
Low-dose cytosine arabinoside (LD-AraC) vs LD-AraC plus granulocyte/macrophage
colony stimulating factor vs LD-AraC plus Interleukin-3 for myelodysplastic syndrome
patients with a high risk of developing acute leukemia: final results of a randomized
phase III study (06903) of the EORTC Leukemia Cooperative Group

H Zwierzina1, S Suciu2, J Loeffler-Ragg1, R Neuwirtova3, P Fenaux4, M Beksac5, J Harousseau6, V Nuessler7, J Cermak3, G Solbu2,
R Willemze8, T de Witte9 and S Amadori10, on behalf of the EORTC Leukemia Cooperative Group

1University Hospital, Medical University Innsbruck, Innsbruck, Austria; 2EORTC Data Center, Brussels, Belgium; 3Institute of
Hematology and Blood Transfusion, Prague, Czech Republic; 4Avicenne Hospital, Paris XIII University, Paris, France; 5Ibni Sina
Hospital, Ankara, Turkey; 6Hotel Dieu, Nantes, France; 7Klinikum Grosshadern, Munich, Germany; 8University Medical Center,
Leiden, The Netherlands; 9St Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands; and 10University Tor
Vergata, Rome, Italy

In this randomized phase III study of the EORTC Leukemia
Cooperative Group, patients with myelodysplastic syndromes
(MDS) with 10–30% bone marrow blasts and hematopoietic
failure were treated with low-dose cytosine arabinoside (LD-
AraC) (2� 10 mg/m2/day subcutaneously (s.c.) days 1–14) either
alone or in combination with rhGM-CSF or interleukin-3 (IL-3)
both given s.c. at a dose of 150 lg/day from day 8 to 21. A total
of 180 evaluable patients with a median age of 65 years and
refractory anemia with an excess of blasts (RAEB, n¼107) or
RAEB in transformation (RAEBt, n¼ 73) were randomized.
There were no differences among the three treatment regimens
with respect to numbers of courses applied or treatment delays.
Hemorrhage occurred in approximately 40% in all arms,
whereas infection rates were higher in the granulocyte/macro-
phage colony stimulating factor (GM-CSF)- or IL3-containing
arm. The overall response rate was 38.6% with no statistically
significant difference among the three arms. In summary, a
substantial proportion of patients had achieved relatively
durable responses in all the three arms. No influence of either
growth factor was detected on the grade of cytopenia. Thus, the
combination of LD-AraC with GM-CSF or IL-3 cannot be
recommended for routine use in a high-risk MDS population.
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Introduction

Prognosis of myelodysplastic syndromes (MDS) is closely
correlated with bone marrow blast cell count, cytogenetic
abnormalities and cytopenia1 leading to an increased risk for
lethal infections or bleeding. Intensive chemotherapy has been
given to patients younger than 65 years of age with response
rates up to 60% but these were mostly of relatively short
duration.2,3 Recently, it has been shown that intensive
chemotherapy followed by allogeneic or autologous stem cell
transplantation can lead to a relatively high remission rate in
patients younger than 60 years old.4

Such cases, however, represent only a minority of the patients
with MDS who are usually older. A widely used therapy that has
produced remissions of some duration is low-dose cytosine
arabinoside (LD-AraC). Remission rates of 20–40% have been
reported5–7 but due to the heterogeneity of the patient

populations and treatment schedules, no definite conclusions
on the value of this therapy can be drawn. In particular, no
survival advantage could be demonstrated in a phase III trial of
the Eastern Cooperation Oncology Group, which compared a
single course of LD-AraC to supportive care.7 Although LD-AraC
has been suggested to induce differentiation in leukemic blasts,8

it appears to act mainly through cytotoxic mechanisms as
suggested by isoenzyme analyses8 or detection of ras mutations.9

Hematopoietic growth factors might interfere beneficially
with LD-AraC either due to stimulation of normal hematopoiesis
or by making clonogenic MDS cells more sensitive to
chemotherapy.10

In a previous randomized phase II trial, we have investigated
the use of the combination of LD-AraC and granulocyte/
macrophage colony stimulating factor (GM-CSF) either given
sequentially or concomitantly. It was shown that both schedules
resulted in similar response rate and survival.11

Interleukin-3 (IL-3) might be an even more attractive partner
for LD-AraC because it specifically increases the proportion of
early progenitors in S phase, thus enhancing AraC-induced cell
kill.12 Furthermore, it may also increase erythropoiesis and
megakaryopoiesis in MDS in vivo and thus exert a multilineage
response.13 Since no data were available regarding the
feasibility of such an approach, the EORTC Leukemia Co-
operative Group (LCG) has performed a phase I/II dose
escalation study of IL-3 in combination with LD-AraC14 as a
pilot. It was shown that the combination was well tolerated and
that stable responses can be achieved.

