
in patients with and without Sézary syndrome 
and of clinical symptoms such as pruritis. 
Although statistical comparisons were not possi-
ble, it was argued that the intermittent dosing 
schedule was probably less effective due to a 
relative, albeit unproven, reduction in drug-
induced histone hyperacetylation. The onset of 
response was similar in tempo to the study by 
Olsen, as was the time to progression. Those who 
achieved an objective response were able to 
maintain it for 9.4–19.6 months (median of 15.1). 
In both studies, the median duration of treatment 
was 8 months (range, 1–67).  

   Romidepsin 

 The cyclic peptide romidepsin (depsipeptide, 
FK228, FR901228) is, by contrast to vorinostat, a 
more speci fi c inhibitor of class-I histone deacety-
lases. However this does not appear to have been 
detrimental to clinical effect. To its potential dis-
advantage, romidepsin is only available as an 
intravenous formulation. Data is available from 
two large phase II studies, an international study 
based at the NCI in the United States  [  51  ] , the 
other, European  [  52  ] . The treatment schedule 
was identical across both studies, 14 mg/m 2  intra-
venously, days 1, 8 and 15 of a 28-day cycle. 

 The NCI study by Piekarz  [  51  ]  included patients 
with both CTCL and PTCL and utilised the RECIST 
criteria which is typically reserved for studies of 
non-haematological solid tumours. These criteria 
stipulate the selection of a limited number of mea-
surable lesions at baseline (minimum 10 mm by 
calliper), and a partial response requires a 30% 
reduction in the maximal diameter of all target 
lesions. The system is perhaps not well suited to the 
patches and plaques of CTCL, nor to the potential 
for multiple lesions below the measurable length 
required for the baseline assessment. Nodal assess-
ment used the Cheson/IWG criteria, in which a 
partial response requires a 50% reduction in the 
sum of the product of the diameters of the target 
lesions. Symptomatic responses, such as improve-
ment in pruritis, were not reported. 

 The study design was the Simon 2-stage, with 
the initial cohort of patients not having received 
more than two systemic therapies. The 44 patients 
recruited in the second stage of the study had 
been more heavily treated and in the overall 
study, patients had received a median of four 
prior regimens. The severity of disease was simi-
lar to the other studies of HDACi in CTCL 
(Table  16.5 ). The overall response rate of 34% 
included four complete remissions. Three of 
these occurred in the relatively treatment naïve 
 fi rst-stage study. Of the 20 patients that experi-
enced a partial response, 13 had involvement of 
blood, nodes or viscera. The response duration 
was 13.7 months for the 24 patients achieving a 
CR or PR, and 4 months for those with stable dis-
ease. As with the vorinostat studies, responses 
occurred at a median of 8 weeks.  

 The pivotal 33-centre phase II study of 
romidepsin by Whittaker et al.  [  52  ] . con fi rmed 
the observations by Piekarz et al. 96 patients were 
treated. Response criteria were more rigorous in 
regard to the skin, using the mSWAT tool 
(Table  16.3 ,  16.4 ) but were more inclusive for 
lymph nodes, using the RECIST criteria. The 
authors had an umbrella response score that 
incorporated all domains of disease (skin, blood 
and nodes). Nevertheless, they were able to dem-
onstrate an identical response rate of 34%; time-
to-response of 8 weeks and response duration of 
15 (0–19.8) months. (Fig.  16.5 , Table  16.6 ) This 
study included assessment of pruritis by a visual 
scale, as used in the vorinostat studies, and 
 ³ 30 mm reduction was seen in 43% of the 65 
patients with pruritis, including those without 
objective disease responses.    

   Panobinostat 

 Like vorinostat, panobinostat is also available in 
oral formulation. Of the studies presented here, 
the response criteria used in the study for panobin-
ostat were the most comprehensive; however, the 
criteria used did not require a second con fi rmation 
of progression prior withdrawal of patients from 
the study. In an attempt to adjust for this differ-
ence the authors presented multiple post hoc 
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analyses of patient outcomes, adjusting for the 
variation in criteria for progression. Patients enter-
ing this study were strati fi ed by whether they had 
received systemic bexarotene as it was hypothe-
sised that the response rate would be less in those 
who had. That hypothesised difference was not 
born out in the crude number of responses; how-
ever, bexarotene naive patients appeared to enjoy 

a (statistically insigni fi cant) longer response. 
Taken together, the lower RR in this study is 
dif fi cult to place into context of the results reported 
with vorinostat or romidepsin and at this time it is 
not possible to determine whether this drug has 
inferior ef fi cacy (Table  16.6 ). 

 Speci fi cally, 139 patients were treated in the 
study (see Table  16.5 ). 79 patients (59%) had 

   Table 16.5    Patient characteristics in clinical studies of HDAC inhibitors for cutaneous T-cell lymphoma   

 Vorinostat  Romidepsin  Panobinostat 

 First Author  Olsen  [  50  ]   Duvic  [  41  ]   Whitakker  [  52  ]   Piekarz  [  51  ]   Duvic  [  53  ]  
 Total number  74  33  96  71  139 
 Age; Median (range)  60 (39–83)  67 (26–82)  57 (mean)  57 (28–84) 
 CTCL stage ( n,  %) 
 IA  0  1 (3)  0  1 (1.4)  36 (25.9) 
 IB  11 (14.9)  3 (9)  15 (16)  6 (8.5) 
 IIA  2 (2.7)  1 (3)  13 (14)  2 (2.8) 
 IIB  19 (25.7)  5 (15)  21 (22)  15 (2.1)  70 (50.4) 
 III  20 (27)  5 (15)  23 (24)  6 (8.5) 
 IVA  18 (24.3)  10 (30)  25 (25)  28 (3.9)  0 
 IVB  4 (5.4)  8 (24)  0  13 (18.3)  33 (23.7) 
 Number of prior therapies;  n  (range)  3 (1–12)  5 (1–15)  4 (1–11)  4 (0–14)  4 (1–15) 
 Time from original diagnosis 
years (range) 

 2.9 (0.7–27.3)  3.3 (0.2–27.2)  3 (1–26)  –  2.8 (0.1–42) 

 Sézary syndrome  30 (40.5)  11 (33)  37 (39)  –  38(23.7) 
 Prior oral bexarotene  71 (95.9)  22 (67)  32 (33)  45 (63.4)  79 (57) 
 Prior chemotherapy  45 (60.8)  29 (88)  74 (77)  65 (91.5)  – 

  Figure 16.5    Sézary cell counts for 6 of 13 patients with 
higher blood tumour burden in the study of romidepsin by 
Whittaker et al.  [  52  ]  [Reprinted from Whittaker SJ, 
Demierre M-F, Kim EJ, et al. Final Results From a 

Multicenter, International, Pivotal Study of Romidepsin in 
Refractory Cutaneous T-Cell Lymphoma. Journal of clini-
cal oncology. 2010;28(29):4485–4491. With permission 
from American Society of Clinical Oncology.]       
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previously been treated with oral bexarotene 
 [  53  ] . Patients had similar characteristics to those 
included in other HDACi studies. The overall 
response rate was 17.3%; 15.2% in those previ-
ously exposed to bexarotene and 20% in those 
who were not. Conversely, the crude response 
rate was higher in bexarotene-exposed patients 
with Sézary syndrome (6 of 21, 28.6%) than bex-
arotene-naïve Sézary patients (2 of 12, 16.7%). 
The median duration of response in bexarotene-
exposed patients was 5.6 months, and was not 
reached at a median follow up of months 
(Table  16.6 ). By applying alternative response 
criteria similar to those used in the other studies, 
where con fi rmation of progression at least 
4 weeks after  fi rst documentation was required, 
the adjusted duration of response was reported as 
9.2 months in the bexarotene-exposed group. 
A quarter of the 97 patients with pruritis experi-
enced relief, somewhat less impressive than the 
results for vorinostat and romidepsin. 

 The authors attributed the lower response rate 
of CTCL to panobinostat to two possible causes: 
insuf fi cient dose and premature withdrawal of 
patients due to progression that was not con fi rmed 
with a period of observation. After re-analysis of 
the data, only 7 of the 84 patients who progressed 
during the study period would not have been con-
sidered to have progressed if a second conforma-

tion was required. This analysis raised the overall 
response to 19.4%.Whether attempts to develop 
panobinostat at higher doses for CTCL will pro-
ceed, remains to be seen. Selected phase II dose 
was based on phase I data from other indications, 
and experience in Hodgkin lymphoma suggests 
that higher doses of panobinostat are likely to be 
more effective. At the time of writing, panobinos-
tat is being developed primarily for use in 
myeloma in combination with other agents. 
Overall the clinical  fi ndings from studies of 
HDACi with CTCL are consistent, demonstrat-
ing responses in about a third of patients lasting 
from 6 months to beyond 18 months in a 
signi fi cant minority. This class of agent also 
offers some symptomatic pruritis relief and 
appears to be safe.  

   Romidepsin in PTCL 

 Presently, no HDACis are approved for the treat-
ment of PTCL. The majority of the clinical data 
come from the studies of romidepsin. The NCI-
led study of romidepsin by Piekarz et al. ,  referred 
to above, reported the outcomes of patients with 
PTCL separately from that of CTCL  [  54  ] . 
Response assessment for nodal disease in this 
and in the other major study in PTCL was by 

   Table 16.6    Results from key studies of HDAC inhibitors for CTCL . Abbreviations: TTP: time to progression   

 Vorinostat  Romidepsin  Panobinostat 

 First Author  Olsen  [  50  ]   Duvic  [  41  ]   Whitakker  [  52  ]   Piekarz  [  51  ]   Duvic  [  53  ]  
 Total number  74  33  96  71  139 
 Overall response (%)  29.7  24.2  34  34  17.3 
 Complete responses;  n  (%)  1 (1.4)  0  6 (6)  4 (7)  2 (1.4) 
 Median weeks to 
response (range) 

 7.9 (4–24.4)  11.9 
(3.6–21.9) 

 8 (3.6–19.2)  8 (4–24)  10.8 (range not 
available) 

 Median duration of 
response; months (range) 

 NR but estimated 
 ³ 6.16 (1–14.7) 

 15.1 
(9.4–19.6) 

 15 (0–19.8)  13.7 (1–76)  5.6 months in 
bexarotene exposed 
and not reached in 
the bexarotene naïve 
group. 

 TTP (months)  4.9 ( ³ 9.8 for stage 
IIb or greater) 

 2.82  8 (0–21.7)  15.1 for those 
responding 

 ?? 

 5.9 for SD 
 1.9 for the rest 

 Duration of treatment; 
median months (range) 

 8 (4–67)  8 (1–67)  –  4 (1–72)  3 (0.2–29.6) 
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standard lymphoma IWG guidelines  [  55,   56  ] . All 
patients with PTCL had been exposed to systemic 
chemotherapy and 38% to stem cell transplanta-
tion; 40% of patients had previously received 
radiation. The dose and administration was the 
same as for patients with CTCL; 14 mg days 1,8 
and 15 of a 28-day cycle. Responses are listed in 
Table  16.7 . The overall response rate was 38%, 
with complete responses observed in eight 
patients (18%). The time to response was compa-
rable to that seen in CTCL—approximately 
2 months. Those with only stable disease ( n  = 5) 
had a median time to progression of 6 (range 
3–12) months, with those with PR (9,20%) had a 
median response of 5.2 months, with some expe-
riencing protracted periods of time on treatment. 
Overall, the median number of cycles delivered 
was three (1–57), with 22 of 47 patients receiving 
less than or equal to two cycles. Toxicities are 
discussed below.  

 A multi-centre, international study of 131 
patients from 48 centres has recently been com-
pleted and reported by Coif fi er et al.  [  55  ] . The 
mean age of patients was 59, and a median of 2 
prior systemic therapies had been given. 16% of 

patients had received autologous stem cell 
transplantation, and all but one systemic chemo-
therapy. 38% were refractory to the immediate 
prior therapy. The overall response rate was 30%, 
which included 21 patients (16%) with a CRu or 
better. 17% of patients withdrew because of 
adverse events. The authors noted that the 
response rate was similarly high in patients who 
had been refractory to their most recent therapy, 
reassuring evidence that the HDACis are target-
ing genuinely novel molecular pathways from 
those of conventional chemotherapy. 

 There does not appear to be a particular dif-
ference in ef fi cacy across the PTCL subtypes; 
however, the frequency of speci fi c entities other 
than PTCL-NOS is low in both trials. The larg-
est subtype of PTCL studied in the romidepsin 
trials other than PTCL, NOS was angioimmu-
noblastic lymphoma. While only one of six 
patients (16%, 95% CI 0.04–64%) with angio-
immunoblastic lymphoma responded in the 
NCI study,  [  54  ]  8 of 27 (29%, 95%CI 13.75–
50.18%) patients responded in the study by 
Coif fi er et al., similar to the overall response 
rate for PTCL, NOS. The numbers of patients 

   Table 16.7    Patient characteristics in studies with PTCL. Central review a    

 First Author  Piekarz  [  54  ]   Coif fi er  [  55  ]  

 Total patient number  47  130 
 Median Age (range)  59 (27–84)  61 (20–83) 
 Stage III/IV (%)  45 (96%)  70 
 Marrow involvement (%)  14 (28%)  36 (28%) 
 Elevated LDH  26 (55%) 
 PTCL NOS  27 (57%)  27 (21%) 
 Angioimmunoblastic  7 (15%)  27 (21%) 
 ALCL ALK Positive  2 (4%)  1 (0.7%) 
 ALCL ALK negative  2 (4%)  21 (16%) 
 Cutaneous ALCL  2 (4%)  – 
 Other  4 (8%)  12 (9.2%) 
 DLBCLa  1(2%) 
 Overall response  16 (38%)  38 (39%)b 
 Complete response  8 (18%)  18 (14) 
 Median response duration, months (range)  8.9 (2–74)  3 (<1–28+) 
 Median time to response, months  1.8  1.8 
 Response duration in complete responders, months (range)  29.4 (3–74)  14 (1.2–26.7+) 
 Response duration in partial responders, months (range)  5.2 (2–23, ongoing)  17 (0.5–34, ongoing) a  
 Response duration in patients with stable disease  6 (3–12)  Not provided 
 Median duration of treatment, months (range)  3 (1–57)  1.4 (mean 4.2) 
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with other subtypes of PTCL are fewer, thus no 
clear conclusions about differential responses 
can be made.  

   Safety and toxicities 

 As a class of agents, the HDACis share common 
toxicities, which, with the exception of diarrhoea, 
do not seem to differ by the HDAC speci fi city of 
the agent. Key toxicities in the studies in CTCL 
are summarised in (Table  16.8 ). While they 
appear dose-dependent, they are on the whole 
across the  fi ve studies and the three agents dis-
cussed here. In practical use, the most consistent 
and troublesome toxicities are the mild fatigue 
and asthenia experienced by approximately half 
of patients. Similarly common are disorders of 
taste. Nausea is frequent but more easily treated 
with standard antiemetics. Thrombocytopenia 
occurred in up to 40% and was severe (grade III/
IV) in up to 20%. The thrombocytopenia of 
HDACis is rapidly reversible upon withdrawal of 
the drug and does not appear to relate to cumula-
tive drug exposure.  [  57  ]  While megakaryocyte 
numbers increase in response to HDACi, platelet 
budding is defective, owing to drug-induced 
phosphorylation of the myosin light chain.  [  58  ]   

 Readers familiar with the treatment of 
advanced CTCL with systemic chemotherapy 

will immediately notice the low rates of grade III/
IV neutropenia, sepsis or febrile neutropenia 
associated with the use of HDACis (see 
Table  16.8 ). This difference is one of the key 
advantages of the HDACi, in that they can induce 
systemic responses without requiring the aggres-
sive prophylaxis against infection or hospitalisa-
tion frequently required in patients receiving 
myelosuppressive combination therapy (espe-
cially those with Sézary syndrome). 

