
ORIGINAL ARTICLE

Long-term results of a prospective randomized trial evaluating
G-CSF priming in intensive induction chemotherapy followed
by autologous stem cell transplantation in elderly patients
with acute myeloid leukemia

Gesine Bug & Steffen Koschmieder & Juergen Krauter & Michael Heuser &

Felicitas Thol & Stefanie Wiebe & Wolf-Karsten Hofmann & Stefan A. Klein &

Gerd Wegener & Gudrun Göhring & Wolfgang Heit & Dieter Hoelzer &

Arnold Ganser & Oliver G. Ottmann

Received: 22 July 2013 /Accepted: 1 August 2013 /Published online: 27 August 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract Few studies have evaluated granulocyte colony-
stimulating factor (G-CSF) priming in elderly patients with
intensively treated acute myeloid leukemia (AML), and no data
are available for genetically defined AML subgroups. We pro-
vide long-term results (median follow-up 7.6 years) of a ran-
domized trial in which 183 patients (median age 67 years)
received G-CSF prior to (G-CSF priming) or after two cycles
of induction chemotherapy. CR rates with G-CSF priming and
G-CSF post-chemotherapy were comparable (57 vs. 67 %, p =
0.153), with overall survival (OS) probabilities of 14 vs. 17 %
at 10 years. Induction mortality was significantly higher with
G-CSF priming (23 vs. 10 %, p =0.015), primarily in normal
karyotype (NK) AML. In this subgroup, a trend for better
relapse-free survival (RFS) was observed with G-CSF priming

(44 vs. 22 % at 10 years, p =0.074) but did not translate into an
OS benefit. G-CSF priming had no impact on AML with
FLT3-ITD and NPM mutations and did not improve outcome
in patients with adverse cytogenetics. In a landmark analysis,
late consolidation with autologous stem cell transplanta-
tion or a second consolidation cycle significantly im-
proved RFS compared with one consolidation cycle
(21.0 vs. 12.8 months, p =0.046). Future studies on G-CSF
priming should be restricted to NK AML and used only in
post-remission therapy.
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Introduction

Cytotoxic treatment for acute myeloid leukemia (AML) has
not changed substantially since the 1980s and relies on the
combination of cytarabine and an anthracycline (e.g., the 3+7
regimen); efforts to improve results by adding additional
cytotoxic agents or increasing the intensity of induction che-
motherapy have had no reproducible benefit [1]. Administra-
tion of the myeloid growth factors granulocyte colony-
stimulating factor (G-CSF) or granulocyte-macrophage
(GM)-CSF prior to and concurrently with induction chemo-
therapy (“priming”) has been explored based on preclinical
data suggesting sensitization of leukemic stem and progenitor
cells to the cytotoxic effects of chemotherapy [2–7]. Admin-
istration of CSF following induction and consolidation che-
motherapy reduces the duration of neutropenia, frequency of
hospitalization, and requirement for antibiotics, as shown in
numerous randomized trials (reviewed in [8], [9]). While these
studies had no impact on overall survival, growth factor
support may benefit elderly patients in particular, given the
high rate of morbidity and mortality associated with intensive
chemotherapy in this population.

Data on the use of G-CSF priming specifically in elderly
AML patients are limited with only two [10], [11] of seven
published randomized trials [12–16], focusing on patients
above 60 years of age. In addition to age, these studies differed
in their inclusion of de novo vs. secondary and untreated vs.
refractory or relapsed AML. The study reported by Estey et al.
included patients with relapsed or refractory AML as well as
advanced MDS and demonstrated an increased CR rate by G-
CSF priming [10]. Follow-up was short, with no improvement
of RFS at 6 months. G-CSF priming was also associated with
an increased CR rate in the study by Amadori et al. but failed
to improve either RFS or OS [11]. It was not evaluated
whether subgroups of patients defined by molecular genetic
parameters showed a differential effect of G-CSF priming, as
nearly half of the patients did not have evaluable cytogenetic
data. Importantly, all but one [11] of the seven trials compared
concurrent use of G-CSF and chemotherapy with placebo or
no growth factor treatment.

