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Thirty-eight patients with primary resistant or relapsing acute myeloid leukemia (AML)
were treated with fludarabine, cytarabine and granulocyte colony-stimulating factor
(FLAG). Median age was 41 (range 11–70). Sixteen patients had AML that was primary
resistant to induction treatment, while 22 were relapsed, 11 after autologous bone mar-
row transplant (AuBMT), 8 less than 6 months from complete remission (CR) achieve-
ment, and 3 were second relapse from chemotherapy alone. Overall, 21 of 38 patients
(55%) obtained CR. Age, sex, length of CR, and interval between autoBMT and FLAG
administration did not significantly influence the CR rate. On the contrary, a normal
karyotype at diagnosis was significantly related to a better outcome. There were 4 in-
duction deaths (10%), due to fungal infection in 2 patients and hemorrhagic complica-
tions in the remaining two. All patients experienced profound cytopenia. Median time to
neutrophil (>500/µl) recovery was 21 days, while a platelet count >20,000/µl was reached
after 23 days. The median period of hospitalization was 31 days. The nonhematological
toxicity was mild, mainly consisting of mucositis. There were 17 documented infections
and 17 episodes of fever of unknown origin. Following CR achievement, 6 patients re-
ceived autoBMT, 3 alloBMT, 2 high-dose arabinosil-cytosine, and 2 are on a waiting list
for transplantation procedure. We conclude that FLAG is an effective and well-tolerated
regimen for refractory or recurrent AML, mainly useful for patients to be admitted to bone
marrow transplantation. Am. J. Hematol. 58:105–109, 1998. © 1998 Wiley-Liss, Inc.
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INTRODUCTION

Despite the improvements in the treatment of acute
myeloid leukemia (AML), overall only 30 to 40% of
adults aged less than 60 years are currently cured from
their disease [1]. Treatment failures are related to either
leukemic cells’ resistance to cytotoxic chemotherapy or
severe morbidity and mortality associated with induction
or post-remission therapy. In particular, early relapsing
or primary resistant AML is characterized by unsatisfac-
tory response to current therapeutic approaches and short
survival [2–5]. Hence, for these categories of patients,
innovative strategies are needed. High or intermediate
dose of arabinosil-cytosine (ARA-C), alone or in com-
bination, has been reported as effective in the salvage

treatment of AML [6–8]. The clinical efficacy of this
therapeutic approach strictly depends on the higher in-
tracellular concentration of the active metabolite ara-C 58
triphosphate (ARA-CTP). Gandhi et al. demonstrated
that the combination of fludarabine (FAMP) plus ARA-C
results in a relevant increase of intracellular retention of
ARA-CTP [9]. On the other hand, in vitro studies have
shown that hematopoietic growth factors (HGF) may
render previously dormant leukemic cells more sensitive
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to cytotoxic drugs by a mechanism of cycling [10–12]. In
addition, HGFs significantly enhance (ARA-C) incorpo-
ration into DNA unrelated to the number of cells in S-
phase [13]. Based on the above observations, Estey and
coworkers developed a chemotherapy program called
FLAG, that is a combination of FAMP, ARA-C, and
G-CSF reported as effective and well tolerated in newly
diagnosed as well as in resistant or relapsing AML pa-
tients [14,15]. In the present study, we report the clinical
characteristics and treatment results of a series of 38
patients suffering from primary resistant or relapsing
AML treated with the FLAG program.

MATERIALS AND METHODS

Between March 1994 and March 1996, after obtaining
informed consent, 38 eligible patients received the FLAG
protocol. Patients were treated with FAMP 30 mg/sqm
administered at the same time daily for 5 consecutive
days intravenously (iv) over 0.5 hours. Three and a half
hours after completing each daily fludarabine infusion, 2
g/sqm of ARA-C were administered iv over 4 h. Recom-
binant human G-CSF (filgrastim or lenograstim) was ad-
ministered at a dose of 5m/kg from day 0 (24 hr before
starting chemotherapy) to polimorphonuclear recovery
(more than 0.5 × 109/L). An additional cycle was pro-
grammed in the case of partial remission. As compared to
the M.D. Anderson schedule, a lower dose of G-CSF
(i.e., 5mg/kg vs. 400mg/sqm) was employed in the pres-
ent study.

