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Fludarabine and cytarabine as continuous sequential
infusion for elderly patients with acute myeloid
leukemia

Current therapeutic strategies for the
treatment of acute myeloid
leukemia (AML), including inten-

sive induction followed by consolidation
with chemotherapy and/or stem cell
transplantation, result in long-term disease
free survival in about 40% of young/adult
patients.1-3 However, AML is a disease
affecting predominantly elderly individuals,
with a median age at diagnosis of 65-70
years and, as compared to younger adults or
children, older AML patients have a poorer
prognosis.4-7 Apart from host-related factors,
such as concomitant diseases and an inferior
capacity to withstand the side-effects of
chemotherapy, disease-related factors
including more frequent unfavorable cyto-
genetics, antecedent hematologic disorders
and high levels of multidrug resistance pro-
tein account for the unsatisfactory outcome
of the disease in the elderly.4-9 New
approaches are, therefore, strongly needed

in order to improve therapeutic results.
The efficacy of the combination of fludara-
bine with intermediate dose cytarabine
(ARA-C) is dependent on the synergy
between the two agents.10 In addition, gran-
ulocyte colony-stimulating factor (G-CSF) is
thought to potentiate the effects of ARA-C
by enhancing its incorporation into DNA.11

Accordingly, different authors have investi-
gated the potential utility of the combina-
tion fludarabine + ARA-C + G-CSF +/-
anthracyclines as treatment for poor-risk
AML or advanced myelodysplastic syn-
dromes (MDS) with encouraging results.12-18

Promising results have also been reported in
both children and adults following adminis-
tration of fludarabine and ARA-C as a con-
tinuous sequential infusion in refractory,
relapsing or poor-risk newly diagnosed
AML patients.19-20 Such a schedule enables
the administration of high-dose therapy
without increasing the non-hematologic
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Background and Objectives. A phase II study was conducted to investigate the effects
of a therapeutic program based on the combination of fludarabine and cytarabine (ARA-
C) administered as a sequential continuous infusion in untreated elderly patients with
acute myeloid leukemia (AML). 

Design and Methods. Sixty-three patients with non-M3 AML, median age 69 years
(range 61-81), were accrued. Twenty-four patients (38%) had AML secondary to
myelodysplastic syndrome. Fludarabine and ARA-C were administered as a continuous
sequential infusion for 72 and 96 hours, respectively, after a loading dose. Patients
achieving complete remission (CR) were intended to receive an additional course, fol-
lowed by autologous stem cell transplantation (ASCT). 

Results. Overall, 42 patients (67%) achieved CR. There were 10 induction deaths
(16%), while 11 patients were refractory (17%). Among those achieving a remission,
35 patients (83%) received the planned consolidation course and 29 underwent mobi-
lization of CD34+ cells into the peripheral blood for collection, which was successful in
23 (79%). Overall, 17 patients (27% of the whole population) received ASCT. The medi-
an overall and disease-free survival were both 10 months. 

Interpretations and Conclusions. Patients with an intermediate karyotype and those
receiving ASCT had a significantly better clinical outcome. Results in terms of CR
achievement, CD34+ cell collection and ASCT feasibility. A longer follow up is needed
in order to evaluate the actual benefit on long-term survival. 
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toxicity, an approach that would be particularly useful
in older patients.21

In a preliminary study on 20 AML patients aged over
60 years, we previously demonstrated that continuous
sequential infusion of fludarabine + ARA-C was feasi-
ble with a promising complete remission (CR) rate of
70%.22 Here we report the disease characteristics and
treatment results from a larger series of 63 patients
affected by AML with a median age of 69 years, treat-
ed with induction/consolidation therapy based on con-
tinuous sequential infusion of fludarabine + ARA-C. In
addition, CD34-positive (CD34+) cell mobilization and
collection as well as overall feasibility of autologous
stem cell transplantation (ASCT) was investigated. All
the 20 patients accrued in the pilot study are included
in the present series. 

