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HTLV-1-Associated T-cell Diseases

Kunihiro Tsukasaki and Kensei Tobinai

Introduction

Adult T-cell leukemia-lymphoma (ATL) was first
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 finding
of a clear association with ATL led to its inclu-
sion 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 the subtype classification 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.
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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
flanked 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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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

copies of DNA by reverse transcriptase and
integrates into the host’s genome as a provirus.

Specific antibodies against HTLV-1 can be
detected by enzyme-linked immunosorbent
assay (ELISA), particle aggregation (PA),
immunofluorescence 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

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.]

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-1
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
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reflects 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 efficient
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 Pacific 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 inflammatory 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 first in Jamaica and subsequently
in Brazil and other countries of South America
but rarely in Japan. In contrast, HAU was first
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) wsing 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 subclassification 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

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

lymphocytosis (>4 x 10°/L) including ATL cells
and most of the characteristic features of ATL-
generalized lymphadenopathy, hepatosplenom-
egaly, skin involvement, other organ infiltration
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 x 10°/L) less
frequently showing flower cell morphology than
the acute type, is occasionally associated with
skin involvement and lymphadenopathy and also

Smoldering

Chromc

Anti-HTLV- antibody

Abnormal T lymphocyes >
Flower ce]ls 1t}x T—E:ell markér WV
Corrected Ca2+ (mEq/L)

Hlstology -proven lymphadenopathy
Tumor lesion A

Ple}}ral effus;on e o e < o e et o e

Gastrointestinal tract

HTLV-1, human T-lymphotropic virus type I; LDH, lactate dehydrogenase; N normal upper limit
*No essential qualification except terms required for other subtype(s)

1Typical “fiower cells” may be seen occasionally

fAccompanied by T lymphocytosis (3.5 x 103/uL 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
classification of clinical subtypes of adult T-cell leukemia-lymphoma. Br J Haematol 1991;79:428.]
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a b

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

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]. 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 analy-
sis [11]. Primary cutaneous tumoral type, although
generally included among smoldering ATL, had a
pOOT Prognosis in one uni-variate analysis [66].

Epidemiology of ATL
The average age at onset of ATL {n Japan is

57 years, which is about 15 years older than in the
Caribbean, South America, and Africa [67-69].

acute-type ATL. (¢) Histology of skin infiltration of ATL
cells in the same patient; infiltrating ATL cells are present
in the epidermis forming a Pautrer’s micro-abscess.

This may reflect 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-
linfection 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-
linfection. 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
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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 significantly higher in males than
females (median, 2.10 vs. 1.39 copies/100 periph-
eral blood mononuclearcells (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 first 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 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 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 “flower
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 film. 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 confirmed 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 specific 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 difficult without
examinations for HTLV-1 serotype/genotype
[13, 87].

The white blood cell count ranges from nor-
mal to 500x 10°/L.. Marked leukocytosis of >30
and lymphocytes of 15x 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 8x 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
{chiefly 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, B2-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 acute/lymphoma-type ATL, smolder-
ing chronic-type ATL, and HTLV-1 carrjers 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 CDS5, 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 significantly 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 specific pattern of abnormality
has been identified 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 difficult 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 difficult 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,
subclassification 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
subclassification and the prognostic factors at
onset including those related with ATL and
co-morbidity [57]. As mentioned above,
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subclassification 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 findings 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
LSGI1-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 significantly 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 (JCOGS8701) of a multi-agent combination
chemotherapy (I.SG4) 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

18701

Jo109 19303 JCOG9801

LSG1/LSG2

LSG4

LSGI1  1SGI5  mLSGIS/mLSG19

ST (n}onths) , M75 e e i o »:AM e e, i e b 0

Pts No

CR (%)

CR+PR (%)

5 §e21 . Surxxygl (%) N 17 O
3—year survival (%)

