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Abstract

Adult T-Cell Leukemia/lymphoma (ATL) is the first human malignancy associated with a chronic infection 
by a retrovirus, the human T-cell lymphotropic virus type I (HTLV-I). ATL occurs, after a long latency 
period, only in about 5% of 10–20 millions infected individuals. ATL has a dismal prognosis with a median 
survival of less than 1 year, mainly due to its resistance to chemotherapy and to a profound immunosup-
pression. The viral oncoprotein, Tax, plays a major role in ATL oncogenic transformation by interfering 
with cell proliferation, cell cycle, apoptosis, and DNA repair. The diversity in ATL clinical features and 
prognosis led to Shimoyama classification of ATL into four clinical subtypes (acute, lymphoma, chronic, 
and smoldering) requiring different therapeutic strategies. Clinical trials, mainly conducted in Japan, dem-
onstrated that combination of chemotherapy could induce acceptable response rate in the lymphoma 
subtype but not in acute ATL. However, long-term prognosis remains poor for both subtypes, due to a 
high relapse rate. Similarly, whether managed by a watchful waiting or treated with chemotherapy, the 
indolent forms (smoldering and chronic) have a poor long-term outcome. An international meta-analysis 
showed improved survival in the leukemic subtypes of ATL (chronic, smoldering as well as a subset of the 
acute subtype) with the use of two antiviral agents, zidovudine and interferon-alpha, and accordingly, this 
combination should be considered the standard first-line treatment in this context. ATL patients with 
lymphoma subtype benefit from induction chemotherapy, given simultaneously or sequentially with an 
antiviral combination of zidovudine and interferon-alpha. Allogeneic hematopoietic stem cells transplanta-
tion remains a promising and potentially curative approach but is limited to a small number of patients. 
Novel drugs such as arsenic trioxide in combination with interferon-alpha or monoclonal antibodies such 
as anti-CXCR4 have shown promising results and warrant further investigation.
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1  Introduction

In 1977, a group of Japanese researchers described a new clinical 
entity representing an atypical T-cell leukemia in adults in southern 
Japan [1]. Further studies revealed that the pathological features of 
this entity, later named Adult T-Cell Leukemia/Lymphoma (ATL), 
were quite distinct from those of other previously described lym-
phoproliferative disorders. Later, in 1980, the association of ATL 
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with the first oncogenic human retrovirus, Human T-Cell Leukemia 
Virus type I (HTLV-I), was clearly established [2, 3].

ATL is a T-cell lymphoproliferative malignancy characterized 
by the presence of atypical lymphocytes with multilobulated nuclei, 
named flower cells, in the peripheral blood and an aggressive clini-
cal course mainly manifested in adulthood. Indeed, chronic 
HTLV-I infection induces clonal expansion and transformation of 
T cells [4, 5], leading to the development of ATL in about 5% of 
the 10–20 millions infected individuals after a long latency period, 
which is often greater than 50 years.

Few years later, the association between HTLV-I infection and 
tropical spastic paraparesis (TSP) or HTLV-I associated myelopa-
thy (HAM) has been demonstrated [6]. TSP/HAM is a progres-
sive myelopathy characterized by a chronic inflammatory and 
demyelinating process of the spinal cord. Furthermore, an epide-
miological association has been established between HTLV-I and 
some autoimmune disorders [7] namely, uveitis, polymyositis, 
polyarthritis and Sjogren’s Syndrome as well as infective dermati-
tis, a skin disease described in Jamaican children.

HTLV-I retrovirus is endemic in several regions of the world. 
It is indeed mainly present as small endemic foci in southern Japan, 
the Caribbean islands, Central America, South America, 
Intertropical Africa, Romania, and Northern Iran [8–11]. In 
Europe, outside Romania, few cases of ATL or HAM/TSP are 
mostly reported in patients originating from endemic areas mostly 
from West Indies or Africa.

HTLV-I retrovirus is mainly transmitted by infected cells through 
three main routes: breastfeeding, sexual transmission, and by trans-
fusion of blood cells [12]. Several studies, especially from Japan, 
have shown that vertical transmission from mother to child via 
breastfeeding is the main route of HTLV-I transmission [13]. 
Indeed, early infection in childhood and breastfeeding contamina-
tion pathway are required for the development of ATL [14]. 
HTLV-I is also transmitted by sexual contact, more efficiently from 
men to women. Furthermore, blood transfusion has been established 
as the third route of transmission and can now be prevented by rou-
tine screening of anti-HTLV-I antibodies in blood donors [12]. 
However, only cellular products are infectious. In Japan, HTLV-I 
screening of blood donations has been conducted since 1985.

