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SUMMARY able chronic types (aggressive ATL) consists. of intensive

chemotherapy with or without subsequent allogeneic
hematopoietic stem cell transplant, or a combination of
interferon alfa and an antiretroviral agent, while that for
the chronic type without unfavorable prognostic factors
and the smoldering type (indolent ATL) is watchful wait-
ing. Recently, early intervention for indolent ATL employing
interferon alfa and an antiretroviral agent has been report-
ed to lead to a marked benefit in a retrospective study. This

Adult T-cell leukemia/lymphoma (ATL) is a peripheral T-cell
malignancy caused by human T-cell lymphotropic virus
type I, and its clinical subtypes are categorized into smol-
dering, chronic, lymphoma and acute types. The standard
care for patients with the acute, lymphoma and unfavor-
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modality should be evaluated in larger clinical trials, since
patients with indolent ATL show a median survival time of
as short as 4-5 years.
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INTRODUCTION

Adult T-cell leukemia/lymphoma (ATL) is a peripheral
T-cell malignancy caused by human T-cell lymphotropic
virus type FHHTLV-1). Clinical subtypes of ATL are catego-
rized into smoldering, chronic, lymphoma and acute
types based on prognostic factors such as serum levels of
calcium and lactate dehydrogenase (LDH), and clinical
features such as leukemic manifestations based on the
retrospective analysis of the nationwide survey of ATL
performed by the T- and B-cell Malignancy Study Group
of Japan (1). The chronic type is further divided into favor-
able or unfavorable subgroups depending on the pres-
ence of three poor prognostic factors, namely, high LDH,
high blood urea nitrogen and/or low albumin levels (2).
The prognoses of acute and lymphoma type ATL and
chronic type ATL with unfavorable prognostic factor(s) are
extremely poor, and these are regarded as aggressive
ATL. On the other hand, smoldering and chronic ATL with
no unfavorable prognostic factor(s) have better prog-
noses than aggressive ATL, and are regarded as indolent
ATL. '

The recommended strategy for-the treatment of ATL was
proposed at the international consensus meeting held in
2007 (3). Chemotherapy for aggressive ATL and watch-
ful waiting for indolent ATL comprise the standard of
care in Japan, which is a major endemic area for ATL in
the world. The Japan Clinical Oncology Group (JCOG)
reported the results of a multi-institutional phase I
study (JCOG9303) of sequential combination chemo-
therapy consisting of VCAP (vincristine, cyclophos-
phamide, doxorubicin and prednisone), AMP (doxoru-
bicin, ranimustine and prednisone) and VECP (vindesine,
etoposide, carboplatin and prednisone), in which the
complete remission (CR) rate, median survival time
(MST) and 2-year overall survival (OS) rate in 93 patients

were 36%, 13 months and 31%, respectively (4). The -

resuits were similar in the subsequent phase Iii study
(JCOG980T) randomizing patients to either modified
VCAP-AMP-VECP or CHOP14 (cyclophosphamide,
doxorubicin, vincristine and prednisone). The CR rate,
MST and 3-year OS rate were 40%, 13 months and 24%,
respectively, in the VCAP-AMP-VECP arm, and 25%, 11
months and 13%, respectively, in the biweekly CHOP14
arm (5). Based on this study, VCAP-AMP-VECP became
a recommended regimen for aggressive ATL.

In addition to conventional chemotherapy, myeloabla-

tive allogeneic stem cell transplant (SCT) was applied for

patients with aggressive ATL under the age of 55-60
years old, and achieved long-term survival in some (6, 7).
A randomized phase lil trial to determine the role of allo-
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geneic SCT is ongoing as part of the JCOG studies.
Moreover, reduced-intensity SCT (RIST) was applied
especially for elderly patients with aggressive ATL, and
showed safety and promising efficacy in a phase | trial
conducted by the ATL-RIST study group in Japan (8-10).
Consequently, the ATL-RIST study group is now conduct-
ing a phase Il study.

The combination of interferon alfa (IFN) and an anti-
retroviral agent for patients with ATL is considered the
standard of care around the world; however, this treat-
ment approach has not been evaluated in Japan
because neither agent has been approved for the treat-
ment of ATL under national health insurance.

This article reviews the current status and future direc-
tion regarding IFN and antiretroviral treatment for ATL.

RESULTS WITH INTERFERON ALFA AND
ANTIRETROVIRAL AGENTS FOR AGGRESSIVE ATL

This treatment approach was initially reported in 1995 by
two independent groups in the United States and France
(11, 12). Since zidovudine (AZT) is the most frequently
used among antiretroviral agents for the treatment of
ATL, this article will use the term IFN/AZT to represent
combination treatment of IFN and any antiretroviral
agents (Table I).

First, we summarize the key reports of IFN/AZT. Gill et al.
reported 19 ATL patients, including 17 with the acute type
and 2 with the lymphoma type, treated with recombi-
nant IFN/AZT (11). Daily subcutaneous administration of
5 million units (MU) of interferon alfa, with dose escala-
tion to 10 MU 1 week later if toxicity was acceptable, and
oral administration of 1000 mg of AZT were adminis-
tered to the patients. Both drugs were continued for at
least 4 weeks after the achievement of CR, or for upto1l
year in the absence of CR. CR or partial remission {PR)
was observed in 11 of 19 patients (58%), 7 of 12 previous-
ty untreated patients (58%) and 4 of 7 previously treated
patients (57%). MST in CR or PR (CR/PR) patients was
reported to be 13 months in all patients, 16 months in
previously untreated patients and 18 months in previous-
ly treated patients. However, MST was as short as 3
months in all 19 patients, and 5 months in 12 previously
untreated patients.