4-year survival (%) 8. 0

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%
(JCOGS8101) to 43% (JCOG8T01); however, the
CR rate was significantly 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 IT 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, defined 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? 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 5 mg/
m? 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
(JCOG9Y303) of an eight-drug regimen (LSG15)
consisting of vincristine, cyclophosphamide, dox-
orubicin, prednisone, ranimustine, vindesine,
etoposide, and carboplatin for untreated ATL
[106]. Dose intensification 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 confirm whether the LSG15 regimen is a
new standard for the treatment of aggressive ATL,
JCOG conducted a phase III trial comparing
modified (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 modified ver-
sion of LSG15 in JCOG9303, consisting of three
regimens: VCAP [VCR 1 mg/m? (maximum -
2 mg), CPA 350 mg/m? ADM 40 mg/m?, PSL
40 mg/m?] on day 1, AMP [ADM 30 mg/m?
MCNU 60 mg/m?, PSL 40 mg/m?] on day 8, and
VECP [VDS 2.4 mg/m? on day 15, ETP 100 mg/
m? on days 15-17, CBDCA 250 mg/m? on dayl5,
PSL 40 mg/m? on days 15-17] on days 15-17,
and the next course was to be started on day 29
(Figure 8.3). The modifications 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

_29_



K. Tsukasaki and K. Tobinai

122
Day 1 8 1516 17
A: VCR  1mgim? {
CPA  350mg/im? !
ADM  40mg/m? i
PSL  40mg/m?
B: ADM  30mg/m? !
MCNU 60mg/m? 1
PSL 40mg/m? !
C: VDS  2.4mg/m? i
ETP  100mg/m? Lol
CBDCA 250mg/m? i
PSL.  40mg/m? Lo

A-B-.C is repeated every 28 days 6 times.

intrathecal administration of cytarabine, methotrexate and is given just before the

cycles 2, 4and 6

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?® can be substituted for
VCR, another vinca alkaloid used in this regimen, at 1 mg/
m? with possibly less myelosuppression and more
peripheral neuropathy which can be managed by dose

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 LSGI5 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). Asillustrated 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% confidence interval (CI), 0.50 10 1.13].
A Cox regression analysis with performance sta-
tus (PS O vs. 1 vs. 2-4) as the stratum for baseline
hazard functions was performed to evaluate the

modification. 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,
2007.1

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 asPS 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
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1.0 Hazardratio=0.751 (95% CI, 0.50 to 1.13)

0.9 One sided P=.085
= 0.8 r
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Fig. 8.4 Kaplan-Meier Estimate of Overall Survival for
all Randomly Assigned Patients in JCOG9801.
Cl=confidential interval; VCAP = vincristine, cyclophos-
phamide, doxorubicin, prednisone; AMP =doxorubicin,
ranimustine, prednisone; VECP=vindesine, etoposide,
carboplatin, prednisone; MST=median survival time;

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.

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
JCOGY801. J Clin Oncol 25:5,458-5,564, 2007.]

Interferon-Alpha and Zidovudine

A small phase I trial in Japan of IFN alpha against
relapsed/refractory ATL showed a response rate
(all PR) of 33% (8/24), including five 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 (five CR and six PR) to a combination
of interferon-alpha (IFN) and zidovudine (AZT)
[112]. The efficacy of this combination was also
observed in a French study; major objective
responses were obtained in all five 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
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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 first-line IFN and AZT, vs. 7 months and
20% for 84 patients who received first-line che-
motherapy. The median survival time of patients
with acute-type ATL treated with first-line IFIN/
AZT and chemotherapy was 12 and 9 months,
respectively. Patients with lymphoma-type ATL
did not benefit from this combination. In addi-
tion, first-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 Il study evaluating the efficacy
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 sufficient 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 reflecting a graft versus
ATL effect [120]. To evaluate the efficacy 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 significant
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 difficult. A modification of
the JCOG response criteria was suggested
reflecting 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]fluorodeoxyglucose 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 I, 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-1I 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?*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 fludarabine and cladribine.
Fludarabine is among standard treatments for
B-chronic lymphocytic leukemia and other lym-
phoid malignancies. In a phase I study of
fludarabine in Japan, five 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 five 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 deficiency in humans results in a
severe combined immunodeficiency 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 specific 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 HDAC! 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 significant 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 efficacy 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/I1
trials of this agent showed some effect against hairy
cell leukemia, CTCL, and ATL [136]. Six of thirty-
five patients in the phase I study had significant
levels of neutralizing antibodies after the first 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
efficacy 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
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