Although infection with HTLV-I is considered the first step of a 
multi-step oncogenic process culminating in ATL, the exact mech-
anism of leukemogenesis induced by this retrovirus is not yet fully 
elucidated. Many studies have consistently highlighted the crucial 
role of the retroviral oncoprotein Tax in cell transformation and 
consequently in the establishment of ATL [15]. Tax controls not 
only viral expression but also interferes with cellular functions by 
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activating the promoters of various cellular genes. Tax simultane-
ously activates the production of interleukins, specifically IL-2 and 
IL-15 and their receptors creating an autocrine stimulation loop 
[16, 17]. Tax also disrupts many cellular signaling pathways lead-
ing to the activation of several transcription factors, namely CREB, 
SRF, and NF-κB and to the inhibition of apoptosis by stimulating 
the expression of several anti-apoptotic proteins and inhibitors of 
apoptosis such as cIAP and XIAP. Tax impairs DNA repair mecha-
nisms and induces genetic instability by suppressing the expression 
or function of p53, DNA polymerase β, nuclear proliferating cell 
antigen, and the mitotic spindle assembly checkpoint protein 1 
(MAD1). Tax also perturbs cell cycle by altering the expression of 
cyclins and cyclin-dependent kinase inhibitors [15, 18–26]. 
Furthermore, posttranslational modifications of Tax, precisely 
ubiquitination and SUMOylation, are essential for its intracellular 
localization and constitutive activation of the NF-κB pathway 
[27–31]. Finally, Tax modulates the microenvironment not only 
by inducing angiogenesis and gap junction-dependent communi-
cation between infected cells and endothelial cells [32, 33], but 
also through affecting TGF-beta signaling [34]. Other factors 
related to the host and/or to the virus certainly play a role yet to 
be defined.

Since its discovery, several studies have shed light on Tax 
multiple effects and proposed it as the primary oncogene in ATL. 
However, Tax expression is almost undetectable in most circulat-
ing leukemic cells which raised some controversies [35]. In fact, 
freshly isolated HTLV-I infected or ATL cells express a low level of 
HTLV-I transcripts and antigens that begin to be detected, in most 
cases, after a few hours of culture in vitro [36–39]. This low expres-
sion of viral mRNA and viral proteins in vivo may be explained by 
the rapid elimination by the immune system, of cells expressing 
viral antigens on their surface, by the presence of a hidden viral 
reservoir located outside the blood compartment and/or by main-
taining a low or transient Tax expression level almost undetectable 
by Western blotting [40].

The relatively low percentage of infected individuals who 
develop ATL as well as the long latency period of this disease 
suggest that secondary genetic events that may occur after infec-
tion are probably involved in the progression of HTLV-I-induced 
leukemia. Mutations, deletions or aberrant expression of tumor 
suppressor genes, such as p53 or p15INK4b/p16INK4a [41], 
end-to-end chromosomal fusions, and shortened telomeres [42], 
are among these secondary events leading to transformation. A 
recent integrated molecular study on 426 ATL cases identified 
alterations that overlap significantly with the Tax interactome and 
are highly enriched for T-cell receptor-NF-κB signaling, T-cell traf-
ficking, and other T-cell-related pathways as well as immunosur-
veillance [43].

Overview of Targeted Therapies for Adult T-Cell Leukemia/Lymphoma
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Tax expression in developing thymocytes of transgenic mice or 
in human CD34+ hematopoietic progenitor cells induces a leuke-
mia that strikingly recapitulates the human ATL [44–46], provid-
ing a strong evidence that Tax plays a major role in ATL initiation. 
However, the role of continuous Tax expression in maintaining the 
leukemic phenotype remains disputed. The fact that fresh ATL leu-
kemic cells have the same morphological and biochemical charac-
teristics as Tax-expressing cells suggests that the former transiently 
express latent, transient, and/or low level of Tax expression in the 
skin, gastrointestinal tract, and/or in other lymphoid organs, all 
considered to be preferential sites infiltrated by tumor cells. The 
existence of anti-Tax cytotoxic lymphocytes in patients with ATL 
[47] and the multiplication of leukemic cells in ATL patients out-
side the bloodstream (Hermine et al., unpublished observations) 
support this hypothesis. In that sense, a recent report demon-
strated that ATL-derived or HTLV-I transformed cells are addicted 
to continuous Tax expression [48] even when Tax protein is unde-
tectable. Finally, the clinical efficacy of anti-Tax vaccination in 
inducing responses in ATL patients [49] strongly supports the 
concept that low levels of Tax are present in ATL and are manda-
tory for the maintenance of the leukemic phenotype.

Recently, the HTLV-1 bZIP factor gene (HBZ), an antisense 
mRNA transcribed from the 3′-LTR, was demonstrated to be con-
sistently expressed in ATL cells [50, 51]. Indeed, HBZ expression 
level correlates with viral load. Furthermore, HBZ growth pro-
moting activity in vivo and in vitro, as well as its capacity to induce 
immunosuppressive molecules [51, 52], suggests that this gene 
plays a role in the maintenance of the transformed clone, likely 
through maintaining low levels of Tax expression and through 
allowing escape from immune surveillance.

Essential diagnostic criteria of ATL include histological or cyto-
logical evidence of T-lymphoid malignancy with detectable anti 
HTLV-I antibodies. Abnormal T-lymphocytes are often present in 
peripheral blood, characteristically expressing a mature activated 
T-cell immunophenotype and are usually CD4+ CD25+ with 
absent CD7 expression.