Hermine et al. reported their preliminary results in 3
patients (12), and again after expanding to 19 patients
(13). In their study, a combination of recombinant IFN/AZT
at daily doses of 9 MU and 1000 mg, respectively, was
administered for'a minimum of 2 months, with no

THOMSON REUTERS - Drugs of Today 2011, 47(8)
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Table I. Representative reports of interferon alfa/zidovudine for the treatment of adult T-cell leukemia/lymphoma.

Gillet al. (1) Hermine etal. (13)

Matutes et al. (14) White etal. (15) Ramos et al. (16)

Previously CR/PR CR+PR
untreated (%) 58 59/34 0/100 33/33 N.A.
patients
MST 5 M N.A. N.A. N.A.
{months)
Subtype N.A, 11/2/0/0 2/1/0/0 3/0/0/0 N.A.
of ATL*
Previously CR/PR
untreated (%) 26/32 53/24 0/67 6/M 23/18
and treated
patients MST 3 n 18 6 N.A.
(months)
Subtype  17/2/0/0 15/4/0/0 13/2/0/0 11/5/2/0 15/4/3/0
of ATL*

CR, complete remission; PR, partial remission; MST, median survival time; N.A., not available. *Acute/lymphoma/chronic/smoldering.

allowance of dose reduction for hematological toxicities
for the first month. Responders received maintenance
therapy for at least 1 year with 4.5 MU of IFN and 600
mg of AZT. CR and CR/PR among 17 evaluable patients
were observed in 9 (53%) and 13 patients (76%), respec-
tively, and those in previously untreated patients were as
high at 59% and 92%, respectively. MST of previously
untreated patients, previously treated patients and
patients who achieved CR with this treatment was 11, 6
and 28 months, respectively.

Matutes et al. reported the outcome of 15 patients treat-
ed with IFN/AZT in clinical practice. Of these, 11 and 2
patients were diagnosed with acute and lymphoma type
ATL, respectively; however, the exact diagnosis of the
remaining 2 patients was unclear (14). At the start of
IFN/AZT, four patients had progressive disease, eight
were in PR or CR by previous treatment and the remain-
ing three patients were treatment-naive with active dis-.
ease. Recombinant IFN at a dose of 3-5 MU daily or
every other day and AZT at a dose of 1000 mg were
administered. The dose of IFN was escalated if it was
considered to be well tolerated. Ten patients (67%),
including 7 who had been previously treated, achieved
PR, and the MST of 15 patients was 18 months, while that
of patients who achieved PR was not reached after 4
years' observation. :

White et al. reported the treatment results of 18 patients,
including 9 with the acute type and 5 with the lym-

THOMSON REUTERS - Drugs of Today 201, 47(8)

phoma type, crisis (transformation of smoldering or
chronic to acute form) in 2 and chronic type in 2, treated
with similarly planned dosing and schedule to Gill et al.
(15). Their results showed that MST In the 18 patients
was 6 months, and CR and PR were observed in Tand 2
patients, respectively. These results may be inferior to
those in other reports. One of the reasons suggested for
the lower response rate was poor tolerability of patients
to adequate doses due to myelotoxicities associated with
heavy treatment before administering IFN/AZT.

Ramos et al. reported the results of IFN/AZT in 22
patients (15 with the acute type, 4 with lymphoma type
and 3 with chronic type) who were evaluable for
response among 28 patients enrolled in the study (16).
They were treated with IFN (5-10 MU twice daily) and
AZT (1500 mg twice daily) as induction. Patients who
responded to induction therapy continued with 5 MU of
IFN once or twice daily and 600 mg of AZT twice daily.
For patients showing a prolonged clinical response, both
drugs were tapered to be given as little as three times
weekly at a dose of 3 MU of iFN and at a twice-daily dose
of 300 mg of AZT as maintenance therapy. Five patients
(23%; three acute and two unfavorable chronic type)
entered CR, and four (18%) patients achieved PR. No
patients with the lymphoma type responded to treat-
ment. It is of note that IFN/AZT was considered to be a
suppressive rather than curative regimen based on the
fact that the persistence of low levels of T-cell clones was
detected by polymerase chain reaction in the peripheral
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blood obtained from long-term survivors in stable remis-
sion. Therefore, the investigators recommended the
necessity for long-term maintenance therapy in patients
who achieved remission.

Recently, we reported the treatment results involving
three Japanese patients with refractory/relapsed
aggressive ATL who were treated with IFN/AZT (17). It is
difficult to draw any definitive conclusion from the
results of only three patients, but IFN/AZT appeared to
exhibit some anti-ATL effects to at least stabilize the dis-
ease rather than induce durable remission. One patient
showed the complete disappearance of skin lesions infil-
trated by ATL cells, and the elevation of soluble inter-
leukin-2 receptor, a marker of the tumor burden, was
under control during IFN/AZT treatment in two patients.

