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Therapy-related Acute Myeloid Leukemia after
the Long-term Administration of Low-dose Etoposide
for Chronic-type Adult T-cell Leukemia-lymphoma:
A Case Report and Literature Review
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Abstract

A 61-year-old woman with chronic-type adult T-cell leukemia-lymphoma (ATL) had been taking low-dose
oral etoposide for progressive lymphocytosis. After taking this for 3.5 years, she was diagnosed with therapy-
related acute myeloid leukemia (t-AML), with a chromosomal translocation of t (6:11) (q27; g23). She thus
received remission induction therapy, consolidation therapy, and allogeneic hematopoietic stem cell transplan-
tation. Although both t-AML and ATL were in remissive states, she died of a therapy-related infection within
1 year. We reviewed 12 reported cases of AML complicating ATL to better characterize this unusual disease.
We should therefore include t-AML in the differential diagnosis when administering low-dose etoposide for

ATL over a long period of time.
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Introduction

Adult T-cell leukemia-lymphoma (ATL) is a distinct lym-
phoid neoplasm caused by human T-cell leukemia virus type
1 (HTLV-1). It is classified into four categories: acute, lym-
phoma, chronic, and smoldering (1). Intensive chemotherapy
is usually administered to treat acute lymphoma, and unfa-
vorable chronic types. The reported 4-year survival rates for
acute-, lymphoma-, chronic-, and smoldering-type ATL are
5.0%, 5.7%, 26.9%, and 62.8%, respectively (2). Therapy-
related acute myeloid leukemia (t-AML) after chemotherapy
requires several years to develop; thus, few cases of t-AML
with ATL have been reported (3-5). Favorable chronic- and
smoldering-type ATL have relatively good prognoses. In Ja-
pan, they are typically followed by watchful waiting and
such patients are not usually administered systemic chemo-
therapy. Five cases of AML complicated by chronic- or

smoldering-type ATL have been reported; however, only two
of these patients received chemotherapy (one was intensive
chemotherapy; the other was oral etoposide) before develop-
ing AML, thus suggesting that these complications were not
necessarily caused by chemotherapy (5).

Topoisomerase II inhibitors such as etoposide and alkyla-
tors are known to cause t-AML (6, 7). In the last two dec-
ades, t-AML caused by the long-term administration of low-
dose etoposide has been a problem in several malignan-
cies (8-12). However, only one report (3) and two ab-
stracts (13, 14) have so far described t-AML after the ad-
ministration of low-dose etoposide in ATL. Furthermore, no
report has described allogeneic hematopoietic stem cell
transplantation (allo-HSCT) for t-AML with ATL, although
allo-HSCT is an established therapy for AML (15). We
herein report a case of t-AML that arose after the long-term
administration of low-dose etoposide for chronic-type ATL,
followed by allo-HSCT after a remission of the t-AML.
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Case Report

In May 2007, a 61-year-old Japanese woman presented
with bilateral wrist pain, and leukocytosis (12x10°/L) was
discovered. Antibiotics did not improve her symptoms. In
June 2007, she was diagnosed with chronic-type ATL (day
1) based on lymphocytosis (white blood cells 20.2x10°/L;
lymphocytes 69.6%, abnormal lymphocytes 8.6%) with the
T-cell receptor (TCR) Cbetal gene rearrangement, anti-
HTLV-1 antibody (+), and elevated lactate dehydrogenase
(LDH), within twice the normal limit. Progressive lympho-
cytosis and LDH elevation occurred with fever and cervical
lymph node swelling, as well as bilateral wrist pain near day
80. Her Eastern Cooperative Oncology Group performance
status (PS) was 0 at this time. Oral etoposide was started on
day 85 at 25 mg/day for 21 days at 7 week intervals in the
first two courses and for 14 days at 6- to 8-week intervals
after the third course. ATL cells were detected in the periph-
eral blood and bone marrow (BM) at the start of oral
etoposide intake. After the second course, the physical
symptoms, including the bilateral wrist pain, improved in
line with the decrease in abnormal lymphocytes (Fig. 1A).
Peripheral ATL cells decreased immediately after the second
course of oral etoposide, but increased again after day 195.
Thus, the intermittent administration of oral etoposide with a
short interval was considered (Fig. 1A). ATL cells were well
controlled by oral etoposide and decreased gradually over a
long time period. Thus, the oral etoposide efficacy was con-
sidered to show a partial response. No severe adverse events
were observed [common terminology criteria for adverse
events (CTCAE) grade: hematological Grade 0, nausea
Grade 0, vomiting Grade 0, anorexia Grade 0, alopecia
Grade 0]. There was insufficient information about fever,
cervical lymph node swelling, and bilateral wrist pain for
CTCAE grading. The oral etoposide administration contin-
ued until day 1,343 (total, 9,800 mg in 27 courses). Cy-
tomegalovirus (CMV) antigenemia was negative during the
oral etoposide therapy.