 As consequence of rare episodes of cardiac 
dysrhythmia in the phase I studies, ECG assess-
ments were systematically performed in the 
larger HDACi studies. ECG changes have been 
observed in each of the HDACi discussed here 
but only rarely have they been of clinical 
signi fi cance. Clinically insigni fi cant QTc prolon-
gation was recorded in 3 patients in the study of 
vorinostat by Olsen  [  50  ]  and was not reported in 
the study by Duvic.  [  41  ]  T wave  fl attening was 
seen in 71% of patients in on the NCI romidepsin 
study, and ST depression in 9%. Clinically 
signi fi cant QTc prolongation was reported in two 
patients on the European romidepsin study, which 
also reported an average prolongation of the QTc 
interval of 4.6 ms.  [  51,   59  ]  More detailed study 
of the initial 42 patients in that trial, which 
included Holter monitoring in nine patients, 
showed that the changes in QTc were not associ-
ated with elevated cardiac troponin or to changes 
in left ventricular ejection fraction.  [  60  ]  One 
patient had a QTc of >500 ms; however, this 
occurred in association with abnormal potassium 
and magnesium levels. Panobinostat and vorinos-
tat also have reports of prolongation of the QTc, 
rarely as long as 60 ms in the case of panobinos-
tat  [  61  ]  or 30 ms after a single supratherapeutic 
dose of vorinostat  [  62  ] . QTc prolongation may 
well be dose and schedule dependent  [  63  ] . 
Despite prolongation of the QTc less than what 
would usually be considered as signi fi cant by 
regulators, regular ECG monitoring remains a 
component of the ongoing prospective trials. 
Replenishment of potassium and magnesium 
(which may be especially lowered in CTCL)  [  64  ]  
to within normal limits prior to therapy is recom-
mended, particularly prior to administration of 
intravenous romidepsin. In addition, drugs which 

   Table 16.8    Common toxicities from studies of HDAC 
inhibitors in CTCL. Approximate ranges are given and 
rates of toxicities are generally similar between the agents, 
with the probable exception of diarrhoea which appears to 
be less common for romidepsin   

 Most frequent 
toxicities (all grades) 

 Diarrhoea ~50% for 
pan-HDACi and ~10% 
for romidepsin 
 Fatigue ~40% 
 Nausea ~20–40% 
 Anorexia ~20% 
 Thrombocytopenia ~11–50% 
 Taste disturbance ~10–50% 

 Grade III/IV toxicities  Fatigue/aesthenia ~5–7% 
 Thrombocytopenia 5–20% 
 Anaemia 2–8% 
 Neutropenia ~10% 
 Sepsis 1–5% 
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are known to cause prolongation of the QTc 
should be avoided. 

 All HDACis should be considered contraindi-
cated in pregnancy. Romidepsin competes with 
oestrogen for its receptor and therefore, and as is 
usually the case with other anti-cancer agents, it 
cannot be assumed that the oral contraceptive pill 
provides suf fi cient protection against conception.  

   Placing HDACi in the overall therapy 
of T-cell lymphoma, future directions 

 Based on the evidence and label restrictions, we 
reserve HDACi for second or subsequent-line 
therapy of CTCL, and a future role for HDACi in 
other forms of PTCL seems likely  [  65  ] . The pos-
sibility of protracted responses makes HDACi an 
attractive option for patients with advanced and 
symptomatic CTCL. HDACis are also effective in 
earlier stages of disease. These agents are gener-
ally well tolerated; however, the later onset of 
response makes HDACi a poor choice if rapid 
control of symptoms is desired. We frequently 
 fi nd that palliative doses of corticosteroids are 
needed to ease symptoms in CTCL while a 
response to the HDACi is anticipated. 
Combinations with other agents to improve 
response rates present an attractive concept, with 
a strong rationale existing for combinations with 
proteasome inhibitors and other biological thera-
pies  [  66  ] . HDACi may also be useful as a chemo- 
or radiotherapy-sensitising agent.  [  67  ]  
Combination with conventional chemotherapeu-
tics is being tested in Groupe d’Etude des 
Lymphomes de l’Adulte-led dose escalation study 
of romidepsin in combination with CHOP chemo-
therapy (Ro-CHOP, NCT01280526) for PTCL. 
The results of these trials are eagerly awaited.       
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         Introduction 

 Advanced stages of mycosis fungoides (MF) and 
Sézary syndrome (SS) are often refractory to 
treatment and have an unfavorable prognosis. 
It is not clear what mechanisms are adopted by 
the malignant T-lymphocytes to proliferate and to 
escape immune surveillance. Immune dysregula-
tion is demonstrated by the constitutive phospho-
rylation of STAT-3 protein in neoplastic T-cells 
 [  1,   2  ] . These cells may express the IL-2 alpha 
receptor (CD25) which is a target for biologic 
therapy with denileukin diftitox   . Naturally occur-
ring regulatory T-cells (Tregs) also express the 
CD25 molecule. They suppress the activity of 
other immune cells, thus maintaining immuno-
logical tolerance. Features of Tregs appear to 
play a role in the immunosuppression of advanced 
stages, but their role in CTCL is still controver-
sial  [  3,   4  ] . Strategies for driving immune 
responses to lymphoma have been investigated, 

including the use of immunomodulatory drugs 
(IMiDs), which target immune cells rather than 
the malignant lymphocytes  [  5  ] . Mutations affect-
ing the  p16 ,  FAS , and  JUNB  genes and alterations 
of death receptor signaling have been identi fi ed 
in patients with MF/SS  [  6–  9  ] . The clonal expan-
sion of the malignant T-cells is proposed to be at 
least in part due to defective regulation of apop-
tosis. Some of the investigational therapies used 
in cutaneous T-cell lymphoma (CTCL) such as 
enzastaurin are able to induce apoptosis via acti-
vation of the AKT and caspase-9-dependent path-
way  [  10  ] . Other important novel agents include 
the Bcl-2-antagonists; a novel antifolate, prala-
trexate, and the proteasome inhibitor bortezomib. 
The mechanisms of action of the novel agents are 
reviewed as well as available clinical data.  

   Bortezomib 

 The ubiquitin–proteasome pathway plays a criti-
cal role in the degradation of proteins involved 
in cell cycle, survival, and apoptosis. It modu-
lates cell cycle proteins such as the cyclins, 
cyclin-dependent kinases, and their inhibitors 
p21 and p27, but is also central to the regulation 
of transcription, through its control of NF- k B 
levels. The proteasome pathway is activated in 
malignant cells and inhibition of this activity is 
thought to induce antitumor effects. Bortezomib, 
 fi rst approved by the US Food and Drug 
Administration (FDA) for the treatment of 
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relapsed and refractory multiple myeloma (MM), 
was the  fi rst proteasome inhibitor to enter clini-
cal trials for MM and is now being widely tested 
in clinical trials for other malignancies  [  11–  14  ] . 
The best evidence of single-agent activity is in 
patients with mantle cell lymphoma (MCL) in 
which response rates (RR) of 30–40% were seen 
 [  12  ] . Responses have been infrequent in patients 
with other refractory B-cell non-Hodgkin lym-
phomas (NHLs)  [  14  ] . 

 Recently, the mechanism by which bortezomib 
leads to tumor cell apoptosis in T-cell lymphoma 
was investigated using CTCL and adult T-cell 
leukemia/lymphoma cell lines  [  15  ] . Bortezomib 
treatment was found to induce mitochondrial 
membrane injury mediated by Noxa, an apopto-
sis-inducible BH3-only protein, which interacts 
with and inactivates Mcl-1, an antiapoptotic 
Bcl-2 family protein, and triggers mitochondrial 
membrane permeabilization leading to apoptosis. 
Clinical trials were exploring the activity of 
bortezomib in patients with CTCL and peripheral 
T-cell lymphoma (PTCL). A phase I trial of 
cyclophosphamide, hydroxydaunorubicin, 
oncovin, prednisone, and bortezomib in 13 previ-
ously untreated patients with PTCL or aggressive 
NK/T-cell lymphoma showed overall RR and CR 
of 61.5% (eight patients). Three patients relapsed 
at 3, 4, and 12 months  [  16  ] . NF- k B is constitu-
tively activated in CTCL, which may be crucial 
for its resistance to apoptosis  [  17  ] . Bortezomib at 
nanomolar concentrations inhibited constitutive 
activation of NF- k B and induced apoptosis in 
CTCL cell lines and provided a rationale for its 
clinical use in CTCL  [  18  ] . A phase II study of 
bortezomib in patients with relapsed or refractory 
CTCL and PTCL with isolated skin involvement 
showed promising activity with an overall RR of 
67%, with six (17%) complete (CR) and six 
(50%) partial remissions (PR) among the 12 
patients enrolled lasting 7 to 12+ months  [  19  ] . 
The most signi fi cant toxicity was sensory neu-
ropathy in 50% of patients followed by neutrope-
nia and thrombocytopenia in 17% of patients. 

 Two recent laboratory studies have shown that 
bortezomib and the histone deacetylase inhibitor 
SAHA synergistically induces apoptosis in T-cell 
leukemia/lymphoma cells  [  20,   21  ] . Moreover, 

bortezomib inhibits tumor growth in a murine 
xenograft model  [  21  ] . Future clinical applica-
tions of combined bortezomib/SAHA regimen in 
T-cell lymphomas are warranted.  

   Pralatrexate 

 The reduced folate carrier-type 1 (RFC-1), an 
oncofetoprotein predominantly expressed in the 
membranes of fetal and tumor cells, mediates 
cellular uptake of folates and antifolate drugs. 
Alterations of the RFC-1 protein have been asso-
ciated with resistance to methotrexate (MTX). 
Pralatrexate [PDX (RS)-10-propargyl-10-deaza-
aminopterin] is a 10-deaza-aminopterin-analog 
of MTX, and is a novel targeted antifolate that 
has shown higher af fi nity to the RFC-1, increased 
accumulation and polyglutamylation in tumor 
cells compared to MTX  [  22–  24  ] . In prior studies, 
pralatrexate exhibited enhanced ef fi cacy over 
MTX in human solid tumor xenografts  [  25  ] . 

 Pralatrexate has marked activity in patients 
with relapsed and/or chemotherapy-resistant 
T-cell lymphoma that has led to FDA approval 
for its use as a single agent for the treatment of 
patients with relapsed or refractory PTCL  [  26  ] . 
In an early phase study of pralatrexate with vari-
ous B-and T-cell NHL, all four patients with 
refractory aggressive T-cell lymphoma achieved 
CR  [  27  ] . More recently, a phase I/II study of two 
different doses and schedules of pralatrexate in 
patients with relapsed/refractory NHL or 
Hodgkin disease (HD) showed an overall RR of 
55% in T-cell NHL on the phase I study weekly 
schedule and 50% on the phase II study includ-
ing 44% and 19% CR/uncon fi rmed complete 
remission (CRu), respectively, while only mini-
mal responses in B-cell NHL (10% RR) were 
seen. The dose-limiting toxicity for pralatrexate 
in the phase I with a treatment schedule of 135–
150 mg/m 2  every other week used for non-small-
cell lung cancer has been stomatitis. Symptoms 
have been ameliorated by a reduced weekly 
schedule of 30 mg/m 2  for 6 of 7 weeks with 
folate and B12 supplementation. Risk factors 
contributing to pralatrexate-related mucositis are 
homocysteine levels greater than or equal to 
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10  m mol/L and methylmalonic acid levels greater 
than or equal to 200 nmol/L. On the basis of the 
activity in T-cell NHL a pivotal phase II, non-
randomized, open-label, international study 
(PROPEL) in patients with relapsed/refractory 
PTCL has been completed using the same weekly 
schedule showed a lower overall RR of 29% 
with CR in 10% of patients  [  28  ] . Most patients 
were heavily pretreated with a median of three 
prior treatments and had advanced disease. The 
most common grades 3 and 4 toxicities were 
mucositis and thrombocytopenia. 

 A phase I trial in patients with relapsed CTCL 
showed impressive activity of pralatrexate with 
responses seen in 11 of 18 patients (two CR and 
nine PR)  [  29  ] . Patients with MF, SS, and C-ALCL 
were included. Dose-limiting toxicity was mucosi-
tis. The optimal dose and schedule that provided 
activity with tolerability for CTCL was determined 
to be pralatrexate 15 mg/m 2  weekly on 3 of 
4 weeks. A phase II study is ongoing. An interest-
ing case of pralatrexate-induced tumor cell apop-
tosis within epidermal Pautrier microabscesses 
presenting as innumerable skin erosions in a 
patient with advanced adult T-cell lymphoma/
leukemia was recently published  [  30  ] . Histologic 
examination revealed that epidermal Pautrier 
microabscesses showed extensive cellular debris, 
with normal-appearing adjacent keratinocytes. 
The erosions healed within a few days and a 
complete resolution of disease was observed while 
continued on pralatrexate. Pralatrexate was also 
given at weekly doses in a patient with relapsed 
CD4+ CD56+ hematodermic/plasmacytoid den-
dritic cell tumor presenting with skin lesions only 
that resulted in a remarkable clinical response with 
regression of cutaneous tumors after two treat-
ments  [  31  ] . Response lasted for about 4 months. 

 Preclinical data reported synergy for the com-
bination with gemcitabine. A recent phase I study 
of pralatrexate with gemcitabine in patients with 
lymphoproliferative malignancies have been 
reported  [  32  ] . Thirty-four patients: 13 with B-cell 
lymphoma, 11 with T/NK-cell lymphoma, 7 with 
HD, and 3 with “other” lymphoma were included. 
Three treatment schedules were applied ranging 
from once weekly sequential-day dosing (prala-
trexate 10–15 mg/m 2  and gemcitabine 300–

400 mg/m 2 ), sequential-day dosing every 2 weeks, 
to same day dosing every 2 weeks. Preliminary 
results showed activity in 21% (7/34) of patients 
with acceptable toxicities with every 2 week dos-
ing. Dose limiting toxicities were grade 3 to 4 
hematologic toxicities.  

   Lenalidomide 

 Lenalidomide is probably the most extensively 
studied compound of a new class of agents 
which are known as IMiDs  [  33  ] . It is a 4-amino-
gultaramide derivative of thalidomide and was 
designed to enhance the immunological and anti-
tumor properties of thalidomide with improved 
safety pro fi le. It is a lead therapeutic in multiple 
myeloma and myelodysplastic syndromes asso-
ciated with the deletion of 5q cytogenetic abnor-
mality (del-5q MDS). Lenalidomide has been 
FDA approved for previously treated multiple 
myeloma in combination with dexamethasone 
and del-5q MDS  [  34  ] . 