As shown in Table I, all patients had AML, 32 de novo
and 6 secondary to MDS (3 to RAEB, 2 to RAEB-t, 1 to
CMML). Diagnosis and classification were carried out
according to FAB criteria [16]. Twenty-three were males
and 15 females with a median age of 41 (range 11–70).
Sixteen patients were considered as primary resistant; 13
had received the induction schedule of the current
GIMEMA/EORTC AML10 clinical trial, while 3 (aged
over 60 years) had been treated according to the AML13
protocol. Induction of the AML10 protocol consists of a
3+5+10 randomized schedule containing idarubicn (10
mg/sqm on days 1, 3, 5) or daunorubicin (45 mg/sqm on
days 1, 3, 5) or mitoxantrone (10 mg/sqm on days 1, 3,
5) plus ARA-C (100 mg/sqm as continuous intravenous
infusion from day 1 to 10) plus etoposide (100 mg/sqm
from day 1 to 5), while the AML13 induction includes
mitoxantrone (6 mg/sqm on days 1, 3, 5), ARA-C (100
mg/sqm as continuous intravenous infusion from day 1 to
7), and etoposide (100 mg/sqm from day 1 to 3). Resis-
tance was defined either as induction therapy failing to
induce significant bone marrow hypoplasia in patients
surviving 15 days at least, or as leukemic regrowth fol-
lowing marrow aplasia [17]. Twenty-two patients were
relapsed: 11 after AuBMT (9 in first CR, 2 in second

CR), 8 were early relapses (less than 6 months from CR
achievement) from the AML10 protocol while waiting
for transplantation procedure, and finally 3 patients were
in second relapse from chemotherapy alone. The median
interval between AuBMT and relapse was of 11 months
(range 3–29). In 28 patients (73.6%), karyotype was de-
termined at diagnosis: 12 patients showed a normal
karyotype, while 16 had various abnormalities. Of note,
in patients with aberrant karyotype neither t(8;21) nor
inv(16) were detected. Performance status was assessed
according to World Health Organization (WHO) criteria:
2 patients were in PS 0, 21 in PS 1, 13 in PS 2, and 2 in
PS 3. In order to be included in the FLAG program,
patients had to present with a serum bilirubin level less
than 2 mg/dl, creatinine less than 2 mg/dl, no evidence of
cardiac dysfunction, and a PS between 0 and 3. CR was
defined as less than 5% of blasts in a normocellular or
hypercellular bone marrow with normal peripheral and
differential count in the absence of extra-medullary leu-
kemia lasting 2 months at least. Side effects were as-
sessed by WHO criteria.

Survival curves were obtained by Kaplan-Meier
method [17]. Patients achieving CR received a second
identical consolidation treatment followed by an indi-
vidualized program of post-remission therapy, depending
mainly upon clinical status, age, matched donor avail-
ability, and previous exposure to cytotoxic drugs.

RESULTS

Of the 38 patients accrued, all received the five days of
chemotherapy. The overall CR rate was 55.3% (21 out of

TABLE I. Characteristics of the Patients*

No. 38
Age 41 (11–70)
Sex (M/F) 23/15
Performance status (WHO)