Design and Methods

Inclusion criteria
Patients older than 60 years with a morphologic diag-

nosis of AML according to FAB criteria,23 with the
exception of acute promyelocytic leukemia, were
accrued into the study. In all cases, diagnosis was con-
firmed by immunophenotypic analysis after flow
cytometry examination as previously described.24

Cytogenetic analysis was performed by a direct
method using RHG banding on a minimum of 20 fully
evaluable metaphases, and the prognostic categoriza-
tion was defined according to MRC criteria.25 Patients
with AML arising after a previously diagnosed MDS or
with AML secondary to prior chemotherapy or radio-
therapy for other malignancies were also included.
According to WHO criteria,26 patients were required to
have a performance status (PS) of 0-3. Criteria for exclu-
sion included severe organ dysfunction not related to
AML or left ventricular ejection fraction (LVEF) less
than 40% as measured by echocardiography. Written
informed consent was obtained in all cases after the
local ethical committees’ approval of the study proto-
col. All cases of AML in patients aged over 60 years
diagnosed at the two participating institutions during
the period of the study were registered in order to
assess the ratio between patients observed and patients
actually accrued into the trial. 

Treatment design
Fludarabine was administered at a loading dose of 10

mg/m2 over 15 min on day 0 followed 6.5 hours later by
continuous infusion of 20 mg/m2/24 hours for 72 hours
(days 0-2); ARA-C was given at a loading dose of 390
mg/m2 3.5 hours after the fludarabine and then as a
continuous infusion over 96 hours at 1440 mg/m2/24
hours (days 0-3). G-CSF was added on day +15 at a
dose of 5 µg/kg. A second identical course was planned

for patients obtaining a partial response (PR), defined as
less than 5% blasts in peripheral blood and less than
30% blasts in the bone marrow. Patients achieving
morphologic CR, defined as less than 5% blasts in the
bone marrow, normal blood count and differential and
absence of extramedullary leukemia,27 were intended to
receive an additional identical course of continuous
infusion fludarabine + ARA-C as consolidation therapy.
Patients with bone marrow blast cells less than 5% and
incomplete hematopoietic recovery were defined as
having CRi.27 However, after the first 20 patients con-
solidation was shortened by reducing both the duration
of fludarabine and the ARA-C infusions to two and
three days, respectively, because of excessive toxicity
(see Results). Following consolidation, G-CSF was given
at a dose of 10 µg/kg from day 15 with the aim of short-
ening neutropenia and mobilizing CD34+ cells. All
patients in whom collection of CD34+ cells was suc-
cessful (≥2x106/kg) were intended to receive ASCT
with a conditioning regimen consisting of high dose
continuous infusion idarubicin plus busulphan, as pre-
viously described.28 A PS <3, absence of active infection
and/or severe organ damage were required for the
patients to be considered for ASCT. Toxicity was
recorded according to WHO criteria.26 Prophylaxis
against infection consisted of oral ciprofloxacin and oral
fluconazole, while no antiviral prophylaxis was given.
Indications for antibiotic therapy included fever >38°C
with a leukocyte count <1×109/L, as well as signs or
symptoms of infection. Intravenous fluconazole was
used for proven candidiasis infection, while ampho-
tericin B was given for aspergillosis or other invasive
fungal infections when suspected (fever persisting for
more than 7 days while on treatment with broad-spec-
trum antibiotics) or documented. In all patients red cell
concentrates were given to maintain the hemoglobin
level >8 g/dL, while platelet concentrates were admin-
istered to keep the platelet value > 10x109/L. All trans-
fused blood products were depleted of leukocytes to
minimize the risk of transfusional graft-versus-host dis-
ease. Disease-free survival (DFS) was defined as the
time from CR achievement to relapse or death from
any cause, overall survival (OS) as the time from diag-
nosis until death from any cause. DFS and OS were cal-
culated by the Kaplan–Meier method.29 Differences in
the distribution of individual parameters among sub-
sets of patients were analyzed using χ2 or Student’s t-
tests. The p value for all statistical comparisons was
two-tailed. Multivariate analysis was performed by a
Cox proportional hazard regression model. Finally, the
log-rank test was applied to calculate the significance of
differences between survival curves. Differences were
considered to be statistically significant when the p
value was <0.05. 
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Results

Patients’ characteristics and accrual
Between December 2001 and April 2004, a total of

122 patients with non-M3 AML older than 60 years
were diagnosed at the two institutions involved in
the trial. Among these, 59 patients (48%), whose
median age was 74 years (range 64-88), were consid-
ered ineligible for intensive treatment. The most fre-
quent reasons for exclusion were severe co-morbidi-
ty and/or a poor PS. Less frequently, lack of family or
social support and refusal accounted for the thera-
peutic choice. According to age, the rate of inclusion
into the trial was 77% and 35% for patients aged 61-
70 years and >70 years, respectively (p<0.001).