The present prospective, randomized clinical trial was initi-
ated in 1999 and was designed to compare two strategies
utilizing G-CSF as an adjunct to successive cycles of intensive
induction and consolidation chemotherapy in elderly patients
with newly diagnosed AML. G-CSF was administered either as
supportive therapy, starting after each induction cycle, or as a
priming agent given prior to and continuing throughout and after
chemotherapy. In addition, we assessed the impact of G-CSF
administration on the ability to collect peripheral blood stem
cells for autologous stem cell transplantation (ASCT) as late
consolidation and compared ASCTwith reduced intensity Flag-
Ida consolidation in terms of remission duration and survival.
Lastly, we examined the impact of molecular genetic aberrations

(FLT3 internaI tandem duplication (FLT3-ITD) and NPM1
mutations) and cytogenetics-based risk classification on treat-
ment outcome in the setting of the two G-CSF administration
schedules. We present here the long-term outcome with a me-
dian follow-up of surviving patients of more than 7 years.

Patients and methods

Patients

From January 2000 to August 2005, 196 previously untreated
patients older than 60 years with a confirmed diagnosis of
AML by current WHO criteria were enrolled in this prospec-
tive, randomized multicenter phase III trial. All subtypes of
AML except acute promyelocytic leukemia were eligible. Pa-
tients were required to have an ECOG performance status of <3
and adequate organ function of kidney, liver, lung, and heart.

The trial was approved by the ethics committee of the
Johann Wolfgang-Goethe University (Frankfurt, Germany)
registered at ClinicalTrials.gov (NCT00199147). All proce-
dures followed were in accordance with the ethical standards
of the responsible committee on human experimentation (in-
stitutional and national) and with the Helsinki Declaration of
1975 as revised in 2008. Patients were enrolled in four centers
(Frankfurt, Hannover, Essen-Werden, and Mannheim).

Study objectives

The primary objective of the study was to compare the effi-
cacy of intensive induction therapy with cytarabine,
idarubicin, and etoposide (IdAV) given in parallel (G-CSF
priming) and followed by G-CSF vs. the same IdAV chemo-
therapy followed by G-CSF (G-CSF post-chemo) to induce
complete remission in elderly patients with newly diagnosed
de novo or secondary AML. Secondary objectives included
(a) comparison of the antileukemic efficacy of the IdAV
regimen ± G-CSF priming in de novo AML vs. secondary
AML, (b) assessment of the influence of prior G-CSF priming
vs. no priming on PBSC mobilization for ASCT after consol-
idation therapy with dose-reduced fludarabine, cytarabine,
and idarubicin (mini-Flag-Ida) chemotherapy for ASCT, and
(c) investigation of the feasibility of high-dose chemotherapy
with autologous peripheral stem cell (PBSC) support as late
consolidation therapy in elderly patients.

Study design and treatment

Treatment schedules and the overall protocol design are sum-
marized in Fig. 1. After informed consent, patients were ran-
domly allocated in a 1:1 ratio to one of two induction treat-
ments, consisting of an identical chemotherapy but differing in
the schedule of G-CSF administration. To balance treatment
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assignment across known risk factors, patients were stratified
according to the diagnosis of either (a) de novo AML or (b)
AML secondary to chemo-/radiotherapy or an antecedent
myelodysplastic syndrome. A separate randomization list was
maintained for each stratum. Cycle 1 consisted of cytarabine
100 mg/m2 given by continuous infusion on days 1–7,
idarubicin 10 mg/m2 IV on days 2, 4, and 6, and etoposide
100 mg/m2 IV on days 3–7 (IdAV I). Irrespective of whether
the patients had already achieved a complete remission (CR)
after the first induction course, a moderately dose-reduced
cycle 2 was administered (cytarabine 100 mg/m2 given by
continuous infusion on days 1–5, idarubicin 10 mg/m2 on days
1 and 3, etoposide 100 mg/m2 on days 1–5; IdAV II). G-CSF
(Filgrastim, Neupogen®, Amgen) was given subcutaneously in
one daily dose of 5 μg/kg body weight beginning one day
before chemotherapy (day 0) in the G-CSF priming group and
on the day after chemotherapy (day 8 of cycle 1 and day 6 of
cycle 2, respectively) in the G-CSF post-chemo group and was
continued until the absolute neutrophil count was 1,000/μL for
three consecutive days. The administration of G-CSF was
postponed or interrupted in the event of leukocytosis of more
than 50,000/μL white blood cells.