In general, most of the adverse events described in the
above reports —neutropenia, anemia, thrombocytope-
nia, elevation of hepatic enzymes, infection, fever and
fatigue— were manageable with supportive care, includ-
ing administration of granulocyte colony-stimulating
factor, transfusion of red blood cells and/or platelets.

Finally, Bazarbachi et al. reported the results of a meta-
analysis on the use of IFN/AZT in ATL (18) (Table ll). They
performed a retrospective survey of therapeutic out-
comes in patients treated at several institutes where
IFN/AZT was routinely used for the treatment of ATL,
and compared the OS between patients who received
first-line IFN/AZT and those who received first-line con-

Table Il. Survival in adult T-cell leukernia/lymphoma.

K. Ishitsuka et al.

ventional chemotherapy. Among the 254 reviewed
patients, 231 patients had survival data available, and
207 patients received first-line treatment. First-line
IFN/AZT was given to 45 of 98 acute type patients
(46%). In contrast, only 15% (13/84) of patients with the
lymphoma type received this combination. This differ-
ence in treatment selection between the acute and lym-
phoma types might be related to the fact that IFN/AZT
has been reported to be less effective against lymphoma
type ATL (19). In this study, MST in patients with acute
type ATL treated with IFN/AZT and chemotherapy was 9
and 6 months, respectively, while that for lymphoma
type ATL was 7 and 16 months, respectively. These
results suggested that IFN/AZT would be more effective
for the acute than lymphoma type, while the superiority
of chemotherapy could be seen in the lymphoma type, in
line with the former reports (19). Finally, the authors con-
cluded that IFN/AZT should be considered the gold
standard of first-line therapy for acute type ATL.
Howaever, there are several issues to take into considera-
tion to assess the conclusions drawn from the results of
retrospective studies (20). First, the patients included in

their analysis were treated based on the local policy in

each institute rather than on uniform criteria, and there-

fore, there are some possible biases in selecting two dif-

ferent therapeutic modalities, either IFN/AZT or

chemotherapy. Second, it is difficult to compare the.
treatment results between patients treated practically

and those enrolled in prospective clinical trials after con-

A. Retrospective study reported by Bazarbachi et al. (18)

Acute Lymphoma Chronic and smoldering
First-line IFN/AZT Chemotherapy IFN/AZT Chemotherapy IFEN/AZT Chemotherapy
treatment (n=45) (n=53) (n=13) (n=47) (n=17) (n=16)
MST (months} 9 6 7 6 N.R. 60
5-year OS 28% 10% 0% 18% 100% 42%
B. Japanese clinical trials and retrospective studies (4, 5, 22)

Acute Lymphoma Chronic and smoldering

Chemotherapy Chemotherapy Watchful waiting

First-line JCOG9303 JCOGS801 JCOG9303 JCOGo801
treatment {n=56) (n=39) (n=27) (n=12) {n =90}
MST (months) n 13 20 4 49
3-year OS N.A. 23% N.A. 7% 47%

IFN/AZT, interferon alfa and zidovudine; MST, median survival time; OS, overall survival; NR, not reached; N.A., not available.
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firming the fulfillment of eligibility criteria; however, it
should be noted that MST of the chemotherapy group
and even that of IFN/AZT reported in their manuscript
appeared to be worse than that reported in JCOG
chemotherapy studies (4, 5).

In summary, it is very difficult to determine which treat-
ment is superior between IFN/AZT and chemotherapy
for aggressive ATL based on the currently available data
reported by different study groups in different regions
with unmatched patients’ backgrounds.

INTERFERON ALFA AND ANTIRETROVIRAL
AGENTS FOR INDOLENT ATL

There have been no extensive studies to elucidate the
benefit of early intervention for patients with indolent
ATL. A retrospective Japanese study failed to show the
benefit of chemotherapy for chronic type ATL, in which
MST was 7.4 years when employing watchful waiting (n =
90) and 2.0 years for patients treated with chemothera-
py (n = 49) (21).

" In a recent retrospective study reported by Bazarbachi et
al., OS of smoldering and chronic type ATL patients was
100% beyond 5 years for IFN/AZT (n = 17) and 42% for
chemotherapy (n = 6) (18). The results, of course, should
be interpreted with caution, because the number of
patients was small, the local treatment policy of each
institute was used as initial management, and therefore,
no criteria for selecting first-line chemotherapy or IFN/AZT
have been disclosed, and, most importantly, patients who
were observed by watchful waiting were not evaluated in
the study (20). Takasaki et al. recently reported that the 5-
year OS of patients with indolent ATL, who were mainly
followed up by watchful waiting until disease progression,
was as low as 47% (22). If one simply compares these two
results, IFN/AZT seems to be a very promising candidate
for the treatment of this cohort of patients.

Currently, there is no evidence supporting the benefit of
medical intervention for indolent ATL except for the pos-
sible beneficial effects of IFN/AZT. Therefore, marked
progress would be realized if the promising potential of
IFN/AZT were to be confirmed in larger prospective
studies for this type of ATL.

