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Idarubicin, Cytarabine, and Topotecan in Patients With
Refractory or Relapsed Acute Myelogenous Leukemia
and High-Risk Myelodysplastic Syndrome
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In an effort to develop more effective therapy for patients with refractory or relapsed
acute myelogenous leukemia (AML) and high-risk myelodysplastic syndrome (MDS), we
investigated the efficacy of a combination chemotherapy consisting of idarubicin, cyt-
arabine, and topotecan. Twenty-seven patients were treated: four with primary refractory
AML, nine with AML in first relapse, four with AML in second relapse, and 10 with MDS-
RAEB/RAEBT. Patients received as salvage therapy a single course of idarubicin 12 mg/
m? IV bolus on days 1-3, cytarabine 1 g/m? over two hours q 12 hr on days 1-5, and
topotecan 1.25 mg/m? over 24 hr on days 1-5. Median age was 42 years (range 17-65
years). All patients were evaluable for response: 14 (51.9%) achieved complete remission,
10 with AML (59%) and four with MDS (40%), respectively. Thirteen AML patients (ex-
cluding four relapsed after autologous stem cell transplantation) were grouped into four
categories to stratify the probability of achieving complete remission (CR): group 1, first
CR duration > or = 2 years and receiving first salvage treatment (S1); group 2, first CR
duration 1-2 years and receiving S1; group 3, first CR duration 0-1 years and receiving
S1; and group 4, first CR duration 0-1 years and receiving S2, S3, or S4 after failing S1.
The response rate of each group was as follows: group 1, one of two (50%); group 2, one
of one (100%); group 3, four of four (100%); group 4, two of six (33.3%). The median
remission duration and survival of patients with AML were six and 12 months, respec-
tively. Median duration of survival in 10 MDS patients was 15 months, and all four MDS
patients achieving a CR maintained continuous CR with a median follow-up of 11 months.
Severe myelosuppression was observed in all patients, resulting in fever or documented
infections in 89% of patients. Median time to recovery of neutrophils >0.5 x 10%/1 was 22
days (11-34) and for platelets > 20 x 10%/1 35 days (11-58). Reversible grade 3—4 toxicities
included diarrhea (two patients) and mucositis (seven patients). We conclude that
combination chemotherapy with intermediate dose cytarabine, idarubicin, and topotecan
has significant antileukemic activity and acceptable toxicity in salvage AML and high-risk
MDS. Am. J. Hematol. 68:237-245, 2001.  © 2001 Wiley-Liss, Inc.
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INTRODUCTION

For adults with acute myelogenous leukemia
(AML) who fail to achieve complete remission with
frontline therapy, or who relapse, current therapy is
inadequate with a true long-term cure rate of less than
10% [1]. Therapy for advanced myelodysplastic syn-
dromes (MDS), including refractory anemia with ex-
cess blasts, refractory anemia with excess blasts in
transformation, and chronic myelomonocytic leuke-
mia is also poor, with median survivals of less than 12
months [2].

© 2001 Wiley-Liss, Inc.

The only form of ‘“‘salvage” that may offer long-
term survival is transplantation of allogeneic progen-
itor cells following myeloablative preparative condi-
tioning [3]. In contrast to allogeneic bone marrow
transplantation (BMT), most standard or high-dose
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chemotherapy used for relapsed or refractory AML is
unable to produce prolonged disease-free survival.
Response rates to salvage therapy are considerably
lower with complete response (CR) attained in only 7
to 40% of patients [4-10]; invariably the duration of
leukemia-free survival is three to six months.

High-dose cytarabine is the most effective drug in
the AML salvage setting, often producing CR in pa-
tients refractory to conventional dose cytarabine [1].
Most salvage regimens are based on variations of the
same topoisomerase II reactive agents (i.e., anthra-
cycline or VP-16) and cytarabine combination
schedules used in front-line therapy [7]. Such regimens
are effective among patients with a long first CR
duration (a “long” CR is variably defined as more
than six months or one year, depending on the report)
who have relapsed off therapy. They are, however, of
limited efficacy among patients relapsing on therapy
or with a first CR duration of less than one year [7].

Topotecaninteracts with the enzyme topoisomerase
(topol),andstabilization of the topo I-DNA complexes
by the drug is thought to lead to cell death [11]. More
topo I is present in tumor cells than in normal cell
counterparts [12], which makes the enzyme a logical
target for drugs such as topotecan. As a single agent, it
has antileukemic activity in acute leukemia, MDS, and
chronic myelogenous leukemia (CML) in acute phase.
In AML, objective antileukemic activity has been ob-
served in two phase I studies of topotecan [13,14]. Pre-
vious studies with single-agent topotecan in MDS and
chronic myelomonocytic leukemia (CMML) showed
encouraging activity with a CR rate of 30% [15,16].

The anthracycline idarubicin has been claimed to
be more effective than daunorubicin based on a pro-
longed half-life in plasma, with conversion to an
active metabolite idarubicinol [17], and reduced sen-
sitivity to p-glycoprotein overexpression [18]. Idaru-
bicin is now considered a potent antileukemic agent
included in the salvage regimen for AML [19,20] as
well as front-line therapy [21-23].