 The mechanisms of action remain uncertain, 
but appear to involve direct cytotoxic action in 
some cell types, the modulation of immunity via 
altered cytokine production and cellular changes 
both on the malignant cell and reactive T- and 
NK-cells, and the suppression of angiogenesis by 
downregulation of vascular endothelial growth 
factor (VEGF). In multiple myeloma, lenalido-
mide has been demonstrated to directly induce 
apoptosis via caspase-8 activation, to inhibit 
VEGF, and to reduce adhesion of myeloma cells 
to bone marrow stroma. In preclinical observa-
tions, lenalidomide inhibits or modulates various 
cytokines including tumor necrosis factor-alpha 
(TNF- a ), interleukin (IL)-1 b , IL-6, and IL-12. 
Furthermore it has demonstrated its ability to 
increase T- and NK-cell stimulation, T-cell pro-
liferation, and production of IL-2 and interferon-
 g  (IFN- g ) by T-cells, and to inhibit expression and 
function of Tregs  [  35,   36  ] . 

 Lenalidomide has been shown activity against 
chronic lymphocytic leukemia (CLL), relapsed 
or refractory NHL, and various solid cancers in 
phase II studies. In general the activity seen in 
patients with recurrent and refractory lymphoma 
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has been moderate with RR between 22 and 50%. 
An overall RR of 35–50% with lenalidomide was 
reported in patients with CLL. Results from phase 
I/II trials in relapsed multiple myeloma show RR 
of 14–29% with lenalidomide alone. 

 Cytopenias are the primary adverse events 
associated with the administration of lenalido-
mide, particularly in subjects with compromised 
bone marrow. However, these are manageable 
with dose interruptions and reductions. Other 
side effects include malaise, fatigue, diarrhea, 
rash, and muscle cramps. An increased risk of 
thromboembolism has been noted when lenalido-
mide is combined with steroids. A “ fl are” phe-
nomenon has been observed in CLL prior to 
disease response  [  37  ] . The recommended starting 
dose is 10 mg. Patients with multiple myeloma 
typically receive 25 mg daily for three weeks 
followed by a 1-week rest period. 

 There have been two recent reports of lenali-
domide for the treatment in T-cell lymphoma. 
The immunomodulatory properties of lenalido-
mide such as T-cell co-stimulation with induction 
of Th1 cytokine production and cytotoxic activity 
along with antiangiogenic, anti-proliferative, and 
pro-apoptotic properties provided the rationale to 
use this agent in CTCL  [  38  ] . Preliminary results 
of 25 patients show that lenalidomide has clinical 
activity in patients with advanced CTCL with a 
toxicity pro fi le similar to that previously reported. 
The  fi rst  fi fteen patients received 25 mg lenalido-
mide daily for 21 days of a 28-day cycle that was 
adjusted to an initial dose of 10 mg with dose 
escalation up to 25 mg. Seven patients have 
achieved a PR. Responding patients received a 
median of nine cycles of therapy; median time 
to best response was 6 months. Four of the 
responding patients developed new skin lesions. 
Eight patients had stable disease (SD)  ³  4 months. 
A regrowth of disease-related hair loss was 
observed in some patients. The most common 
side effects were anemia, fatigue/malaise, skin 
burning, pruritus, diarrhea, and lower leg edema. 

 The mechanism of the observed antitumor 
effects remains unclear. An initial  fl are reaction 
manifested by a temporary increase in the size, 
number, and discomfort of skin lesions and/or 
tender swelling of lymph nodes and/or increase 

in Sézary cell count was noted in some patients 
during the  fi rst cycle of treatment and/or each 
cycle for the remainder of therapy with subse-
quent improvement of symptoms and/or disease. 
The cause of this phenomenon has not been 
studied in CTCL and could be related to the co-
stimulatory or cytotoxic activity of lenalidomide 
and represent an immune response against the 
disease with enhanced CD8 +  T-cell and NK-cell 
cytotoxic activity, but may, in fact, represent a 
combination of cytotoxic and cytokine-mediated 
events. One could suggest that the  fl are reaction 
could actually predict the subsequent antitumor 
response in CTCL patients. Correlative biologic 
studies will include analysis of antiangiogenic 
and immunomodulatory activity on skin biopsies 
and peripheral blood samples. 

 Twenty-four patients with relapsed and 
refractory T-cell lymphomas other than MF were 
treated in a phase II trial with lenalidomide 25 mg 
daily on days 1 to 21 of each 28-day cycle with 
standardized dose reductions for toxicity  [  39  ] . 
Twenty-three patients were eligible for response 
with seven patients (30%) achieving PR. 
Responses were seen in patients with anaplastic 
large cell lymphoma (ALCL), angioimmunoblas-
tic lymphoma, and PTCL, unspeci fi ed. Two 
patients had SD for  ³ 3 cycles. Median overall 
survival (OS) was 8 months. The most common 
grade 3 and 4 toxicities were thrombocytopenia, 
neutropenia, neutropenic fever, and pain. 
Although moderate responses are seen in patients 
with T-cell NHL, lenalidomide holds consider-
able promise for both combination and mainte-
nance treatment given its oral availability.  

   Enzastaurin 

 Enzastaurin (LY317615), an acyclic bisindolyl-
maleimide, is a novel orally available protein 
kinase C (PKC) inhibitor. Tumor-induced angio-
genesis requires the activation of PKC- b , a key 
modulator of the VEGF signaling pathway, and 
enzastaurin was originally evaluated in human 
tumor xenograft mice models for its antiangio-
genic activity upon PKC- b  inhibition  [  40  ] . 
However, in addition to its antiangiogenic effects, 
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enzastaurin, at concentrations reached in clinical 
trials, directly suppressed proliferation and 
induced apoptosis of tumor cells in culture and in 
human colon and glioblastoma xenografts through 
the inhibition of the PI3Kinase/AKT/glycogen 
synthase kinase-3 signaling pathway  [  41  ] . 

 PKC consists of a family of at least 12 serine-
threonine protein kinases, which are divided into 
the classical ( a ,  b I,  b II,  g ), novel ( d ,  e ,  h ,  q ), and 
atypical ( z ,  l / i ) subtypes based on their second 
messenger requirements  [  42  ] . PKC- m /PKD and 
PKC- n  were recently added to the PKC super-
family based on homology within the catalytic 
domain  [  43  ] . 

 PKC isoenzymes exhibit distinct tissue distri-
bution and play a distinct role in various cellular 
events including cell survival, growth factor 
response, proliferation and tumorigenesis in solid 
tumors, and several hematologic malignancies. 
PKC- b  is the major PKC isoform involved in 
B-cell receptor signaling. Speci fi cally, PKC- b  
mediates growth and survival of diffuse large 
B-cell lymphoma (DLBCL), cell proliferation in 
CLL, as well as migration and cell growth in 
multiple myeloma and Waldenström macroglob-
ulinemia  [  44–  48  ] . Overexpression in treatment-
refractory DLBCL is associated with shortened 
survival  [  45  ] . In contrast, enzastaurin had no 
effect on normal mononuclear cells or hematopoi-
etic progenitor cells suggesting a favorable thera-
peutic index. 

 The conventional PKC ( a ,  b  ,  g ,  e , and  z ) iso-
forms are not necessary for proliferation as previ-
ously shown in cloned cell lines derived from the 
CTCL cell line HuT-78  [  49  ] . Functionally, PKC- b  
is critical for IL-2 secretion in HuT-78 cells, and 
for promoting the epidermotropism of CTCL, but 
its role in T-cell malignancies has not been deter-
mined yet  [  50  ] . PKC- q  mediates pre-TCR signal-
ing and contributes to Notch3-induced T-cell 
leukemia  [  51  ] . 

 Enzastaurin competes with ATP for the nucle-
otide triphosphate-binding site of PKC, thereby 
blocking its activation, but the exact mechanism 
of action of enzastaurin malignancies is not well 
de fi ned. It is not completely speci fi c to PKC- b  as 
it inhibits several PKC isoforms. A recent multi-
center phase I study evaluated dose escalation 

and pharmacokinetics of oral enzastaurin in 47 
adult patients with advanced cancer  [  52  ] . The 
525 mg daily dose produced the targeted steady-
state concentration of 1.4  m mol/L and was 
selected as the recommended dose for phase II 
studies. The most common toxicities were grade 
1 chromaturia, fatigue, and gastrointestinal tox-
icities; no clinically signi fi cant grade 3 or 4 tox-
icities occurred. Three cases of signi fi cant QTc 
prolongation occurred. 

 Enzastaurin has been administered to more 
than 620 cancer patients as a single agent or in 
combination with other antitumor drugs in a vari-
ety of hematological and solid tumor malignan-
cies. Enzastaurin has shown clinical activity in 
relapsed and/or refractory DLBCL, relapsed/
refractory MCL and Waldenström macroglobu-
linemia  [  44,   45,   48  ] . Importantly, enzastaurin 
enhanced in vitro antitumor activity of rituximab, 
bortezomib,  fl udarabine, and dexamethasone that 
supports the therapeutic combination of these 
agents. 

 Recently, the signi fi cance of enzastaurin activ-
ity on two CTCL cell lines HuT-78 and HH was 
demonstrated  [  10  ] . Enzastaurin, at clinically 
relevant concentrations, caused growth inhibition 
of CTCL cell lines. Enzastaurin was reported to 
block AKT activity, affected both caspase-
mediated apoptosis and cell cycle regulatory 
pathways, but may involve other biochemical 
mechanisms. The promising preclinical activity 
has prompted the initiation of a multicenter phase 
II trial in patients with advanced CTCL and 
enrollment is ongoing.  

   Apoptosis Antagonists 

 Defective regulation of apoptosis is a central fea-
ture of the pathology of several lymphoma types 
such as CTCL and ALCL. Apoptosis can be trig-
gered by death receptors that belong to the tumor 
necrosis factor-receptor (TNF-R) family or by 
aberrations in expression of the B-cell lym-
phoma-2 (Bcl-2) family. Six death receptors (DR) 
are known including Fas (CD95, Apo-1), TRAIL-
receptor 1 (DR4), TRAIL-R2 (Apo-2, DR5), 
TNF-R1, TRAMP (WSL-1, Apo-3, DR3), and 
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DR6. All contain a death domain protein that 
bridges the death receptors with downstream 
caspases. Their activation leads to apoptosis. Fas 
gene mutations leading to defective Fas/FasL 
signaling have been shown to result in autoim-
mune lymphoproliferative syndromes as a conse-
quence of lymphocyte accumulation  [  53  ] . There 
are limited studies describing defects in proteins 
regulating apoptosis in CTCL, but loss of Fas 
and/or defects in Fas-mediated and TNF-R1-
mediated apoptosis have been described in early 
and advanced stages of CTCL  [  8,   54–  57  ] . 

 Cellular caspase-8 (FLICE)-like inhibitory 
protein (cFLIP) was originally identi fi ed as an 
inhibitor of death-receptor signaling through 
competition with caspase-8 upon triggering Fas-
mediated apoptosis. Resistance to Fas ligand 
(FasL) and TNF-related apoptosis-inducing 
ligand (TRAIL)-mediated apoptosis in malignant 
T-cells from patients with SS was associated with 
impaired death receptor and overexpression of 
cFLIP  [  58  ] . Overexpression of c-FLIP protects 
anaplastic lymphoma kinase (ALK)+ ALCL cells 
from death-receptor-induced apoptosis  [  59  ] . The 
overexpression of TRAIL in CTCL is not clear. 
TRAIL is a member of the TNF receptor/ligand 
family and a powerful inducer of apoptosis. 
It shares homology to other members of the TNF 
cytokine family, especially to FasL CD95L (FasL/
APO-1L). TRAIL is known to effectively induce 
apoptosis in numerous tumor cell lines but not in 
the majority of normal cells. Currently, TRAIL-
receptor-targeted therapies including the untagged 
recombinant Apo2L/TRAIL and agonistic 
antibodies to TRAIL-R1 and TRAIL-R2 are in 
clinical phase I and II studies in various tumors. 

 The intrinsic pathway of apoptosis is criti-
cally regulated by the Bcl-2 protein family. Few 
studies have analyzed the expression of the pro- 
and antiapoptotic Bcl-2 protein family proteins 
(Bax, Bak, Bcl-2, Bcl-x 

L
 , Bcl-x, Mcl-1) in CTCL 

 [  60  ] . Overexpression of Bcl-2 and its family 
members confers resistance of lymphomas to 
various chemotherapies and biological agents. 
Investigational drugs targeting the antiapoptotic 
Bcl-2 protein family have preclinical activity as 
single agents and in combination with other anti-
neoplastic agents. Cotreatment with the Bcl-2/

Bcl-xL antagonist ABT-737 and panabinostat 
decreased resistance and synergistically induced 
apoptosis of human CTCL cell lines  [  61  ] . 
Clinical trials of several Bcl-2 antagonists 
(oblimersen sodium, AT-101, gossypol, obato-
clax [GX15-070], ABT-737) in various solid and 
hematologic malignancies are ongoing. 

 Clinical phase III studies with oblimersen, a 
Bcl-2 antisense phosphorothioate oligonucle-
otide in patients with CLL have been com-
pleted. Despite modest single-agent activity in 
relapsed/refractory CLL, oblimersen combined 
with  fl udarabine offers responding patients (CR 
and PR) a signi fi cant survival bene fi t  [  62,   63  ] . 
The best-characterized target is the BH3 domain 
of the antiapoptotic Bcl-2, Bcl-XL, and Mcl-1 
proteins, with several small molecule inhibitors 
being tested for their potential as enhancers of 
the cytotoxicty of conventional anti-lymphoma 
drugs. AT-101, an enantiomer of the natural 
compound gossypol, is a BH3-mimetic, which 
has shown promising results in CLL in vitro. 
Obatoclax (GX15-070) is a pan-BCL-2 inhibi-
tor that has shown ef fi cacy against various 
hematologic malignancies such as CLL, AML, 
MDS, and MM in early clinical studies  [  64  ] . It 
has also shown the potential to overcome Mcl-
1-mediated resistance to bortezomib  [  65,   66  ] . 
The combination of obatoclax and bortezomib 
induced complete remission in some heavily 
pretreated chemo-refractory MCL patients  [  67  ] . 
One of the most common grade 3 adverse 
effects of these BH3-mimetics is thrombocy-
topenia due to the induction of apoptosis in 
platelets  [  68  ] .  

   Conclusions 

 T-cell NHLs represent a spectrum of uncommon 
and heterogeneous malignancies with a wide 
range of genomic and cytogenetic aberrations 
that affect cell growth and regulation of apopto-
sis. It is important to identify the biology and 
immunology of these lymphomas to develop new 
and promising therapeutic targets. 

 Despite the lack of signi fi cant single-agent 
activity most of the novel therapeutics discussed 
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hold considerable promise for combination with 
other agents given their low toxicity pro fi le and/
or oral availability.      
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         Introduction 

 The immunopathophysiology of CTCL has made 
it a favorable target for immunotherapy treat-
ments. Prior to the development of extracorpo-
real photopheresis (ECP) in 1987, the  fi rst-line 
treatment for CTCL was nonspeci fi c chemother-
apy and offered a very poor response rate. The 
elucidation of the immune dysregulation seen in 
the disease not only spurred the introduction of 
biologic therapies such as interferons (IFNs), 
interleukins, and toll-like receptor (TLR) ago-
nists, but also led to the investigation of the 
immunomodulatory impact of the other systemic 
therapies, such as retinoids and histone deacety-
lase inhibitors (HDIs), not traditionally classi fi ed 
as immunotherapy. 