The diversity in clinical presentation, evolution, and prognosis 
of ATL patients led to the classification of ATL into four major 
clinical subtypes as proposed by the Shimoyama classification: 
smoldering, chronic, lymphoma, and acute forms [53]. These 
clinical subtypes are all associated with a poor prognosis and a 
median survival of 6, 10, and 24 months for the acute, lymphoma, 
and chronic forms respectively.

	 (a)	Acute ATL: The majority of ATL patients are diagnosed with 
the acute subtype. Lymphadenopathy, hepatosplenomegaly, 
and skin lesions characterize acute ATL but other visceral 
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lesions (lung, central nervous system, gastrointestinal tract, or 
bones) may be observed. Hypercalcemia, high lactate dehy-
drogenase (LDH), and opportunistic infections are frequent in 
these patients. Acute ATL patients present with a major 
lymphocytosis often with a high percentage of “flower cells,” 
characteristics of typical ATL cells.

	(b)	Smoldering ATL: This clinical subtype is characterized by 5% or 
less leukemic flower cells and with the absence of lymphocytosis. 
Serum calcium level is normal and LDH can be increased up to 
1.5 times the normal level. Specific skin or lung involvement is 
possible but without any other visceral involvement.

	 (c)	Chronic ATL: This subtype is characterized by lymphocytosis, 
less frequently showing flower cells than the acute subtype. 
Chronic ATL is occasionally associated with skin lesions and 
visceral involvement with lymphadenopathy and hepatospleno-
megaly. However, there is no associated hypercalcemia or infil-
tration of the central nervous system, bones, or the 
gastrointestinal tract. LDH level may be slightly increased (less 
than 2.5 times the upper limit of normal).

	(d)	Lymphoma ATL: This subtype accounts for about 25% of cases 
of ATL, and is characterized by the absence of peripheral blood 
involvement with the absence of lymphocytosis and less than 
1% of circulating leukemia cells. Clinically, this subtype mani-
fests with massive lymphadenopathy and hepatosplenomegaly, 
and frequently with high LDH and hypercalcemia.

ATL clinical subclassification is quite important not only for pre-
dicting prognosis but also for tailoring the suitable treatment. In 
fact, evaluation of the therapeutic response is complicated by the 
heterogeneous clinical presentation of ATL clinical subtypes. 
Accordingly, new response criteria were introduced [54]. A com-
plete response (CR) means that all measurable tumor lesions 
(including size of the lymph nodes) have disappeared and that the 
absolute lymphocyte count has been normalized (<4 × 109 L−1). A 
75% reduction of the tumor size and a normalization of the abso-
lute lymphocyte count below 4  ×  109 cells/L define an uncon-
firmed CR. A partial response (PR) is defined as a 50% reduction 
of tumor size and absolute lymphocyte count. A progressive disease 
is defined as a 50% increase of tumor size and/or absolute lympho-
cyte count. These response criteria require that each response 
criterion must be maintained for at least 4 weeks [54, 55].

ATL is a heterogeneous disease and therefore, its management 
depends primarily on the ATL subtype and response to initial ther-
apy. Patients with ATL aggressive forms of the disease (acute and 
lymphoma) have a dismal prognosis mainly because of a high 
tumor burden, an intrinsic resistance to chemotherapy, 
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hypercalcemia, and/or frequent opportunistic infections due to a 
severe immune deficiency. Several clinical trials conducted in Japan 
have clearly shown that although combinations of chemotherapeu-
tic agents, specifically those used to treat aggressive non-Hodgkin 
lymphomas, have improved the response rate in aggressive ATL, 
particularly in the lymphoma subtype, they did not significantly 
impact long-term survival. Patients with indolent ATL (chronic or 
smoldering subtypes) have a better prognosis. However, recent 
data from Japan showed a poor long-term outcome when these 
patients are managed with a watchful-waiting policy until disease 
progression. The outcome of these patients was even worse when 
they were treated with chemotherapy [56].

