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Abstract Background. Infection with the human T-cell
lymphotropic virus type |, a retrovirus, can cause a dis-
tinctive cancer, adult T-cell leukemia—lymphoma. The me-
dian survival of patients with the acute and lymphomatous
forms of the disease is short, despite the use of cytotoxic
chemotherapy.

Methods. We treated 19 patients with acute or lym-
phomatous forms of adult T-cell leukemia—lymphoma with
oral zidovudine (200 mg five times daily) and interferon
alfa (Intron A, 5 million to 10 million units subcutaneously
each day). Seven of these patients had either relapsed af-
ter multiagent cytotoxic chemotherapy or failed to re-
spond to that treatment.

DULT T-cell leukemia—lymphoma is etiologically
linked to the human T-cell lymphotropic virus
type I (HTLV-I)."* HTLV-], a retrovirus, is endemic in
southern Japan and the Caribbean basin and occurs
sporadically in Africa, Latin America, the Middle East,
and the United States.*® Adult T-cell leukemia—lym-
phoma occurs in less than 5 percent of people with
HTLV-I infection, with an average latency period of
more than 30 years.>!® A cellular immune deficiency in
affected patients allows opportunistic infections to de-
velop.'12

Adult T-cell leukemia—lymphoma is a heterogeneous
disease that has been classified into four main catego-
ries.! In the relatively indolent smoldering and chronic
forms, the median survival is two years or more. In the
acute and lymphomatous forms, which resist cytotoxic
chemotherapy, the median survival ranges from 3.7 to
6.0 months.!!"!> Among the poor prognostic features as-
sociated with the acute and lymphomatous forms are
hypercalcemia, elevated serum levels of lactate dehy-
drogenase, poor performance status, age over 40 years,
and multiple sites of disease.'?

Various regimens of cytotoxic chemotherapy have
been used to treat patients with the acute and lym-
phomatous forms of adult T-cell leukemia—lymphoma,
but the rates of complete response are below 30 percent
and the responses lack durability.!*'® Interferon alfa,

From the Departments of Internal Medicine (P.S.G., H.A.L., BM.E., AM.L.)
and Preventive Medicine (M.C.P.), University of Southern California School of
Medicine, Los Angeles; the University of Miami, Miami (W.H., L.C.); the De-
partment of Medicine, North Shore University Hospital, Manhasset, N.Y.
(M.H.K., S.A.); the Departments of Hematology—Oncology and Pediatrics, St.
Jude Children’s Research Hospital and the University of Tennessee, Memphis
(R.C.R.); the Department of Medicine, University of Rochester Medical Center,
Rochester, N.Y. (J.M.B.); the Department of Internal Medicine, Kaiser Permanen-
te Sunset Hospital, Los Angeles (M.B.-S.); and the Division of Medicine, Univer-
sity of Texas, M.D. Anderson Cancer Center, Houston (S.K.). Address reprint re-
quests to Dr. Gill at the University of Southern California, Norris Cancer Hospital
and Research Institute, 1441 Eastlake Ave., Rm. 162, Los Angeles, CA 90033.

Supported in part by the Schering-Plough Corporation. Dr. Ribeiro was sup-
ported by grants (P30-CA 21765 and CA 20180) from the National Institutes of
Health and by a grant from American Lebanese Syrian Associated Charities.

Results. Major responses were achieved in 58 percent
of the patients (11 of 19), including complete remission in
26 percent (5 of 19). Four patients in whom prior cytotoxic
therapy had failed had major responses, two of which were
complete remissions. Six patients have survived for more
than 12 months, with the longest remission since the dis-
continuation of treatment lasting more than 59 months.

Conclusions. The combination of zidovudine and in-
terferon alfa has activity against adult T-cell leukemia—
lymphoma, even in patients in whom prior cytotoxic ther-
apy has failed. This regimen should be evaluated further
for its role in the treatment of adult T-cell leukemia—lym-
phoma. (N Engl J Med 1995;332:1744-8.)

beta, and gamma have been evaluated in several small
series of patients. They produced complete remission in
less than 10 percent, although occasional durable re-
sponses have been reported.'’?!

New treatments are thus needed for the acute and
lymphomatous forms of this disease. Cells affected by
adult T-cell leukemia—lymphoma express high levels of
interleukin-2 receptor «, and treatment with monoclon-
al antibody to that receptor, alone or conjugated to
yttrium, has yielded encouraging results.?>* We found
that the combination of zidovudine and interferon alfa
induced a rapid and durable response in a patient with
adult T-cell leukemia—lymphoma who was coinfected
with both human immunodeficiency virus type 1 (HIV-
1) and HTLV-1.2* This observation prompted us to
evaluate further the efficacy of zidovudine and interfer-
on alfa in adult T-cell leukemia—lymphoma.