Patients in CR after two induction cycles who were consid-
ered to tolerate intensive post-remission therapy received a
third chemotherapy cycle (early consolidation) consisting of
an age-adapted, reduced intensity Flag-Ida regimen (mini-
Flag-Ida) to improve remission quality. This consisted of
fludarabine 30 mg/m2 on days 1–4, cytarabine 600 mg/m2 on
days 1–4, idarubicin 8 mg/m2 on days 1 and 3, and G-CSF

5 μg/kg body weight beginning on day 0, irrespective of the
patient′s initial randomization to either G-CSF priming or G-
CSF post-chemo. During the regeneration phase following this
treatment cycle, mobilization of PBSCwas assessed and PBSC
apheresis was to be performedwhen CD34+ cells exceeded 1×
104/mL, with a goal of obtaining sufficient PBSC for at least
two transplants of 2×106 CD34+ cells/kg body weight. Pa-
tients who failed to collect sufficient numbers of PBSC were
scheduled to receive a second mini-Flag-Ida cycle.

Cytogenetic and molecular genetic analysis

At diagnosis, blood and bone marrow samples were examined
for cytogenetic abnormalities with the use of standard banding
techniques and classified according to the International Sys-
tem for Human Cytogenetic Nomenclature [17]. Cytogenetic
abnormalities were grouped according to published criteria as
core binding factor (CBF) AML, normal karyotype (NK)
AML, and monosomal karyotype (MK) negative and MK
positive [18]. If sufficient genomic DNA was available, mu-
tations in NPM1 [19] and FLT3 [20] were retrospectively
determined as previously described to facilitate regrouping
according to the ELN classification [21].

Statistical analysis

Remission status was assessed after recovery from the second
induction cycle according to the National Cancer Institute
criteria [22]. Relapse-free survival (RFS) for patients

Fig. 1 Patients were randomized
to receive two different schedules
of G-CSF in conjunction with the
same induction regimen. In the
priming group, G-CSF was
started 1 day before induction and
patients assigned to growth factor
support received G-CSF starting
1 day after the last dose of
chemotherapy (G-CSF post-
chemo). In both groups, G-CSF
was continued until neutrophil
recovery. Patients achieving a CR
were scheduled to receive an early
consolidation cycle consisting of
an age-adapted Flag-Ida regimen,
with G-CSF started on day 1 of
the cycle irrespective of the
original randomization. G-CSF
was continued with the intent of
mobilizing PBSC for subsequent
ASCT. Patients without sufficient
PBSC were scheduled to receive
late consolidation with a second
mini-Flag-Ida cycle
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achieving CR was calculated from date of CR to date of
relapse, death in remission, or date when patient was last
known to be in remission. Overall survival (OS) was defined
from date of randomization to date of death or last follow-up.
Survival curves were constructed according to the method of
Kaplan and Meier [23], and differences in RFS and OS were
assessed by the log-rank test. Patient characteristics and CR
rates were compared using the Pearson χ2 test for binary
variables and the Student’s t test for continuous variables.
Multivariate analysis was performed by Cox regression.

Results

Patient characteristics and treatment with G-CSF

Between January 2000 and August 2005, 183 of 196 enrolled
patients were eligible and started study treatment (CONSORT

flow diagram, Online Resource 1). Demographics of patients
randomly assigned to receive either G-CSF priming (n =91) or
G-CSF post-chemo (n =92) are shown in Table 1. Patient
characteristics were well balanced between both arms, except
for fewer patients in the G-CSF priming group with CBF
leukemias or classified as having a favorable genetic risk
according to European LeukemiaNet guideline [21] than in
the G-CSF post-chemo group.

In the priming group, G-CSF was administered for an aver-
age of 23.1±0.9 days (mean±SEM) during induction I and 21.9
±1.1 days during induction II. In the G-CSF post-chemo group,
G-CSF was given for 15.6±0.6 (p <0.001 vs. G-CSF priming
group) and 15.8±1.2 days (p =0.001), respectively.

Response to induction therapy

Complete remission after one or two courses of induction
chemotherapy was achieved in 114 of 183 patients (62 %).