THE MECHANISM OF THE THERAPEUTIC EFFECT
OF INTERFERON ALFA AND ANTIRETROVIRAL
AGENTS FOR ATL

The mechanisms of the anti-ATL effects induced by
IFN/AZT have not been defined. In fact, neither IFN nor
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AZT exhibits direct toxicity against ATL cell lines or fresh
ATL cells obtained from patients who achieved CR after
IFN/AZT therapy (23).

IFN has been used for hematological malignancies such
as hairy cell leukemia, follicular tymphoma, cutaneous T-
cell lymphoma, multiple myeloma and chronic myeloge-
nous leukemia, as well as renal cell carcinoma and chron-
ic hepatitis B and C. It is a cytokine with various biological
effects, including the induction of certain enzymes, such as
2'-5'-oligoadenylate synthase and a protein kinase pro-
tein P71, suppression of cellular proliferation, immunomod-
ulatory activities such as enhancement of the phagocytic
activities of macrophages and augmentation of the spe-
cific cytotoxicity of lymphocytes to target cells, and inhi-
bition of viral replication in virus-infected cells; however,
its precise mechanism of action has not been well eluci-
dated (24, 25). Telomerase activity is elevated in HTLV-1-
infected cells (26-28). IFN reportedly triggers a rapid
downregulation of human telomerase reverse transcrip-
tase (hTERT) expression, followed by the suppression of
telomerase activity in susceptible immortal hematopoi-
etic cell lines, primary leukemic cells other than ATL, and
normal T lymphocytes through the direct inhibitory
effect of IFN on hTERT transcription (29).

Intracellular phosphorylation changes AZT to its active
form, zidovudine triphosphate (ZDV-TP), which is incor-
porated into viral DNA and then reverse transcriptase is
inhibited via DNA chain termination (30). ZDV-TP has
been reported to be incorporated into cellular DNA in
vitro, but the ability to inhibit cellular polymerases o and ¥
is 100-fold less potent than that for inhibiting HIV reverse
transcriptase (30, 31). Therefore, ZDV-TP may not direct-
ly affect cellular DNA. Similar to IFN, AZT has been
reported to inhibit telomerase activity at a concentration
exhibiting little or no toxicity on cells, and thereby
enhances toxicity induced by anticancer agents (32-37).
The potential of AZT to inhibit telomerase activity result-
ing in progressive telomerase shortening, followed by
the induction of cellular senescence with increased
expression of the proapoptotic cell cycle requlator p14ARF
(cyclin-dependent kinase inhibitor 24, isoform 4), as well
as activation and stabilization of p53 in HTLV-1-infected
cell lines and ATL cells, was reported (38, 39). Of note, a
study showed that tumor cells derived from 46 of 56
(82%) patients with acute or chronic type ATL had wild-
type p53 (40).

AZT has not yet shown activity against HTLV-1 replica-
tion/expansion. Although AZT prevented HTLV-1 trans-
mission when administered at the onset of infection in
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vitro, anti-HTLV-1 activity on already infected cells has not
been unequivocally established (41-44). The ability of
antiretroviral agents including AZT to reduce the HTLV-1
virus load is modest in patients with HTLV-1-associated
myelopathy/tropical spastic paraparesis. This may be due
to the fact that the major HTLV-1 replication takes place
through the clonal expansion of infected cells rather than
through the reverse transcriptase pathway (45, 46). In the
absence of supportive evidence, antiretroviral agents
probably do not induce a reduction of the HTLV-1 provirus
load in ATL patients nor anti-ATL effects by a direct action
as a reverse transcriptase inhibitor.

Sporadic reports indicate that AZT shows clinical activi-
ties against human cancers other than ATL, such as
small non-cleaved cell lymphoma, in combination with
interferon (47); non-Hodgkin's lymphoma in combina-
tion with methotrexate (48); oral Kaposi's sarcoma {49)
and primary effusion lymphoma (50), which are related
to acquired immunodeficiency syndrome; and post-
transplant Epstein-Barr virus (EBV)-associated primary
central nervous system lymphoma in combination with
ganciclovir in a patient who was HiV-negative (51).
Recovery of the immune function in HIV-infected individ-
uals or the inhibition of nuclear factor NF-xB by AZT fol-
lowed by the induction of apoptosis in EBV-positive
Burkitt’s lymphoma cell lines are a suggested mecha-
nism of tumor suppression (52).

Recently, the molecular features of ATL cells related to
sensitivity and resistance to IFN/AZT have been report-
ed. Ramos et al. reported that the expression of nuclear
c-Rel, which is an oncogenic subunit of NF-xB, and its
putative target interferon regulatory factor 4 (IRF-4) in
ATL cells is associated with resistance to IFN/AZT.
Conversely, the lack of expression of both c-Rel and IRF-
4 in tumor cells was associated with favorable responses
to IFN/AZT such as CR and long-term survival. In their
study, IRF-4 overexpression was observed in nearly all

lymphoma type patients, and therefore, it was thought

to be one of the reasons for the poor response to
IFN/AZT in this type (16). Alizadeh et al. reported that
IFN/AZT induced a marked upregulation of interferon
response genes, whereas cell cycle-associated genes
were silenced. Moreover, patients not responding to
IFN/AZT failed to show the interferon response signa-
ture in a comparison of gene expression profiles in tumor
cells before and immediately after IFN/AZT (53). Further
study is needed to elucidate the molecular mechanisms
of action and predictive factors regarding the response
to IFN/AZT.
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FUTURE DIRECTIONS

There are two distinct frameworks for the treatment of
patients with aggressive ATL (3). One is a chemotherapy-
based approach usually used in Japan, and we are now
attempting to achieve long-term remission, or even cure,
by incorporating first-line myeloablative or reduced-
intensity allogeneic hematopoietic stem cell transplant
{HSCT). The other is IFN/AZT-based therapy, which is
frequently administered for acute type ATL patients out-
side Japan.