METHODS

Patients

Patients with serologic evidence of HTLV-I infection by an en-
zyme-linked immunosorbent assay, confirmed by the Western blot as-
say, and with either the acute or the lymphomatous form of adult
T-cell leukemia—lymphoma as defined by Shimoyama'® were studied.
Acute adult T-cell leukemia—lymphoma was defined on the basis of
the morphologic and flow-cytometric identification of circulating leu-
kemic cells of T-cell lineage and the presence of any one of the fol-
lowing: hypercalcemia, lactate dehydrogenase levels more than twice
the upper limit of normal, central nervous system disease, malignant
ascites, or pleural effusion. Lymphomatous adult T-cell leukemia—
lymphoma was defined by the presence of nodal or extranodal lym-
phomatous masses of tumor cells with a T-cell phenotype and histo-
pathological changes characteristic of the disease. No patient had
received cytotoxic chemotherapy for at least two weeks immediately
preceding entry into the study.

Extent of Disease

The extent of the disease was established before the start of treat-
ment by physical examination; chest radiography; computed axial to-
mography, magnetic resonance imaging, or both of the head, chest,
abdomen, and pelvis; bone marrow aspiration and biopsy; and the
examination of cerebrospinal fluid. Biopsy specimens of cutaneous le-
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sions were obtained for histopathological documentation. Other in-
vestigations were performed as clinically indicated. All initial disease
sites were reevaluated both at the time of the maximal clinical re-
sponse and at the conclusion of all therapy.

Treatment

Patients received 200 mg of zidovudine (Burroughs Wellcome, Re-
search Triangle Park, N.C.) orally five times daily (every four hours
while awake, 1000 mg per day). Five million units of recombinant in-
terferon alfa (Intron A, Schering-Plough, Kenilworth, N.J.) was given
subcutancously each day, with the dose escalated to 10 million units
daily one week later if constitutional symptoms related to treatment
with interferon alfa were acceptable. Complete blood counts, serum
electrolyte determinations, and renal- and liver-function tests were
performed weekly for four weeks and every two weeks thereafter.
Both agents were withheld until the resolution of nonhematologic tox-
ic effects of grade 3 or higher, and they were then reinstituted at 50
percent of the previous dose. In the event of hematologic toxic ef-
fects, the two agents were withheld if the neutrophil count fell below
0.5X10? per liter or if the platelet count fell below 25X10° per liter,
or until the neutrophil count rose to more than 0.75X10° per liter, the
platelet count to more than 75X10° per liter, or both. Therapy was
then reinstituted at 50 percent of the previous dose. Treatment was
continued for at least four weeks after the onset of complete remis-
sion or for up to one year in the absence of such a remission. Support-
ive therapies and treatment for central nervous system involvement
were provided at the discretion of the treating physician.

Criteria for Responses

A complete response was defined as the resolution of all malignant
disease for four weeks or more. In patients with bone marrow or cu-
tancous involvement, biopsy was repeated to confirm the response. A
partial response was defined as a reduction of 50 percent or more in
measurable indexes of disease that lasted four weeks or more, with-
out the development of new lesions or progression of disease at any
site, but without the achievement of a complete response. Progressive
disease was defined as an increase of 25 percent or more in measur-
able disease or in the number of circulating leukemic cells. Patients
with complete or partial responses that lasted less than four weeks
were classified as having had minor responses.

Clonal Integration of HTLV-I in Peripheral-Blood
Lymphocytes

Clonal integration of HTLV-I proviral DNA was demonstrated by
the Southern blot assay. High-molecular-weight DNA was extracted
from peripheral-blood mononuclear cells, and the DNA samples
were digested with the restriction enzymes BamHI, HindIIl, and
EcoRI (New England Biolabs, Beverly, Mass.) for 16 hours at 37°C
and then fractionated according to size on 0.8 percent agarose gel,
transferred to nitrocellulose, and hybridized with ?P-labeled full-
length HTLV-I complementary DNA.**

Statistical Analysis

Survival time was defined as the period from the start of treatment
to the date of death, with median survival defined as the 50 percent
point on the Kaplan—Meier curve.” Data on patients who were alive
or lost to follow-up were censored as of the date the patients were last
seen. Various factors were examined by Fisher’s exact test?® for pos-
sible association with the occurrence of a major response to therapy.
These factors included serum lactate dehydrogenase levels more than
twice the upper limit of normal, hypercalcemia, Karnofsky score for
performance status of less than 30, age over 40 years, prior chemo-
therapy, and the presence of constitutional symptoms. The effect of
these factors and the response to therapy with respect to survival
were analyzed by the log-rank test.”’