 In review of the various available immune 
in fl uencing treatment modalities and biologic 
agents for CTCL, we have considered their capac-
ity to stimulate the immune system and restore a 
normal immunologic environment. The follow-
ing sections include a discussion on the immune 

rationale, clinical ef fi cacy, and combination regi-
mens available for each therapeutic modality.  

   Extracorporeal Photopheresis 

 Although the exact mechanism of action is not 
yet elucidated, ECP therapy is regarded as an 
immunotherapy supported by several clinical 
studies and laboratory models, as well as the sub-
sequent discoveries of clinical bene fi t in other 
T-cell-mediated diseases (e.g., graft-versus-host 
disease, organ transplant rejection). During the 
ECP procedure, the patient undergoes discontin-
uous pheresis cycles to harvest the leukocyte-rich 
buffy coat. The separated leukocytes are exposed 
to 8-methoxypsoralen (8-MOP) and irradiated 
with UVA light before reinfusion back into the 
patient. 8-MOP is a photoactivated, DNA-
intercalating agent that forms cross-links after 
UVA-activation and induces apoptosis, particu-
larly within activated and proliferating T cells. 

 The earliest clues to support the immunomod-
ulating effects of ECP appeared in the initial 
clinical trial by Edelson et al  [  1  ] . The original 
goal of ECP was simply to induce CTCL cells to 
undergo apoptosis and reduce tumor burden. 
However, given that only a minor portion of total 
circulating T cells undergo extracorporeal treat-
ment, it was evident that there must be another 
process in play, perhaps involving antigen pre-
sentation of apoptotic tumor cells. ECP’s effects 
on circulating leukocytes appear to selectively 
target lymphoma cells. CTCL patients treated 
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with ECP maintain their absolute number of 
normal T cells with a disproportionately greater 
decrease in their total body burden of malignant 
T cells. In addition, response rates to ECP are 
higher in individuals with normal or near normal 
natural killer and cytotoxic T-cell numbers and 
function  [  2  ] . ECP has also been shown to increase 
the production of TNF- a  and shift the balance of 
Th1 and Th2 cytokines. Taken together, these 
data suggest that ECP induces an antitumor cel-
lular immune response. 

 The mechanisms by which ECP cultivates an 
adaptive immune environment have recently been 
explored. As the patient’s blood passes through 
the photopheresis apparatus, monocytes appear 
to be stimulated to mature into antigen presenting 
dendritic cells. Flow cytometric and DNA 
microarray analyses of passaged monocytes dem-
onstrate an increased expression of dendritic cell 
markers  [  3  ] . Furthermore, these dendritic cells 
are functional in vitro in their capacity to stimu-
late allogeneic CD4+ T cells to proliferate as well 
as differentiate CD8+ T cells into cytotoxic cells. 
Thus, ECP-generated dendritic cells have the 

ability to ingest the apoptotic malignant T cells, 
ultimately leading to the potential production and 
reinfusion of putative CTCL tumor-loaded APC. 
These cells may therefore stimulate the produc-
tion of speci fi c antitumor cytotoxic T cells against 
the malignant lymphocytes. 

 The initial multicenter trial of erythrodermic 
patients demonstrated a 73% response rate, with 
a quarter of patients experiencing full remission. 
Their protocol consisted of two consecutive days 
of ECP treatment, repeated every 4 weeks. 
Figure  18.1  shows a representative patient with 
Sezary syndrome who had a complete clinical 
response. Since then, there have been approxi-
mately 30 trials of varying stages of CTCL that 
clinically con fi rm the bene fi t of ECP as mono-
therapy—in more than 1,000 patients treated 
worldwide with ECP, the response rate ranges 
from 43–100% with a complete response in 
0–62% of patients  [  4  ] . Further investigation 
revealed a set of prognostic factors that predict a 
better response to ECP and include (1) absence of 
tumor-stage skin lesions, (2) shorter disease 
course, (3) absence of signi fi cant internal organ 

  Figure 18.1    Patient with Sezary syndrome before (A) and six months after (B) extracorporeal photopheresis. Treatment 
was administered for two consecutive days every 4 weeks.       
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involvement or bulky lymphadenopathy, and (4) 
minimal pretreatment with chemotherapy  [  2,   5  ] .  

 A minority of patients treated with ECP mono-
therapy will be refractory to the disease, and it is 
important to consider the addition of other broad 
therapeutic categories, including skin-directed 
therapies, biologic response modi fi ers, and low-
dose chemotherapy. Skin-directed therapies are 
thought to signi fi cantly enhance response rates 
by reducing tumor burden. These include radio-
therapy, psoralen plus ultraviolet A (PUVA), and 
topical chemotherapy. Wilson and colleagues 
investigated the combination of ECP and total 
skin electron beam therapy (TSEBT) and found 
signi fi cantly longer progression-free survival 
periods and decreased CTCL-related mortality, 
compared to TSEBT alone  [  6  ] . Furthermore, 
skin-directed therapies are an obvious choice in 
patients who develop patch or plaque lesions 
after ECP initiation, as improving erythroderma 
often unveils cutaneous disease. 

 Biologic response modi fi er agents include 
cytokines, retinoids, and toxin–cytokine fusion 
proteins, and each is approved as a monotherapy 
for CTCL. Several retrospective studies compar-
ing ECP and ECP plus biologic response modi fi ers 
suggest higher clinical response rates and longer 
survival in the combination cohort  [  7  ] . The addi-
tion of IFN a  (3–18 MU (million units), three 
times per week) to ECP showed signi fi cantly 
improved response rates compared to ECP alone 
 [  8,   9  ] . The retinoid etretinate combined with ECP 
therapy in patients with recalcitrant palmer and 
plantar hyperkeratosis in erythrodermic CTCL 
results in marked improvement in the hyperkera-
tosis  [  10  ] . Similar favorable results are observed 
with the use of bexarotene, an RXR-speci fi c 
retinoid. A small number of patients showed 
promising results after the combination of ECP 
and granulocyte-macrophage colony-stimulating 
factor (sargramostim) treatment. Finally, the 
combination of ECP and two other agents (IFNs, 
retinoids, GM-CSF) has been investigated in 28 
patients with SS, achieving an overall response 
rate of 89%  [  2  ] . 

 Although chemotherapy as a single agent has 
not been shown to improve response rates, com-
bination of ECP and chemotherapy is shown to 

be bene fi cial to CTCL patients. As the disease 
advances, chemotherapy is thought to exacerbate 
immunosuppression in patients with an already 
blunted immune system. In the setting of ECP 
where cell-mediated immune response thrives, 
the introduction of apoptosis-inducing agents 
like chemotherapy may enhance the development 
of an antitumor response. The combination of 
ECP and low-dose methotrexate at 15–25 mg per 
week has been shown to be safe and enhance 
ef fi cacy  [  11  ] . 

 In conclusion, ECP is a rigorously studied and 
widely accepted monotherapy for patients with 
erythrodermic CTCL, which derives a signi fi cant 
portion of its clinical ef fi cacy by modulating the 
body’s natural immune system. ECP has a very 
limited side effect pro fi le, and the major contrain-
dication to its use is related to the ability of the 
patient’s cardiovascular system to sustain the 
hemodynamic challenges posed by ECP cycles. 
With several small-scale, prospective studies 
suggesting the bene fi t of ECP in combination 
with other therapeutic categories, there is an 
obvious need for further investigation to clearly 
demonstrate these effects. As basic science mod-
els continue to explore the immunomodulatory 
mechanisms, it will both improve the ef fi cacy of 
ECP and suggest novel approaches for the treat-
ment of CTCL.  

   Cytokine-based therapy: Interferons 
and Interleukins 

   IFN a  and IFN g  

 The role of IFNs in innate immunity, immuno-
modulation, and cancer has been of great scienti fi c 
interest. IFN alter the interaction between the 
body’s own immune system and tumor cells, and 
in CTCL, play an important role in boosting anti-
tumor immunity. They are normally secreted by a 
variety of cells—for example, lymphocytes, 
 fi broblasts, epithelial cells, activated T cells, and 
natural killer cells—all of which express TLRs 
on their surface membranes or on internal endo-
somes. TLR ligands—including viral, bacterial, 
fungal products—naturally induce synthesis of 
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IFNs that can bind to speci fi c receptors and cause 
antiviral, immunoregulatory, and antitumor 
effects. IFNs are a large family of secreted pro-
teins classi fi ed into three different types, each of 
which has its own receptor targets and causes 
activation of unique signaling pathways. Th1 
CD4+ T-helper cells secrete IFN g , which acti-
vates cytotoxic CD8+ T cells and NK cells. IFN a  
directly inhibits the secretion Th2 cytokines, 
including IL-4 and IL-5  [  12  ] . Also, IFNs prime 
plasmacytoid DCs for antigen presentation by 
upregulating MHC II expression and enabling 
effector CD8+ T cells for antigen recognition by 
upregulating expression of MHC I genes  [  13  ] . 
These immunomodulatory effects may help offset 
the Th1/Th2 imbalance characteristic of CTCL 
and restore cell-mediated immunity, providing 
the rationale for its use as therapy. 

 IFN- a , IFN- b , and IFN- g  represent the major-
ity of IFNs that have been used as therapy for 
CTCL. The two most commonly used commer-
cially available synthetic IFNs are IFN- a 2a and 
IFN- a 2b, both of which are injected subcutane-
ously. There have been at least 14 trials that dem-
onstrate the clinical ef fi cacy of IFN- a , examining 
various doses and dosing schedules; however, no 
consensus exists regarding which treatment regi-
men is most effective. The earliest trial, by Bunn 
and coworkers in 1984, delivered high doses of 
50 MU TIW and resulted in clinical responses, 
but also substantial toxicities  [  14  ] . A subsequent 
trial comparing 3–36 MU per day con fi rmed that 
response rate is dose dependent  [  15  ] , and 18 MU 
is generally considered the highest tolerable dose. 
In the largest trial examining IFN monotherapy, 
43 patients with all stages of disease underwent a 
12-week dose-escalation phase starting at 3 MU 
per day, followed by a 6-month maintenance 
phase at the maximal tolerated dose TIW. A par-
tial response was observed in 49% of patients, 
and a complete response in 26%  [  16  ] . Thus, in 
order to optimize clinical ef fi cacy and reduce 
toxicity, it is recommended to initiate treatment 
at 1 MU per day and escalate to 5 MU until a 
response or a dose-limiting side effect is observed. 
Patients who achieve remission are advised to 
continue treatment for 3 months beyond the last 
signs of disease, while a second agent may be 

introduced to patients who fail to achieve a 
response at the maximal tolerated dose  [  17  ] . IFN 
can also be administered directly into skin lesions, 
as intralesional injections are reported to have 
maximal bene fi t in both the injected and non-
injected lesions  [  18  ] . Unlike other therapies, clin-
ical stage at initiation is not a signi fi cant predictor 
of response, although patients with tumor-stage 
disease typically bene fi t less from IFN  [  17,   19  ] . 
Furthermore, an antibody reaction has been 
observed against synthetic IFNs and may blunt 
the therapeutic response  [  20  ] . Although there is 
no consensus yet about the clinical relevance of 
these antibodies  [  21  ] , neutralizing antibodies 
may represent a mechanism of resistance and 
explain refractory disease in the setting of IFN 
therapy  [  22  ] . 

 Iatrogenic elevation of in fl ammatory cytok-
ines causes both immediate and long-term effects. 
Acutely, IFN therapy may induce a “ fl u-like” 
syndrome of fever, chills, arthralgias, and myal-
gias, lasting for approximately 1 week. These 
symptoms can be mitigated with prophylactic 
acetaminophen or ibuprofen 1–2 h prior to IFN 
injection. Importantly, infection must be ruled 
out in all patients who present with fever, regard-
less of their medication list. Chronic use of IFNs 
may lead to cachexia characterized by weight loss, 
fatigue, and anorexia. Other concerning side effects 
of long-term use include hypothyroidism, depres-
sion, rhabdomyolysis, and cardiac toxicity. Thus, a 
thorough workup that encompasses endocrine, 
renal, hepatic, and cardiac systems is warranted 
prior to initiating IFN therapy  [  17,   23  ] . 

 Several other IFN-based therapeutic strategies 
are currently being examined, including those to 
enhance IFN- g  and IL-12 levels. Important cytok-
ines of the Th1 effector response, IFN- g , and 
IL-12 offer many theoretical bene fi ts to CTCL 
patients. The addition of IFN g  to patients on ECP 
has shown ef fi cacy in early and late stage disease. 
While the use of IFN g  as a monotherapy is prom-
ising, it is limited due to pharmacokinetic short-
comings such as its short half-life  [  5  ] . Innovative 
strategies for cytokine delivery exploit geneti-
cally modi fi ed, non-pathologic viruses express-
ing IFN g  and have already been well tolerated in 
early phase trials  [  24,   25  ] . In addition, in a phase 
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II trial investigating recombinant IL-12 in early 
stage MF, a partial response was observed in 43% 
of patients. Although most adverse effects were 
mild to moderate, one patient in partial response 
died from severe hemolytic anemia, which may 
have been exacerbated by IL-12 therapy  [  26  ] .  

   IL-2-directed therapies 

 Interleukin-2 is an important growth factor for 
most types of T cells. Antigen engagement with a 
CD4+ lymphocyte’s T-cell receptor induces rapid 
production of IL-2 followed by expression of the 
high-af fi nity IL-2R, enabling selective expansion 
of only the antigen-activated T cells  [  27  ] . The 
IL-2R is composed of three subunits—CD25 ( a ), 
CD122 ( b ), and CD132 ( g ). Any combination of 
subunits may be found on T cells, but receptors 
with all three have the highest af fi nity for IL-2. 
While less than 5% of PBMCs from a healthy 
volunteer express IL-2R, more than half of all 
CTCL patients have malignant lymphocytes that 
over express this T-cell growth factor receptor 
 [  28  ] . Thus, IL-2R offers an attractive therapeutic 
strategy for targeting tumor cells, and monoclo-
nal antibodies like daclizumab have already been 
developed to exploit this pathway. Unfortunately, 
daclizumab lacked strong cytocidal activity in 
clinical trials, and therefore other strategies were 
needed to direct more cytotoxic activity to IL-2R 
positive cells  [  29  ] . 