Overall, 63 patients (52%) were considered eligible
for the trial and all received the induction therapy.
The median age of these patients was 69 years (range
61-81). In 24 patients (38%) a previously diagnosed
MDS preceded the onset of AML; among these,
MDS was secondary to chemo- or radiotherapy for
another malignancy in 3 patients (2 multiple myelo-
ma, 1 breast cancer). Cytogenetic analysis was suc-
cessful in 54 out of 63 cases (86%). Among these, a
normal karyotype was found in 31 patients (57%)
and a complex karyotype or other unfavorable chro-
mosomal abnormalities in 23 (43%); no patient had
AML with t(8;21) or inv(16). Thirty-seven patients
(59%) were aged 61-70 years, while 26 (41%) were
older than 70 years. The main characteristics of the
63 patients considered eligible for the trial are sum-
marized in Table 1.

Treatment results and toxicity
The therapeutic results are shown in Table 2.

Overall, 42 patients achieved CR (67%), all following
one course of continuous infusion fludarabine +
ARA-C. Among these, two were classified as achiev-
ing CRi, because of incomplete platelet recovery, not
needing platelet transfusion. There were 10 induc-
tion deaths (16%), while 11 patients showed primary
refractoriness to treatment (17%). Data on
hematopoietic recovery and load of supportive ther-
apy are summarized in Table 3. The median number
of days to neutrophil >1.0×109/L and platelet
>20×109/L recovery was 19 (range 7-34) and 19 (range
9-38), respectively. Patients needed a median of 3
platelet units (range 1-19) and 7 blood units (range 1-
38). Most patients experienced severe pancytopenia
requiring broad spectrum empiric antibiotic therapy.
Induction deaths were due to infectious episodes
which occurred during the aplastic phase (n=8) and
cerebral hemorrhage (n=2). WHO >2 extrahemato-
logic toxicity consisted of increases in liver enzymes
(3 patients), an increase in liver enzymes plus serum

bilirubin (1 patient) and diarrhea (7 patients). In addi-
tion, three patients developed a tumor lysis syndrome,
2 with severe hypocalcemia. In all cases, tumor lysis
syndrome resolved after hyperhydration and correction
of metabolic abnormalities. No neurologic toxicity was
observed. The main toxicity was due to infections: 17
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Table 1. Characteristics of the patients.

# patients 63

Sex M/F 30/33

Median age (range) 69 (61-81)

Performance status
0-1 35 (56%)
2 22 (35%)
3 6 (9%)

Age 61-70/Age >70 37/26 (59%/41%)

WBC at diagnosis (×109/L)(range) 8,6 (0,7-276)

FAB
M1 17 (27%)
M2 21 (33%)
M4 18 (29%)
M5 6 (9%)
M7 1 (2%)

Cytogenetics
Intermediate 31 (49%)
Unfavorable 23 (37%)
No metaphases 9 (14%)

Previous MDS 
Yes 24 (38%)
No 39 (62%)

Table 2. Therapeutic results.

Response to induction
CR 42 (67%)
Death 10 (16%)
Refractory 11 (17%)

Consolidation 
Yes 35
No 7

Death after consolidation 6 (17%)

Mobilization 
Yes 23 (79%)
No 6 (21%)

CD34+ cells (×106/kg) 7,56 (2.1-60.3)

ASCT
Yes 17
No 6

Transplant related mortality 0 (0%)

N. of relapses
Overall 17/42 (40%)
After ASCT 5/17 (29%)
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patients (27%) experienced documented infections (13
of bacterial and 4 of fungal origin), accounting for death
in 8 cases. Fever of unknown origin (FUO) occurred in
37 patients, while 8 subjects did not experience fever at
all. The median number of days with fever >38.5°C
and intravenous antimicrobial agents was 6 (range 1-19)
and 15 (range 4-60), respectively. The median time
spent in hospital for induction treatment was 25 days
(range 13–65). 