RESULTS

Nineteen patients entered the study. Table 1 summa-
rizes their demographic characteristics and the charac-
teristics of their disease at base line. Four patients had
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Table 1. Demographic Variables and Characteris-
tics of Disease in the 19 Patients with Adult T-Cell
Leukemia—Lymphoma at Entry into the Study.

VARIABLE* VALUE
Sex — no.
Female 12
Male 7
Age — yr
Median 48
Range 16-88
Karnofsky score for performance status
— no. (%)
=30 13 (68)
<30 6 (32)
Geographic origin — no. (%)
Caribbean 7(37)
Japan 2(11)
United States 5(26)
Othert 5(26)

Features of disease — no. (%)

Circulating leukemia 15 (79)
Lymphadenopathy 14 (74)
Pleural effusions or ascites 9 (47)
Cutaneous involvement 9 (47)
Hepatosplenomegaly 7@37)
Central nervous system involvement 5(26)
Lytic bone lesions 4 (21)
HTLV-I-associated myelopathy 2(11)
Constitutional symptoms — no. (%) 15 (79)
Concurrent HIV-1 infection — no. (%) 42D

Laboratory values — mean *SD
Leukocytes (per mm?)
Serum LDH (units/liter)
Serum calcium (mg/dl)i

63,932+20,112
1,398+330
11.7+0.76

*HTLV-I denotes human T-cell lymphotropic virus type I, HIV-1 human
immunodeficiency virus type 1, and LDH lactate dehydrogenase.

FThese patients came from Liberia, Egypt, Iran, Mexico, and Peru.
$To convert values for calcium to millimoles per liter, multiply by 0.25.

concurrent HIV-1 infection without a previous illness
that defined their condition as being the acquired im-
munodeficiency syndrome, and none had ever received
zidovudine therapy. Seven patients either had not re-
sponded or had relapsed after combination cytotoxic
chemotherapy for adult T-cell leukemia—lymphoma; two
had had major responses lasting three and six months.
All the patients had widely disseminated disease; 17
had adult T-cell leukemia—lymphoma in its acute form,
and 2 had the lymphomatous form. The Karnofsky
scores of six patients (32 percent) were below 30. The
serum lactate dehydrogenase level was more than twice
the upper limit of normal in 13 patients (68 percent),
and the serum calcium level was elevated in 11 (58 per-
cent).

Immunophenotypic studies of blood or marrow
showed that the malignant cells were CD4+ in all cas-
es. Clonal integration of HTLV-I was found in the pe-
ripheral-blood mononuclear cells of 10 patients among

13 studied.

Response to Treatment

Eleven of the 19 patients (58 percent) had major re-
sponses to zidovudine and interferon alfa (Table 2).
There were complete responses in five patients (26 per-
cent) and partial responses in six (32 percent). Of the
seven patients in whom prior chemotherapy had failed,
four had major responses, two of which were complete
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remissions, after treatment with zidovudine and inter-
feron alfa. The median time that elapsed before the
start of a complete or partial response was 33 days
(range, 5 to 168) (Fig. 1). Decreases in the number of
circulating leukemic cells were observed in all patients
with leukemic involvement and were associated with
the normalization of hypercalcemia and with a decline
in serum lactate dehydrogenase levels.

Two of the five patients who had complete responses
had concurrent HIV-1 infection; one died of HIV-relat-
ed wasting syndrome, and the other died of bacterial
pneumonia, 22 and 29 months, respectively, after the
start of therapy with zidovudine and interferon alfa.
The three remaining patients with complete responses
remained alive after more than 15, 16, and 63 months
had elapsed since the start of therapy; at this writing,
the last two of these patients had received no therapy
for more than 10 and 59 months. Among the six pa-
tients with partial responses, one whose previous che-
motherapy had failed lived for 13 months after the start
of treatment with zidovudine and interferon alfa. An-
other continued to receive therapy after more than five
months. The other four had responses of short dura-
tion, lasting from one to five months. Six of the 11 pa-
tients (35 percent) who had either complete or partial
responses lived more than one year.