 Denileukin-diftitox (DD) addresses this need 
by fusing a recombinant IL-2 molecule with the 
cytotoxic subunit of the diphtheria toxin. 
Engagement with IL-2R leads to internalization 
via receptor-mediated endocytosis, and allows 
the diphtheria subunit to block protein synthesis 
and cause cell death  [  30  ] . Due to the theoretical 
requirement of IL-2R af fi nity, most clinical trials 
assessing the ef fi cacy of DD have required that a 
signi fi cant percentage—usually greater than 
20%—of lymphocytes are CD25 or CD122 posi-
tive. Prince et al. conducted a phase III, placebo-
controlled, randomized trial on 144 patients with 
CD25+ CTCL who had less than three previous 
therapies. Patients were enrolled into one of the 
three arms: (1) placebo group, (2) 9  m g/kg/day 

DD, and (3) 18  m g/kg/day DD. While the 
treatment groups experienced response rates sim-
ilar to reports from previous trials (9  m g/kg/day 
DD: PR = 26.7 and CR = 11.1; 18  m g/kg/day DD: 
PR = 40% and CR = 9.1; placebo group: 
PR = 13.6% and CR = 2.3%), this trial demon-
strated that “clinical responses” can also occur in 
the placebo group without treatment, suggesting 
the potentially confounding role of the disease’s 
waxing and waning natural history when investi-
gating novel therapies  [  31  ] . 

 The most common toxicity observed in the DD 
clinical trials was infusion-related hypersensitiv-
ity, which included fever, rash, hypotension, chest 
tightness, or shortness of breath and can be con-
trolled with steroid pretreatment  [  32  ] . Physicians 
should be aware of vascular leak syndrome, char-
acterized by increased vascular permeability, and 
resulting in extravasation of  fl uid and subsequent 
hypotension, hypoalbuminemia, and edema. 
Patients with liver disease are at higher risk 
because they are unable to compensate for albu-
min loss. Increased muscular intracompartmental 
pressure may lead to rhabdomyolysis. 

 Since clinical response hinges on IL-2R 
expression, strategies to upregulate IL-2R expres-
sion in the presence of DD therapy have been 
investigated. Bexarotene has clinical ef fi cacy 
against CTCL as a monotherapy and is known to 
have anti-proliferative, pro-apoptotic, and 
immune-modulating effects. In preclinical trials, 
bexarotene upregulated the expression of CD25 
and CD122 subunits on T-cell leukemia lines and 
enhanced their susceptibility to DD  [  33  ] . The 
phase I clinical trial to test the in vivo reproduc-
ibility of this  fi nding enrolled 14 patients with 
progressive disease after one systemic therapy. 
DD 18  m g/kg/day × 3 days every 21 days was 
combined with daily oral bexarotene in a dose-
escalation fashion (75–300 mg/day) to upregulate 
IL-2R. Of the 14 patients, including one patient 
who had previously been refractory to eight 
cycles of DD monotherapy, four patients (33%) 
each achieved a partial response and complete 
response. Notably, all four patients who achieved 
a complete response also demonstrated signi fi cant 
upregulation of CD25 expression after bexaro-
tene treatment; CD25 expression increased in 
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only one out of four patients who experienced a 
partial response. A potentially negative effect of 
this combination regimen is upregulation of 
CD25 expression in normal cells, enhancing their 
susceptibility to DD  [  34  ] .   

   TLR Agonists 

 TLRs represent a class of ten pattern-recognition 
receptors found on various cells that signal the 
presence of infection and direct the innate and 
adaptive immune system to mount a response 
against the antigen  [  35  ] . TLRs detect pathogen-
associated molecular patterns and stimulate 
immune cells via the MyD88-dependent interleu-
kin 1 receptor (IL-1R) − TLR signaling pathway, 
which leads to activation of the transcription fac-
tor NF- k B  [  36  ] . The TLRs most relevant to CTCL 
immunotherapy appear to be TLR 4, 9, 7, and 8. 
TLR4 is found on myeloid DCs and recognizes 
the lipopolysaccharides of Gram-negative bacte-
ria cell walls, resulting in secretion of IL-12, 
IL-4, and TNF a . Similarly, speci fi c sequences of 
unmethylated DNA highly present in to bacterial 
and viral genomes known as “CpG motifs” acti-
vate TLR9 on plasmacytoid DCs and induce a 
cytokine response consisting predominantly of 
IFN a . TLR7 and TLR8 are found on both DC 
types and play a role in detection of viral ssRNA 
 [  37,   38  ] . TLRs are a critical mediator of the Th1 
effector response  [  35  ] , and thus are an attractive 
target for CTCL therapy to mediate restoration of 
the cytokine pro fi le balance. 

 Imiquimod is a synthetic agonist for TLR7 
and stimulates the production of numerous Th1 
cytokines, including IFN a , IFN g , TNF a , and 
IL-12  [  39  ] ; for this reason, 5% topical cream 
has been used off-label for stage IA disease. 
Approved for the treatment of basal cell carci-
noma, actinic keratosis and genital warts, imi-
quimod shows a bene fi t in cancer by facilitating 
induction of an antitumor cellular response and 
apoptosis in some tumor cells. Clinical uses 
have been anecdotal and limited to skin-directed 
therapy for patches/plaques of early stage 
 disease, but have suggested a clinical bene fi t 
even in patients refractory to other early stage 

treatments, including PUVA and low-dose 
retinoids  [  7,   40  ] . 

 Synthetic oligodeoxynucleotides contain 
regions of unmethylated CpG motifs (CpG ODN) 
and are an excellent example of the translation of 
immunobiology into targeted therapy for cancer. 
This class of compounds is well described in its 
ability to potently stimulate DC activation, dif-
ferentiation, and production of cytokines. 
Intralesional injection’s ability to generate antitu-
mor cytotoxic T-cell responses and induce a 
response has been demonstrated in murine mela-
noma models  [  41  ]  and in human basal cell carci-
noma and melanoma  [  42  ] . Culturing PBMCs 
from CTCL patients in the presence of CpG 
ODNs resulted in marked induction of IFN- a  and 
signi fi cant activation of NK cells and CD8+ T 
cells, as measured by CD69 expression, com-
pared to PBMCs from normal donors. These data 
provide the rationale for the development of clin-
ical trials assessing the therapeutic bene fi ts of 
CpG ODNs for CTCL  [  42  ] . 

 A phase I dose-escalation study in 28 patients 
with treatment refractory stage IB to IVA was 
conducted to evaluate the safety and ef fi cacy of 
PF-3512676 (0.08–0.36 mg/kg), a novel member 
of class-B CpG ODNs that targets TLR9. Patients 
tolerated the 24 weekly injections well, experi-
encing mostly grade 1 or 2 adverse events. Notably, 
no patients developed autoimmune disease, a 
 concern with any novel immunomodulatory ther-
apy. Although this study was not designed to rig-
orously assess ef fi cacy, response rates of 32% 
(11% CR, 21% PR) suggest a clinical bene fi t of 
this therapy  [  43  ] . Further investigation is war-
ranted, including the possible combination of 
TLR-agonists with other modalities of treatment.  

   Immune considerations for other 
systemic therapies: Retinoids 
and HDAC inhibitors 

   Retinoids 

 Retinoids are derivatives of vitamin A widely 
used as topical and oral therapy for dermato-
logic conditions including psoriasis, acne, and 
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CTCL. Their clinical effects are mediated 
through interactions with the transcription 
factors retinoid A receptors (RAR) and retinoid 
X receptors (RXR). They impact cell cycle pro-
gression through the modulation of cyclins, 
CDKs, and cell cycle inhibitors  [  44  ] , and are 
known to induce apoptosis in vitro in cancer cell 
lines, including immortalized cells from CTCL 
patients  [  45  ] . 

 Although retinoids are not traditionally 
classi fi ed as immunotherapy, clear evidence 
exists regarding their immunomodulatory role in 
CTCL, and this effect may contribute to their 
therapeutic value. In the epidermis, retinoids 
stimulate Langerhans cells to upregulate expres-
sion of MHC II and CD11c molecules, and 
thereby enhance the capacity to present antigen 
and generate a T-cell-mediated immune response 
 [  46  ] . As mentioned previously, some retinoids 
augment T-cell expression of IL-2R, and this 
speci fi c effect is exploited to increase target sites 
for combination therapy with DD  [  47,   48  ] . 
Moreover, retinoids have a signi fi cant impact on 
the Th1/Th2 imbalance seen in CTCL by enhanc-
ing production of Th1 cytokines. In the presence 
of monocytes and IL-2, retinoids induce both 
normal and malignant T-cells to secrete IFN- g  
through an IL-12-dependent mechanism  [  49  ] . 
Additionally, retinoids enhance the cytotoxicity 
of natural killer cells and CD8+ T cells, boosting 
the depressed cellular immunity seen in CTCL 
 [  50,   51  ] . 

 Clinical use of retinoids for CTCL patients 
has been successful and includes both topical 
and systemic formulation. Bexarotene 1% gel 
demonstrated a 44% overall response rate (8% 
complete response rate) in patients with refrac-
tory early stage disease when applied every 
other day  [  52  ] . Oral bexarotene has been eval-
uated in both early and late stage patients, show-
ing 54% and 45% response rates, respectively, 
at a dose of 300 mg/kg/day  [  53,   54  ] . 
Side effects include hyperlipidemia, central 
hypothyroidism, and headaches. Potential 
resistance remains a concern in the long-term 
therapeutic properties of bexarotene and may 
be mediated via epigenetic silencing of RXR 
genes  [  55  ] .  

   HDI 

 HDIs have shown promise in the treatment of 
hematologic malignancies, including CTCL. 
Histone deacetylases are involved in the remod-
eling of chromatin, which impacts the level of 
access to regions of DNA available to transcrip-
tional machinery. These epigenetic modi fi cations 
have the potential of exerting cancer-promoting 
effects through changes in expression of critical 
oncogenes or tumor suppressor genes. Moreover, 
these inhibitors have recently been shown to 
deacetylate numerous nonhistone substrates, 
resulting in several anticancer effects ranging 
from cell cycle arrest to angiogenesis reduction 
to immunomodulation  [  56  ] . Evidence suggests 
that histone deacetylases are overexpressed in 
CTCL  [  57  ] , which has led to the inclusion of HDI 
in the arsenal of therapy against CTCL. 

 The mechanistic basis of bene fi t seen from 
HDI therapy in CTCL patients has also been 
investigated. Induction of apoptosis is a well-
described effect of HDI in both CTCL cell lines 
and ex vivo malignant cells, and this process is 
thought to be mediated through regulation of p21 
expression  [  58  ] . The precise immunological 
impact of HDI remains to be clari fi ed, but vari-
ous immune responses have been reported. HDIs 
seem to promote the restoration of the effector 
cytokine response balance. Both primary cells 
and immortalized cell lines from CTCL patients 
show a dramatic reduction in Th2 cytokines 
IL-10, IL-2, and IL-4  [  59  ] . Furthermore, in 
response to HDI treatment, the cell line Hut78 
upregulates IL-2R expression and is subsequently 
more susceptible to the treatment with DD, the 
cytotoxic IL-2 chimeric compound that can only 
gain access to cells via IL-2R  [  58,   60  ] . Moreover, 
in vitro and ex vivo data suggests that HDI 
suppress the cell-mediated cytotoxic immune 
response, providing rationale for the use of HDI 
in the treatment of autoimmune conditions  [  61  ] . 
While other CTCL therapies typically enhance 
NK cell activation and dendritic cell maturation, 
HDIs seem to impair this process and further 
weaken the overall immunologic status. 
Preliminary data suggests that addition of a more 
classic immunotherapy such as TLR agonist may 
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be able to overcome HDI-induced immunosup-
pression  [  62  ] . Even despite these effects on the 
immune system, HDI monotherapy leads to a 
clinical bene fi t in CTCL patients. 

 Vorinostat and romidepsin are two HDI thera-
pies approved for the treatment of CTCL. The 
pivotal, multicenter trial of vorinostat enrolled 74 
patients with stage IB or higher CTCL who were 
refractory or resistant to other therapies; treat-
ment with 400 mg of oral vorinostat daily pro-
duced an overall response rate of 30%, consistent 
even in patients with advanced disease including 
Sezary syndrome and T3 (tumor) stage  [  63  ] . The 
ef fi cacy of romidepsin was assessed in two clini-
cal trials of patients with all stages of diseases, 
including a signi fi cant majority of patients with 
poor prognoses who were refractory to at least 
one other therapy and often two. Even with the 
inclusion of patients with advanced disease, a 
34% overall response rate was reported in both 
trials  [  64,   65  ] . Although safe and effective, 
signi fi cant cardiovascular and hematological 
adverse effects were reported in the HDI clinical 
trials, but the precise risk associated with these 
drugs is not clear  [  66,   67  ] .       
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         Introduction 

 T-cell lymphomas have been associated with 
speci fi c clinical syndromes and characteristics, 
often requiring special attention by the clinician. 
In addition, some of the drugs used to treat T-cell 
malignancies have speci fi c side effects or distinc-
tive risks associated with their use. In this chap-
ter, we will review some of the unique clinical 
syndromes that may occur in patients with T-cell 
lymphomas, either as a result of the disease or as 
a result of the treatments for the malignancy.  

   Clinical Syndromes 

   Poor Prognosis 

 Lymphomas derived from T-lymphocytes have 
been associated with the presence of more adverse 
features and a worse prognosis than lymphomas 
of B-cell origin  [  1–  4  ]  .  Retrospective evaluation 
of patients enrolled in two GELA (Groupe 
d’Etude des Lymphomes Aggressives) studies 
has yielded data on the implication of the T-cell 
phenotype on prognosis  [  1,   2  ]  .  While adverse 

features are more likely to be present in patients 
with T-cell lymphomas, it appears that the T-cell 
histology itself is an independent poor prognostic 
factor  [  2,   3  ]  .  

 Of 361 patients with lymphoma treated on the 
LNH-84 regimen for aggressive lymphoma, 108 
had peripheral T-cell lymphoma and 253 had 
B-cell lymphomas  [  1  ]  .  When compared to 
patients with B-cell lymphomas, those with 
peripheral T-cell lymphomas were more likely to 
have stage IV disease (53% vs. 45%) and 
B-symptoms (58% vs. 42%). In addition, those 
with T-cell histology had a higher rate of relapse 
(43% vs. 29%) and a shorter freedom-from-
relapse survival (34 months vs. not reached). 
Overall survival was shorter in the patients with 
T-cell lymphomas (42 months vs. 50 months); 
however, this difference was not statistically 
signi fi cant. 

 The multicenter LNH-87 trial enrolled patients 
with intermediate- or high-grade non-Hodgkin’s 
lymphoma, and Gisselbrecht et al. reported on 
the prognostic signi fi cance of the T-cell pheno-
type in patients treated on that protocol  [  2  ]  .  Of 
1,883 evaluable patients, 288 (15%) had periph-
eral T-cell lymphomas and 1,595 (85%) had 
B-cell lymphomas. While B-cell lymphoma 
patients had more bulky disease (41% vs. 26%), 
T-cell lymphoma patients had more bone marrow 
involvement (31% vs. 17%) and advanced stage 
disease (78% vs. 58%). Peripheral T-cell lym-
phoma patients were also more likely to have 
B-symptoms (57% vs. 40%) and increased 
B2-microglobulin (50% vs. 34%) than those with 

    M.  J.   Markham   •     N.  H.   Dang   (*)
     Department of Medicine, Division of Hematology 
and Oncology ,  University of Florida ,
  1600 SW Archer Road, Box 100278, Room M410A , 
 Gainesville ,  FL   32610 ,  USA    
e-mail:  nam.dang@medicine.u fl .edu   

  19      Syndromes and Clinical 
Management Issues Associated 
with T-Cell Lymphomas       

     Merry   Jennifer   Markham    and    Nam   H.   Dang          



318 M.J. Markham and N.H. Dang

B-cell lymphomas. Complete remission rates 
(54% vs. 63%), 5-year overall survival rates (41% 
vs. 53%), and event-free survival rates (33% vs. 
42%) were worse for patients with T-cell lympho-
mas compared to B-cell lymphomas. 