The Japan Clinical Oncology Group (JCOG) has performed sev-
eral prospective clinical studies since 1978 [55]. The first JCOG 
7801 clinical trial investigated the efficacy of the VEPA protocol (a 
protocol similar to CHOP containing vincristine, cyclophospha-
mide, prednisolone, and doxorubicin) and showed that only a 17% 
CR rate was achieved with a median survival of 5 months [57]. 
The second trial, JCOG 8101, was a randomized phase III study 
that compared the VEPA protocol with VEPA-M (VEPA plus 
methotrexate) in 54 ATL patients [57]. Although a 36.7% CR rate 
was observed in the VEPA-M group, no significant differences 
were noted in terms of median survival (7.5 months) or overall 
survival (8% at 4 years). The third clinical trial, JCOG 8701, is a 
phase II study that used a more aggressive protocol (LSG4), which 
consisted of alternating treatment with three different chemother-
apeutic regimens: VEPA-B (VEPA + bleomycin), M-FEPA (meth-
otrexate, vindesine, cyclophosphamide, doxorubicin, and 
prednisolone), and VEPP-B (vincristine, etoposide, procarbazine, 
prednisolone, and bleomycin). Interestingly, the CR rate increased 
to 42%, however, early relapses occurred and the survival remained 
dismal with a median survival time of 8 months and an overall sur-
vival rate of 12% at 4 years [58]. These trials included also patients 
with other subtypes of Non-Hodgkin’s lymphoma. The median 
survival time of these patients was much better (44  months) 
compared to ATL patients (8  months). The next study JCOG 
9109 used a specific protocol for ATL developed by JCOG, in a 
Phase II study conducted between 1991 and 1993. The results 
were disappointing and indeed, this pentostatin-containing regi-
men did not show any improvement in survival (median survival 
time of 7.4 months and overall survival of 15% at 2 years) [59]. 
The following study, JCOG 9303, conducted between 1994 and 
1996 used more intensive chemotherapy combinations, including 
VCAP (vincristine, cyclophosphamide, doxorubicin, and predniso-
lone), AMP (doxorubicin, ranimustine, and prednisolone), and 
VCEP (vindesine, etoposide, carboplatin, and prednisolone) in 
addition to intrathecal injection of methotrexate and cytarabine, as 
well as systematic use of granulocyte colony stimulating factor [60]. 

1.6  Conventional 
Chemotherapy
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A significant improvement in CR rate (35%) and in survival was 
observed. The median survival time was 13 months compared to 
8 months with the CHOP-like regimen. The overall survival was 
31% at 2 years. Based on these promising results, the JCOG con-
ducted a Phase III study (JCOG 9801) between 1998 and 2003. 
This trial compared this LSG15 regimen (VCAP-AMP-VECP) 
versus biweekly CHOP. One hundred and eighteen patients (81 
patients with acute ATL and 26 patients with lymphoma subtype) 
were enrolled in the study [61]. Importantly, the study showed 
that the LSG15 is a more effective regimen as the response rate was 
higher in the experimental group (40% versus 25%). This was also 
accompanied by an improved overall survival rate at 3 years (24% 
against 13%). Overall, ATL lymphoma patients seem to benefit 
from this dose dense/dose intense regimen. However, in acute 
ATL, complete remission (CR) rates with LSG15 are less than 20% 
and 4 year OS is less than 10%.

Due to the high rate of relapse after conventional chemotherapy, 
allogeneic stem cells transplantation (alloSCT) remains a poten-
tially curative option in ATL. Several retrospective studies, all con-
ducted in Japan, have confirmed the feasibility of alloSCT using 
myeloablative or reduced-intensity conditioning in patients with 
ATL and also revealed promising results [62, 63]. Recently, a large 
Japanese retrospective study, published in 2010, reported the out-
come of 386 patients who underwent allograft between 1995 and 
2005 [64]. An overall survival rate of 33% at 3 years was observed, 
after a median follow-up of 41 months. However, donor HTLV-1 
seropositivity aggravated the disease-associated mortality. Finally, 
for 30 patients who received a reduced intensity conditioning, the 
5-year overall survival and progression free survival were 36% and 
31%, respectively [65]. The EBMT registry recently reported 
3-year OS rates of 34.3% in a cohort of 17 ATL patients [66], 
demonstrating that alloSCT is a feasible strategy outside Japan.

A recent study from Nagasaki, describing the results of ATL 
patients treated with donor lymphocyte infusion for relapse after 
allogeneic transplantation, reported durable responses, with three 
cases of long-term remission of more than 3  years [67]. This 
response to donor lymphocyte infusion is often seen as the best 
evidence for a graft versus leukemia (GVL) effect.

Unfortunately, poor performance status, severe immunosup-
pression, low CR rate, particularly in the acute form and low prob-
ability of finding a matched donor for patients from ethnic 
minorities are all important factors contributing to the limited use 
of alloSCT [55].