It is noteworthy that in seven of the eight patients
who did not have major responses there was a rapid de-
cline in the number of circulating leukemic cells, with
decreases ranging from 53 to 100 percent. Two of these
seven patients died without evidence of disease, but
within less than four weeks of entering remission, at
days 28 and 45. The remaining five died of leukemia
or related complications. In the only patient who had
no objective evidence of tumor regression, hypercalce-
mia nevertheless resolved. This patient’s clinical course
was complicated by pulmonary aspergillosis and an in-
traocular lymphoma; he died of progressive disease 10
months after starting therapy.

None of the following factors were significantly cor-
related with the response to therapy: a serum lactate
dehydrogenase level more than twice the upper limit of
normal, hypercalcemia, age over 40 years, prior chemo-
therapy, and the presence of constitutional symptoms.
In the analysis of Karnofsky scores for performance

Table 2. Treatment Outcomes.

MEDIAN SURVIVAL

GROUP AND RESPONSE* No. (%) (MO)T
Previously untreated patients (n=12)

Complete or partial 7 (58) 16.0

Minor or none 5(42) 1.7
Patients with prior chemotherapy that

failed (n=7)

Complete or partial 4 (57) 17.5

Minor or none 3 (43) 1.2
All patients (n=19)

Complete or partial 11 (58) 13.0

Minor or none 8 (42) 1.3

*Patients with no response had progressive disease.

FMedian survival was calculated by the Kaplan—Meier method.
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Figure 1. Time to the Start of the Response in 11 Patients with
Complete or Partial Responses.

status, the patients with complete responses all had
scores of 30 or above. Nine of the 13 patients with Kar-
nofsky performance scores of 30 or above (69 percent)
had complete or partial responses, as compared with
2 of the 6 patients with scores below 30 (33 percent).
These results show strong trends, but the differences
were not statistically significant.

The same factors were analyzed for their effect on
survival. The median overall survival in all 19 patients
was 3.0 months. The median survival in patients with
complete or partial responses to the therapy was 13.0
months, whereas in patients with minor responses and
patients who did not respond, it was 1.3 months
(P<<0.001 by the log-rank test). Karnofsky perform-
ance scores of 30 or above were predictive of prolonged
survival (median survival, 13 months, vs. 1.6 months
in patients with scores of <30; P=0.003). No other
factors had a significant effect on survival. Further-
more, there was no significant difference in survival be-
tween the patients who had received prior chemothera-

py and those who had not (P=0.88) (Fig. 2).

Toxicity and Adverse Events

Table 3 summarizes the toxic effects of treatment.
Five patients had grade 4 neutropenia, and four of
them also had grade 4 thrombocytopenia. Therapy was
delayed for up to four weeks in these five patients; they
all received granulocyte colony-stimulating factor, and
four received transfusions of platelets. Because of ane-
mia, eight patients required transfusions of red cells
during therapy; two others were given recombinant
erythropoietin. Ten patients had transient elevations in
liver enzymes.

Other toxic effects included low-grade fever in eight
patients, fatigue with weakness in seven, and diarrhea
in two. Three patients had nausea and vomiting or ab-
dominal discomfort. One patient had mild peripheral
neuropathy and reported anorexia two weeks after the
start of therapy. There were infectious complications in
eight patients: bacterial infections occurred in six, and
opportunistic infections (aspergillosis and Preumocystis
carinii pneumonia) in two others. One patient with a
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Figure 2. Comparison of Survival between Patients Who Re-
ceived Prior Chemotherapy and Those with No Prior
Chemotherapy.

When survival in the 7 patients whose prior chemotherapy failed
was compared with that in the 12 patients with newly diagnosed
disease, no significant differences were noted (P=0.88 by the
log-rank test). Four patients remained alive as of
December 30, 1994.

complete response had transient episodes of syncope
after four weeks of therapy that recurred on rechal-
lenge with zidovudine and interferon alfa; therapy was
discontinued.

DISCUSSION

The combination of zidovudine and interferon alfa
produced complete or partial responses in 38 percent
of 19 patients with acute or lymphomatous forms of
adult T-cell leukemia—lymphoma. Five patients had
complete responses. The median survival among the 11
patients who had complete or partial responses was
13.0 months. The results in seven patients who had had
treatment failures or relapses after prior cytotoxic che-
motherapy are noteworthy. Four of these patients had
complete or partial responses, and three of them re-
mained alive one year or more after the start of treat-
ment with zidovudine and interferon alfa. The median
survival of 17.5 months in these patients was thus sim-
ilar to that in the patients who had not had prior che-
motherapy. It is also noteworthy that seven of the eight
patients who did not have complete or partial respons-
es nonetheless had reductions of 53 to 100 percent in
the number of circulating leukemic cells. Thus, the reg-
imen of zidovudine and interferon alfa has potent anti-
leukemic effects in adult T-cell leukemia—lymphoma
and does not appear to be cross-resistant with cytotox-
ic chemotherapy.