 Investigators at the M. D. Anderson Cancer 
Center reviewed six front-line chemotherapy 
clinical trials in aggressive non-Hodgkin’s lym-
phoma that were performed at the institution 
from 1984 to 1995  [  3  ]  .  Of 560 evaluable patients, 
492 (88%) were of B-cell phenotype and 68 
(12%) were peripheral T-cell lymphomas. The 
5-year overall survival rate for those patients 
with peripheral T-cell lymphomas was 38% com-
pared to 55% for those with B-cell lymphomas. 
T-cell lymphoma patients with an International 
Prognostic Index (IPI) score of more than two 
(poor prognosis) had a 5-year overall survival of 
10% compared to 40% ( p  = 0.011) in those 
patients with B-cell lymphomas. T-cell lym-
phoma patients with an M. D. Anderson prognos-
tic tumor score (MDATS) of more than two (poor 
prognosis) had a 5-year overall survival of 24% 
compared to 41% ( p  = 0.02) in those with B-cell 
lymphomas. Multivariate analysis con fi rmed that 
the most signi fi cant independent predictors of 
overall survival were the MDATS, the IPI score, 
and the T-cell phenotype.  

   Hemophagocytic Syndrome 

 The hemophagocytic syndrome (HPS) is charac-
terized by fever, pancytopenia, hepatosplenom-
egaly, and liver dysfunction. The clinical syndrome 
results from activated macrophages, and evidence 
of hemophagocytosis can be found in the bone 
marrow and other tissues. HPS has been associ-
ated with T-cell lymphomas  [  5–  7  ] . While the syn-
drome has been associated with the Epstein–Barr 
virus, malignancy-associated HPS such as that 
found in patients with T-cell lymphomas is not 
necessarily due to viral infection  [  6,   8  ] . Diagnostic 
criteria have been established for HPS, mostly 
arising from literature on the familial form of the 
disease  [  9  ] . Five out of the following eight criteria 
are required to make a diagnosis of HPS: (1) 
fever; (2) splenomegaly; (3) cytopenias in at least 

two cell lines; (4) hypertriglyceridemia and/or 
hypo fi brinogenemia; (5) ferritin more than 
500 mg/L; (6) decreased or absent NK-cell activ-
ity; (7) sCD25 more than 2,400 U/mL; (8) 
hemophagocytosis documented in the bone mar-
row, cerebrospinal  fl uid, or lymph nodes  [  9  ] . 

 Lymphoma-associated HPS was evaluated in a 
retrospective series of 29 patients treated between 
1994 and 2006  [  10  ] . The authors found that of the 
29 patients with HPS, 11 patients (37.9%) had 
aggressive NK/T-cell leukemia; 8 (27.6%) had 
peripheral T-cell lymphoma, not otherwise 
speci fi ed (NOS); 3 (10.3%) had extranodal NK/T-
cell lymphoma, nasal type; and 2 patients (6.9%) 
had anaplastic large cell lymphoma (ALCL). Just 
17% ( fi ve patients) had diffuse large B-cell lym-
phoma. In comparison to those patients with 
B-cell lymphoma-associated HPS, those patients 
with T- or NK-cell malignancies were more likely 
to be younger than 60, have evidence of dissemi-
nated intravascular coagulation (DIC), and have 
bone marrow involvement. For all patients, the 
most frequent symptom was fever (100%) fol-
lowed by hepatosplenomegaly (93.1%). Of the 23 
patients who received combination chemotherapy 
for their malignancy, four achieved a complete 
remission and three achieved partial remission. 
The median survival of all patients was 36 days 
(range 2 to 1,991+ days). Univariate analysis 
revealed that poor prognostic factors included 
poor performance status, the presence of jaundice, 
the presence of DIC, poor response to therapy, 
and T- or NK-cell lymphoma. 

 More evidence supporting the poor progno-
sis of T-cell lymphoma-associated HPS comes 
from a review of 113 patients with aggressive 
T-cell lymphoma of whom 28 had HPS  [  11  ]  .  
Fever was identi fi ed in 100% of the 28 patients 
with HPS and in 48% of those without HPS. 
Hepatosplenomegaly was identi fi ed in 100% of 
the patients with HPS compared to 39% of 
those without HPS. Cytopenias in more than 
one cell line (100% vs. 20%) and bone marrow 
involvement (57% vs. 32%) were also more 
likely to be present in the T-cell lymphoma 
patients with HPS. Patients were treated with 
combination chemotherapy. Eleven of the 28 
patients with T-cell lymphoma associated HPS 
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died of multiorgan failure prior to receiving 
chemotherapy. The median survival of the HPS 
group was 40 days compared to a median sur-
vival of 8 months in those without HPS. 

 Tong et al. recently reviewed data from 173 
patients diagnosed with peripheral T-cell lym-
phoma to assess the role of bone marrow involve-
ment in the prognosis and outcome of the disease 
 [  12  ]  .  In their evaluation, 70 of the 173 patients 
(40%) with peripheral T-cell lymphoma had bone 
marrow involvement. Of those patients with bone 
marrow involvement, the HPS was identi fi ed in 
36% compared with only 8% of those patients 
without bone marrow involvement. The highest 
frequency of bone marrow involvement was 
found in angioimmunoblastic T-cell lymphoma 
with 64% having bone marrow involvement. 
Marrow involvement was also identi fi ed in 46% 
of the peripheral T-cell lymphoma, NOS, patients; 
in 29% of the anaplastic large T-cell lymphoma 
patients; in 23% of extranodal NK/T-cell lym-
phoma patients; and in 13% of patients with 
enteropathy-type T-cell lymphoma. The diagno-
sis of HPS was associated with a worse 1-year 
overall survival in those with bone marrow 
involvement (5%) than without bone marrow 
involvement (49%)  [  12  ] .  

   Skin Infections 

 Patients with cutaneous T-cell lymphoma (CTCL) 
are at risk for morbidity and mortality from infec-
tion caused by bacterial and viral pathogens. In a 
retrospective cohort study of 356 patients with 
mycosis fungoides or Sézary syndrome, infection 
was noted to be an important cause of morbidity 
 [  13  ] . The most common infections were cutane-
ous bacterial infections which accounted for 17 
infections per 100 patient years. Following cuta-
neous bacterial infections were cutaneous herpes 
simplex and herpes zoster virus infection (3.8 
infections per 100 patient-years), bacteremia (2.1 
infections per 100 patient-years), bacterial pneu-
monia (1.7 infections per 100 patient-years), and 
urinary tract infections (1.4 infections per 100 
patient-years). Twenty-seven patients (36%) in 
the cohort died from infection, and pneumonia or 

bacteremia was present in 88% of those who died 
of infection. Using regression models, the most 
important risk factor for recurrent bacterial skin 
infection, disseminated herpes virus infection, 
bacteremia, and death from infection was the 
presence of advanced stage (stages III and IV) of 
the lymphoma. 

 Tokura et al. have demonstrated that circulat-
ing Sézary cells have a response to bacterial 
superantigens, such as the toxins produced by 
 Staphylococcus aureus —exfoliating toxin (ExT), 
staphylococcal enterotoxins (SE), and toxic 
shock syndrome toxin-1 (TSST-1)  [  14  ] . In two 
patients with CTCL whose skin was colonized 
with  S. aureus , treatment with antibacterial agents 
lessened the severity of CTCL-associated skin 
manifestations and eliminated the  S. aureus   [  15  ]  .  
Peripheral blood mononuclear cells (PBMC)—
which contained a high proportion of circulating 
Sézary cells—taken from one of the patients 
demonstrated marked proliferation when exposed 
to staphylococcal exotoxin. Superinfections of 
the skin with  S. aureus  may play a role in the 
exacerbation of the disease course of CTCL. 

 Two recent studies have provided data on the 
rates of  S. aureus  colonization in patients with 
CTCL  [  16,   17  ] . In the  fi rst study, researchers at 
Northwestern University prospectively evaluated 
50 patients with CTCL, 25 patients with psoriasis 
to serve as controls, and 25 healthy control 
patients  [  16  ]  . S. aureus  colonization was identi fi ed 
in 44% of the CTCL patients, 48% of those 
patients with psoriasis, and in 28% of healthy 
controls. Because of small sample size, no 
signi fi cant difference was identi fi ed in the rates 
among groups. Higher rates of methicillin-sensi-
tive  Staphylococcus aureus  (MSSA) colonization 
were identi fi ed in CTCL patients (42%) com-
pared to healthy controls (20%); however, this 
difference only trended toward statistical 
signi fi cance. 

 In the second and larger study, Talpur et al. 
performed skin and nares cultures in a prospec-
tive manner in 106 patients with newly or recently 
diagnosed mycosis fungoides or Sézary syn-
drome  [  17  ]  .  Patients with positive nasal cultures 
were treated with topical nasal mupirocin to sup-
press colonization, and those with positive skin 
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cultures received oral antibiotics. Sixty-seven 
patients (63%) had skin colonization with 
 S. aureus , and 57 patients (54%) had nasal colo-
nization with the bacteria. The highest rates of 
colonization were seen in patients with erythro-
dermic Sézary syndrome (48%), and the lowest 
rates were seen in CTCL without erythroderma 
(26%). Historical data used for comparison 
revealed that the  S. aureus  colonization rate seen 
in atopic dermatitis is 64%. The colonization rate 
in psoriasis is 21%, and the rate in the general 
population is 10%  [  17  ]  .  Eradication of the bacte-
rial colonization with oral or topical antibiotics 
reduced the  S. aureus  colonization by 85–91%, 
and over half of those treated experienced clini-
cal improvement in their disease symptoms  [  17  ]  .   

   Fatigue and Edema in Cutaneous 
T-Cell Lymphoma 

 Patients with CTCL may have increased rates of 
peripheral edema and fatigue. Negro-Vilar et al. 
presented preliminary data from the phase III, 
double-blind, placebo-controlled trial of denileu-
kin diftitox in patients with CTCL and demon-
strated that denileukin diftitox was superior to 
placebo  [  18  ] . Eighty-six percent (124 of 144 
patients randomized) had received one or more 
prior treatment regimens, including single agent 
chemotherapy, systemic retinoids, phototherapy, 
or external beam radiotherapy. While there was a 
higher rate of adverse events in the experimental 
arms, there was also noted to be a relatively high 
percentage of patients experiencing fatigue and 
peripheral edema in the placebo arm. Peripheral 
edema was experienced by patients in the denile-
ukin diftitox 9- m g/kg arm (20%) and in the 18- m g/
kg arm (25.5%); in the placebo arm, the rate was 
22.7%. Fatigue was noted both in the 9  m g/kg 
arm (46.7%) and in the 18  m g/kg arm (43.6%); 
the fatigue rate in the placebo arm was 31.8%.  

   Tumor Lysis Syndrome 

 Tumor lysis syndrome (TLS) is a well-known 
oncologic emergency that may occur in patients 

with aggressive hematologic malignancies upon 
the initiation of cytotoxic chemotherapy. Cairo 
and Bishop de fi ned two types of TLS—laboratory 
TLS and clinical TLS—in their 2004 publication 
on the subject  [  19  ] . Laboratory TLS was de fi ned 
as having at least two serum lab values with the 
following abnormalities: potassium  ³ 6.0 mmol/L; 
uric acid  ³ 8 mg/dL, phosphate  ³ 4.5 mg/dL in 
adults or  ³ 6.5 mg/dL in children, calcium  £ 7 mg/
dL. Having laboratory TLS plus one clinical 
manifestation (increased serum creatinine con-
centration  ³ 1.5 times upper limit of normal, car-
diac arrhythmia/sudden death, or seizure) 
characterized clinical TLS. These de fi ning fea-
tures of TLS must be present within 3 days before 
or 7 days after the initiation of chemotherapy. 

 There is a paucity of literature available on the 
incidence of TLS in T-cell malignancies. TLS has 
been reported in peripheral T-cell lymphoma and 
in ALCL  [  20–  23  ] . There have been at least three 
case reports of TLS occurring after initiation of 
corticosteroid monotherapy in T-cell lympho-
blastic lymphoma  [  24–  26  ] . The  fi rst case reported 
was a patient with untreated T-cell lymphoblastic 
lymphoma who received two doses of hydrocor-
tisone prior to a platelet transfusion who 
subsequently developed laboratory TLS  [  25  ] . 
A 20-year-old man with T-cell lymphoblastic 
lymphoma developed acute renal failure requir-
ing hemodialysis after receiving prednisolone 
 [  26  ] . A recently reported case involved a 60-year-
old woman who received dexamethasone for her 
diagnosis of precursor T-lymphoblastic lym-
phoma/leukemia and subsequently developed 
laboratory evidence of TLS, also requiring hemo-
dialysis  [  24  ] . 

 TLS has recently been reported in human 
T-lymphotropic virus (HTLV)-1 adult T-cell leu-
kemia/lymphoma (ATLL). A 49-year-old woman 
with an 8-year history of systemic lupus erythe-
matosus (SLE) was diagnosed with HTLV-1-
associated ATLL after presenting with fevers, 
malaise, and lymphadenopathy  [  27  ] . She devel-
oped TLS with hyperkalemia, hyperphos-
phatemia, and hypocalcemia; and she died 3 days 
after chemotherapy with cyclophosphamide, 
doxorubicin, and prednisone was initiated. 
Bouaziz et al. reported their experience with a 
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50-year-old man with ATLL with skin involve-
ment who later experienced leukemic conversion 
of the ATLL  [  28  ] . When the patient was treated 
with combination chemotherapy for his disease, 
he developed skin erosions in the areas of prior 
cutaneous leukemic in fi ltration. Histopathological 
examination of the skin erosions showed atypical 
T-lymphocytes (CD3+, CD4+, and CD25+) with 
apoptosis. Because of this skin  fi nding, the 
authors suggest a new term to describe the 
entity—“cutaneous tumor lysis”  [  28  ] . 

 TLS has been reported in one patient with 
CTCL. A 65-year-old man with mycosis fungoi-
des had failed therapy with bexarotene and pho-
tophoresis when he was admitted for fever and 
dyspnea  [  29  ] . Since a chest X-ray showed bilat-
eral in fi ltrates, therapy with antibiotics and intra-
venous corticosteroids was initiated for presumed 
 Pneumocystis carinii  infection. Over the next 4 
days, he developed laboratory evidence of TLS 
requiring therapy with rasburicase (recombinant 
urate oxidase).  

   Central Nervous System Involvement 

 T-cell lymphomas may manifest as primary cen-
tral nervous system (CNS) lymphomas, or CNS 
involvement may occur as a secondary phenom-
enon resulting from spread of the initial disease 
site(s). Lymphomas of T-cell histology comprise 
a minority of the cases of primary and secondary 
CNS lymphoma; the majority of cases are of 
B-cell origin  [  30,   31  ] . 