Table 4 summarizes the influence of different param-
eters on the achievement of CR. Cytogenetic findings
at diagnosis did exert a border line effect (77% CR for
patients with intermediate karyotype as compared to
52% for those with adverse karyotype, p=0.08). On the
other hand, white blood cell (WBC) count at presenta-
tion higher or lower than 50×109/L, age less or more
than 70 years and the presence or not of a previously
diagnosed MDS did not significantly affect CR achieve-
ment. Of the 42 patients who achieved a remission, 35
(83%) received the planned consolidation course, while
in 7 cases therapy was discontinued due to loss from
follow-up (n=1), unresolved infection (n=2), persistent
thrombocytopenia (n=2), a cerebral hemorrhage which
occurred after the CR had been obtained (n=1) and
extrahematologic toxicity (n=1). In addition, while
adopting consolidation therapy identical to the induc-
tion, 6 patients died in first CR, 4 from infection in the

post-therapeutic aplastic phase (2 bacterial and 2 fun-
gal) and 2 from myocardial infarction apparently unre-
lated to previous chemotherapy. No infectious or hem-
orrhagic deaths were observed after reduction of the
consolidation course from four to three days of thera-
py. Twenty-nine patients were monitored for the mobi-
lization of CD34+ cells, collection being successful in
23/29 (79%). The median age of mobilizers was 67
years (range 61-77); of note, 9 out of them (39%) had
secondary AML and 9 (39%) were aged over 70 years.
There was no difference in CD34+ collection between
patients receiving consolidation with three or four days
of chemotherapy (p=0.78). The median number of
CD34+ cells collected was 7.56×106/kg (range 2.1-60.3),
the median number of aphereses was 2 (range 1-3).
Overall, 17 patients (27% of the total patient popula-
tion, 40% among those who had a remission, and 74%
of mobilizers) received ASCT, after a median time from
CR achievement of 3 months (range 2-4). The median
age of autografted patients was 67 years (range 61-77).
Reasons for not autografting the 6 patients who did
have successful CD34+ collection were early relapse
(n=2), which occurred in both cases 2 months after CR
achievement, refusal (n=1), infection (n=2), and severe
uncontrolled diabetes resulting in ischemic gangrene of
the left foot (n=1). Of note, both early relapsing
patients had a complex karyotype; in addition, one had
AML secondary to previous chemotherapy for multiple
myeloma and one had developed AML secondary to
MDS after an orthotopic liver transplant. At the time of
writing 24 patients are alive: 18 are in continuous CR

Table 3. Hematopoietic recovery and load of supportive treatment.

Median days to ANC>1.0×109/L (range) 19 (7-34)
Median days to Plt>20×109/L (range) 19 (9-38)
No. of RBC units, median (range) 7 (1-38)
No. of Plt transfusions, median (range) 3 (1-19)
Median days of fever (range) 6 (1-19)
Median days of iv antibiotics (range) 15 (4-60)
Median days of hospitalisation (range) 25 (13-65)

Data refer to induction therapy.

Table 4. Influence of different parameters at diagnosis on CR
achievement. 

CR rate p value

Cytogenetics
intermediate 77% 0.08
unfavorable 52%

Age
≤ 70 years 70% 0.59
> 70 years 61%

Previously diagnosed MDS
yes 61% 0.41
no 75%

WBC count at diagnosis ≤
≤ 50x×109/L 72% 0.10
> 50×109/L 46%

Figure 1. Flow chart showing the progressive reduction of patients
from diagnosis to ASCT.
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after a median follow-up for surviving patients of 12
months (range 6-36), and 6 have relapsed disease.
Figure 1 shows the progressive loss of patients from
diagnosis to ASCT. The median survival for the whole
population of patients was 10 months and the median
DFS for patients achieving CR was 10 months (Figure
2). According to cytogenetics at diagnosis, overall sur-
vival was significantly better in patients with an inter-
mediate risk karyotype as compared to those with an
unfavorable karyotype, the median survival being 16
and 6 months (p=0.02), respectively, as shown in Figure
3. In contrast, the presence of antecedent MDS and age
more or less than 70 years had a negligible impact on
survival (Figure 4). As far as concerns WBC count lower
or higher than 50×109/L at diagnosis, there was a trend
toward statistical significance when median survival
was evaluated (11 vs. 6 months, respectively, p=0.09);
however, long-term survival was only achieved in
patients without hyperleukocytosis at diagnosis (Figure
5). In the multivariate analysis, performed by taking
into account age below or above 70 years, WBC count

Figure 2. Median overall survival (panel A) and disease-free sur-
vival (panel B) of the whole patient population.