Table 1 Patient characteristics
G-CSF priming, n =91 G-CSF post-chemo, n =92 p value

Male sex, no. (%) 47 (52 %) 52 (57 %) 0.509

Median age, years (range) 67 (61–77) 67 (61–79) 0.832

Age ≥70 years, no. (%) 30 (33 %) 24 (26 %) 0.308

Clinical presentation

Median WBC count (×109/L) 25 (0.8–287) 20 (0.6–172) 0.407

WBC count ≥50 (×109/L), no. (%) 14 (15 %) 16 (18 %) 0.714

Hemoglobin ≤9 g/dL, no. (%) 32 (35 %) 33 (36 %) 0.921

Platelets ≤25 (×109/L), no. (%) 20 (22 %) 18 (20 %) 0.688

Extramedullary AML (%) 4 (4 %) 7 (8 %) 0.361

WHO performance status, no. (%)

0 24 (26 %) 27 (29 %) 0.654

1 or 2 67 (74 %) 65 (71 %)

Type of AML, no. (%)

de novo AML 49 (54 %) 56 (61 %) 0.337

Secondary AML 36 (40 %) 31 (34 %) 0.441

Therapy-associated AML 6 (7 %) 5 (5 %) 0.742

Cytogenetic classification acc. to (18), no. (%)

CBFAML 1 (1 %) 7 (8 %) 0.030

Normal karyotype 40 (44 %) 42 (46 %) 0.818

Monosomal karyotype negative 29 (32 %) 26 (28 %) 0.595

Monosomal karyotype positive 17 (19 %) 15 (16 %) 0.673

Missing 4 (4 %) 2 (2 %)

Acc. to ELN guidelines (19), no. (%) n =78 n =79

Favorable 13 (17 %) 27 (34 %) 0.010

Intermediate-1 15 (19 %) 8 (10 %) 0.107

Intermediate-2 14 (18 %) 17 (22 %) 0.575

Unfavorable 36 (46 %) 27 (34 %) 0.126

Molecular markers n=75 n=65

Flt3-ITD 5 (7 %) 7 (11 %) 0.387

NPM1 mutation 27 (36 %) 36 (55 %) 0.069
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The causes of induction failure included resistant disease
(29 %), death during hypoplasia (7 %), and unknown reasons
(1 %). Responses were similar in the G-CSF priming and the
G-CSF post-chemo group, with CR rates of 57 and 67 %,
respectively (p =0.153).

G-CSF primingwas associatedwith a significantly increased
inductionmortality (23 vs. 10%, p =0.014). During induction I,
we observed a higher rate of severe mucositis and significantly
more life-threatening infectious complications in the G-CSF
priming arm (41 vs. 28 %, p =0.04; Tables 2 and 3). Impor-
tantly, time to recovery of neutrophils after induction cycle 1
(20.5 vs. 21.8 days) and cycle 2 (16.3 vs. 14.9 days) did not
differ between both treatment groups. Induction mortality was
highest during the first cycle of chemotherapy (28/30 patients).

Relapse and survival

Of the 114 complete responders to induction therapy, three
patients died while in CR and 85 patients due to recurrence of
leukemia, 40 out of 52 patients (77%) in theG-CSF priming vs.
48 out of 62 patients (77 %) in the G-CSF post-chemo group
(p =0.95). AML relapse occurred predominantly within the first
2 years after achieving a CR. However, five out of seven late
relapses were observed in the G-CSF post-chemo group.

The probability of RFS at 5 and 10 years in the G-CSF
priming vs. G-CSF post-chemo groups was estimated to be 25
and 25 % vs. 22 and 14 %, respectively, with no significant
differences between both treatment arms (Fig. 2a, p =0.407). OS
survival rates at 5 and 10 years in the G-CSF priming vs. G-CSF
post-chemo group were calculated to be 15 and 14% vs. 20 and
17%, respectively (Fig. 2b, p=0.205). Themedian follow-up of
the surviving patients was 7.6 (range, 4.8–11.4)years.

Effect of G-CSF priming in genetically defined subgroups

In younger AML patients, priming with G-CSF was shown to
confer an RFS benefit in standard risk AML [13]. Thus, we
evaluated the impact of G-CSF priming in genetically defined
subgroups with well proven prognostic value, i.e., CBFAML,

AML with NK, various cytogenetic abnormalities which are
MK negative, and a MK positive [18]. Pretreatment cytoge-
netic results were available for all but six patients (97 %), and
49 % of patients presented with abnormal cytogenetics clas-
sified as MK negative or positive [18].