There are no definitive data indicating which treatment
approach is favorable in clinical practice. This means
that a prospective, randomized study is necessary to
answer this question. Furthermore, extensive research is
also required to elucidate the predicting factors’
response to the two strategies by aiming at individual-
ized treatment.

Watchful waiting is the Japanese standard of care for
indolent ATL. We have recently recognized that the
prognosis of this cohort is poorer than expected based
on a previous report (1, 22). The JCOG Lymphoma Study
Group is now planning a randomized phase ilt study
which compares the outcome of IFN/AZT versus watch-
ful waiting in patients with indolent ATL in Japan. This
study can only answer the question of whether IFN/AZT
really improves the prognosis of the cohort, and we hope
to establish standard of care for patients with indolent
ATL in the near future. Some risk factors for the progres-
sion of indolent to aggressive ATL, such as skin involve-
ment or the number of white blood cells, have been sug-
gested (54, 55). To maximize the benefit of IFN/AZT,
which is of course more toxic and costly compared to
watchful waiting, it is very important to stratify the risk
factors for progression and elucidate factors predicting
the response to IFN/AZT in patients with indolent ATL to
clarify for whom and when the treatment should be per-
formed. Furthermore, IFN/AZT with arsenic trioxide for
chronic ATL might be an cption in the future based on a
phase Il study (56).

In conclusion, we now have conventional chemotherapy
using cytotoxic agents, IFN, antiviral agents, allogeneic
HSCT and novel targeted agents (57, 58) for patients
with ATL. It is time to conduct a prospective, randomized
study to delineate indications for treatment modalities
depending on the biology and clinical subtypes of ATL.

DISCLOSURES
The authors state no conflicts of interest.

THOMSON REUTERS - Drugs of Today 2071, 47(8)

_49;



K. Ishitsuka et al.

REFERENCES

1

w

10.

n

2.

13.

Shimoyama, M. Diagnostic criteria and classification of clin-
ical subtypes of adult T-cell leukaemia-lymphoma. A report
from the Lymphoma Study Group (1984-87). Br J Haematol
1991, 79(3): 428-37.

Shimoyama, M. Chemotherapy of ATL. In: Adult T-Cel
Leukemia. K. Takatsuki (Ed.). Oxford University Press:
Oxford 1994, 221-37.

. Tsukasaki, K., Hermine, O., Bazarbachi, A. et al. Definition,

prognostic factors, treatment, and response criteria of adult
T-cell leukemia-lymphoma: a proposal from an international
consensus meeting. J Clin Oncol 2008, 27(3): 453-9.

. Yamada, Y., Tomonaga, M., Fukuda, H. et al. A new G-CSF-

supported combination chemotherapy, LSGI5, for adult T-cell
leukaemia-lymphoma: Japan Clinical Oncology Group Study
9303. Br J Haematot 2001, 113(2): 375-82.

. 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 2007, 25(34): 5458-64.

. Fukushima, T, Miyazaki, Y, Honda, S. et al. Allogeneic

hematopoietic stem cell transplantation provides sustained
long-term survival for patients with adult T-cell leukemia/
lymphoma. Leukemia 2005, 19(5): 829-34.

Hishizawa, M., Kanda, J., Utsunomiya, A. et al.

Transplantation of allogeneic hematopoietic stem cells for’

adult T-cell leukemia: a nationwide retrospective study. Blood
2010, 116(8): 1369-76.

. Okamura, J., Utsunomiya, A., Tanosaki, R. et al. Allogeneic

stem-cell transplantation with reduced conditioning intensity
as a novel immunotherapy and antiviral therapy for adult T-
cell leukemia/lymphoma. Blood 2005, 105(10): 4143-5.

. Tanosaki, R, Uike, N., Utsunomiya, A. et al. Allogeneic

hematopoietic stem cell transplantation using reduced-
intensity conditioning for adult T cell leukemia/lymphoma:
impact of antithymocyte globulin on clinical outcome. Biol
Blood Marrow Transplant 2008, 14(6): 702-8.

Choi, 1., Tanosaki, R., Uike, N. et al. Long-term outcomes
after hematopoietic SCT for aduit T-cell leukemia/lymphoma:
results of prospective trials. Bone Marrow Transplant 2071,
46(1): T16-8.

Gill, RS, Harrington, W., Jr,, Kaplan, M.H. et al. Treatment of
adult T-cell leukemia-lymphoma with a combination of inter-
feron alfa and zidovudine. N Engl J Med 1995, 332(26):
1744-8.

Hermine, O., Bouscary, D., Gessain, A. et al. Brief report:
treatment of adult T-cell leukemia-lymphoma with zidovudine
and interferon alfa. N Engl J Med 1995, 332(26): 1749-51.