Based on the results of the trials and the rationale described
above, we initiated a randomized phase III trial comparing
LD-AraC alone vs LD-AraC plus GM-CSF vs LD-AraC plus IL-3.

Patients and methods

Inclusion/exclusion criteria

The main inclusion criteria were (1) MDS with 10–30% of blasts
in the bone marrow aspirate; (2) at least one of the following:
transfusion-dependent anemia (more than two units of packed
red blood cells within 6 weeks of observation), severe
thrombocytopenia (less than 50� 109/l), severe neutropenia
(absolute neutrophil count (ANC) less than 0.5� 109/l or
1� 109/l in the presence of a history of infections); (3) age
between 15 and 80 years; (4) WHO performance status of 0–2;
and (5) written informed consent. Patients with CMML were
excluded from the study. Further exclusion criteria were active
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infections, refractoriness to platelet support or previous treat-
ment of MDS within 6 weeks before study entry.

The study was approved by the protocol review committee of
the EORTC as well as by the ethical committee of each of the
participating institutions, and was carried out according to the
declaration of Helsinki. Each patient was registered at the
EORTC Data Center and randomized to one of the three
treatment arms of the protocol.

Study design

In this open, controlled, multicenter randomized phase III study
all patients received LD-AraC at a dose of 2� 10 mg/m2/day by
subcutaneously (s.c.) injection for 14 days (days 1–14 of the
cycle). rhGM-CSF (150mg, Escherichia coli-derived, Novartis/
Schering-Plough) or IL-3 (150mg, E. coli-derived, Novartis) was
given by s.c. injection twice daily from day 8 to 21. Interval
prolongations were allowed in cases of severe cytopenia
(granulocytes o0.2� 109/l7platelets o20� 109/l and values
below those at the start of therapy), infections or bleeding
complications. Responding patients received up to six courses.
An assessment of response including bone marrow aspira-
tion7biopsy was made immediately after the third and sixth
cycle as well as after 28 and 56 days after the last cycle.
Evaluations during treatment comprised serum measurements of
electrolytes, LDH, albumin, creatinine, bilirubin, alkaline
phosphatase, transaminases, hemoglobin, reticulocytes, plate-
lets and WBC with differential. Furthermore, regular check-ups
of urine analysis, chest X-ray, ECG as well as performance status
were performed.

All bone marrow and blood smears at entry and restaging
were sent for blinded pathology review to three reference
laboratories of the EORTC Leukemia Cooperative Group (H
Zwierzina, W Sizoo, GL Castoldi). Cytogenetic investigations
were optional and performed at each individual center.

Randomization was performed centrally (EORTC Data Center,
Brussels) and stratified according to center and the FAB subtype
(refractory anemia with an excess of blasts (RAEB) high risk vs
RAEB in transformation (RAEBt)).

Response criteria

A complete response was defined as normalization of WBC and
differential, hemoglobin X10 g/dl, platelets 4100� 109/l, bone
marrow blasts o5%, and normalization of previous cytologic
abnormalities for at least 4 weeks.

A partial response (PR) status was designated where at least
three of the following four criteria were met: increase in
hemoglobin of at least 4 g/dl, increase in platelet count of at
least 50� 109/l, increase in ANC of at least 1� 109/l and
decrease in bone marrow blast count by at least 50%, without
deterioration in any of the other parameters.

Patients were considered to have a minor response (MR) if at
least one of the criteria for response was fulfilled without
deterioration of any other parameter. A time limit of 4 weeks
was set for all types of responses. Toxic death included any
death occurring during the study to which treatment might have
contributed. Progression was determined in the event of an
increase in blasts (RAEB to RAEBt or RAEBt to acute leukemia),
or deterioration of platelet7RBC count to values requiring
transfusions7decrease of granulocyte count to o0.2� 109/l.