We therefore combined these agents to reduce the
incidence of severe complications noted with high-
dose cytarabine containing regimens and introducing
more potent antileukemic efficacy, using a combin-
ation of idarubicin [21-23] plus topotecan at optimal
dosage [24] and cytarabine at intermediate dosage. In
this study, we report the results obtained using this
new regimen as therapy for refractory or relapsed
AML and high-risk MDS.

PATIENTS AND METHODS
Selection of Patients

Between January 1998 and June 1999, 17 adult
patients with relapsed or primary refractory AML

and 10 patients with newly diagnosed high-risk MDS
were studied. They were 17 males and 10 females,
ranging in age from 17 to 65 years (median: 42 years).
We defined primary refractory as the persistence of
>30% bone marrow blasts and the absence of clearing
of blast cells from the peripheral blood after two
courses of induction therapy, and relapse as overt
leukemia or >20% BM blast cells. Patients were re-
quired to have adequate kidney, liver, and cardiac
function and had to be off therapy for at least two
weeks, unless they had a life-threatening increase in
their leukemic burden before that time. Initial evalu-
ation included a history and physical examination
with documentation of measurable disease; a bone
marrow aspirate and biopsy; routine blood tests with
complete blood counts (CBC), differential, and he-
patic and renal function studies; and radiologic
studies to document any extramedullary disease if
present. The protocol was reviewed and approved by
local institutional review boards, and written in-
formed consent was obtained from all patients.

Treatment

Patients received topotecan 1.25 mg/m?/day con-
tinuous IV infusion over 24 hours daily for five days,
intermediate dose cytarabine 1.0 g/m? IV infusion
over two hours every 12 hours for five days, and
idarubicin 12 mg/m?/day IV bolus for the first three
days. Follow-up studies included CBC, differential
and platelet counts, serum chemistries, and electro-
lytes two to three times a week until recovery of
counts during induction, then every one to four weeks
as indicated. Bone marrow examination was per-
formed on days 14 and 21. Patients with complete
remission after salvage therapy were given consoli-
dation chemotherapy with one more course of the
same regimen, or allogeneic bone marrow transplan-
tation in case of having a HLA-matched sibling.
Those who lacked a suitable donor received mainte-
nance chemotherapy by monthly courses of 6-TG
plus cytarabine for two years or until relapse occurred
after achieving CR [25].

Response and Toxicity Criteria

A complete remission (CR) was defined as disap-
pearance of all evidence of leukemia with a neutrophil
count of 1,000/ul or more, a platelet count of 100,000/
ul or more, no circulating blasts, and a normal mar-
row differential with less than 5% blasts in a normo-
cellular marrow, with the response lasting for at least
four weeks. Other response patterns were considered
as failures and categorized as follows: early death
(ED), if death occurred prior to day 14; aplastic death



(AD), if a patient died after day 14 with an aplastic
marrow; primary resistance, if the marrow leukemic
infiltrate (MLI) (% cellularity x % blast) was never
below 20% during therapy; secondary resistance, if
the MLI became less than 20% but with subsequent
leukemic regrowth. Partial response (PR) was defined
as for CR, except for the persistence of more than 5%
marrow blasts. Nonhematologic toxicity was graded
according to the World Health Organization (WHO)
scale.

Patients with AML were grouped into four cate-
gories to stratify the probability of achieving CR ac-
cording to the system devised by Estey et al. [26]:
group 1, first CR duration > two years and receiving
first salvage treatment (S1); group 2, first CR dura-
tion 1-2 years and receiving S1; group 3, first CR
duration 0-1 years and receiving S1; and group 4, first
CR duration 0-1 years and receiving S2, S3, or S4
after failing S1. Expected CR rates in the four groups
are known to be 70, 40, 10-20, and <1%, respectively
[26].

Supportive Care

Supportive care for granulocytopenic patients con-
sisted of reverse isolation and administration of pro-
phylactic antibiotics, usually with fluconazole 200 mg
orally per day and ciprofloxacin 500 mg orally twice
per day. Febrile granulocytopenic patients received
imipenem or cefoperazone/sulbactam, or other broad-
spectrum antibiotics. Patients with documented or
suspected fungal infections were treated with empiric
amphotericin B. Platelet transfusions were given to
maintain a platelet count >30 x 10°/ul and RBC were
transfused to maintain an hematocrit >30%. Granu-
locyte-colony stimulating factor (G-CSF) adminis-
tration was recommended not to be given unless
granulocyte recovery was delayed for more than 35
days or overwhelming sepsis was present.