The combination of interferon alpha (IFN) and zidovudine (AZT) 
resulted in important advances in ATL therapy and it was first 
reported in two Phase II studies [68–70]. A high response rate was 
observed, particularly in patients with previously untreated 
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ATL. The high efficacy of AZT/IFN combination was later con-
firmed in several small clinical trials [71–75]. Recently, a world-
wide meta-analysis reported the results of antiviral therapy in 254 
ATL patients (116 acute ATL, 11 smoldering ATL, 18 chronic 
ATL, and 100 ATL lymphoma) treated between 1995 and 2008 
[76]. This study compared the efficacy of different treatment strat-
egies, namely, first-line antiviral therapy (AZT/IFN) alone, first-
line chemotherapy alone, and chemotherapy followed by antiviral 
maintenance treatment. The overall survival rate at 5 years was 46% 
for 75 patients who received first-line antiviral therapy, 20% for 77 
patients who received chemotherapy alone, and 12% for 55 patients 
who received chemotherapy followed by the antiviral treatment. 
First-line antiviral therapy was mainly beneficial in patients with the 
leukemic subtypes of ATL (acute, chronic, and smoldering), while 
patients with the lymphoma subtype benefited more from chemo-
therapy. Indeed, first-line antiviral treatment alone resulted in a 
significant prolonged survival in an important proportion of 
patients with acute ATL (5-year overall survival of 28%) compared 
with first-line chemotherapy with or without maintenance antiviral 
therapy (5-year overall survival of 10%). Interestingly, spectacular 
results were observed in acute ATL patients who achieved CR 
under antiviral treatment resulting in a 5-year survival rate of 82%. 
On the other hand, the 5-year survival in the indolent subtypes of 
ATL (chronic and smoldering) treated with antiviral therapy was 
100%. Unfortunately, in the lymphoma subtype, the results of first-
line antiviral treatment were disappointing (median overall survival 
of 7 months and 5-year overall survival of 0%). Finally, a multivari-
ate analysis confirmed that the first-line antiviral therapy resulted in 
a better overall survival of ATL patients (hazard ratio 0.47; 95% 
confidence interval 0.27 to 0.83; p = 0.021).

Finally, a recent retrospective study confirmed the effectiveness 
of AZT/IFN in combination with chemotherapy in 73 patients 
with the aggressive acute and lymphoma subtypes of ATL (29 and 
44 patients, respectively) [77]. Patients received either first-line 
chemotherapy (mainly a CHOP-like protocol), or AZT/IFN 
either as first-line treatment in combination with chemotherapy 
(concurrent or sequential), or on relapse. The response rate was 
81% for combination therapy (chemotherapy plus AZT/IFN) 
compared to 49% for chemotherapy alone, which consequently 
resulted in a doubling of progression-free survival (8 months ver-
sus 4 months, respectively) but without reaching statistical signifi-
cance. Subgroup analysis demonstrated that the median overall 
survival was significantly improved in acute ATL (p = 0.0081) and 
lymphoma ATL (p = 0.001), specifically in patients who received 
first-line combination treatment compared to those treated with 
chemotherapy alone. In addition, multivariate analysis showed that 
the combination of AZT/IFN resulted in a better overall survival 
in the two aggressive subtypes of ATL (hazard ratio 0.23; 95% 
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confidence interval 0.091–0.60; p  =  0.002). However, toxicity, 
particularly on hematopoiesis, was not reported in this study, and a 
cautious attitude in this regard is recommended.

The mechanisms of action of this remarkably successful combi-
nation are not fully elucidated. Although several arguments are in 
favor of an antiviral effect of AZT/IFN combination, a potentially 
cytotoxic effect of this antiviral therapy cannot be excluded [40]. 
Indeed, AZT induces a persistent inhibition of telomerase, reacti-
vation of p53 and accordingly cellular senescence, which may 
explain the lack of efficacy of AZT/IFN in patients with a p53 
mutation [78].

Arsenic trioxide synergizes with IFN to induce cell cycle arrest and 
apoptosis of HTLV-1 transformed cell lines as well as fresh ATL 
cells. At the molecular level, following the proteasomal degrada-
tion of Tax oncoprotein, this combination induces a rapid shut off 
of the transcription factor NF-ĸB and a delayed inhibition of genes 
associated with cell cycle [79–81], indicating the importance of 
continuous Tax expression for ATL cell survival. In preclinical 
studies using tax-transgenic mice, arsenic and IFN synergized to 
induce a specific depletion of leukemia-initiating cells (LIC) and 
accordingly leading to cure of Tax-driven murine ATL [82]. 
Therefore, continuous Tax expression is essential for ATL LIC 
activity. Thus, the addition of arsenic to AZT and IFN, by tar-
geting LIC activity, may result in long-term disease eradication 
and ATL cure.

On the basis of these findings, a phase II prospective study was 
conducted to investigate the safety and efficacy of the triple combi-
nation (arsenic, IFN, and AZT) in ten patients, newly diagnosed 
with chronic ATL. Remarkable results were observed with 100% 
response rate including seven CR, two very good PR but with per-
sistence of more than 5% of circulating atypical lymphocytes, and 
one PR.  Side effects were mild and mainly hematologic [83]. 
Interestingly, this triple combination seems to play an important 
role in restoring the immune response by switching the ATL 
microenvironment from an immunodeficient (Treg and Th2 phe-
notype before treatment) to an immunocompetent status (Th1 
phenotype after treatment) [84]. Furthermore, preliminary results 
were reported on 11 patients with ATL (three ATL lymphomas, 
three chronic ATL, and five acute ATL) treated with arsenic and 
IFN as a consolidation therapy after induction chemotherapy [85]. 
At the beginning of treatment with arsenic, four patients were in CR, 
two patients in PR, and five patients had progressive disease. While 
one patient has progressed 3 days after starting arsenic treatment, 
ten patients received the treatment for 3–8 weeks. Six patients 
died, including those who had progressive disease at the time of 
arsenic initiation, while five patients survived. The latter includes 
three patient with lymphoma subtype in CR (with a follow-up of 

1.8.1  Arsenic Trioxide
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25, 31, and 46 months of follow-up), one with acute ATL in CR 
(with a follow-up of 9 months), and one with chronic ATL in PR 
(with a follow-up of 39 months). The toxicity profile was favor-
able. Four patients experienced peripheral neuropathy, three had 
hand-foot syndrome and had a rash including two with toxic 
epidermolysis.