Figure 3. Overall survival by cytogenetics at diagnosis: the differ-
ence between intermediate karyotype (n=31 patients) vs.
unfavourable karyotype (n=23 patients) was statistically signifi-
cant (p=0.02).

Figure 4. Panel A: overall survival by age more or less than 70
years (p=0.53). Panel B: overall survival by presence of previously
diagnosed MDS (p=0.67). 
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at presentation (> or < 50×109/L), presence of previous
MDS and cytogenetic findings, adverse karyotype was
the only parameter significantly related to either OS or
DFS duration (p=0.02 and 0.04, respectively). The
impact of ASCT on the clinical outcome was evaluated
within the group of patients (n=27) who survived after
consolidation and were monitored for mobilization of
CD34+ cells, excluding the 2 patients not autografted
because of early relapse. Patients receiving ASCT
(n=17) had significantly better OS and DFS as com-
pared to the group which did not undergo autografting
(n=10) (median not reached vs 12 months, p=0.01 for
OS, and median not reached vs 10 months, p=0.08 for
DFS, respectively, as shown in Figure 6). Five patients
relapsed after ASCT; of note, four of them had a nor-
mal karyotype and one had a complex karyotype. 

Discussion

The optimal therapeutic approach for elderly patients
with AML is still matter of debate.30-32 An ideal therapy
would result in a high CR rate, without hampering the
possibility of peripheral blood stem cells (PBSC) mobi-
lization or the feasibility of stem cell transplantation
procedures, given that both autologous and allogeneic
stem cell transplants have been proven useful in this
setting.33-37 However, although results reported for
patients managed with supportive therapy and/or
hydroxyurea are poor, a relevant selection of patients
still occurs in clinical practice. In leukemia trials from
NCI-sponsored cooperative groups, less than 10% of
patients were older than 65 years.38 In the present study,
age over 70 years resulted in the exclusion of the major-
ity of patients from intensive therapeutic programs
(35% accrual rate for patients older than 70 years as
opposed to 77% in those aged 61-70, p<0.001). Clearly,

overly optimistic results reported in the literature are a
consequence of the above selection and refer to select-
ed patients with AML rather than AML in the elderly.1,6,7

Accordingly, the ratio of patients diagnosed to patients
actually included in a therapeutic program should be
reported and taken into account in order to enable a
proper evaluation of therapeutic results in any clinical
study focusing on elderly patients with acute leukemia.1 

The combination of fludarabine plus ARA-C offers
the possibility of delivering high-dose chemotherapy,
with less toxicity than associated with conventional
high-dose ARA-C-based regimens. In a recent study on
elderly AML patients, in which conventional fludara-
bine, cytarabine and G-CSF (FLAG) was compared to
intermediate dose ARA-C plus G-CSF, an impressively
high CR rate with negligible extrahematologic toxicity
was reported after FLAG, even though in the absence of
a significant survival advantage.39 In the present study
we investigated the toxicity and efficacy of a modified
FLAG schedule, based on the continuous sequential
infusion of fludarabine + ARA-C after a loading dose of
both drugs. Doses and schedules were adopted on the

Figure 5. Overall survival by number of WBC more or less than
50×109/L at diagnosis (p=0.09).