Statistical Analysis

Intergroup comparisons of CR rates, as well as the
relationship with different variables studied, were
tested for significance using the Fisher’s y>-test. Dis-
ease-free survival (DFS) was measured from the date of
CR to the date of last follow-up examination, death, or
relapse. Overall survival (OS) was measured from the
date of inclusion to the date of last follow-up examin-
ation or death. Survival was censored at the time of
allogeneic bone marrow transplantation. Time-de-
pendent analysis was performed using the product-
limit (Kaplan-Meier). Comparisons between life curves
were done using the log-rank (Mantel-Cox) test.
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TABLE I. Patients Characteristics in Advanced AML (n=17)

Parameter
Age (yr) 42 (17-65)
Sex (M/F) 13/4
Hemogram at diagnosis
WBC (x103/pl) 36.4
Platelet (x103/pl) 38
Hemoglobin (g/dl) 10.4
FAB
AML M1/ M2 3/7
M4/M5 3/1
Secondary AML 3
Karyotype subgroups
Good 1
Intermediate 6
Poor 7
No data 3
Disease status
Refractory 4
1 relapse (relapse after ASCT®) 94
2 relapse 4
Salvage group®
Group 1 2
Group 2 1
Group 3 4
Group 4 6

#ASCT: autologous stem cell transplantation.
Excludes four patients relapsed after ASCT.

RESULTS
Patients Characteristics

Patient characteristics of advanced AML are
shown in Table I. Four patients were primarily re-
sistant to standard induction therapy with three daily
doses of daunorubicin/idarubicin combined with
standard dose cytarabine. Nine patients were in first
relapse, four in second or third relapse, and four
patients in relapse after autologous stem cell trans-
plantation. According to the cytogenetic subgroups
proposed by Keating et al. [27], one patient fell in the
good prognosis group, six in intermediate group,
seven in poor group, and data were not available in
the remaining three cases.

Previous treatment of AML patients comprised
induction therapy with cytarabine 100 mg/m? CIV for
seven days plus daunorubicin 45 mg/m? IV for three
days in all patients; consolidation therapy with in-
termediate dose cytarabine (1 g/m?/12 hr for four
days) and etoposide (100 mg/m”/day for three days)
plus mitoxantrome (10 mg/m?/day for two days) in
seven patients; four patients had myeloablative ther-
apy supported by autologous stem cell transplanta-
tion; and two patients received no postremission
therapy. Distribution of salvage group according to
the probability of achieving CR among 13 AML
patients (excluding four patients relapsed after
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TABLE Il. Patients Characteristics in MDS (n = 10)

TABLE lll. Response According to Patient Characteristics

Parameter Category No. (%) Patients (%) CR (%)
Age (yr) >60 1 (10) All patients 27 100 14 51.9
Median (range) 44.5 (28-65) Age
WBC (x103/ul) >20 1 (10) <30 years 5 18.5 2 50
Median (range) 2.7 (1.8-59.4) >30 years 22 81.5 12 61.5
Platelet (x10°/ul) <50 7 (70) Sex
Median (range) 29.5 (8-526) Male 17 63 10 76.9
Hemoglobin (g/dl) <10 7 (70) Female 10 37 4 40
Median (range) 7 (3.7-12.3) AML FAB type
FAB subtype RAEB 3 (30) M1 3 11.1 1 333
RAEB-T 7 (70) M2 7 25.9 5 71.4
Karyotype Diploied 2 (20) M4 2 7.4 1 50
S or 7 abnormality 3 (30) M5 1 3.7 1 100
Trisomy 8/11923 1 (10) Secondary AML 3 11.1 2 66.7
Other abnormality 4 (40) MDS 10 37 4 40
IPSS score RAEB 3 11.1 2 66.6
Low - RAEBT 7 25.9 2 28.6
Intermediate-1 - AML Status (n=17)
Intermediate-2 1 (10) Refractory 4 23.5 1 25
High 9 (90) Relapsed 13 76.5 9 69.2
Prior therapy Yes 4 (40) Ist relapse 9 52.9 6 66.7
2nd relapse 4 23.5 3 75
Type of CR1 therapy
autologous stem cell transplantation) was as follows: ™ AML (n=13)
. . Chemotherapy 7 53.8 5 71.4
two (15.4%) in group 1, one (7.7%) in group 2, four Auto-SCT 4 30.8 5 50
(30.8%) in group 3, and the remaining six (46.2%) in No therapy 2 154 2 100
group 4. Prior therapy in MDS (n=10)
Ten patients with a diagnosis of MDS, three with ;es 2 ‘6“0) ; ?(5)
0

refractory anemia with excess of blast (RAEB) and
seven with refractory anemia with excess of blast in
transformation (RAEB-T), were included in this
study. One patient was more than 60 years of age
(10%). Three patients (30%) had an abnormality in
chromosome 5 or 7, which has been established as a
poor prognostic variable; one additional patient
(10%) had either trisomy 8 or 11q23; other karyotypic
abnormalities were noted in four (40%) patients,
whereas diploid karyotype was observed in the re-
maining patients. Four patients (40%) had received
prior therapies, two with low dose cytarabine, and
two with AML-type induction chemotherapy. Patient
characteristics of MDS are depicted in Table II.

Response to Therapy

Response rates according to patient characteristics
are depicted in Table III. Of the 27 patients entered
in the study, all were assessable for response and
toxicity. Overall, 14 (51.9%) achieved a CR based on
the response criteria. Ten of the 17 patients with
relapsed/refractory AML had a CR (58.8%). Among
10 patients with MDS, four achieved a CR (40%). In
addition, we observed hematologic improvement in
four patients, including no further requirement of
transfusion support. Only one (25%) of four primary
refractory AML patients achieved a CR, whereas

nine (69.2%) of relapsed AML patients achieved a
CR (P = 0.125). The response rates of patients
with first relapsed AML and patients with second
or more relapsed AML were 66.7 and 75%, re-
spectively, which was not different. Among four
AML patients relapsed after autologous stem cell
transplantation, two achieved a CR (50%), one in
PR, and the remaining one patient succumbed
to death due to infection during prolonged hypo-
plasia.