Among patients with NK AML, induction mortality was
significantly higher with G-CSF priming than in the G-CSF
post-chemo arm (25 vs. 2 %, p =0.003). The ED rate in the
two treatment arms did not differ significantly in patients with
aberrant cytogenetics (MK positive or negative), and no case
of ED was observed in patients with CBF leukemia. On the
other hand, G-CSF priming conferred a trend to a better RFS
(p =0.074) only among patients with an NK (Fig. 3). In the G-
CSF priming and post-chemo arms, probability of RFSwas 44
and 26% at 5 years, respectively, and 44 and 22% at 10 years.
To refine the impact of G-CSF in the large cohort of NKAML,
patient samples were retrospectively analyzed for FLT3-ITD
and NPM1 mutations to allow for reassignment to the recently
published ELN genetic risk groups [21] (Table 1). G-CSF
priming did not influence RFS or OS, irrespective of the
ELN genetic risk group (data not shown).

Prognostic factors for achievement of CR and survival

When correlating the cytogenetic risk with the antileukemic
effect of induction therapy, CR rates in CBFAML, NK AML,
and MK negative and MK positive AML with aberrant cyto-
genetics were 88, 71, 58, and 38%, respectively. Patients with
an MK had a significantly inferior CR rate compared to all
others (p =0.002), but the described differences were also
significant between MK positive or MK negative AML with
aberrant cytogenetics vs. CBF or NK AML (p =0.003). A
binary logistic regression analysis for independent risk factors
of induction mortality identified a monosomal karyotype (OR
6.78, 95 % CI, 1.52–30.28), G-CSF priming (OR 3.95, 95 %
CI, 1.43–10.87), and age ≥75 years (OR 19.80, 95 % CI,
2.39–164.36). Gender, de novo vs. secondary AML and cy-
togenetics according to the ELN classification did not contrib-
ute further prognostic information.

RFS of patients with CBF or NK AML was significantly
superior to RFS in patients with an abnormal karyotype (me-
dian RFS 13.1 vs. 7.0 months; p <0.001) (Fig. 4a). Accord-
ingly, patients with CBF or NK AML had a significantly
superior OS compared to patients with MK negative or pos-
itive aberrant cytogenetics (median OS 10.2 vs. 18.4 months;
p <0.001) (Fig. 4b). The respective OS probabilities were 38,
29, 6, and 6 % at 5 years and 38, 27, 0, and 0 % at 10 years.

Post-remission therapy

Mini-Flag-Ida consolidation was administered to 75 of the 114
CR patients (Suppl. Figure 1) considered to tolerate intensive
post-remission therapy. Following mini-Flag-Ida I, collection

Table 2 Outcome of induction therapy

Outcome G-CSF
priming, n =91

G-CSF post-
chemo, n =92

p value

Complete remission 52 (57 %) 62 (67 %) 0.153

Early death (≤day 60) 21 (23 %) 9 (10 %) 0.014

-Refractory disease 13 6
-Before assessment

of remission
7 3

-In complete remission 1 0

Median RFS (months) 12.3 12.3 0.407

Median OS (months) 12.0 13.2 0.205
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of at least 2×106 CD34+ PBSC/kg was feasible in 36 out of 66
patients in whom mobilization of CD34+ cells was monitored
corresponding to 45 % of patients in the G-CSF priming and
63 % of patients in G-CSF post-chemo group (p =0.15). Of
these, 19 patients actually proceeded to ASCT, i.e., 53 % of
eligible patients. High-dose therapy consisted of thiotepa and
melphalan (n =8), melphalan (n =5), busulphan and cyclo-
phosphamide (n =4), busulphan and melphalan (n =1), and
total body irradiation and cyclophosphamide (n =1). ASCT
proved to be safe without transplantation-related deaths.

Patients who did not undergo stem cell mobilization (n =9)
or failed to collect sufficient stem cell numbers (n =30) were
eligible for a second course of mini-Flag-Ida, which was
actually given to 15 patients. Three additional patients re-
ceived an allogeneic stem cell transplantation. The impact of
any late consolidation therapy was assessed by a landmark
analysis. Only patients with a CR lasting 114 days or more
were included in the control cohort (n =34) in order to account
for the median time from CR to mini-Flag-Ida II or ASCT in
the patient group who actually received a late consolidation
(n =34). A late consolidation resulted in a significantly

superior median RFS compared to no further treatment
(21.0 vs. 12.8 months, p =0.046). The probabilities of
RFS were calculated to 35 vs. 21 % at 5 years and 31
vs. 17 % at 10 years in the mini-Flag-Ida II or ASCT
vs. control group (Fig. 5). Compared to mini-Flag-Ida
II, ASCT was not associated with an improved overall or
relapse-free survival.