Although preliminary, these results suggest that arsenic/IFN 
represents one of the most promising targeted therapies against 
ATL. Arsenic/IFN effectively target the activity of ATL stem cells 
and may accordingly be useful as consolidation treatment after 
achieving a satisfactory response with induction therapy.

	 (a)	Anti-CD25 antibody: CD25 (the alpha chain of human inter-
leukin-2) is expressed on ATL cells. Waldmann et al. conducted 
the first clinical trial testing the efficacy of an anti-CD25 anti-
body in 19 patients with ATL.  Interestingly, six patients 
responded including two patients who achieved CR and four 
who achieved PR. The duration of the responses was from 9 
weeks to more than 3 years [86]. Two years later, the results of 
the second clinical trial that used an anti-CD25 coupled with 
Yttrium-90 in 18 patients were reported. Seven patients (one 
patient with chronic ATL and six patients with acute ATL) 
achieved PR that lasted from 1.6 to 22.4  months (mean: 
9.2 months), and two patients achieved CR (one patient died 
36  months after initiation of treatment due to a secondary 
acute myeloid leukemia and one patient was still in CR at the 
time of publication) [87].

	(b)	Anti-transferrin receptor antibody: A24, a monoclonal anti-
body against the transferrin receptor, induces apoptosis in 
HTLV-I transformed cell lines and primary ATL cells [88]. 
However, only preclinical studies have been conducted.

	 (c)	Anti-CC chemokine receptor 4: The CC chemokine receptor 4 
(CCR4) is expressed on ATL cells. The clinical efficacy of 
mogamulizumab (KW-0761), a defucosylated humanized 
anti-CCR4 monoclonal antibody, was first tested in 13 patients 
with relapsed ATL. The overall response rate was 31% includ-
ing two CR and two PR [89]. The results of a multicenter 
phase II study, published later, have confirmed the efficacy of 
KW-0761  in 28 patients with relapsed ATL [90]. Enrolled 
patients received weekly, an intravenous infusion KW-0761 
(1 mg/kg) for 8 weeks. Among the 26 evaluable patients, the 
overall response rate was 50% including eight CR and five 
RP. The median progression-free survival and overall survival 
were 5.2 and 13.7 months, respectively. Toxicity profile was 
acceptable and manageable. Side effects were mainly infusion 
reactions (89%) and skin rash (63%). The potential of immu-
nochemotherapy was explored in a randomized phase 2 trial: 

1.8.2  Monoclonal 
Antibodies

Rihab Nasr et al.



207

the addition of Mogamulizumab to LSG15 combination 
chemotherapy improved response rates mainly in the peripheral 
blood, albeit with increased toxicity, but unfortunately with no 
effect on progression free and overall survival [91].

The prognosis of patients with chronic or smoldering ATL is better 
than that of patients with acute and lymphoma subtypes. 
Accordingly, most of these patients are considered to have an indo-
lent ATL and are thus managed by watch and wait policy without 
treatment, until disease progression, similarly to the management 
of patients with chronic lymphocytic leukemia. In contrast, patients 
with chronic ATL having poor prognostic factors are managed like 
patients with aggressive ATL subtypes and hence, treated with che-
motherapy. A recent study in Japan reported long-term results of 
90 enrolled patients with indolent ATL (65 with chronic ATL and 
25 with smoldering subtype) [56]. Sixty-three patients died, and 
the reported median survival was 4.1  years. Forty-four patients 
(49%) progressed to an aggressive form after a median time to 
transformation of 18.8 months (0.3 months to 17.6  years). No 
difference was observed between smoldering and chronic subtypes. 
The estimated 10-year survival rate was only 25.4% and therefore 
the prognosis remains poor, even in these indolent ATL subtypes. 
Surprisingly, patients who received chemotherapy had an even 
more disappointing and worse prognosis than patients treated by 
watchful waiting strategy. These findings underscore the need to 
start treating ATL patients with indolent subtypes with the anti-
viral combination of AZT and IFN.