Response rates of 13 AML patients according to
the salvage group were as follows: one of two patients
in group 1 achieved a CR (50%), and another one
showed secondary resistance; one patient in group 2
achieved a CR (100%); all four patients in group 3
achieved a CR (100%); two of six patients in group 4
achieved a CR (33.3%), four nonresponders com-
prised of one with primary resistance, two with sec-
ondary resistance, and the remaining patient died of
overwhelming sepsis during the early period (Table
Iv).

Response rates of MDS patients varied by the ex-
tent of prior treatment. Three of six (50%) untreated
MDS patients achieved a CR. Only one of four (25%)
MDS patient previously treated with chemotherapy
achieved a CR (Table III).



TABLE IV. Therapeutic Outcomes in AML According to the
Salvage Group*

Group 1 Group 2 Group 3 Group 4 Total
m=2) (n=1 m=4 @m=6) (n=13
CR (%) 1(50) 1(100) 4(100) 2(33.3)  8(61.5)
PR - - - — -
ED - - - 1 1
AD - - - - -
1°R* - - - 1 1
2°R* 1 - 2 3
DFS (months) 5 7 6 6 6
OS (months) 7 10 10 8 8

*CR: complete remission; PR: partial remission; ED: early death; AD:
aplastic death; DFS: disease-free survival; OS: overall survivial.
4]1°R: primary resistance; 2°R: secondary resistance.

TABLE V. Cytopenia and Transfusion Requirement in Patients
Achieving Cr (n = 14)

Cytopenia (days)

AGC <0.5 x 10*/ul 22 (11-34)
Platelet <20 x 10%/ul 35 (11-58)
Transfusion requirement
RBC (units) 7 (0-20)
Platelet (times®) 13.5 (7-36)

“Frequency of platelet transfusion given during chemoterapy, usually 8
units of platelet concentrates or 1 unit of platelet apheresis product at a
time.

Toxicity

This regimen was severely myelosuppressive, with
all patients developing profound granulocytopenia
(<100/ul) and thrombocytopenia (<20,000/ul) by day
10 from start of chemotherapy. The median duration
of granulocytopenia and thrombocytopenia in re-
sponding patients was 22 days (range 11-34) and 35
days (range 11-58), respectively (Table V). The most
common adverse effects were related to myelosup-
pression. Granulocytopenic fever was recorded in 24
of 27 patients (88.9%). Clinical or microbiologically
documented infection was demonstrated in 16 pa-
tients (59.3%), primarily septicemia, pneumonia, or
other focal infections. Infection was severe (WHO
grade >2) in nine patients (33.3%). Bleeding episodes
due to severe thrombocytopenia was found in four of
27 patients, one of whom had severe pulmonary
hemorrhage. Nonhematologic toxicity is detailed in
Table VI. Mucosits was dose-limiting toxicity; seven
(25.9%) of 27 patients were found to have grade 3 or
more severe mucositis, and all of them required par-
enteral nutrition. Nausea and vomiting were frequent
(81.5%) but not severe due to the systemic use of
prophylactic antiemetics. We did not observe cytara-
bine induced central nervous system toxicity, even in
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TABLE VI. Toxicity (n = 27)
Toxicity No. of patients %
Febrile episode 24 88.9
Documented infection 16 59.3
Mild to moderate (grade I/II) 7 25.9
Severe (grade I11/IV) 9 333
Hemorrhage 5 18.5
Mild to moderate (grade I/II) 4 14.8
Severe (grade I11/IV) 1 3.7
Nausea and vomiting 22 81.5
Mild to moderate (grade I/II) 14 51.9
Severe (grade 111/IV) 8 29.6
Mucositis 25 92.6
Mild to moderate (grade I/II) 18 66.7
Severe (grade I11/IV) 7 25.9
Diarrhea 19 70.4
Mild to moderate (Grade I/11) 17 63
Severe (grade 111/IV) 2 7.4
Hepatotoxicity 4 14.8
Mild to moderate (grade I/II) 4 14.8
Severe (grade III/IV) - -
Cardiac toxicity 2 7.4
Mild to moderate (grade I/1I) 1 3.7
Severe (Grade II1/IV) 1 3.7
TRM?* 3 11.1

“TRM: treatment-related mortality.

patients more than 50 years of age. Long-lasting cy-
topenias attributed to the intensity of the regimen
were observed in three patients, one with MDS-
RAEB, another with secondary AML, and the third
with heavily pretreated relapsed AML. All these pa-
tients had adequate clearance of blasts (<5% BM
blasts). Three of 27 patients (11.1%) died during the
first four weeks of therapy, two of overwhelming in-
fection and one of cardiac failure.