Discussion

In our study, G-CSF priming during induction therapy signif-
icantly increased the early death (ED) rate and failed to
improve survival in elderly patients with previously untreated
AML. We further demonstrate that G-CSF priming did not
adversely affect the ability to collect autologous stem cells and
shows that patients significantly benefitted from a second
post-remission therapy with either ASCT or Flag-Ida as late
consolidation. As a caveat, the landmark analysis does not
take into account the reason why patients did not receive a late
consolidation. Therefore, a selection bias cannot be excluded.
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Fig. 2 Kaplan–Meier analysis of a relapse-free survival and b overall
survival according to the assigned treatment arm. The probability of RFS
with G-CSF priming was 25% at 5 and 10 years vs. 22 and 14% in the G-
CSF post-chemo group (p =0.407, log-rank test). All events observed
beyond 2 years after CR were relapses (n =7), five of which occurring in

the G-CSF post-chemo group. (Panel A) Probability of OS with G-CSF
priming was 15 and 14% at 5 and 10 years vs. 20 and 17% in the G-CSF
post-chemo group (p=0.205, log-rank test). The median follow-up of the
surviving patients was 7.6 (range, 4.8–11.4)years (Panel B)

Table 3 Incidence ofWHOgrade III–IV neutropenia and non-hematologic adverse events occurring during induction therapy inmore than 20%of patients

Induction I Induction II

Side effects, grade III–IV G-CSF priming
(n =91)

G-CSF post-chemo
(n =92)

p value G-CSF priming
(n=53)

G-CSF post-chemo
(n =63)

p value

Neutropenia (days, mean±SEM) 20.5±0.9 21.8±1.0 0.35 16.3±1.3 14.9±1.4 0.44

Infection (%) 59 52 0.250 38 32 0.332

Gastrointestinal toxicity (%) 54 42 0.063 13 19 0.257

Sepsis (%) 41 28 0.041 30 21 0.126
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In contrast to the only other study comparable in design,
patient characteristics and schedules of G-CSF administration
[11], we provide complete data on cytogenetics for 97 % and
on NPM1 or FLT3-ITD mutations for 86 % of our patients. In
our study, the high ED rate associated with G-CSF priming
was most pronounced in patients with a normal karyotype. To
minimize potential confounding factors, we calculated the risk

of EDwithin 60 days after start of induction chemotherapy for
each individual patient according to a recently published
prognostic scoring system for elderly AML patients [24]
resulting in 22 vs. 19 % in the G-CSF priming and G-CSF
post-chemo group (p=ns ). Compared to this projected
probability of early mortality, the ED rate was unex-
pectedly low (10 %) in the G-CSF post-chemo group.
This finding is potentially attributable to the use of G-
CSF as supportive therapy even though this has not
been a consistent finding in the published studies [25].
Despite the higher ED rate, we observed a trend for
improved RFS in the G-CSF priming arm, but only
among patients with NK AML. This is consistent with
the concept that G-CSF priming may enhance the anti-
leukemic activity of chemotherapy during induction, but
does not counterbalance the excess toxicity and mortal-
ity incurred during induction cycle I.

In patients below 60 years of age, Löwenberg et al.
similarly reported improved RFS at 4 years with G-CSF
priming despite increased induction mortality [13]. The
lower relapse rate and improved RFS and OS were
observed in the subset of patients with standard risk
AML, a subgroup likely to encompass primarily pa-
tients with normal cytogenetics, as in our study. Con-
versely, no improvement of DSF or OS was demon-
strated in a subsequent study of G-CSF priming in
younger patients with similar characteristics who re-
ceived standard 7+3 induction chemotherapy [16].
However, 5-year RFS and OS were superior in a subset
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Fig. 4 Impact of cytogenetic risk group as published by Breems et al.
[18] on outcome by Kaplan–Meier analysis. Patients with cytogenetic
aberrations other than CBF leukemia had an extremely poor relapse-free
(Panel A) and overall survival (Panel B) irrespective of whether they
were MK positive (median RFS 6.9 months, OS 5.6 months) or MK
negative (median RFS 9.4 months, OS 11.8 months). There was no
significant difference between CBF and NK AML in terms of RFS