Statistical considerations

A total of 180 evaluable patients were planned to be
randomized. Indeed, in order to detect an increase in the best
response (CR, PR, MR) rate from 20 to 45% for each of the
pairwise comparisons (arm B vs arm A and arm C vs arm A), a
total of 60 patients per arm are required (two-sided test, a¼ 5%,
b¼ 16%). Also, 60 patients per treatment arm were required in
order to detect for each pairwise comparison a difference of
20% (from 10 to 30%) in terms of progression-free survival (PFS)
rates at 3 years and of survival rates at 4 years, corresponding to
a relative risk (RR) of 0.52 (two-sided log-rank test, a¼ 5%,
b¼ 15%). PFS was calculated from the date of randomization to
the date of first progression or death (whatever the cause) and
the duration of survival was the time from randomization until
death (whatever the cause); patients were censored at their last
moment known to be alive. For responding patients (CR, PR,
MR), disease-free survival (DFS) was calculated from the date of
best response to the date of first progression or death (whatever
the cause). The actuarial curves were computed using the
Kaplan–Meier technique.15 In order to summarize the overall
treatment difference, the RR of the daily event rate in one arm
(B or C) vs the one in the standard arm (A) and its 95%
confidence interval were estimated using the O/E ratio
method.16 The w2 test was used to compare the response rates
and the two-tailed log-rank test to compare the treatment
differences in terms of PFS, DFS and survival.15 All analyses
were performed according to the intention-to-treat principle.

Results

A total of 201 patients were randomized into the trial: 69
patients in the LD-AraC only (arm A), 68 in the LD-AraC plus
GM-CSF (arm B) and 64 in the LD-AraC plus IL-3 (arm C). There
were 13 ineligible patients (four in arm A, seven in arm B and
two in arm C), the reason of ineligibility being poor data quality
(n¼ 5), other pathology as assessed by the central pathology
committee (n¼ 3), concomitant disease (n¼ 1), concomitant
steroid administration (n¼ 1), hyperleukocytosis (n¼ 1), other
reason (n¼ 2). Additionally, eight patients were considered as
inevaluable due to an early withdrawal of the patients from the
trial and/or poor documentation (six in arm A, two in arm B).

Thus, 180 cases were eligible and evaluable for response. The
patients’ characteristics are shown in Table 1 and were well
balanced among the three treatment arms. Median age was 65
years (range 24–83 years); the majority of patients (68.3%) were
RBC transfusion-dependent and 21.1% of patients required
platelet transfusion before randomization. In all, 27 patients
(15%) had received prior treatment. Five (2.8%) of them had
been treated with chemotherapy, 15 (8.3%) with steroids and
seven (3.9%) received growth factors or biological response
modifiers. Their FAB subtype of MDS was RAEB in 59.4% (107
cases: 33 in arm A, 38 in arm B, 36 in arm C) and RAEBt in
40.5% (73 cases: 26 in arm A, 21 in arm B, 26 in arm C).

Response

Table 2 shows the overall response of evaluable patients by
treatment group. Of the 32 patients (17.8%) who achieved
complete remission, 26 patients had received all six cycles of
therapy. In all, 23 cases (12.8%) showed a PR, while 16 patients
(8.9%) achieved an MR. The overall response rate was 39.4%
(71 patients). There was no statistically significant difference
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regarding the response rate among the three arms (P¼ 0.52):
44.1% of patients demonstrated a response in arm A, 33.9% in
arm B and 40.3% in arm C. The pairwise comparisons were not
significant either for the comparison LD-AraC vs LD-AraC plus
GM-CSF (P¼ 0.35) or LD-AraC vs LD-AraC plus IL-3 (P¼ 0.82).
A total of 67 of 71 responding patients had received three or
more courses of treatment (data not shown). Further 44 cases
(24.4%) were classified as having stable disease. A total of 30 of
them had received at least three courses of therapy according to
the protocol. In all, 40 cases (22.2%) were progressive under
therapy including 21 cases (11.7%) of progression to acute
leukemia. The number of toxic deaths was 16 (8.9%), either due
to hemorrhage (six patients), severe infection (seven patients)
and other reasons (three patients). In all, 13 of them occurred
during the first course of therapy. Five toxic deaths occurred in
the LD-AraC arm, six in the LD-AraCþGM-CSF arm and five in
the LD-AraCþ IL-3 arm.

In 40 patients (22.2%), treatment was stopped due to failure and
in 18 (10.0%) due to excessive toxicity. Seven patients stopped
treatment for various reasons. There were no differences among

the three treatment regimens with respect to numbers of courses
applied, and treatment delays or modifications (data not shown).

Adverse events

Table 3 indicates the adverse events observed during treatment
in the three groups. Most adverse events were the result of LD-
AraC rather than GM-CSF or IL-3 therapy. Infections and severe
infections (WHO grade 3/4) were more frequent in both the
GM-CSF and the IL-3 arm.