Survival

At the time of analysis (December 1999), seven
patients were in continuous CR with a median follow-
up of 10 months, two after allogeneic BMT, three
after consolidation chemotherapy, and remaining two
patients with no further therapy. With a median fol-
low-up duration of 10 months (range: 1-32 months),
the 12-month survival rate and disease-free survival
rate of 27 patients were 33 and 49%, respectively (Fig.
1). The median remission duration and survival of
patients with AML were six and 12 months, respec-
tively. Median duration of survival in 10 MDS pa-
tients was 15 months and all four MDS patients
achieving a CR maintained continuous CR with a
median follow-up of 11 months. There were no dif-
ferences in survival time for any pretreatment char-
acteristics.
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DISCUSSION

Our study has shown significant activity of topo-
tecan, cytarabine, and idarubicin combination
chemotherapy in relapsed/refractory AML, and high-
risk MDS with generally manageable toxicities.
Overall complete remission rate after a single course
was 51.9% with only one case of primary resistance,
and the early death rate was only 11.1%. In patients
with relapsed AML, the response rate was 69.2%,
more than average response rate compared with the
previous reports [4-10]. Among four patients with
primary refractory AML in this study, only one pa-
tient achieved a CR.

Notably, among different salvage groups, group 3
comprising four patients with less than one year of
first CR duration and receiving first salvage therapy
with the probability of achieving a CR of only 20%,
showed 100% (four of four) of response rate. More-
over, this regimen showed significant antileukemic
activity even in patients with far-advanced AML; two
of six (33.3%) from salvage group 4, with a CR
probability of less than 1%, attained a CR (including
two third CR out of three second relapsed AML).
Among four AML relapsed after autologous stem cell
transplantation, another high-risk of refractory
AML, two attained a CR (50%). One of two remitters
maintained a second CR for only three months, but
another remitter who underwent autologous stem cell
transplantation in his second CR fared relatively well,
showing continuous remission with a follow-up du-
ration of 12 months at the time of analysis.

These results compare favorably with other salvage
programs for relapsed/refractory AML including
high-dose cytarabine alone [28] or combined with
other agents [28-31]. In comparison with other simi-
lar triple agent salvage regimens such as idarubicin,
intermediate-dose cytarabine and VP-16 (ICE) [32],

00]

Disease-free survival and overall survival of the patients.

mitoxantrone, VP-16 and intermediate dose cyta-
rabine (MEC) [33], or recently fludarabine, cytar-
abine, G-csf and idarubicin (Ida-FLAG) [34,35], the
response rate of this regimen is comparable or
somewhat better with less toxic death. The recent
phase II trial of the Ida-FLAG salvage regimen
showed an overall 52% CR rate in refractory/relapsed
and secondary AML; 80% of especially excellent re-
sponse rate in first relapsed AML, but only 7% of
response in primary refractory AML. These data are
similar to our results, and suggest that to overcome
primary drug resistance in this subset of patients, more
active and innovative therapeutic strategy is needed.

In patients with MDS, four of 10 (40%) patients
achieved a CR, and three achieved a PR with signif-
icant hematologic improvement. All four patients
entering CR maintained continuous CR with a me-
dian follow-up of 11 months; one of them underwent
allogeneic bone marrow transplantation from HLA-
matched sibling donor.

The apparently better antileukemic activity of our
new regimen may be explained partly by the substi-
tution of daunorubicin or mitoxantrone with idaru-
bicin and the addition of novel topoisomerase I
inhibitor, topotecan. Idarubicin is known to have a
longer half-life with more rapid cellular uptake, and
more DNA single-strand breaks in tumor cells. A
randomized trial in previously untreated AML com-
paring idarubicin with daunorubicin in combination
with standard dose cytarabine resulted in a signifi-
cantly higher CR rate (80 vs. 58%) [21], and two
similar studies also showed better results with idaru-
bicin [22,23]. The antileukemic activity of topotecan
has been verified by previous clinical trials for re-
fractory/relapsed leukemia, and high-risk MDS. In
vitro experiments in which a topoisomerase I inhibi-
tor and cytarabine were combined have demonstrated



significant additive cytotoxic effects [36], and follow-
ing combination chemotherapy with topotecan plus
cytarabine showed more encouraging activity in MDS
with a response rate of more than 60%, with a median
survival of 60 weeks [37].

The additive effect of topotecan to idarubicin and
intermediate dose cytarabine (ida-IDAraC) in re-
fractory and relapsed acute leukemia could be de-
duced by the apparently superior response rate of this
study compared with previous a ida-IDAraC result
[38]. Excluding four patients who failed the first sal-
vage therapy given immediately before entering into
this study, CR rate of relapsed AML patients was
77% (10 of 13, data not shown), superior to the 54%
rate of CR of ida-IDAraC dual combination therapy
for similar characteristics of AML patients. In addi-
tion, recent results of clinical study about refractory/
relapsed acute leukemia with cyclophosphamide,
cytarabine, and topotecan combination chemothera-
py showed a 20% response rate [39], a less favorable
result compared with our data. These results suggest
that addition of idarubicin to topotecan and cytara-
bine might offer more potent antileukemic effect
compared with the cyclophosphamide combination.