Hermine, O., Allard, 1., Levy, V., Arnulf, B., Gessain, A.,
Bazarbachi, A. A prospective phase Il clinical trial with the
use of zidovudine and interferon-alpha in the acute and lym-

THOMSON REUTERS - Drugs of Today 2011, 47(8)

4.

15.

16.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

INTERFERON ALFA AND ANTIRETROVIRAL AGENTS FOR ATL

phoma forms of aduft T-cell leukernia/lymphoma. Hematol J
2002, 3(6): 276-82.

Matutes, E., Taylor, G.P., Cavenagh, J. et al. Interferon alpha
and zidovudine therapy in adult T-cell leukaemia lymphoma:
response and outcome in 15 patients. Br J Haematol 2001,
13(3): 779-84.

White, J.D., Wharfe, G., Stewart, D.M. et al. The combination
of zidovudine and interferon alpha-2B in the treatment of
adult T-cell leukemia/lymphoma. Leuk Lymphoma 2007,
40(3-4): 287-94.

Ramos, J.C., Ruiz, P, Jr, Ratner, L. et al. IRF-4 and c-Rel
expression in antiviral-resistant adult T-cell leukemia/lym-
phoma. Blood 2007, 109(7): 3060-8.

. Ishitsuka, K., Katsuya, H., Toyota, T. et al. Interferon-alpha

and zidovudine for relapsed/refractory adult T cell
leukemia/lymphoma: case reports of Japanese patients. Int J
Hematol 2010, 92(5): 762-4.

Bazarbachi, A., Plumelle, Y., Carlos Ramos, J. et al. Meta-
analysis on the use of Zidovudine and interferon-alfa in aduit
T-cell leukemia/lymphoma showing improved survival In the
leukemic subtypes. J Clin Oncol 2010, 28(27): 4177-83.

Bazarbachi, A., Ghez, D., Lepelletier, Y, Nasr, R., de The, H.,
El-Sabban, M.E., Hermine, O. New therapeutic approaches
for adult T-cell leukaemia. Lancet Oncol 2004, 5(11): 664-72.

Ishitsuka, K., Fukushima, T., Tsukasaki, K., Tobinai, K. /s
Zidovudine and interferon-alfa the gold standard for adult T-
cell feukemia-lymphoma? J Clin Oncol 2010, 28(36): €765.

Yamada, Y. [High-risk aggressive lymphoma (ATL)]. Rinsho
Ketsueki 2001, 42(4): 293-8.

Takasaki, Y., lwanaga, M., Imaizumi, Y. et al. Long-term
study of indolent adult T-cell leukemia-lymphoma. Blood
2010, 115(22): 4337-43.

Bazarbachi, A., Nasr, R., El-Sabban, M.E. et al. Evidence
against a direct cytotoxic effect of alpha interferon and
zidovudine in HTLV-I associated adult T cell leukemia/lym-
phoma. Leukemia 2000, 14(4): 716-21.

Kirkwood, J.M., Ernstoff, M.S. interferons in the treatment of
human cancer. J Clin Oncol 1984, 2(4): 336-52.

Roth, M.S., Foon, K.A. Alpha interferon in the treatment of
hematologic malignancies. Am J Med 1986, 81(5): 871-82.

Uchida, N., Otsuka, T., Arima, F. et al. Correlation of telom-
erase activity with development and progression of adult T-
cell feukemia. Leuk Res 1999, 23(3): 311-6.

Sinha-Datta, U., Horikawa, l., Michishita, E. et al.
Transcriptional activation of hTERT through the NF-kappaB
pathway in HTLV-I-transformed cells. Blood 2004, 104(8):
2523-31.

Kubuki, Y., Suzuki, M., Sasaki, H. et al. Telomerase activity
and telomere length as prognostic factors of adult T-cell
leukemia. Leuk Lymphoma 2005, 46(3): 393-9.

Xu, D., Erickson, S., Szeps, M. et al. Interferon alpha down-
regulates telomerase reverse transcriptase and telomerase

621

_50_



INTERFERON ALFA AND ANTIRETROVIRAL AGENTS FOR ATL

30.

31

=

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

=

42,

43.

622

activity in human malignant and nonmalignant hematopoi-
etic cells. Blood 2000, 96(13): 4313-8. ’

Furman, P.A., Fyfe, J.A,, St Clair, M.H. et al. Phosphorylation
of 3"-azido-3"-deoxythymidine and selective interaction of the
5*-triphosphate with human immunodeficiency virus reverse
transcriptase. Proc Natl Acad Sci U S A 1986, 83(21): 8333-7.

Copeland, W.C,, Chen, M.S., Wang, T.S. Human DNA poly-
merases alpha and beta are able to incorporate anti-HIV
deoxynucleotides into DNA. J Biol Chem 1992, 267(30):
21459-64,

Strahl, C., Blackburn, E.H. Effects of reverse transcriptase
inhibitors on telomere length and telomerase activity in two
immortalized human cell lines. Mol Cell Biol 1996, 16(1): 53-
65.

Mo, Y., Gan, Y., Song, S., Johnston, J.,, Xiao, X., Wientjes,
M.G., Au, J.L. Simultaneous targeting of telomeres and
telomerase as a cancer therapeutic approach. Cancer Res
2003, 63(3): 579-85.