Febrile episodes, which were not always related to infections,
also appeared more frequently in the two arms where
hematopoietic growth factors were given. Flu-like symptoms
were mainly observed in the GM-CSF- and IL-3-containing arms
and could easily be controlled with standard medication.

Hemorrhage was equally distributed over the three treatment
arms.

PFS, DFS and survival

The median follow-up in all patients was 3.7 years (range
0.1–5.1 years). The treatment comparisons in terms of PFS and
overall survival are shown in Figures 1 and 2, respectively.

The overall median PFS was 9.1 months. The difference
between the three arms was not significant (P¼ 0.27). The
median estimates were 8.9, 7.8 and 13.0 months in arm A, arm
B and arm C, respectively. The estimates of the RR, the
corresponding 95% CI and the P-value given by the log-rank test
were the following: RR¼ 1.10 (0.75, 1.62), P¼ 0.62, for the arm
B vs arm A comparison, and RR¼ 0.83 (0.56, 1.21), P¼ 0.33 for
the arm C vs arm A comparison.

The median DFS in 71 responding patients (CR, PR, MR) was
15.4 months. The overall difference between the three groups
was significant (P¼ 0.03), but none of the pairwise comparisons
was significant, probably due to the small number of patients
and the lack of large differences.

Overall survival by treatment arm is shown in Figure 2. No
significant difference was observed between the three groups
(P¼ 0.60). The overall median survival was 17.2 months, and by
treatment arm was 18.7, 14.7 and 20.2 months in arm A, arm B
and arm C, respectively. The estimate of the RR, the
corresponding 95% CI and the P-value given by the log-rank
test were the following: RR¼ 1.08 (0.72, 1.61), P¼ 0.71 for the
arm B vs arm A comparison, and RR¼ 0.89 (0.59, 1.32),
P¼ 0.55 for the arm C vs arm A comparison.

Further survival analyses were performed to investigate if the
exclusion of ineligible and inevaluable cases had introduced
any bias to the study. Of the 13 ineligible and the eight ineva-
luable patients, 13 died. Median survival for all randomized

Table 1 Patients’ characteristics by treatment arm

LD-AraC LD-AraC+GM-CSF LD-AraC+IL-3
N¼ 59 (100%) N¼ 59 (100%) N¼ 62 (100%)

Age (years):
median (range)

65 (28–80) 65 (28–83) 65.5 (27–80)

Leukocytes:
median (range)

2.3 (0.6–12.4) 2.4 (1.0–14.2) 2.7 (0.6–10.8)

Platelets: median
(range)

40.5 (2–969) 38 (4–28.5) 45 (6–652)

Platelet transfusion
dependency

11 (18.6%) 12 (20.3%) 15 (24.2%)

RBC transfusion
dependency

46 (78%) 37 (62.7%) 40 (64.5%)

Prior treatment 8 (13.6%) 8 (13.6%) 11 (17.7%)
Steroids 5 (8.5%) 5 (8.5%) 5 (8.1%)
Chemotherapy 1 (1.7%) 1 (1.7%) 3 (4.8%)
Other 2 (3.4%) 2 (3.4%) 3 (4.8%)

FAB
RAEB 33 (55.9%) 38 (64.4%) 36 (58.1%)

o10% blasts 11 (18.6%) 11 (18.6%) 15 (24.2%)
10–19% blasts 22 (37.3%) 27 (45.8%) 22 (33.9%)

RAEBt 26 (44.1%) 21 (35.6%) 26 (41.9%)

Table 2 Best response by treatment arm

LD-AraC LD-AraC+GM-CSF LD-AraC+IL-3
N¼59
(100%)

N¼59 (100%) N¼62 (100%)

Response 26 (44.1%) 20 (33.9%) 25 (40.3%)
CR 12 (20.3%) 8 (13.6%) 12 (19.4%)
PR 7 (11.9%) 7 (11.9%) 9 (14.5%)
Minor response 7 (11.9%) 5 (8.5%) 4 (6.5%)

Stable disease 12 (20.3%) 16 (27.1%) 16 (25.8%)
Progression to
RAEBt

7 (11.9%) 6 (10.2%) 6 (9.7%)

Progression to AML 8 (13.6%) 7 (11.9%) 6 (9.7%)
Death due to MDS 0 (0%) 2 (3.3%) 0 (0%)
Toxic death 5 (8.2%) 6 (10.0%) 5 (7.9%)
Other 1 (1.6%) 2 (3.3%) 4 (6.3%)