Unfortunately, like other successful salvage pro-
grams reported, remission durations were also brief in
this study. High-dose cytarabine, one of the most
widely studied and effective drugs in the AML salvage
setting, often produces a CR rate of more than 50%,
but the median duration of survival is only about
three months [1]. Not only to extend the duration of
remission but for long-term survival in resistant
AML, effective postremission therapy should be re-
quired. But the role of postremission therapy except
allogeneic stem cell transplantation in poor-prognosis
patients remains to be clarified. Of 14 patients with a
CR, only three patients received subsequent consoli-
dation chemotherapy with the same regimen, and
four patients (three AML and one MDS-RAEBT)
proceeded to allogeneic stem cell transplantation,
with a median interval of 2.5 months after achieving a
CR. Of them, one patient with AML died of fungal
pneumonia on day 68 of transplantation, and one
succumbed to relapse on day 135 of transplantation.
The remaining two patients, one AML and one MDS-
RAEBT, maintained a continuous CR with follow-up
durations of 11 months and 13 months after BMT,
respectively. Overall, the median duration of disease-
free survival in patients with AML was only six
months. Eight of 10 remitters subsequently relapsed,
and only one patient who received allogeneic stem cell
transplantation could maintain a continuous CR.
Moreover, one patient with MDS-RAEBT who
failed to enter CR and subsequently received alloge-
neic stem cell transplantation survived in CR with a

Salvage Chemotherapy in AML and MDS 243

follow-up duration of 15 months, demonstrating that
allogeneic stem cell transplantation represents the
only available therapeutic modality that may hold out
the promise of long-term benefit in these poor-risk
categories of patients. It is clear that alternative and
more widely applicable treatment strategies in these
poor-risk categories are desperately needed.

A major concern of this regimen was the mye-
lotoxicity, because two previous studies reported
increased myelotoxicity of idarubicin over daunoru-
bicin [22,23], and the dose-limiting toxicity of topo-
tecan is also known to be myelosuppression. In this
study, myelotoxicity was severe but marrow recovery
was timely in all but three patients (11.1%). Infection
was the major toxicity of the regimen and the main
cause of treatment-related morbidity. Overall, 88.9%
of the patients experienced at least one episode of
granulocytopenic fever requiring IV antibiotics, and
59.3% had documented infections. However, only two
patients died of overwhelming infection; one of them
with hypoplastic marrow without residual leukemia,
and the other in the state of primary resistant disease.
This compares favorably with the Ida-FLAG regi-
men, for which the toxic death rate is 22.8% [35], or
more myelosuppressive programs, such as those using
megadoses of cytarabine. Nonhematologic toxicities
were acceptable and were comparable to those of
other induction therapies. One heavily pretreated
patient with AML succumbed to severe cardiac fail-
ure three days after completion of chemotherapy.

Taken together, the results of this study demonstrate
that this regimen can be safely administered to re-
lapsed/refractory AML and high-risk MDS patients,
and the efficacy for AML patients with low probability
of attaining a CR is excellent with a high rate of CR.

Although the number of patients in our analysis
was too small for definitive conclusions, combination
chemotherapy with intermediate dose cytarabine,
idarubicin, and topotecan has significant antileukemic
activity and acceptable toxicity in salvage AML and
high-risk MDS. This regimen, or a more dose intense
variant, is worthy of a larger clinical trial in salvage
groups with a higher likelihood of response.

ACKNOWLEDGMENTS

This study was supported by BK2I-Project for
Medical Science, Yonsei University, Korea. The au-
thors would like to thank Ms. Mira Choi for her
expert assistance with data management.

REFERENCES

1. Schiller GJ. Treatment of resistant disease. Leukemia 1998;
12(Suppl 1):S20-S24.



244

Lee et al.

. Beran M, Kantarjian H, O’Brien S, Koller C, al-Bitar M, Arbuck

S, Pierce S, Moore M, Abbruzzese JL, Andreeff M, Keating M,
Estey E. Topotecan, a topoisomerase I inhibitor, is active in the
treatment of myelodysplastic syndrome and chronic myelomono-
cytic leukemia. Blood 1996;88:2473-2479.

. Champlin RE. Bone marrow transplantation for acute myelogeous

leukemia: recent advances. In: Gale RP, Champlin RE, editors,
Bone marrow transplantation: current controversies. New York:
Alan R Liss; 1989. p 95-106.

. Herzig RH, Wolff SN, Lazarus HM, Phillips GL, Karanes C,

Herzig GP. High-dose cytosine arabinoside therapy for refractory
leukemia. Blood 1983:;62:361-369.

. Rees JK, Gray RG, Swirsky D, Hayhoe FG. Principal results of

the Medical Research Council’s 8th acute myeloid leukaemia trial.
Lancet 1986;29:1236-1241.

. Welborn JL, Lewis JP, Meyers FJ. Impact of reinduction regimens

on the clinical course of adult acute nonlymphocytic leukemia.
Leukemia 1988;2:711-716.

. Keating MJ, Kantarjian H, Smith TL, Estey E, Walters R, An-

dersson B, Beran M, McCredie KB, Freireich EJ. Response to
salvage therapy and survival after relapse in acute myelogenous
leukemia. J Clin Oncol 1989;7:1071-1080.