 The incidence of primary CNS lymphoma in 
the United States was 5.1 per one million person-
years in 1998  [  32  ] . There are case reports of pri-
mary CNS lymphoma of T-cell origin, including 
individual case reports of primary CNS manifes-
tations of ALCL, adult T-cell lymphoma/leuke-
mia, and extranodal NK/T-cell lymphoma 
 [  33–  36  ] . To characterize primary CNS T-cell 
lymphoma, Shenkier et al. performed a retrospec-
tive review of 45 patients from 12 cancer centers 
in seven countries  [  37  ] . The median age of the 
patients was 60 years (range, 3–84 years), and 
none of the patients had systemic lymphoma at 
presentation. Median disease-speci fi c survival 

was 25 months, and the 5-year disease speci fi c 
survival was 51%. Good Eastern Cooperative 
Oncology Group (ECOG) performance status 
(PS of 0 or 1) and the use of methotrexate were 
associated with improved outcome. 

 In addition to presenting with brain involve-
ment, primary CNS lymphoma may also present 
with leptomeningeal involvement as the primary 
site of disease  [  37–  39  ] . Levin et al. reviewed their 
cases of primary CNS lymphoma treated over the 
past 10 years  [  38  ] . Out of 100 cases,  fi ve patients 
(5%) had lymphomas of T-cell histology. Each of 
those  fi ve patients presented with leptomeningeal 
involvement rather than brain involvement, and 
four of the patients had neuronal lymphomatosis 
at presentation. Each of the  fi ve patients had evi-
dence of cranial or peripheral nerve dysfunction. 
Four of the  fi ve died within 10–19 months and 
one patient was alive at 36 months from the date 
of report publication. 

 Primary CNS lymphoma of T-cell origin can 
be dif fi cult to diagnose and may, in fact, be under 
recognized  [  40  ] . Performing T-cell receptor gene 
rearrangements on the tumor biopsy samples may 
increase the accuracy of diagnosis and may dis-
tinguish between reactive lymphoid in fi ltrates 
 [  40  ] . Clinicians might also consider meningeal or 
nerve biopsy in the setting of symptoms of neu-
ronal lymphomatosis, especially in the setting 
where cerebrospinal  fl uid cytology  fi ndings are 
not conclusive  [  38  ] . 

 Salzburg et al. evaluated the patterns of sec-
ondary CNS involvement in childhood and ado-
lescent non-Hodgkin’s lymphoma and found that 
CNS involvement was associated with advanced 
stage of lymphoma  [  31  ] . CNS involvement was 
found in 5.9% of 2,381 patients. Among the T-cell 
lymphoma subtypes, CNS involvement was 
identi fi ed in 3.3% of ALCL cases and in 3.2% of 
T-cell lymphoblastic lymphoma cases. Other 
T-cell lymphoma subtypes may spread to the 
CNS, including NK/T-cell lymphoma and myco-
sis fungoides. Mycosis fungoides, with or with-
out large cell transformation, has been associated 
with secondary CNS involvement  [  41–  43  ] . 
Nasal-type extranodal NK/T-cell lymphoma may 
rarely present with primary CNS involvement 
 [  36  ] . More likely is relapse within the CNS or 
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direct extension from the nasal area into the CNS 
 [  44–  47  ] . Hon et al. report a 78-year-old woman 
who presented with stage IE nasal-type natural 
killer cell lymphoma with the primary cite of dis-
ease located in a left elbow ulceration  [  45  ] . Three 
months later, the patient presented with blurry 
vision and was found to have bilateral hypopyon. 
An aqueous tap and lumbar puncture con fi rmed 
that NK cells were present, and a computed 
tomography scan revealed hemorrhagic lym-
phomatous in fi ltration. Luther et al. described a 
37-year-old man with direct extension of nasal 
NK/T-cell lymphoma to the brain from the left 
orbit into the left frontal lobe  [  47  ] . Two cases 
have recently been described of intraocular 
involvement of NK/T-cell lymphoma, having 
spread from its nasal- or paranasal site of primary 
disease  [  44,   46  ] .  

   Hypocalcemia and Hypomagnesemia 

 Low levels of serum calcium and magnesium 
have been reported in patients with CTCL  [  48  ] . 
In a retrospective review of 80 mycosis fungoides 
patients evaluated at the M.D. Anderson Cancer 
Center prior to 2000, the authors found that hypo-
magnesemia was present in 22.2% of patients 
with early stage disease (stages I), 38.5% of those 
with intermediate stage disease (stages II), and 
67.5% of those with advanced stage disease 
(stages III and IV)  [  48  ] . Hypocalcemia was found 
in 8.3% of early stage mycosis fungoides patients, 
54.5% of those with intermediate stage disease, 
and 61% of those with advanced stage disease. 

 The etiology for these electrolyte distur-
bances is unclear. One possible explanation for 
the hypocalcemia is its relation to preexisting 
magnesium depletion. The release of parathy-
roid hormone is inhibited under conditions of 
hypomagnesemia, and this can result in second-
ary hypocalcemia  [  49  ] . Through its role in 
impairing immune function, magnesium 
de fi ciency may play a role in progression of 
mycosis fungoides  [  48  ] . Rats fed a magnesium-
de fi cient diet that subsequently develop hypo-
magnesemia have been shown to develop T-cell 
lymphomas  [  50,   51  ] .  

   Second Malignancies 

 CTCL patients are at risk for second malignan-
cies, including malignant melanoma and second 
lymphomas  [  52–  54  ] . Pielop et al. reported six 
cases of malignant melanoma among a database 
of 250 CTCL patients over a 3-year period  [  54  ] . 
In four of the melanoma cases, the melanoma 
was diagnosed prior to or concurrent with the 
diagnosis of CTCL. In the other two patients, 
dysplastic nevi were noted at the time of the 
CTCL diagnosis. The prevalence of malignant 
melanoma in the CTCL population under study 
was 2.4%, signi fi cantly higher than the 0.2% 
prevalence of melanoma in the general popula-
tion  [  54  ] . Supporting data on the incidence of 
malignant melanoma in the CTCL population 
comes from a retrospective review of 285 cases 
of CTCL in London, England, in which six cases 
of melanoma were identi fi ed  [  52  ] . Of those six, 
four were diagnosed with melanoma after being 
diagnosed with CTCL, and two were diagnosed 
with melanoma prior to the CTCL diagnosis. 
While malignant melanoma was identi fi ed in 
2.1% of the 285 cases of CTCL being studied, the 
crude rate of melanoma in the general population 
in England, London, in 1998 was 8.8/100,000 in 
men and 11.4/100,000 in women  [  52  ] . 

 Huang and collaborators performed a retro-
spective study of two cohorts to assess the risks 
for developing second cancers in patients with 
mycosis fungoides or Sézary syndrome  [  53  ] . The 
 fi rst cohort consisted of the nine population-based 
U.S. cancer registries that make up the 
Surveillance, Epidemiology, and End Results 
Program (SEER-9); the second cohort consisted 
of the Stanford University referral center cohort 
of cutaneous lymphoma patients. The SEER-9 
cohort included patients diagnosed between 1984 
and 2001, and the Stanford cohort included those 
diagnosed between 1973 and 2001. Among the 
1,798 CTCL patients that comprised the SEER-9 
cohort, there were 197 second cancers diagnosed 
(standardized incidence ratio [SIR] of 1.32; 95% 
con fi dence interval [CI], 1.15–1.52). Patients 
with CTCL were at signi fi cantly increased risk 
for Hodgkin lymphoma (SIR = 17.14; 95% CI, 
6.25–37.26), non-Hodgkin lymphoma 
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(SIR = 5.08; 95% CI, 3.34–7.38), melanoma 
(SIR = 2.6; 95% CI, 1.25–4.79), and urinary can-
cer (SIR = 1.74; 95% CI, 1.08–2.66). Among the 
429 patients identi fi ed in the Stanford cohort, 
there were 37 second malignancies diagnosed 
(SIR = 1.04; 95% CI, 0.76–1.44). The Stanford 
University CTCL patients were at signi fi cantly 
increased risk for Hodgkin lymphoma 
(SIR = 27.27; 95% CI, 5.35–77.54) and cancer of 
the biliary system (SIR = 11.76; 95% CI, 
1.51–42.02).   

   Management Issues Associated 
with Therapy 

 In the following section, we will review the 
unique management issues that exist for a variety 
of treatments used in T-cell lymphomas. The four 
FDA-approved drugs for CTCL—denileukin 
diftitox, bexarotene, vorinostat, and romidepsin—
are each associated with distinctive side effect 
pro fi les, and these will be reviewed  fi rst. The 
unique features of pralatrexate, the  fi rst and only 
agent approved for peripheral T-cell lymphoma, 
will then be examined. Finally, we will review 
some investigational agents which have been 
demonstrated to have activity in T-cell 
lymphomas. 

   Denileukin Diftitox 

 Denileukin diftitox (DAB389IL; Ontak ® ) is a 
genetically engineered fusion protein that com-
bines parts of the diphtheria toxin with the inter-
leukin-2 (IL-2) receptor-binding domain. 
Denileukin diftitox has been shown to have activ-
ity in lymphoid malignancies. In 1999 the drug 
was granted approval by the FDA for the treat-
ment of CTCL characterized by expression of the 
CD25 component of the IL-2 receptor. 

 Denileukin diftitox has been associated with a 
variety of acute infusion-related reactions. These 
include cutaneous reactions such as pruritis or 
 fl ushing and systemic reactions such as dyspnea, 
chest pain or tightness, and back pain. Infusion-
related symptoms typically occurred during or 

within 24 h of the infusion of the drug. Dyspnea 
occurred in 20% of patients in the pivotal phase 
III trial, back pain in 17%, hypotension in 17%, 
chest pain or tightness in 13%, pruritis in 13%, 
and  fl ushing occurred in 13% of patients  [  55  ] . 
These reactions typically resolve after temporar-
ily disrupting the infusion or after administration 
of antihistamines and/or corticosteroids  [  55  ] . 
Fever, chills, myalgias, arthralgias, headache, 
diarrhea, anorexia, and asthenia are also com-
monly associated with treatment with denileukin 
diftitox. Flu-like symptoms may be managed 
with antipyretics, antiemetics, and/or antidiar-
rheal agents. Vascular leak syndrome (VLS) 
occurs in up to 27% of patients receiving the drug 
 [  56  ] . VLS is characterized by edema, hypoalbu-
minemia ( £ 2.8 g/dL), and/or hypotension occur-
ring within the  fi rst 14 days following treatment 
 [  55  ] . Steroid premedication prior to administra-
tion of denileukin diftitox with agents such as 
prednisone or dexamethasone can signi fi cantly 
reduce the risk of VLS  [  56  ] . 

 Denileukin diftitox has been associated with 
visual changes in small numbers of patients  [  57, 
  58  ] . Dang et al. reported that two of 38 patients 
who received denileukin diftitox for relapsed/
refractory B-cell non-Hodgkin lymphoma expe-
rienced visual changes felt to be associated with 
the drug  [  57  ] . The  fi rst patient experienced tran-
sient decreased visual acuity after receiving two 
cycles; however, the second patient experienced 
permanent loss of visual acuity after eight cycles. 
The exact mechanism is unclear. However, a 
potential link between altered T-cell immunity 
and autoimmune retinitis may exist as demon-
strated in animal models  [  59  ] .  

   Bexarotene 

 Bexarotene (Targretin ® ) is an oral synthetic retin-
oid that is selective for the retinoid X receptor 
(RXR). In 1999, bexarotene became the only 
retinoid to gain FDA approval for use in CTCL. 
Bexarotene leads to dose-dependent adverse 
effects including hypertriglyceridemia (82%), 
hypercholesterolemia (30%), central hypothy-
roidism (29%), and leukopenia (11%)  [  60  ] . 
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Successful management of hypertriglyceridemia 
can be achieved through the use of lipid lowering 
agents, and there is evidence that response rates 
of bexarotene are higher when triglycerides are 
managed appropriately  [  61  ] . Feno fi brate has been 
shown to be effective as a triglyceride-lowering 
agent, either alone or in combination with a statin 
such as atorvastatin  [  61  ] . Patients should also be 
counseled on the adoption of a low-fat diet. 
Because of a paradoxical association with 
increased bexarotene levels, Gem fi brozil should 
not be used for the treatment of bexarotene-
induced hypertriglyceridemia. In addition, 
Gem fi brozil has been associated with increased 
triglyceride levels and increased risk for pancrea-
titis  [  61  ] . Prescribing a lower starting dose of 
bexarotene (75–150 mg), monitoring weekly 
fasting triglyceride levels, and starting lipid-
lowering agents 1 week prior to beginning therapy 
with bexarotene has been recommended as a 
useful therapeutic strategy  [  62  ] . 

 Central hypothyroidism occurs in an estimated 
29% of those receiving oral bexarotene therapy 
for CTCL  [  60  ] . Bexarotene has been shown to 
suppress thyrotropin secretion which results in 
reversible central hypothyroidism manifest by 
low thyroid stimulating hormone (TSH) and low 
T 

4
  levels  [  63  ] . TSH levels will remain low while 

the patient is taking bexarotene due to the drug’s 
suppression of thyrotropin  [  61  ] . In view of its 
effect on thyroid hormonal axis, checking TSH 
and T 

4
  levels prior to beginning therapy with bex-

arotene followed by frequent monitoring of only 
free T 

4
  levels once bexarotene has been initiated 

would be recommended. Thyroid hormone sup-
plementation should be administered and can 
improve T 

4
  levels as well as symptoms of cold 

intolerance and fatigue  [  61,   63  ] .  

   Histone Deacetylase Inhibitors 

 Vorinostat (Zolinza ® ; Merck, Whitehouse Station, 
NJ) is an oral histone deacetylase (HDAC) inhib-
itor which was FDA approved for the treatment 
of relapsed or refractory CTCL in October 2006. 
In the pivotal phase IIB multicenter registration 
trial, the most common adverse events associated 

with the drug were gastrointestinal or constitu-
tional symptoms, hematologic abnormalities 
(thrombocytopenia [21.6%]; anemia [12.2%]), or 
taste disturbances  [  64  ] . While most drug-related 
adverse events were grade 2 or lower, the grade 3 
or higher adverse events included fatigue (5%), 
thromboembolic events (5%), thrombocytopenia 
(5%), and nausea (4%)  [  64  ] . Because of the risk 
for thromboembolic events, vorinostat should be 
used with caution in patients with a history of 
deep venous thrombosis or pulmonary embolism. 
Preclinical studies have raised concerns about the 
possibility of QTc prolongation as a class effect 
of the HDAC inhibitors. Electrocardiogram 
changes, including ST-T wave changes and QTc 
prolongation, were observed in the pivotal vor-
inostat trial; however, these electrocardiogram 
 fi ndings were clinically insigni fi cant  [  64  ] . 