	 (a)	Histone deacetylase Inhibitors: Histone deacetylase (HDAC) 
Inhibitors represent a new class of compounds designed to 
alter epigenetic modifications. Vorinostat, Romidepsin are two 
HDAC inhibitors currently approved by FDA for the treat-
ment of refractory and relapsed cutaneous T-cell lymphoma. 
The response rate is 30% for vorinostat and 34% for romidepsin 
[92, 93]. Moreover, the latter induces around 25–40% response 
rates in two Phase II studies in peripheral T-cell lymphomas 
(PTCL) [94, 95]. These drugs have not been evaluated in 
ATL, neither as monotherapy nor in combination with other 
drugs during induction treatment. However, Ramos et  al. 
investigated the efficacy of AZT/IFN in combination with 
another HDAC inhibitor, valproic acid, as a maintenance ther-
apy in 13 ATL patients [96]. One patient had a positive 
response (decrease in ATL clonal disease measured by PCR). 
However, it was also reported that fresh cells isolated from this 
patient and treated ex  vivo with vorinostat demonstrated an 
increase of HTLV-1 expression and induction of apoptosis. 
Induction of an immune response against HTLV-I infected 
cells was not discussed in this study. However, the authors pro-

1.9  Watch and Wait 
Policy for Patients 
with Indolent ATL

1.10  Promising New 
Therapeutic Options 
for T-Cell Lymphomas
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posed that inhibition of HDAC could lead to reactivation of 
latent HTLV-1 virus and therefore helping to eliminate resid-
ual disease [97].

	(b)	Alemtuzumab: A high response rate was shown with 
Alemtuzumab (Campath-1H), an anti-CD52 antibody approved 
for treatment of chronic lymphocytic leukemia and T-Cell pro-
lymphocytic leukemia. The results of this prospective study that 
includes 39 enrolled patients treated with alemtuzumab [98] 
revealed an overall response rate of 76% and a median disease-
free interval of 7 months. Responses were durable with 60% of 
the patients achieving CR and 16% PR. However, experience in 
ATL is limited to case reports [99] as well as to a CR in one 
patient with ATL enrolled in a study conducted to test the com-
bination of alemtuzumab and pentostatin in various types of 
PTCL [100]. On the other hand, in PTCL, Alemtuzumab in 
combination with conventional chemotherapy showed a relative 
efficiency, but a high rate of infection.

	(c)	SGN-35 (brentuximab vedotin): It is a chimeric monoclonal 
antibody that targets CD30, a cell-membrane protein bound 
to an anti-mitotic agent. SGN-35 is FDA approved for the 
treatment of CD30-positive anaplastic T-cell lymphoma and 
Hodgkin lymphoma. Recent in  vitro and in  vivo studies 
suggest that SGN-35 may have a potential clinical efficacy in 
ATL [101].

	 (a)	Chronic and smoldering ATL: As indicated above, patients with 
indolent forms of ATL (smoldering or chronic) have a better 
prognosis than those with acute and lymphoma subtypes and 
are accordingly managed by a watchful waiting policy. A recent 
Japanese study showed a poor long-term prognosis in these 
patients who were treated by watch and wait policy until disease 
progression [56]. Furthermore, this study suggested that che-
motherapy alone might be disadvantageous in these subtypes 
[56]. Clear prognostic factors that can predict the transforma-
tion to an aggressive form are lacking. Indeed, most patients 
with indolent ATL subtypes must be treated. The international 
meta-analysis reported an excellent survival (100% overall sur-
vival beyond 5 years) in patients with chronic and smoldering 
ATL who received first-line AZT/IFN antiviral therapy [76].

Based on these remarkable results, AZT/IFN is the stan-
dard first-line therapy for patients with indolent forms, out-
side the context of clinical trials (Fig. 1). However, continuous 
treatment is required to prevent relapse that occurs upon 
treatment discontinuation [102–104]. The recommended 
starting dosage for IFN is 5–6 × 106 IU/m2/day and for AZT 
600–900 mg/day (in three divided doses). These dosages can 
be reduced 1 month later to 600 mg/day in two divided doses 

1.11  Therapeutic 
Recommendations 
for ATL (Fig. 1)
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for AZT, and to 3 × 106 IU/m2/day of IFN, which can also 
be replaced by a weekly injection of pegylated IFN alpha at a 
dose of 1.5 μg/kg. Based on the previously reported preclini-
cal studies, clinical trials are currently testing the efficacy of 
adding arsenic trioxide to AZT/IFN combination as a con-
solidation therapy, with the ultimate goal of discontinuing 
treatment and achieving cure through potential LIC targeting 
[32, 79, 81–83].

	(b)	ATL Lymphoma: Based on the meta-analysis, initial chemo-
therapy is more effective than first-line antiviral therapy (AZT 
and IFN) alone in lymphoma ATL [76]. Therefore, patients 
with a lymphoma subtype should be preferably treated with 
first-line chemotherapy (Fig. 1). However, a recent British 
study showed that, in patients with lymphoma ATL, the com-
bination of antiviral treatment with CHOP is superior to 
CHOP alone [77]. Based on several Japanese trials, the stan-
dard of care for ATL lymphoma is the LSG15 protocol. When 
treated with this chemotherapy protocol, CR rates were higher 
in lymphoma ATL (66.7%) than in acute ATL (19.6%) or 
chronic ATL (40%). However, due to rapid relapses, the overall 

Adult T cell 
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survival remains poor [60]. Consequently, a consolidation 
treatment is required. A high percentage of relapses after che-
motherapy occurs in the central nervous system and accord-
ingly, an intrathecal prophylaxis should be considered even in 
the absence of clinical symptoms. AlloSCT should be consid-
ered, when possible [64].

