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ATL is a distinct peripheral T-lymphocytic malignancy associated with human T-cell lymphotropic virus type I (HTLV-1). The
diversity in dinical features and prognosis of patients with this disease has led to its subtype-classification into four categories,
acute, lymphoma, chronic, and smoldering types, defined by organ involvement, and LDH and calcium values. In case of
acute, lymphoma, or unfavorable chronic subtypes (aggressive ATL), intensive chemotherapy like the LSG15 regimen (VCAP-
AMP-VECP) is usually recommended if outside of clinical trials, based on the results of a phase 3 trial. In case of favorable
chronic or smoldering ATL (indolent ATL), watchful waiting until disease progression has been recommended, although the
long-term prognosis was inferior to those of, for instance, chronic lymphoid leukemia. Retrospective analysis suggested that
the combination of interferon alpha and zidovudine was apparently promising for the treatment of ATL, especially for types
with leukemic manifestation. Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is also promising for the treatment
of aggressive ATL possibly reflecting graft versus ATL effect. Several new agent trials for ATL are ongoing and in preparation,
including a defucosylated humanized anti-CC chemokine receptor 4 monoclonal antibody, IL2-fused with diphtheria toxin,
histone deacetylase inhibitors, a purine nucleoside phosphorylase inhibitor, a proteasome inhibitor, and lenalidomide.

1. Introduction

Adult T-cell leukemia-lymphoma (ATL) was first described
in 1977 by Uchiyama et al. as a distinct clinico-pathological
entity with a suspected viral etiology because of the clustering
of the disease in the southwest region of Japan [1]. Sub-
sequently, 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 finding of a clear association with ATL led to its
inclusion among human carcinogenic pathogens [2-5]. In
the mid-1980s and 1990s, several inflammatory 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 a classification of clinical subtypes of the
disease was proposed [14]. This chapter will review the

current recognition of ATL focusing on treatment of the
disease.

2. Clinical Features and Laboratory
Findings of ATL

ATL patients show a variety of clinical manifestations be-
cause of various complications of organ involvement by ATL
cells, opportunistic infections 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. Though less frequently, digestive tract,
lungs, central nervous system, bone, and/or other organs
may be involved. Large nodules, plaques, ulcers, and ery-
throderma are common skin lesions [15-17]. Immune sup-
pression is common. Approximately 26% of 854 patients
with ATL had active infections at diagnosis in a prior
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nationwide study in Japan [14]. The incidence was highest
in the chronic and smoldering types (36%) and lower in
the acute (27%) and lymphoma types (11%). The infections
were bacterial in 43%, fungal in 31%, protozoal in 18%,
and viral in 8% of patients. The immunodeficiency at
presentation in ATL patients can be exacerbated by cytotoxic
chemotherapy. Individuals with indolent ATL might have no
manifestation of the disease and are identified only by health
checkups and laboratory examinations.

ATL cells are usually detected quite easily in the blood
of affected individuals except for the smoldering type with
mainly skin manifestations and lymphoma type [14]. These
so-called “flower cells” have highly indented or lobulated
nuclei with condensed chromatin, small or absent nucleoli,
and a agranular and basophilic cytoplasm [18]. The histolog-
ical analysis of aberrant cutaneous 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 specific histolog-
ical pattern of involvement, differentiating between Sezary
syndrome, other peripheral T-cell lymphomas and Hodgkin
lymphoma versus ATL can at times be difficult without
examinations for HTLV-1 serotype/genotype [13, 19].

Hypercalcemia is the most distinctive laboratory abnor-
mality 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 hormone-related protein
or receptor activator of nuclear factor kappa B ligand
(RANKL) produced by ATL cells is considered the main
factor causing hypercalcemia [20, 21].