Brown, T, Sigurdson, E. Rogatko, A. Broccoli, D.
Telomerase inhibition using azidothymidine in the HT-29
colon cancer cell line. Ann Surg Oncol 2003, 10(8): 910-5.

Savaraj, N., Wu, C,, Wangpaichitr, M. et al. Overexpression of
mutated MRP4 in cisplatin resistant small cell lung cancer
cell line: collateral sensitivity to azidothymidine. Int J Oncol
2003, 23(1): 173-9.

Falchetti, A., Franchi, A., Bordi, C. et al. Azidothymidine
induces apoptosis and inhibits cell growth and telomerase
activity of human parathyroid cancer cells in culture. 3 Bone
Miner Res 2005, 20(3): 410-8.

Ji, HJ., Rha, SY, Jeung, H.C,, Yang, S.H., An, SW.,, Chung,
H.C. Cyclic induction of senescence with intermittent AZT
treatment accelerates both apoptosis and telomere loss.
Breast Cancer Res Treat 2005, 93(3): 227-36.

Datta, A., Bellon, M., Sinha-Datta, U. et al. Persistent inhibi-
tion of telomerase reprograms adult T-cell leukemia to p53-
dependent senescence. Blood 2006, 108(3): 1021-9.

Datta, A., Nicot, C. Telomere attrition induces a DNA double-
strand break damage signal that reactivates p53 transcription
in HTLV- leukemic cells. Oncogene 2008, 27(8): 1135-41.

Tawara, M., Hogerzeil, S.J., Yamada, Y. et al. Impact of p53
aberration on the progression of adult T-cell leukemia/
Lymphoma. Cancer Lett 2006, 234(2): 249-55.

Matsushita, S., Mitsuya, H., Reitz, M.S., Broder, S.
Pharmacological inhibition of in vitro infectivity of human T
lymphotropic virus type I. J Clin Invest 1987, 80(2): 394-400.

Macchi, B., Faraoni, |, Zhang, J., Grelli, S., Favalli C.,
Mastino, A., Bonmassar, E. AZT inhibits the transmission of
human T cell leukaemia/lymphoma virus type | to adult
peripheral blood mononuclear cells in vitro. J Gen Virol 1997,
78(Pt. 5): 1007-16.

Balestrieri, E., Forte, G., Matteucci, C., Mastino, A., Macchi,
B. Effect of lamivudine on transmission of human T-cell lym-

45,

46.

47.

48.

49.

50.

51

et}

52.

53,

54.

55.

56.

K. Ishitsuka et al.

photropic virus type 1 to adult peripheral blood mononuclear
cells in vitro. Antimicrob Agents Chemother 2002, 46(9):
3080-3.

. Garcia-Lerma, J.G., Nidtha, S., Heneine, W. Susceptibility of

human T cell leukemia virus type 1 to reverse-transcriptase
inhibitors: evidence for resistance to lamivudine. J Infect Dis
20071, 184(4): 507-10.

Machuca, A., Rodes, B., Soriano, V. The effect of antiretroviral
therapy on HTLV infection. Virus Res 2001, 78(1-2): 93-100.

Taylor, G.P, Goon, P, Furukawa, Y. et al. Zidovudine plus
lamivudine in Human T-Lymphotropic Virus type-I-associated
myelopathy: a randomised trial. Retrovirology 2006, 3: 63.

Harrington, W.J.,, Jr,, Cabral, L., Cai, J.P, Chan, A.S.S., Wood,
C. Azothymidine and interferon-alpha are active in AIDS-
associated small non-cleaved cell lymphoma but not large-
cell lymphoma. Lancet 1996, 348(9030): 833.

Tosi, P, Gherlinzoni, F., Mazza, P. et al. 3-Azido 3
deoxythymidine + methotrexate as a novel antineoplastic com-
bination in the treatment of human immunodeficiency virus-
related non-Hodgkin's lymphomas. Blood 1997, 89(2): 419-25.

Langford, A., Ruf, B., Kunze, R., Pohle, H.D., Reichart, P.
Regression of oral Kaposi’s sarcoma in a case of AIDS on
zidovudine (AZT). Br J Dermatol 1989, 120(5): 709-13.

Oksenhendler, E., Clauvel, J.P,, Jouveshomme, S., Davi, F,
Mansour, G. Complete remission of a primary effusion lym-
phoma with antiretroviral therapy. Am J Hematol 1998,
57(3): 266.

Roychowdhury, S., Peng, R. Baiocchi, R.A. et al
Experimental treatment of Epstein-Barr virus-associated pri-
mary central nervous system lymphoma. Cancer Res 2003,
63(5): 965-71.

Kurokawa, M., Chosh, S.K., Ramos, J.C. et al
Azidothymidine inhibits NF-kappaB and induces Epstein-
Barr virus gene expression in Burkitt lymphoma. Blood 2005,
106(1): 235-40.

Alizadeh, A.A., Bohen, S.P,, Lossos, C. et al. Expression pro-
files of adult T-cell leukemia-lymphoma and associations
with clinical responses to zidovudine and interferon alpha.
Leuk Lymphoma 2010, 51(7): 1200-16.