0 2
1 21
2 13
3 2

De novo AML 31
AML secondary to MDS 7
Disease status

Primary resistant 16
Early relapse 8
Relapse from AuBMT 11
Second relapse 3

Karyotypea

Normal 12
Aberrantb 16

*WHO, World Health Organization; AML, acute myeloid leukemia; BMT,
bone marrow transplant.
aSuccessfully done in 28 patients (73.6%).
bNo patient with t(8;21) or inv(16).
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38). Details of response to FLAG according to status of
disease are shown in Table II. Age, sex, length of CR,
and interval between AuBMT and FLAG administration
did not significantly influence the CR rate. On the con-
trary, a normal karyotype was signifcantly related to CR
achievement (9 out of 12 or 75% for patients with normal
karyotype vs. 4 out of 16 or 25% for patients with various
karyotypic abnormalities,P 4 .02) as indicated in Table
II. As far as the response rate to FLAG according to
disease status, CR was obtained in 7 out of 16 primary
resistant patients (43.7%), and in 14 out of 22 (63.6%) in
relapsing patients. The difference was not statistically
significant (P 4 .37 as evaluated by chi-square test). It is
worthy of note that 6 out of 11 (54.5%) patients relapsing
from AuBMT achieved CR, while the CR rate was of
72.7% (8 out of 11) in patients relapsing from chemo-
therapy alone; once again, the difference was not signifi-
cant (P 4 .65). Among no responders, 4 patients died
early in induction (10.5%), while 13 (29%) were resistant
to FLAG. Two patients (both refractory to platelet trans-
fusion) died from hemorrhagic complications (one from
cerebral and one from gastrointestinal bleeding) and two
from pulmonary aspergillosis. As concerns resistant pa-
tients, 11 had a phase of bone marrow hypocellularity
followed by leukemic regrowth, while in two chemo-
therapy failed to induce bone marrow aplasia. All pa-
tients experienced profound granulocytopenia (less than
200/ml); median time to reach PMN > 500/ml and
> 1,000ml was 21 and 23 days, respectively. Twenty-six
and 28 days was the median time to achieve platelet
levels >20,000/ml and 100,000/ml, respectively. In remit-
ters, median time of G-CSF administration was 21 days
(range 12–55). The median period of hospitalization was
31 days (range 17–61). Supportive treatment consisted of
a median of 9 packed red cell units (range 0–23) and 10
platelet units (0–24). Thirty-four episodes of fever were
documented during the period of neutropenia secondary
to chemotherapy exposure and in 17 cases remained of
unknown origin. Documented infections were 17, 13
bacterial and 4 fungal as detailed in Table III. Median
number of days with febrile neutropenia was 6; 4 patients
had no fever at all. The nonhematological toxicity was

mild. The most common side effects were mucositis and
diarrhea (Table III). One patient experienced severe neu-
rologic toxicity (lethargy) that resolved spontaneously.
Toxicity of the consolidation cycle was negligible in
most cases; in particular there were no WHO >2 episodes
of nonhematological toxicity.

Following CR achievement and consolidation, 6 pa-
tients received AuBMT, 3 alloBMT, 2 HD-ARA-C, 2 are
waiting for a match unrelated donor, and 2 were treated
with interleukin-2. Two patients relapsed 2 and 4 months
after CR achievement and were refractory to regimens
including high-dose ARA-C. Only 3 of 21 patients who
obtained CR were considered unable to receive any fur-
ther treatment, while one refused any type of post-
consolidation therapy. Median survival of the whole pa-
tient’s population was 9 months (Fig. 1) while the dis-
ease-free survival was 13 months (Fig. 2). Overall, 10
patients are at present in continuous CR after a median
follow-up of 11 months.

DISCUSSION

Among AML patients there is a subset with a very low
chance of obtaining long survival or cure [18]. In par-
ticular, patients refractory to or early relapsing from in-
duction treatment, those relapsing from bone marrow
transplantation or in second or subsequent relapse have a
poor clinical outcome [1–5]. Previous studies have
shown that the combination of FAMP plus ARA-C with
G-CSF is highly effective and well tolerated in poor-risk
AML patients as compared to other salvage schedules
including high- or intermediate-dose-ARA-C [14,15].
We treated with the FLAG combination a cohort of 38
patients with poor-risk AML observed at 5 different in-
stitutions in Italy. Overall, 55% of patients achieved CR,
confirming that the FLAG is an effective regimen for
refractory or relapsed AML. FLAG showed to be highly
effective in relapsing AML with a CR rate >60%. Fa-
vourable results were obtained both in patients relapsing
early from chemotherapy and in those relapsing from
AuBMT. These results are quite remarkable given the
poor clinical outcome of patients in both these settings. A

TABLE II. Response to FLAG by Characteristics of
the Disease*

CR (%)

Total 21/38 (55.3)
Primary resistant 7/16 (43.7)
Relapsing 14/22 (63.6)
Relapsing after AuBMT 6/11 (54.5)
Relapsing after chemotherapya 8/11 (72.7)
Normal karyotype 9/12 (75)
Aberrant karyotype 4/16 (25)

*CR, complete remission; BMT, bone marrow transplant.
aLess than 6 months from CR achievement or second relapse.