Similar to serum LDH, $2-microglobulin, and serum
thymidine kinase levels reflecting disease bulk/activity, the
level of the soluble form of interleukin (IL)-2 receptor alpha-
chain is elevated in the order of acute/lymphoma-type ATL,
smoldering/chronic-type ATL, and HTLV-1 carriers as com-
pared with normal individuals, perhaps with better accuracy
than the other markers [22-24]. 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 trans-
ferase- (TdT-)negative, cluster of differentiation (CD) la-
negative, T-cell receptor alpha-beta positive, 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 coexpression of
CD30. About 90% of cases are CD4-positive and CD8-neg-
ative, and in rare cases either coexpress CD4 and CD8, are
negative for both markers, or are only CD8-positive [25]. CC
chemokine receptor 4 (CCR4) is expressed in more than 90%
of cases and associated with a poor prognosis. Recent studies
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have suggested that the cells of some ATL may be the equiv-
alent of regulatory T-cells because of the high frequency of
expression of CD25/CCR4 and about half of FoxP3 [26-28].

3. Diagnosis of ATL

The diagnosis of typical ATL is not difficult and is based on
clinical features, ATL cell morphology, mature helper-T-cell
phenotype, and anti-HTLV-1 antibody in most cases [13].
Those rare cases, which might be difficult to diagnose, can be
shown to have the monoclonal integration of HTLV-1 pro-
viral 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 [29, 30]. After the diagnosis of ATL, subtype classi-
fication of the disease is necessary for the selection of
appropriate treatment [14, 31].

4. Definition, Prognostic Factors, and
Subtype Classification of ATL

ATL is a distinct peripheral T-lymphocytic malignancy asso-
ciated with a retrovirus designated human T-cell leukemia vi-
rus type I or human T-cell lymphotropic virus type I (HTLV-
1) [1, 11-14, 31].

Major prognostic indicators for ATL, which have been
elucidated in 854 patients with ATL in Japan, the Lymphoma
Study Group (LSG) of the Japan Clinical Oncology Group
(JCOG) by multivariate analysis, were advanced perform-
ance status (PS), high lactic dehydrogenase (LDH) level,
age of 40 years or more, more than 3 involved lesions, and
hypercalcemia [32]. Also a classification of clinical subtypes
into acute, lymphoma, chronic, and smoldering types was
proposed based on prognostic factors and clinical features
of the disease [14]. The leukemic subtypes include all of
the chronic type and most of the acute and smoldering
types. The acute type has a rapid course with leukemic man-
ifestation (= 2% ATL cells) mostly, with or without lympho-
cytosis (> 4 % 109/L) including ATL cells and most of the
characteristic features of ATL-generalized lymphadenopathy,
hepatosplenomegaly, skin involvement, other organ involve-
ment, 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 smol-
dering type shows an indolent course and 5% or more of
leukemic cells in the peripheral blood without lymphocytosis
but may 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 X 109/L) less frequently
showing flower cell morphology than the acute type, is
frequently and occasionally associated with skin involvement
and lymphadenopathy, respectively, and also 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
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the manifestations of a nodal-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 because of
frequent leukemic manifestation defined as stage IV.

Additional factors associated with a poor prognosis in-
clude thrombocytopenia, eosinophilia, bone marrow involve
ment, a high interleukin (IL)-5 serum-level, C-C chemokine
receptor 4 (CCR4) expression, lung resistance-related pro-
tein (LRP), p53 mutation, and p16 deletion by multivariate
analysis [26, 27, 33~37]. Specific for the chronic type of
ATL, high LDH, high blood urea nitrogen (BUN), and low
albumin levels were identified as factors for a poor prognosis
by multivariate analysis [11]. Primary cutaneous tumoral
type although generally included among smoldering ATL
had a poor prognosis in univariate analysis [15].

5. Clinical Course, Treatment, and Response
Criteria of ATL

Treatment decisions should be based on the ATL subtype-
classification and the prognostic factors at onset including
those related with ATL and comorbidity [31]. As men-
tioned above, subtype-classification of this disease has been
proposed based on the prognosis and clinical manifes-
tations. 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 subtypes and could be
divided into favorable and unfavorable by clinical parameters
(serum albumin, BUN, and LDH levels) after a multivariate
analysis [31].