No alternative therapy has been available for pa-
tients with adult T-cell leukemia—lymphoma who do
not respond to cytotoxic chemotherapy. In one study of
seven such patients, only one patient responded to sub-
sequent multiagent chemotherapy.'> Among six patients
in whom prior chemotherapy failed, only one partial re-
sponse to pentostatin was documented.'® In a more re-
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cent study, 14 patients with acute or lymphomatous
adult T-cell leukemia—lymphoma whose prior therapy
failed were treated with irinotecan. Partial responses
were documented in four, and a complete response in
one.?? None of the three patients with acute adult T-cell
leukemia—lymphoma had responses. Moreover, none of
the responses were durable; relapse appeared after a
median of 31 days in the patients with responses.? In
contrast with these results, our study suggests that a
combination of zidovudine and interferon alfa can be
efficacious in relapsed or refractory adult T-cell leuke-
mia—lymphoma.

It is not possible to conclude that treatment with zi-
dovudine and interferon alfa is superior to cytotoxic
chemotherapy in untreated patients with this disease.
Only one prospective clinical trial in patients with new-
ly diagnosed adult T-cell leukemia—lymphoma has
been reported; a combination of vincristine, cyclophos-
phamide, prednisolone, and doxorubicin, with or with-
out methotrexate, was used in 54 patients. There were
complete remissions in 28 percent, and the median sur-
vival in all 54 patients was approximately six months.!!
Our series is smaller, but the complete-remission rate
of 26 percent is similar. The shorter median survival in
our series may be explained by the fact that 32 percent
of the patients we studied had Karnofsky performance
scores below 30; all six of these patients survived less
than two months. Randomized trials comparing zido-
vudine and interferon alfa with the best available regi-
men of cytotoxic chemotherapy thus appear warranted.

The mechanism of the antileukemic activity of zido-
vudine and interferon alfa is unknown. Zidovudine can
exert cytostatic effects by terminating DNA replica-
tion,* and this effect may be enhanced by interferon
alfa. Zidovudine was recently shown to block the trans-
formation of normal peripheral-blood lymphocytes that
were cocultured with HTLV-I-transformed cell lines.
Furthermore, zidovudine prevented a disease similar to
adult T-cell leukemia—lymphoma from being produced
by the propagation of HTLV-I-transformed cell lines
in rabbits.*! One clinical report demonstrated an ap-
parently direct antitumor effect of zidovudine in a pa-
tient with adult T-cell leukemia—lymphoma who had
pulmonary infiltration.’? Interferon alfa has multiple
biologic effects, such as the inhibition of protein synthe-
sis and cell growth® and the induction of expression

Table 3. Hematologic and Hepatic Toxic Effects.*

VARIABLE AFFECTED Toxic EFFECTS

GRADE 2 GRADE 3 GRADE 4

no. (%) of patients

Absolute neutrophil count 5 (26) 5 (26) 5(26)
Hemoglobin 5(26) 11(58) 0
Platelets 3 (16) 3 (16) 4 (21)
Liver enzymest 5 (26) 5 (26) 0

*The Common Cancer Toxicity Criteria®® were used in the grading of
toxicity.

fDenotes the serum levels of alanine aminotransferase and aspartate
aminotransferase.
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of major histocompatibility complex I and II mole-
cules.*** Interferon alfa has also occasionally induced
therapeutic responses in patients with adult T-cell leu-
kemia—lymphoma.!?! Its effect in this disease may
therefore result from enhanced immunologic recogni-
tion of cells affected by adult T-cell leukemia—lympho-
ma, direct antiproliferative effects, and synergism with
zidovudine.

We conclude that zidovudine and interferon alfa are
a highly active combination in patients with advanced
adult T-cell leukemia—lymphoma, including those in
whom multiagent chemotherapy has failed. The opti-
mal uses for this combination and its precise mecha-
nism or mechanisms of action remain to be determined.

We are indebted to Drs. Vandhana Aggarwal, Thomas Flynn, and
Thomas Louie for identifying patients to participate in this trial; to
Jie Cai, Tarsem Moudgil, Rizwan Masood, and Ron Law for techni-
cal assistance and helpful discussions; to Sharon Naron for editorial
assistance; and to Dr. Robert C. Gallo for encouragement and many
insightful discussions.
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