TABLE III. Nonhematological Toxicity (WHO > 3)*

No. (%)

Documented infections 17 (44)
Bacterial 13 (34)
Fungal 4 (10)
Fever of unknown origin 17 (44)
Mucositis 4 (10)
Diarrhea 3 (8)
Hepatic 3 (8)
Neurologic (lethargy) 1 (2)

*WHO, World Health Organization.
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lower CR rate was observed in patients primary resistant
to induction. However, it should be considered that most
of these patients had received the current AML 10
EORTC/GIMEMA protocol, which is an aggressive
combination for AML. Poor results were also obtained in
patients with karyotypic abnormalities at diagnosis, con-
firming the pivotal role of cytogenetics in predicting the
clinical outcome in AML [19]. For patients with primary

resistant AML as well as for those with adverse cytoge-
netic features at diagnosis, it may be reasonable to po-
tentiate the FLAG with additional drugs such as idaru-
bicin or mitoxantrone [20–22].

The toxicity of the regimen was mild considering that
most patients had been heavily pretreated. The treatment-
related mortality was 10% and only 2 patients (4%) died
from infection (both fungal), while two deceased from
hemorrhagic complications. In a recent study dealing
with resistant or relapsing AML patients treated with
FLAG, none of the 22 patients died of infectious com-
plications [23]. However, in order to be included in the
trial, patients had to be afebrile and free of infections;
furthermore, there were no patients relapsing from
AuBMT. In the study by Visani and coworkers (includ-
ing 5 patients relapsing from AuBMT), only one patient
out of 22 died of infection, confirming that the FLAG is
associated with an extremely low rate of life threatening
infections [24]. Similarly to Visani et al.’s study, we
adopted a lower dose of G-CSF as compared to the M.D.
Anderson group, obtaining comparable results in terms
of CR rate and tolerability. Whether the prolonged ad-
ministration of G-CSF has a role in protecting patients
from infections remains unclear. In a not randomized
study [25], Estey et al. compared two cohorts of AML/
MDS patients treated with either FLAG or FA. There
were no differences as to CR or infection rates; however
most patients received treatment in laminar air flow
rooms until granulocyte count reached 500 or 1,000 and
this may have substantially accounted for these results; in
addition, all patients had newly diagnosed AML. In our
study, the situation was quite different because heavily
pretreated patients were managed in single or double
bedrooms; thus we cannot exclude that G-CSF may have
played a substantial role in reducing fatal infections.
Nonetheless, the potential benefit of growth factors in
AML remains unclear because conflicting results have
emerged from different trials [26–29].

Nonhematological toxicity was low, mainly consisting
in mucositis and diarrhea. There was only one episode of
lethargy, which resolved spontaneously. The low toxicity
of the regimen allowed the administration of an aggres-
sive post-remission treatment to 13 out of 20 patients (6
AuBMT, 3 allo-BMT, 2 allo-BMT from matched unre-
lated donor, and 2 high-dose ARA-C) and 2 patients
early relapsing from FLAG were treated with high-dose
ARA-C regimes. In conclusion, our results confirm that
FLAG is a highly effective and well-tolerated regimen
for poor-risk AML patients. Given the relatively low tox-
icity, in particular the low rate of fatal infections, the
FLAG may be useful mainly for patients admitted for
transplantation procedures.

Fig. 1. Kaplan-Meier estimate of the overall survival of the
whole patient population.

Fig. 2. Kaplan-Meier estimate of the disease-free survival.
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