Ishitsuka, K., tkeda, S., Utsunomiya, A. et al. Smouldering
adult T-cell leukaemia/lymphoma: a follow-up study in
Kyushu. Br J Haematol 2008, 143(3): 442-4.

lkeda, S., Momita, S., Kinoshita, K. et al. Clinical course of
human T-lymphotropic virus type | carriers with molecularly
detectable monoclonal proliferation of T lymphocytes: defining
a low- and high-risk population. Blood 1993, 82(7): 2017-24.

Kchour, G., Tarhini, M., Kooshyar, M.M. et al. Phase 2 study
of the efficacy and safety of the combination of arsenic triox-
ide, interferon alpha, and zidovudine in newly diagnosed
chronic adult T-cell leukernia/lymphoma (ATL). Blood 2009,
TI3(26): 6528-32.

57. Yamamoto, K., Utsunomiya, A., Tobinai, K. et al. Phase |

study of KW-076], a defucosylated humanized anti-CCR4

THOMSON REUTERS - Drugs of Today 2011, 47(8)

_51_



K. Ishitsuka et al. INTERFERON ALFA AND ANTIRETROVIRAL AGENTS FOR ATL

antibody, in relapsed patients with adult T-cell leukemia-lym- 58. Ishitsuka, K., Tamura, K. Treatment of adult T-cell

phoma and peripheral T-cell lymphoma. J Clin Oncol 2010, leukemia/lymphoma: past, present and future. Eur J
28(9): 1591-8. : Haematol 2008, 80(3): 185-96.
THOMSON REUTERS - Drugs of Today 2011, 47(8) ; 623

_52_



Jpn J Clin Oncol 2012;42(2)85—95
doi:10.1093/ijco/hyr1 68
Advance Access Publication 6 December 2011

Japancse Journal of
Clinical Oncology

JJCO

Review Article: Study Group

Lymphoma Study Group of JCOG

Kunihiro Tsukasaki"", Kensei Tobinai?, Tomomitu Hotta® and Masanori Shimoyama?

"Department of Hematology, Atomic Bomb Disease Institute, Nagasaki University Graduate School of Biomedical
Science, Nagasaki, 2National Cancer Center Hospital, Tokyo and ®NHO Nagoya Medical Center, Nagoya, Japan

*For reprints and all correspondence: Kunihiro Tsukasaki, Department of Hematology, Atomic Bomb Disease
Institute, Nagasaki University Graduate School of Biomedical Science, 1-12-4 Sakamoto, 852 Nagasaki, Japan.
E-mail: tsukasak @net.nagasaki-u.ac.jp

Received ‘August 8, 2011; accepted October 27, 2011

The Lymphoma Study Group (LSG) of the Japan Clinical Oncology Group (JCOG) was
initiated in 1978 by five institutions and now has 47 members. JCOG-LSG has focused on
combined modalities, dose intensification and the incorporation of new agents for major
disease entities of lymphoid malignancies. More than 30 trials including 10 randomized trials
have been conducted for aggressive non-Hodgkin’s lymphoma (NHL), adult T-cell leukemia—
lymphoma (ATL), lymphoblastic lymphoma/acute lymphoblastic leukemia, Hodgkin’s lymph-
oma (HL), multiple myeloma, NK/T-NHL and indolent B-NHL, and correlative epidemiological
and pathological studies have been performed on human T-lymphotropic virus type-1 and T/B
cell phenotypes. The first trials for aggressive NHL revealed significant differences in the
prognosis of ATL, non-ATL T-NHLs and B-NHLs, establishing a subclassification of ATL, and
leading to the establishment of standard therapies for ATL and localized nasal natural killer/
T-NHL. Recently, for B-NHLs including diffuse large B-cell lymphoma, mantle cell lymphoma,
and indolent B-NHLs, regimens incorporating rituximab have been evaluated. The JCOG-
LSG trials for HL led to the approval of dacarbazine for the National Health Insurance in
Japan. The multicenter trials by the JCOG-LSG combining new modalities such as molecu-
lar-targeting agents will contribute to further improvements in the treatment of lymphoid
malignancies.

Key words: clinical trial — lymphoid malignancy — Lymphoma Study Group — Japan Clinical
Oncology Group — T- and B-cell lymphoma

disease entities. Among them, adult T-cell leukemia—lymph-

INTRODUCTION oma (ATL) was first described in Japan by Takatsuki and

Lymphoid malignancies consist of B-cell and T/natural killer
(NK)-cell neoplasms, which are clonal tumors of mature and
immature B cells, T cells or NK cells at various stages of
differentiation (1). Paradigm shifts in the management of
lymphoid malignancies have been achieved by the discovery
of new disease entities, revision of classifications and devel-
opment of new agents. The diagnosis of lymphoid malignan-
cies improved significantly in the 1980s mainly with the
development of immunophenotypic analyses asing monoclo-
nal antibodies. This resulted in the discovery of several new

colleagues (2) in 1977 and was found to be associated with
buman T-lymphotropic virus type-1 (HTLV-1), the first RNA
retrovirus associated with human diseases, in the early 1980s
(3-5).

Treatment of lymphoid malignancies has been improved
by the development of standard combination chemotherapy
such as CHOP, secondary in association with the advances
in diagnosis and classification described above, and by the
development of new agents and modalities such as
an anti-CD20 antibody for CD20-expressing B cell
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