In April 2011 (day 1,378), the platelet count fell rapidly
and she was thus referred to a Research Hospital, The Insti-
tute of Medical Science, The University of Tokyo for further
examination (day 1,393). Physical examination revealed ane-
mic conjunctiva, no superficial lymph node swelling, and no
skin eruptions. On computed tomography, splenomegaly was
detected, but no systemic lymph node enlargement. Labora-
tory tests showed the following: white blood cells 9.8x10°/L
(myeloblasts 31.7%, abnormal lymphocytes 10.7%), hemo-
globin 112 g/L, platelets 45x10°/L, LDH 258 IU/L, and sol-
uble interleukin-2 receptor 1,640 U/mL. No hypercalcemia
was observed. In the peripheral blood, both abnormal lym-
phocytes and myeloblasts were observed (Fig. 2A). The
monoclonal integration of HTLV-1 DNA was also detected
in her peripheral blood mononuclear cells by a Southern
blot analysis. On hospitalization, 87% of the nucleated cells
in the BM were myeloblasts (Fig. 2B), which were positive

for peroxidase staining, and CD13+CD14-CD33+ human
leukocyte antigen (HLA)-DR+ by flow cytometry, but nega-
tive for nonspecific esterase staining. We diagnosed t-AML
according to the WHO classification (2008) and AML with
myelocytic maturation (AML M2) according to the French-
American-British (FAB) classification. She was PS 0 at the
time of t-AML diagnosis, which was 50 days after the last
oral etoposide intake (day 1,393). Chromosomal transloca-
tion involving the myeloid/lymphoid leukemia (MLL) gene
was identified by fluorescence in sifu hybridization. The
karyotype analysis revealed 46, XX, t (6; 11) (q27;923) in
17 of 20 cells analyzed. With remission induction therapy
using idarubicin plus cytarabine, the level of peripheral
myeloblasts decreased immediately and the t-AML entered
complete remission, but the number of ATL cells remained
and increased again after day 1,410 (Fig. 1B). After admin-
istering consolidation therapy using high-dose cytarabine,
the number of peripheral ATL cells decreased from 3,600/uL
(day 1,441) to 320/uL (day 1,464; Fig. 1B). Thus, although
the efficacy of remission induction therapy to ATL was con-
sidered to indicate progressive disease, consolidation therapy
resulted in a partial response of the ATL. CMV antigenemia
turned positive on day 1,462, but no symptoms due to CMV
infection were observed at that time.

When the t-AML was in hematological remission on day
1,479 after ATL diagnosis, allo-HSCT was performed from
an HLA-matched unrelated donor using a reduced-intensity
conditioning regimen with fludarabine 180 mg/m’ intrave-
nously (iv), busulfan 8 mg/kg iv, and 2 Gy of total body ir-
radiation. White blood cell engraftment was identified on
day 1,495. Thrombotic thrombocytopenic purpura or throm-
botic microangiopathy was suspected as a cause of the LDH
elevation after day 1,497. Acute graft versus host disease
(GVHD) was observed on day 1,512 as skin lesions of stage
1-2 and reached a maximum on day 1,517 as skin lesions of
stage 3. The skin GVHD was managed by steroids for inter-
nal and external use (Fig. 1C). GVHD was not observed in
the liver or gastrointestinal system. Methicillin-resistant
Staphylococcus aureus sepsis occurred on day 1,555 and in-
terstitial pneumonia was observed on day 1,610. CMV anti-
genemia persisted after allo-HSCT and did not turn negative
throughout her clinical course, probably because sufficient
doses of foscarnet or ganciclovir could not be used due to
BM failure and renal dysfunction. A general convulsion oc-
curred on day 1,625 and encephalomyelitis, caused by CMV,
was suspected. Additionally, her disturbance of conscious-
ness and quadriplegia progressed and she fell into hypoxia
on day 1,724. She died from respiratory failure on day
1,726. The t-AML was in a remissive state and no ATL cells
were detected in the peripheral blood or BM after allo-
HSCT in her clinical course. Computed tomography scan-
ning and magnetic resonance imaging did not show any
ATL-like lesions. No abnormal lymphocytes were detected
in the cerebrospinal fluid obtained by lumbar puncture. The
efficacy of allo-HSCT with regard to ATL was considered
represent a complete response. An autopsy revealed CMV
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Figure 1. Schematic drawing of the treatment procedure and the changes in hematological param-
eters. The clinical course is shown separately for the treatment with oral etoposide (A) to ATL, remis-
sion induction and consolidation therapies for t-AML (B), and allo-HSCT (C). WBC: white blood cell,
Blast: myeloblast, Ab-lym: abnormal lymphocyte, LDH: lactate dehydrogenase, IDR: idarubicin,
Ara-C: cytarabine, BM: bone marrow, BMA: bone marrow aspiration, uBMT (RIST): unrelated
bone marrow transplantation (reduced intensity stem cell transplantation), GVHD: graft-versus-host
disease, S: skin, DOC/QP: disturbance of consciousness and quadriplegia, : date of death
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Figure 2. (A) Myeloblasts and abnormal lymphocytes in the
peripheral blood at day 1,404 (May-Giemsa x1,000). The black
arrowheads indicate myeloblasts and the white arrowhead in-
dicates an abnormal lymphocyte. (B) Myeloblasts in the bone
marrow at day 1,393 (May-Giemsa x1,000). The black arrow-
heads indicate myeloblasts. Blast: myeloblast, Ab-lym: abnor-
mal lymphocyte

pneumonia as well as CMV encephalitis and cerebral ven-
triculitis. ATL cells and myeloblasts were not detected in the
autopsy. The direct cause of her death was presumed to be
respiratory failure, due to CMV pneumonia.