Table 3 Side effects (WHO grading) by treatment arm

LD-AraC LD-AraC+GM-CSF LD-AraC+IL-3

Infection (all) 14 (24.1%) 21 (38.9%) 20 (33.9%)
Grade 3–4 2 (3.4%) 8 (14.8%) 10 (17.0%)

Fever (all) 16 (27.6%) 16 (29.6%) 24 (40.7%)
Grade 3–4 1 (1.7%) 2 (3.8%) 2 (3.4%)

Flue-like symptoms 1 (1.7%) 3 (5.6%) 5 (8.5%)

Hemorrhage (all) 24 (41.4%) 23 (43.4%) 25 (43.1%)
Grade 3–4 2 (3.4%) 3 (5.7%) 5 (8.6%)
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patients (n¼ 201) was 16.9 months. The overall treatment
difference was not significant (P¼ 0.50). The median estimates
were 17.8, 11.6 and 20.9 in arm A, arm B and arm C,
respectively. The estimates of the RR, the corresponding 95% CI
and the P-value given by the log-rank test were the following:
RR¼ 1.09 (0.74, 1.59), P¼ 0.67 for the arm B vs arm A
comparison, and RR¼ 0.87 (0.59, 1.28), P¼ 0.47 for the arm C
vs arm A comparison. Therefore, by excluding ineligible and
inevaluable cases, the treatment differences in terms of survival
did not change considerably.

Discussion

Treatment with LD-AraC is quite toxic in MDS patients who
already suffer bone marrow failure, and may cause death from
hypoplasia due to infections or hemorrhage in about 15% of
cases5 and even 24% in other series.7 Use of hematopoietic
growth factors such as rhGM-CSF could theoretically improve

outcome by shortening the duration of neutropenia following
LD-AraC and render malignant progenitor cells more sensitive to
AraC.10 IL-3 may be an even more attractive partner as very
early progenitor cells can exist in nearly normal numbers in
MDS and might preferentially react to IL-3.17 Therefore, similar
to GM-CSF, therapy with the combination of IL-3 and LD-AraC
may have a synergistic effect in MDS patients.

In a previous phase I/II trial, we have investigated the
feasibility of the combination of LD-AraC and IL-3.14 It was
shown that this treatment could be given on an outpatient basis
in most cases without much interference with the patient’s
quality of life. The overall response rate was 42% and is thus
comparable with the number of responding patients described
with therapy of LD-AraC alone.

Based on the results gained from our phase I/II trials with the
combination of LD-AraC with either GM-CSF or IL-3, we
initiated a randomized phase III trial with the aim of comparing
LD-AraC alone with the addition of either of the two
hematopoietic growth factors.
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As in the trials described above, a patient’s population at high
risk of developing acute leukemia and with severe bone marrow
failure was included in this trial. Indeed the life expectancy of
patients with 10% blasts or more in the bone marrow and low
blood cell counts is only 6–12 months from diagnosis.18 As our
trial was launched before 1997, we were unable to adopt the
International Prognostic Scoring System (IPSS).1 However, the
vast majority of patients had a bone marrow blast cell count of at
least 10% and at least one cytopenia. Thus, the patient
population is comparable with what is classified as high risk
according to the IPSS score.

It has to be emphasized that most of our patients were treated
on an outpatient basis thus disrupting their quality of life much
less than intensive chemotherapy. Data on therapy of MDS
patients with LD-AraC in the literature are comparable with
results of our trial regarding response rate, survival and toxic
death rate.5–7 We could not demonstrate, however, any
additional effect of either of the hematopoietic growth factors
in terms of prolonged survival or reduced cytopenia. Also, no
effect of either of the hematopoietic growth factors on the extent
or duration of neutropenia and/or thrombocytopenia could be
detected. The degree of anemia, neutropenia and thrombo-
cytopenia gave no information on the likelihood of response to
treatment, possibly because the inclusion criteria had already
selected for a homogeneous group with poor prognosis.

The possibility that rhGM-CSF or IL-3 administration triggered
AML in some of the cases is unlikely since the proportion of such
cases was low and not increased as compared with the natural
history of the disease.

Conclusion

In summary, all the three arms of this randomized phase III in
patients with MDS and a high risk of developing acute leukemia
have shown that a substantial proportion of patients may
achieve relatively durable responses. No influence of either
growth factor was detected on the grade of cytopenia. Thus, the
combination of LD-AraC with GM-CSF or IL-3 cannot be
recommended for routine use.
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