Current treatment options for ATL include watchful
waiting until the disease progresses, interferon alpha (IFN)
and zidovudine (AZT) therapy, multiagent chemotherapy,
allogeneic hematopoietic stem cell transplantation (allo-
HSCT), and a new agent [15].

5.1. Watchful Waiting. At present, no standard treatment for
ATL exists. Therefore, patients with the smoldering or fa-
vorable chronic type, who may survive one or more years
without chemotherapy, excluding topical therapy for cuta-
neous lesions, should be observed and therapy should be
delayed until progression of the disease [31]. However, it
was recently found that the long-term prognosis of such
patients was poorer than expected. In a long-term followup

study for 78 patients with indolent ATL (favorable chronic- -

or smoldering-type) with a policy of watchful waiting un-
til 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 pro-
gressed to acute ATL, and 51 died [38]. Recently, the striking
benefit of early intervention to indolent ATL by IFN and an
antiretroviral agent was reported by a meta-analysis [39].
This modality should be extensively evaluated by larger

clinical trials to establish appropriate management practices
for indolent ATL.

5.2. Chemotherapy. Since 1978, chemotherapy trials have
been consecutively conducted for patients newly diagnosed
with ATL by JCOG’s Lymphoma Study Group (LSG)
(Table 1) [40-45]. Between 1981 and 1983, JCOG conducted
a phase III trial (JCOG8101) to evaluate LSG1-VEPA (vin-
cristine, cyclophosphamide, prednisone, and doxorubicin)
versus LSG2-VEPA-M (VEPA plus methotrexate (MTX)) for
advanced non-Hodgkin lymphoma (NHL), including ATL
(40, 41]. The complete response (CR) rate of LSG2-VEPA-
M for ATL (37%) was higher than that of LSG1-VEPA (17%;
P = .09). However, the CR rate was significantly lower for
ATL than for B-cell NHL and peripheral T-cell lymphoma
(PTCL) other than ATL (P < .001). The median survival time
of the 54 patients with ATL was 6 months, and the estimated
4-year survival rate was 8%.

In 1987, JCOG initiated a multicenter phase II study
(JCOG8701) of a multiagent combination chemotherapy
(LSG4) for advanced aggressive NHL (including ATL). LSG4
consisted of three regimens: (1) VEPA-B (VEPA plus bleo-
mycin), (2) M-FEPA (methotrexate, vindesine, cyclophos-
phamide, prednisone, and doxorubicin), and (3) VEPP-B,
(vincristine, etoposide, procarbazine, prednisone, and bleo-
mycin} [42]. The CR rate for ATL patients was improved
from 28% (JCOG8101) to 43% (JCOG8701); however, the
CR rate was significantly lower in ATL than in B-cell NHL
and PTCL (P < .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 chemother-
apies have led to a search for new active agents. Multicenter
phase I'and I studies of pentostatin (2'-deoxycoformycin, an
inhibitor of adenosine deaminase) were conducted against
ATL in Japan [43]. The phase II study revealed a response
rate of 32% (10 of 31) in cases of relapsed or refractory ATL
(2CRs and 8PRs).

These encouraging results prompted the investigators to
conduct a phase II trial (JCOG9109) with a pentostatin-con-
taining combination (LSG11) as the initial chemotherapy
[44]. Patients with aggressive ATL—that is, of the acute, lym-
phoma, or unfavorable chronic type—were eligible for this
study. Unfavorable chronic-type ATL, defined as having at
least 1 of 3 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 lymphoma, and 7 unfavorable chronic type) were
enrolled. A regimen of 1 mg/m? vincristine on days 1 and
8, 40 mg/m? doxorubicin on day 1, 100 mg/m? etoposide on
days 1 through 3, 40 mg/m? prednisolone (PSL) on days 1
and 2, and 5mg/m? pentostatin on days 8, 15, and 22 was
administered every 28 days for 10 cycles. Among the 61 pa-
tients evaluable for toxicity, four patients (7%) died of
infections, two from septicemia, and two from cytomegalo-
virus pneumonia. Among the 60 eligible patients, there
were 17CRs (28%) and 14 partial responses (PRs) (overall
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