. Hiddemann W, Martin WR, Sauerland CM, Heinecke A, Buchner

T. Definition of refractoriness against conventional chemotherapy
in acute myeloid leukemia: a proposal based on the results of
retreatment by thioguanine, cytosine arabinoside, and daunoru-
bicin (TAD 9) in 150 patients with relapse after standardized first
line therapy. Leukemia 1990;4:184-188.

. Davis CL, Rohatiner AZ, Lim J, Whelan JS, Oza AM, Amess J,

Love S, Stead E, Lister TA. The management of recurrent acute
myelogenous leukaemia at a single centre over a fifteen-year per-
iod. Br J Haematol 1993;83:404-411.

. Vogler WR, McCarley DL, Stagg M, Bartolucci AA, Moore J,

Martelo O, Omura GA. A phase III trial of high-dose cytosine
arabinoside with or without etoposide in relapsed and refractory
acute myelogenous leukemia. A Southeastern Cancer Study Group
trial. Leukemia 1994;8:1847-1853.

. Liu LF. DNA topoisomerase poisons as antitumor drugs. Ann

Rev Biochem 1989;58:351-375.

. Giovanella BC, Stehlin JS, Wall ME, Wani MC, Nicholas AW,

Liu LF, Silber R, Potmesil M. DNA topoisomerase [—targeted
chemotherapy of human colon cancer in xenografts. Science
1989;246:1046-1048.

. Kantarjian HM, Beran M, Ellis A, Zwelling L, O’Brien S, Cazenave

L, Koller C, Rios MB, Plunkett W, Keating MJ, et al. Phase I study
of Topotecan, a new topoisomerase I inhibitor, in patients with
refractory or relapsed acute leukemia. Blood 1993;81:1146-1151.

. Rowinsky EK, Adjei A, Donehower RC, Gore SD, Jones RJ,

Burke PJ, Cheng YC, Grochow LB, Kaufmann SH. Phase I and
pharmacodynamic study of the topoisomerase I-inhibitor topo-
tecan in patients with refractory acute leukemia. J Clin Oncol
1994;12:2193-2203.

. Beran M, Kantarjian H. Topotecan in the treatment of hemato-

logic malignancies. Semin Hematol 1998;35(3 Suppl 4):26-31.

. Beran M, Estey E, OBrien SM, Giles FJ, Koller CA, Kornblau S,

Keating M, Kantarjian HM. Results of topotecan single-agent
therapy in patients with myelodysplastic syndromes and chronic
myelomonocytic leukemia. Leuk Lymphoma 1998;31:521-531.

. Ames MM, Spreafico F. Selected pharmacologic characteristics of

idarubicin and idarubicinol. Leukemia 1992;6(Suppl 1):70-75.

. Berman E, McBride M. Comparative cellular pharmacology of

daunorubicin and idarubicin in human multidrug-resistant leuke-
mia cells. Blood 1992;79:3267-3273.

. Harousseau JL, Reiffers J, Hurteloup P, Milpied N, Guy H, Rigal-

Huguet F, Facon T, Dufour P, Ifrah N. Treatment of relapsed

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

acute myeloid leukemia with idarubicin and intermediate-dose
cytarabine. J Clin Oncol 1989;7:45-49.

Carella AM, Carlier P, Pungolino E, Resegotti L, Liso V, Stasi R,
Montillo M, Iacopino P, Mirto S, Pagano L, Leoni F, Martelli FM,
Raimondo F, Porcellini A, Riu L, Nosari RM, Cimino R, Damasio
E, Miraglia E, Fioritoni G, Ricciuti F, Carotenuto M, Longinotti M,
Defacio D, Fazi P, Mandelli F. Idarubicin in combination with in-
termediate-dose cytarabine and VP-16 in the treatment of refractory
or rapidly relapsed patients with acute myeloid leukemia. The
GIMEMA Cooperative Group. Leukemia 1993;7:196-199.
Berman E, Heller G, Santorsa J, McKenzie S, Gee T, Kempin S,
Gulati S, Andreeff M, Kolitz J, Gabrilove J, Reich L, Mayer K,
Keefe D, Trainor K, Schluger A, Penenberg D, Raymond V,
O’Reilly R, Jhanwar S, Young C, Clarkson B. Results of a ran-
domized trial comparing idarubicin and cytosine arabinoside with
daunorubicin and cytosine arabinoside in adult patients with newly
diagnosed acute myelogenous leukemia. Blood 1991;77:1666-1674.
Wiernik PH, Banks PL, Case DC Jr, Arlin ZA, Periman PO, Todd
MB, Ritch PS, Enck RE, Weitberg AB. Cytarabine plus idarubicin
or daunorubicin as induction and consolidation therapy for pre-
viously untreated adult patients with acute myeloid leukemia.
Blood 1992;79:313-319.

Vogler WR, Velez-Garcia E, Weiner RS, Flaum MA, Bartolucci
AA, Omura GA, Gerber MC, Banks PL. A phase III trial com-
paring idarubicin and daunorubicin in combination with cytara-
bine in acute myelogenous leukemia: a Southeastern Cancer Study

Group Study. J Clin Oncol 1992;10:1103-1111.