 Romidepsin (Istotax ® , Gloucester 
Pharmaceuticals, Cambridge, MA) is a novel 
HDAC inhibitor that, in early studies, has been 
shown to have activity in refractory CTCL and 
peripheral T-cell lymphoma  [  65–  67  ] . Romidepsin 
was granted FDA approval for use in CTCL in 
November 2009. In a phase II multi-institutional 
trial of romidepsin, the drug was initially admin-
istered as a 4 h infusion at 18 mg/m 2  on days 1 
and 5 of a 21-day cycle  [  66  ] . This schedule was 
altered, by amendment to the trial, to a more tol-
erable dosing schedule of 14 mg/m 2  on days 1, 8, 
and 15 of a 28-day cycle. In a total of 71 patients, 
the most common non-hematologic adverse 
events included nausea (52%), fatigue (41%), 
vomiting (20%), and anorexia (21%). The most 
common hematological adverse events included 
thrombocytopenia (37%), anemia (37%), neutro-
penia (37%), and lymphopenia (21%). Grade 1 
hyperuricemia occurred in 11% of patients, and 
grade 4 hyperuricemia occurred in 4%. Other 
electrolyte abnormalities (any grade) that were 
seen included hypocalcemia in 42%, hypomag-
nesemia in 15%, and hypophosphatemia in 8%. 

 The evaluation of potential cardiac adverse 
effects was also systematically evaluated in the 
recently published phase II trial of romidepsin 
 [  66,   68  ] . In the 71 patients in the trial, 20 patients 
had cardiac events  [  66  ] . These included QTc pro-
longation in 16 patients, atrial  fi brillation in three, 
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supraventricular and ventricular ectopy in three, 
sinus bradycardia in two, and junctional rhythm 
in one patient. Piekarz and colleagues noted that 
eight of the 16 patients who experienced QTc 
prolongation were noted to have had preexisting 
abnormal QTc intervals of greater than 450 ms. 
In addition, there may be some effect on the QTc 
interval of antiemetics and concomitant medica-
tions which may be metabolized through CYP3A4 
 [  66,   69  ] . The authors caution the use of drugs 
which prolong the QTc interval or inhibit the 
CYP3A4 enzyme concurrent with the use of 
romidepsin. In addition, electrolyte replacement 
and routine monitoring of serum potassium and 
magnesium levels is recommended  [  66,   68  ] .  

   Pralatrexate 

 Pralatrexate (Folotyn ® ; Allos Therapeutics, Inc., 
Westminster, CO), structurally similar to metho-
trexate, is a drug in the 10-deazaaminopterin 
class of folate analogs. It has recently been shown 
to have activity in chemotherapy-refractory T-cell 
lymphomas  [  70,   71  ] , and it gained FDA approval 
in September 2009 for use in relapsed or refrac-
tory peripheral T-cell lymphoma. The major tox-
icities of pralatrexate were dose-dependent and 
consisted of stomatitis and myelosuppression 
(grade 3 or 4 leukopenia, lymphopenia, and 
thrombocytopenia)  [  71  ] . Vitamin supplementa-
tion with folic acid (5 mg orally beginning 3 days 
prior to initiation of therapy) and vitamin B12 
(1,000  m g orally daily or 100  m g intramuscularly 
every 8–9 weeks) reduces the risk of both stoma-
titis and myelosuppression  [  71  ] .   

   Other Agents 

 Gemcitabine (Gemzar ® ; Eli Lilly and Company, 
Indianapolis, IN) is a nucleoside analog that inhib-
its DNA synthesis. It has activity in a wide variety 
of solid tumors as well as in hematologic malig-
nancies  [  72  ] . Gemcitabine has been studied in 
relapsed or refractory peripheral T-cell lymphoma 
and CTCL  [  73–  76  ] . The most common adverse 
effects of this drug include myelosuppression, 

elevation of hepatic transaminases, hyperpigmen-
tation  [  76  ] . There have been rare cases of hemo-
lytic-uremic syndrome during therapy with 
gemcitabine  [  76  ] . 

 Horwitz et al. reported results from their phase 
I/IIA study evaluating the combination of prala-
trexate and gemcitabine in patients with relapsed or 
refractory lymphoid malignancies  [  77  ] . Preliminary 
results revealed that when these drugs were used 
more frequently than once every 2 weeks, the grade 
3 and 4 hematologic toxicity rendered the regimen 
very poorly tolerated by the heavily pretreated 
patients in the study. Grade 3 or 4 neutropenia and 
thrombocytopenia were experienced by 9 of 20 
patients (45%), and grade 3 or 4 anemia was expe-
rienced by 8 of 20 patients (40%). 

 Pentostatin, an adenosine deaminase inhibitor 
that is selectively toxic to lymphocytes, has been 
shown to have activity in T-cell malignancies 
 [  78–  81  ] . The major adverse effects of pentosta-
tin include hematologic toxicity (including lym-
phopenia), renal insuf fi ciency, nausea, and 
conjunctivitis  [  82  ] . Pentostatin-associated lym-
phopenia is likely due to selective depletion of 
CD26+ T-lymphocytes as demonstrated by Dang 
et al.  [  79  ] . CD26+ is a marker of activated 
T-lymphocytes, and their depletion—and subse-
quent suppression of the immune system—may 
explain the increased susceptibility to opportu-
nistic infections in patients receiving pentostatin 
 [  79  ] . Cardiac toxicity has also been observed 
after pentostatin use. In patients with predispos-
ing conditions—such as coronary artery disease, 
congestive heart failure, and hypertension—an 
association with angina, myocardial infarction, 
arrhythmias, and heart failure has been identi fi ed 
 [  83  ] . The risk of nephrotoxicity is dose-depen-
dent, and renal toxicity is more likely to occur at 
doses higher than 4 mg/m 2 /week  [  81,   84,   85  ] . 
Because of the risk for renal and cardiac toxicity, 
one should consider optimizing medical manage-
ment of any preexisting cardiac disease, avoiding 
 fl uid overload or dehydration, and reducing the 
dose of pentostatin in those with impaired renal 
function  [  83  ] . 

 Alemtuzumab (Campath ® ; Genzyme 
Corporation, Cambridge, MA/Berlex Oncology, 
Wayne, NJ) is a monoclonal antibody which 
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targets CD52, an antigen expressed on most B 
and T lymphocytes. Approved for use in B-cell 
chronic lymphocytic lymphoma (CLL), alemtu-
zumab has also demonstrated activity in advanced 
CTCL and relapsed or refractory peripheral T-cell 
lymphoma  [  86,   87  ] . In clinical trials, patients 
have had a high risk of infectious complications, 
likely due to a combination of factors including 
underlying lymphoid malignancy, exposure to 
prior therapies, and possibly disease refractori-
ness  [  88  ] . Alemtuzumab, because of the pro-
longed depression of B and T lymphocytes, 
increases this risk for signi fi cant infectious com-
plications, including reactivation of cytomegalo-
virus (CMV) and opportunistic infections. CMV 
reactivation may occur in 15–25% of patients 
who receive alemtuzumab  [  88  ] . It is recom-
mended that patients receive prophylaxis for 
 Pneumocystis pneumonia  (PCP) and herpes virus 
infections, and these prophylactic anti-infective 
agents should be continued for at least 2 months 
after completing therapy  [  88  ] . 

 In addition to the infectious complications 
resulting from immune suppression, alemtu-
zumab is associated with infusion-related toxic-
ity and myelosuppression. Fever, rigors, rash, 
nausea and vomiting, and hypotension may occur 
with intravenous administration. Administration 
of premedications, such as acetaminophen and 
antihistamines, and administration of prophylac-
tic steroids may reduce the risk of these infusion-
related side effects  [  88,   89  ] . While the approved 
dosing of alemtuzumab is intravenous, subcuta-
neous administration has been shown to be fea-
sible, effective, and associated with less risk of 
infusion-related toxicity in treatment of chronic 
lymphocytic leukemia  [  90  ] . Subcutaneous admin-
istration is associated with transient  fi rst-dose 
skin reactions (erythema and edema), and pre-
medications can alleviate the risk of this reaction 
 [  90  ] . Patients may experience transient mild 
cytopenias including delayed neutropenia or, less 
commonly, thrombocytopenia  [  87  ] . 

 Bortezomib (Velcade ® ; Millenium 
Pharmaceuticals, Cambridge, MA) is a protea-
some inhibitor which is FDA-approved for use in 
multiple myeloma and in mantle cell lymphoma. 
A phase II trial in relapsed or refractory CTCL 

con fi rmed that bortezomib has activity in both in 
CTCL and in peripheral T-cell lymphoma with 
skin involvement  [  91  ] . In the small phase II trial, 
there was no grade 4 toxicity; however, grade 3 
toxicities included neutropenia, thrombocytope-
nia, and peripheral neuropathy  [  91  ] . These 
toxicities are consistent with those experienced 
when using bortezomib in multiple myeloma and 
mantle cell lymphoma. Dose modi fi cations are 
recommended (per package insert) in the event of 
neutropenia, thrombocytopenia, neuropathic 
pain, or peripheral neuropathy. 

 Pegylated liposomal doxorubicin (Doxil; 
Ortho Biotech Products LP, Bridgewater, NJ) is 
an anthracycline, doxorubicin, which has been 
formulated in such a way that allows for longer 
half-life, reduced toxicity, and improved ef fi cacy 
 [  92,   93  ] . In addition to its activity in solid tumors, 
such as ovarian cancer, and multiple myeloma, 
this agent has been shown to have activity in 
CTCL  [  94,   95  ] . The dose-limiting toxicity of 
pegylated liposomal doxorubicin is mucositis, 
however, mucositis typically occurs at very high 
doses (70 mg/m 2 )  [  93  ] . Palmar plantar erythro-
derma (PPE), also known as hand-foot syndrome, 
is a more commonly experienced side effect. The 
risk of PPE is reduced when the dose is lowered 
or when the frequency of administration of doses 
is decreased. The cardiac toxicity of pegylated 
liposomal doxorubicin is dose dependent, but 
there is some controversy about the cumulative 
dose limit. The risk of cardiac effects is less than 
that of traditional doxorubicin  [  93  ] . 

 Zanolimumab (HuMax-CD4 ® ; Genmab, 
Copenhagen, Denmark) is a humanized mono-
clonal antibody which targets CD4, found in the 
T-cell receptor complex, thus blocking receptor-
mediated T-cell signaling. Through this action, the 
drug induces antibody-dependent cell-mediated 
toxicity of neoplastic CD4+ T-lymphocytes. 
Zanolimumab was shown to have dose-dependent 
activity in refractory CTCL  [  96  ] . Side effects of 
this antibody include low-grade infections, pri-
marily of skin and upper respiratory tract, and 
eczematous dermatitis  [  96  ] . 

 The chimeric monoclonal antibody, SGN-30, 
targets cells that express CD30. CD30 is expressed 
in several hematologic malignancies, including 
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ALCL, the Reed Sternberg cell of Hodgkin 
lymphoma, and lesions of mycosis fungoides. 
It is also expressed in lymphomatoid papulosis. 
Preliminary data from phase II studies have 
indicated that SGN-30 has activity in refractory 
CD30+ ALCL as well as other CD30+ lym-
phoproliferative disorders  [  97,   98  ] . In these 
preliminary reports, SGN-30 appears to be well 
tolerated. 

 Siplizumab (MEDI-507) is a humanized mono-
clonal antibody directed at the CD2 receptor on 
T- and NK-cells. Preliminary results from two 
phase I trials in CD2-positive T-cell lymphopro-
liferative disorders showed encouraging results 
 [  99,   100  ] . Because of an association with the 
development of EBV-associated lymphoprolifera-
tive diseases (LPD), these trials were stopped 
early  [  101  ] . In 29 patients who received sipli-
zumab for their T-cell malignancy, four patients 
(13.7%) developed an EBV-associated LPD  [  101  ] . 
The incidence of EBV-associated LPD occurred 
more in those patients treated on a weekly sched-
ule (3 out of 7 patients, or 43%) than in those 
treated biweekly (1 out of 22 patients, or 4.5%). 
The patients who developed EBV-associated LPD 
were found to have signi fi cantly greater T-cell and 
NK-cell depletion. 

 In addition to the FDA-approved HDAC 
inhibitors, vorinostat and romidepsin, there are 
other HDAC inhibitors under investigation for 
use in T-cell lymphomas. Panobinostat (LBH589), 
an HDAC inhibitor available in an oral and an 
intravenous formulation, is being evaluated in a 
phase I dose-escalation study in patients with 
solid tumors and non-Hodgkin’s lymphoma, and 
the oral HDAC inhibitor induced responses in the 
cohort of CTCL patients ( n  = 10)  [  102  ] . Two 
patients achieved a complete response, four 
achieved a partial response, and one achieved 
stable disease. The maximum tolerated dose and 
schedule was found to be 20 mg orally on days 1, 
3, and 5, weekly. In this small sample size of 
patients, the most common side effects were nau-
sea, anorexia, fatigue, diarrhea, and transient 
neutropenia and thrombocytopenia; one patient 
experienced atrial  fi brillation  [  102  ] . A phase II 
trial of panobinostat in refractory CTCL is cur-
rently ongoing and preliminary results con fi rm 

similar adverse events but also identi fi ed a small 
incidence of QTc prolongation  [  103  ] . Of 4,542 
electrocardiograms, four were noted to have a 
prolongation of more than 60 ms from baseline, 
and two were found to have QTc intervals of 
more than 480 ms  [  103  ] . As with vorinostat and 
romidepsin, it is not clear that these QTc interval 
prolongations are clinically relevant  [  104  ] . 

 Lenalidomide (Revlimid ® ; Celgene, Summit, 
NJ) is an immunomodulatory drug which is FDA-
approved for the treatment of multiple myeloma 
and myelodysplastic syndrome. It is currently 
under investigation in CTCL  [  105  ]  and in T-cell 
lymphomas other than CTCL  [  106  ] . In the CTCL 
phase II study, four of the nine evaluable patients 
experienced grade 1 fatigue, three experienced 
grade 2 lower extremity edema, and one patient 
each experienced grade 1 gastrointestinal symp-
toms and grade 2 anemia  [  105  ] . Hematologic 
toxicity was the primary toxicity reported in the 
recent phase II trial using lenalidomide in other 
T-cell lymphomas. Out of 23 evaluable patients, 
grade 4 thrombocytopenia occurred in 33% and 
grade 3 neutropenia occurred in almost 21% 
 [  106  ] . Febrile neutropenia and pain were each 
reported in 16.7% of the 23 patients. 

 An inhibitor of purine nucleoside phosphory-
lase (PNP), forodesine leads to intracellular accu-
mulation of deoxyguanosine triphosphate 
resulting in apoptosis. Oral forodesine has shown 
activity in refractory CTCL, and the optimal dose 
has been determined to be 80 mg/m 2  daily  [  107  ] . 
Of 56 patients treated on the phase I/II dose esca-
lation trial, grade 3 or higher adverse which 
occurred in two patients each included diarrhea, 
rash, cellulitis, and acute renal failure  [  108  ] . 
Occurring in one patient each were grade 3 ver-
tigo, edema, and pneumonia. Lymphopenia 
(grade 3 or higher) occurred in 71% of patients, 
and there was one episode each of neutropenia 
(grade 1) and anemia (grade 3)  [  108  ] . For nine 
patients who received forodesine for more than 
12 months, the most common adverse events 
were nausea ( n  = 4), fatigue ( n  = 2), peripheral 
edema ( n  = 2), dyspnea ( n  = 2), and urinary casts 
( n  = 2)  [  107  ] . None of the nine patients experi-
enced hematologic or infection-related adverse 
events due to forodesine.      
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