Figure 6. Overall survival (panel A) and disease--free survival
(panel B) of the mobilized patients (n=27): ASCT given (n=17) vs.
no further consolidation (n=10) (p=0.01 for OS and p=0.08 for
DFS)
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basis of previous studies demonstrating that this
approach was effective and well tolerated in relapsing,
refractory and newly diagnosed poor risk AML in chil-
dren and young/adult patients.19-21 Overall, a CR rate of
67% was achieved and this result is remarkable consid-
ering that a substantial fraction of the patients (38%)
had secondary AML, which represents a main adverse
prognostic parameter itself.40-42 In addition, there was no
difference in CR rate, percentage of refractory cases
and, notably, toxic death rate between patients aged
less or more than 70 years, suggesting that continuous
sequential infusion of fludarabine + ARA-C is effective
and well tolerated also in very elderly AML patients.
The absence of cardiac toxicity in this study, possibly
due to the exclusion of anthracyclines from both induc-
tion and consolidation, would candidate our regimen as
a particularly useful therapy in this age category.
Nonetheless, it is conceivable that favorable results
achieved in the cohort of patients aged > 70 years are at
least partially due to the considerable selection operat-
ed within this age cohort. However, the overall induc-
tion death rate (16%) observed in our series is compa-
rable to that reported following conventional induction
therapy and due to a similar rate of severe infectious
complications. Previous MDS was not found to have
prognostic relevance in this series as far as CR rate and
survival were concerned. In this regard two considera-
tions should be made: first, a substantial proportion of
patients with apparently de novo disease presented with
trilineage dysplastic abnormalities, therefore we cannot
exclude that in some cases a previously undiagnosed
MDS may have preceded the onset of leukemia.
Secondly, multilineage dysplasia is not, per se, an
adverse prognostic factor unless associated with unfa-
vorable cytogenetics.12,43 As a matter of fact, patients
with an unfavorable karyotype had a lower CR rate and
a significantly shorter survival as compared to those
with an intermediate risk karyotype (Figure 3); this
finding is in keeping with previous data demonstrating
an unsatisfactory outcome of patients with unfavorable
karyotypes in AML as well as in advanced MDS after
fludarabine/cytarabine based induction/consolidation
therapy.12-15,44 Toxicity due to consolidation was very
considerable when a course identical to induction was
adopted. Conceivably, myelosuppression and immuno-
suppression due to a 4-day combination of fludarabine
plus ARA-C was too toxic for a population of patients
with a median age of 69 years. Accordingly, after reduc-
tion of consolidation from 4 to 3 days of therapy, no
toxic death was observed and, notably, the less inten-
sive treatment did not result in a lower rate of peripher-
al blood stem cell mobilization (data not shown). Among
the 42 patients achieving CR and the 35 who actually
received consolidation therapy, 29 were evaluated for
stem cell mobilization; early relapse and toxicity were
the more frequent reasons accounting for withdrawal

from the study. Overall, mobilization was successful in
79% of patients; this result compares favorably with
other series including younger patients, in which
anthracycline based chemotherapy was adopted in
either induction or consolidation.45-49

Concern has been raised regarding the ability to
mobilize sufficient stem cells into the periphery for
autografting after the use of purine analogs in AML as
well as in lymphoproliferative disorders.50-53 However,
after conventional FLAG therapy, we previously report-
ed a 66% mobilization rate in a series of 44 patients
with a median age of 61 years affected by de novo AML
with trilineage dysplastic abnormalities;12 in addition,
the possibility that fludarabine given as continuous
infusion could cause less stem cell damage and there-
fore less impairment of mobilization capacity should be
taken into account. So far, few studies have specifically
addressed the feasibility of ASCT in elderly patients
with AML. Montillo et al.54 and, more recently, Oriol et
al.,55 used induction/consolidation with conventional
anthracycline-based chemotherapy and reported rates
of ASCT feasibility of, respectively, 6% and 12%
among all patients accrued. Furthermore, in Oriol’s
study, patients with secondary AML, included in our
series, were considered as not eligible. In the present
series, 27% of patients did actually receive ASCT in the
absence of transplant-related death suggesting that con-
tinuous infusion of sequential fludarabine + ARA-C is
superior, in terms of reduction of non-hematologic tox-
icity and increase of ASCT feasibility, as compared to
conventional anthracycline-based treatment. As in
Oriol’s study, in our series the patients who actually
underwent ASCT had a significantly longer survival
and DFS than did those receiving no further therapy
after consolidation, suggesting that every effort should
be made to lead patients to transplantation procedures,
given the particularly dismal outcome of relapsed
patients.56 Clearly, it should be considered that auto-
grafted patients are highly selected for best response to
induction, consolidation and mobilization as well as for
minor non-hematologic toxicity. In conclusion, these
data demonstrate the efficacy of continuous sequential
infusion of fludarabine plus ARA-C in elderly patients
with AML. In particular, results in terms of CR achieve-
ment, PBSC collection and ASCT feasibility are encour-
aging. Finally, while data on median OS and DFS seem
not to differ from those in other series of elderly AML
patients treated with intensive chemotherapy, a longer
follow-up is needed in order to evaluate the real bene-
fit to long-term survival. 
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