Based on promising preclinical data, clinical trials are cur-
rently evaluating the efficacy of two consolidation cycles of 
arsenic and IFN-α in patients who achieved CR, with encour-
aging preliminary results (Suarez, Hermine et al., unpublished 
data). Finally, the combination of chemotherapy with AZT/
IFN antiviral therapy, or other new treatments, such as HDAC 
inhibitors, may improve the remission rate and patients’ sur-
vival [33, 103, 104].

	 (c)	The acute form of ATL: The results of several Japanese clinical 
trials clearly reported that chemotherapy protocols have only 
modest effects in acute ATL.  Although the most intensive 
multi-agent chemotherapy protocol (LSG-15) has increased 
the response rate, median survival and overall survival remain 
poor [60, 61]. On the other hand, the worldwide meta-anal-
ysis showed that AZT/IFN combination significantly pro-
longs the survival of patients with acute ATL, especially in 
those who achieved CR [76]. Hence, outside the context of 
clinical trials, the recommended treatment for acute ATL is 
the combination of AZT and IFN (Fig. 1) [33, 103, 104]. 
However, in patients presenting with large tumor or severe 
bisphosphonates-resistant hypercalcaemia, initial chemotherapy 
may be needed.

The recommended starting dosage for IFN is 5–6  ×  106 
IU/m2/day and for AZT 600–900 mg/day (in three divided 
doses). These dosages can be reduced 1 month later to 600 mg/
day in two divided doses for AZT, and to 3–5 × 106 IU/m2/day 
of IFN, which can also be replaced by a weekly injection of 
pegylated IFN alpha at a dose of 1.5 μg/kg.

Since a high percentage of relapses after chemotherapy 
occurs in the central nervous system, an intrathecal prophy-
laxis should be considered even in the absence of clinical 
symptoms. Preliminary results indicate that AZT/IFN com-
bination is mostly effective in patients with functional p53 
[78]. Therefore, evaluating p53 status is recommended in all 
patients with acute ATL before the initiation of anti-viral 
therapy [105]. Finally, as for chronic and smoldering ATL, 
long-term disease control requires continuous treatment to 
prevent relapse.

AlloSCT should also be considered for young acute ATL 
patients with acute ATL, if a suitable donor is available 
(Fig. 1). Similarly to other ATL subtypes and based on preclinical 
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data, the efficacy of arsenic and IFN as consolidation treatment 
after achieving complete remission is currently being tested in 
ongoing clinical trials.

Hypercalcemia associated with aggressive subtypes of ATL should 
be managed by hydration, bisphosphonates, and rapid initiation of 
the specific treatment of the disease. For the prophylaxis of 
Pneumocystis carinii pneumonia, viral infections and fungal infec-
tions, trimethoprim-sulfamethoxazole, valacyclovir, and anti-fungal 
agents are respectively recommended. Finally, to prevent a systemic 
strongyloidiasis in patients with an exposure history to the parasite 
responsible for the disease, prophylaxis with ivermectin and albenda-
zole should be considered.

2  Conclusion

The clinical presentation of ATL plays a dominant role in defining 
treatment paradigms for this disease. The combination of AZT and 
IFN is effective in the leukemic subtypes of ATL and should be 
considered the recommended first-line therapy in this context 
[102–104]. This antiviral treatment clearly changed the natural 
history of ATL by significantly improving the long-term outcome 
of patients with chronic and smoldering ATL and a subset of 
patients with acute ATL expressing wild-type p53. Prior exposure 
to chemotherapy increases the rate of complications and disease 
resistance. We therefore recommend using AZT/IFN as first-line 
therapy in the leukemic forms, and intiating treatment with high 
doses of both AZT and IFN because lower doses are often ineffec-
tive. On the other hand, patients with lymphoma subtype benefit 
from combining chemotherapy with AZT/IFN, either concomi-
tantly or sequentially. AlloSCT should always be considered in 
appropriate patients, if a suitable donor is available.

To prevent resistance and relapse of patients in CR, it is imper-
ative to conduct clinical trials to evaluate novel targeted therapies 
such as the combination of arsenic and IFN, HDAC inhibitors, or 
monoclonal antibodies. Currently, due to the poor prognosis and 
unfavorable outcome of patients with aggressive ATL (acute and 
lymphoma forms), phase II studies are needed in the near future. 
In the indolent subtypes, randomized phase III study should be 
conducted to evaluate the efficacy of adding novel drugs to AZT/
IFN, in order to achieve not only long-term disease control but 
also treatment discontinuation and cure of ATL.  Finally, novel 
therapeutic strategies must also test the role of immune checkpoint 
inhibitors and/or of vaccines against viral proteins expressed in 
tumor cells or in accessory cells [49].

1.12  Management 
of Hypercalcemia 
and Anti-infective 
Prophylaxis
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