Beran M, Estey E, O’Brien S, Cortes J, Koller CA, Giles FJ,
Kornblau S, Andreeff M, Vey N, Pierce SR, Hayes K, Wong GC,
Keating M, Kantarjian H. Topotecan and cytarabine is an active
combination regimen in myelodysplastic syndromes and chronic
myelomonocytic leukemia. J Clin Oncol 1999;17:2819-2830.

Rai KR, Holland JF, Glidewell OJ, Weinberg V, Brunner K,

Obrecht JP, Preisler HD, Nawabi IW, Prager D, Carey RW,
Cooper MR, Haurani F, Hutchison JL, Silver RT, Falkson G,
Wiernik P, Hoagland HC, Bloomfield CD, James GW, Gottlieb
A, Ramanan SV, Blom J, Nissen NI, Bank A, Ellison RR,
Kung F, Henry P, McIntyre OR, Kaan SK. Treatment of acute
myelocytic leukemia: a study by cancer and leukemia group B.
Blood 1981;58:1203-1212.
Estey E, Thall P, David C. Design and analysis of trials of salvage
therapy in acute myelogenous leukemia. Cancer Chemother
Pharmacol 1997;40(Suppl):S9-S12.
Keating MJ, Smith TL, Kantarjian H, Cork A, Walters R, Trujillo
JM, McCredie KB, Gehan EA, Freireich EJ. Cytogenetic pattern
in acute myelogenous leukemia: a major reproducible determinant
of outcome. Leukemia 1988;2:403-412.
Herzig RH, Lazarus HM, Wolff SN, Phillips GL, Herzig GP.
High-dose cytosine arabinoside therapy with and without anth-
racycline antibiotics for remission reinduction of acute nonlymp-
hoblastic leukemia. J Clin Oncol 1985;3:992-997.
Hines JD, Oken MM, Mazza JJ, Keller AM, Streeter RR, Glick
JH. High-dose cytosine arabinoside and m-AMSA is effective
therapy in relapsed acute nonlymphocytic leukemia. J Clin Oncol
1984;2:545-549.
Brito Babapulle F, Catovsky D, Slocombe G, Newland AC,
Marcus RE, Goldman JM, Galton DA. Phase II study of mitox-
antrone and cytarabine in acute myeloid leukemia. Cancer Treat
Rep 1987;71:161-163.

Latagliata R, Petti MC, Spiriti MA, Meloni G, Sgadari C, Tor-
romeo C, Vegna ML, Mandelli F. High doses of ara-C and
m-AMSA in the treatment of refractory acute nonlymphocytic
leukemia. Haematologica 1990;75:249-251.

Carella AM, Carlier P, Pungolino E, Resegotti L, Liso V, Stasi R,
Montillo M, Iacopino P, Mirto S, Pagano L. Idarubicin in com-



33.

34.

35.

bination with intermediate-dose cytarabine and VP-16 in the
treatment of refractory or rapidly relapsed patients with acute
myeloid leukemia. The GIMEMA Cooperative Group. Leukemia
1993;7:196-199.

Amadori S, Arcese W, Isacchi G, Meloni G, Petti MC, Monarca
B, Testi AM, Mandelli F. Mitoxantrone, etoposide, and interme-
diate-dose cytarabine: an effective and tolerable regimen for the
treatment of refractory acute myeloid leukemia. J Clin Oncol
1991;9:1210-1214.

Parker JE, Pagliuca A, Mijovic A, Cullis JO, Czepulkowski B,
Rassam SM, Samaratunga IR, Grace R, Gover PA, Mufti GJ.
Fludarabine, cytarabine, G-CSF and idarubicin (FLAG-IDA) for
the treatment of poor-risk myelodysplastic syndromes and acute
myeloid leukaemia. Br J Haematol 1997;99:939-944.

Steinmetz HT, Schulz A, Staib P, Scheid C, Glasmacher A,
Neufang A, Franklin J, Tesch H, Diehl V, Dias Wickramanayake
P. Phase-II trial of idarubicin, fludarabine, cytosine arabinoside,

37.

38.

39.

Salvage Chemotherapy in AML and MDS 245

and filgrastim (Ida-FLAG) for treatment of refractory, relapsed,
and secondary AML. Ann Hematol 1999;78:418-425.

. Estey EH. New agents for the treatment of acute myelogenous

leukemia: focus on topotecan and retinoids. Leukemia
1998;12(Suppl 1):S13-S15.

Beran M, Kantarjian H. Results of topotecan-based combination
therapy in patients with myelodysplastic syndromes and chronic
myelomonocyticleukemia. Semin Hematol 1999;36(4 Suppl 8):3-10.
DeLaSernaJ, Francisco TomasJ, Solano C, Garcia de Paredes ML,
Campbell J, Grande C, Diaz Mediavilla J. Idarubicin and interme-
diate dose ARA-C followed by consolidation chemotherapy or bone
marrow transplantation in relapsed or refractory acute myeloid
leukemia. Leuk Lymphoma 1997;25:365-372.

Cortes J, Estey E, Beran M, O’Brien S, Giles F, Koller C, Keating
M, Kantarjian H. Cyclophosphamide, ara-C and topotecan (CAT)
for patients with refractory or relapsed acute leukemia. Leuk
Lymphoma 2000;36:479-484.