Discussion

This was a case of t-AML caused by etoposide used to
treat chronic-type ATL, in a patient who underwent allo-
HSCT for t-AML. The most important finding is that low-
dose oral etoposide triggered t-AML as a single agent after
long-term administration. Most reports on t-AML caused by
etoposide have described the intravenous administration of
etoposide and a combination of other cytotoxic drugs (16).
The second important finding is that both t-AML and ATL
maintained remissive states after allo-HSCT.

Chemotherapy for chronic-type ATL is considered at the
time of disease progression and in cases with unfavorable
prognostic factors. In the present case, the patient had an
unfavorable prognostic factor when diagnosed. No transfor-
mation to acute-type ATL was observed despite LDH eleva-
tion (Fig. 1A). Although intensive chemotherapy followed
by allo-HSCT, instead of oral etoposide, was also possible,

which might have presented the onset of t-AML thus lead-
ing to a better prognosis, the patient did not choose this un-
til t-AML had already occurred. Tsukasaki et al. (5) de-
scribed a possible association between ATL and AML re-
gardless of chemotherapy; however, we diagnosed our case
to have t-AML based on the history of oral etoposide intake.
Our case had etoposide-induced AML with unique charac-
teristics, which usually occurs as M4 or M5 carrying a
translocation 11g23, and develops within 3
years (6, 16). Typically, alkylating agent-induced AML has
the M2 phenotype and a latent period of longer than 4
years (16). The oral administration of etoposide, rather than
intravenous, might have contributed to the unique character-
istics observed in our case (12).

A few reports have described secondary AML in ATL
(Table). Of the 12 reported cases, 3 had received no treat-
ment before the onset of AML. Therefore, these AMLs were
caused by factors other than chemotherapy. Another four
cases had been given oral etoposide first (1 chronic, 1 lym-
phoma, and 2 acute type). Of these four cases, three had re-
ceived intensive chemotherapy in addition to oral etoposide,
while one (chronic type) received only oral etoposide for 3
months before the onset of AML. We believe that this last
case is important as a candidate for t-AML caused by oral
etoposide; however, the authors were unable to conclude
whether the AML was due to ATL or oral etoposide because
there was no earlier report of AML M4 with BM eosino-
philia (M4Eo) as a comorbidity with ATL and the duration
of oral etoposide therapy was short (13). Recently, Owatari
et al. reported secondary AML that occurred 5 years after
ATL diagnosis (3). Their patient received intensive chemo-
therapy for ATL and additional oral etoposide therapy for 29
months. It is therefore difficult to determine precisely which
therapy played a critical role in the onset of secondary
AML. However, based on the findings of our case, we deem
it necessary to consider secondary AML when low-dose
etoposide is administered in ATL for a long time.

Secondary leukemia including t-AML is less responsive to
chemotherapy than de novo leukemia and the median re-
ported survival time is 7-8 months (17, 18). Although the
prognosis of t-AML can be improved by allo-HSCT, it is
still worse than other subtypes of AML (19, 20). Our patient
achieved a complete remission of t-AML with remission in-
duction therapy and remained in remission after one course
of consolidation therapy. Tsukasaki et al. (5) also reported
that 4 of 7 AML on ATL cases experienced complete remis-
sion. They described that the onset of secondary AML on
ATL could be explained by such mechanisms as immune
dysfunction and cytokine production caused by ATL, rather
than chemotherapy or radiotherapy. Given that this was true
in our case, t-AML on ATL occurred more readily and har-
bored less DNA damage than t-AML with typical etiology,
which could explain the high sensitivity to chemotherapy of
t-AML on ATL. Idarubicine plus cytarabine showed anti-
tumor efficacy only for AML in this case; however, the
high-dose cytarabine used for consolidation therapy sup-

involving
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t-AML and ATL were in remissive states, the patient died of

pressed the growth of both ATL and AML cells. Complete
remission of t-AML was maintained up to autopsy. Further-

a therapy-related infection within 1 year after allo-HSCT.
Her age (>50 years) and status other than a complete re-

more, both peripheral and BM ATL cells disappeared after
allo-HSCT and were not detected throughout the rest of her

sponse to ATL were risk factors that she had for allo-HSCT

clinical course, including the autopsy survey. Although both for ATL, and these are associated with lower survival
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rates (2), which might also be related to her prognosis. Our
case is also the first reported one to receive allo-HSCT for t-
AML on ATL. More such cases are needed to evaluate the
therapeutic efficacy of allo-HSCT in this situation.

In conclusion, we herein reported a case of t-AML com-
plicated with chronic-type ATL. We should therefore con-
sider t-AML in the differential diagnosis when administering
low-dose etoposide for ATL for a long period of time.
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