(102.4 vs. 15.2 months) and OS (29.8 vs. 13.3 months). RFS of patients
with CBF leukemias or NK AML was significantly superior to RFS in
patients with an abnormal karyotype (median RFS 13.1 vs.
7.0 months; p <0.001). OS of patients with CBF leukemias or NK
AML was significantly superior to OS of patients with an abnormal
karyotype (median OS 10.2 vs. 18.4 months; p <0.001)
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Fig. 3 Relapse-free survival among patients with a normal karyotype. By
Kaplan–Meier analysis, RFS in the G-CSF priming group was
44 % after 5 and 10 years and 26 and 22 % in the G-CSF post-chemo
group (p =0.074, log-rank test)
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of patients who received G-CSF priming in conjunction
with high-dose cytarabine. None of the other G-CSF
priming studies demonstrated differences in terms of
survival endpoints, including the Amadori trial [11]
which used similar G-CSF schedules as in our study,
i.e., priming vs. supportive.

Thomas et al. recently showed that GM-CSF priming
conferred an RFS benefit to AML patients up to
50 years of age and with predominantly unfavorable
cytogenetic and molecular genetic markers [26]. This
differs from the results of our study in which G-CSF
priming clearly did not improve any outcome parameter
in patients with adverse risk cytogenetics or normal
karyotype AML with FLT3 -ITD. Thus, neither our
study nor that of Löwenberg et al. [13] are consistent
with the concept that G-CSF priming improves antileu-
kemic efficacy across all AML subsets, as suggested by
the observation that G-CSF stimulates cycling and thus
sensitization of quiescent LSC to cytarabine in an AML
xenograft model [7]. Rather, our data and the reports
by the HOVON/SAKK study group [13], [16] show an
association between the effect of priming, risk group
and cytarabine dose, providing circumstantial evidence
that patients with standard risk cytogenetics, who ben-
efit most from high-dose cytarabine, could derive the
greatest benefit from G-CSF priming. However, this
necessitates avoiding the excess induction mortality
associated with G-CSF priming that was observed both
in our study and the trial reported by Löwenberg, as
well as in a murine xenotransplantation model [7].

Conceptually, this could be achieved by delaying G-
CSF priming until a second induction cycle and/or
high-dose cytarabine-based consolidation cycles, while
administering the first induction cycle without growth
factors or with G-CSF administered as supportive ther-
apy after chemotherapy.

Another potential concern of G-CSF priming is a
deleterious effect on normal hematopoietic stem cells
that might also be sensitized to the cytotoxicity of
chemotherapy. This could become particularly relevant
in the setting of ASCT, which has been employed
repeatedly as an alternative to standard high-dose
cytarabine-based consolidation in elderly AML patients
[27–31]. As judged from our data on mobilization of
PBSC and the encouraging long-term survival data fol-
lowing late consolidation with ASCT, our results pro-
vide no evidence that number or function of stem cells
is compromised by G-CSF priming. Our protocol rec-
ommended ASCT as the preferred late consolidation for
all patients with sufficient numbers of collected PBSCs,
but the reasons why patients did not proceed to ASCT
or receive Flag-Ida as final consolidation were not
documented. These results are in line with reports from
two other large prospective trials [30] [32] in which
only a minority (12 %) of enrolled patients actually
underwent ASCT.

The value of intensive treatment of elderly AML patients
and the decision algorithm are controversial, as results are
poor in the vast majority of patients. We present here the
long-term outcome data from a cohort of 183 AML patients
with a median age of 67 years, 30% of whomwere 70 years or
older. Cytogenetic risk classification rather than age was the
principal determinant of survival with our intensive treatment
regimen. Patients with normal cytogenetics or a CBF AML
comprised 50 % of patients in our study and had a 10 year
survival probability of 27 and 38 %, respectively. A
monosomal karyotype conveyed a particularly unfavorable
prognosis, extending the limited data available for elderly
patients [33], [34].

In conclusion, our study demonstrates that elderly
patients with newly diagnosed AML have no survival
benefit from G-CSF priming if this is started already
with the first induction cycle. This is due to excess
mortality primarily in patients with NK AML. Superior
RFS in this subset of patients suggests that further
exploration of G-CSF priming in elderly patients is
warranted only if started during post-remission therapy,
particularly with high-dose cytarabine-based consolida-
tion cycles. Conversely, G-CSF priming should not be
offered to elderly patients with unfavorable cytogenetic
features, as there is no evidence that priming improves
the extremely poor outcome associated with intensive
chemotherapy.
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Fig. 5 Landmark analysis of RFS in patients receiving late consolidation
with ASCTormini-Flag-Ida II in comparisonwith patients receiving only
one consolidation cycle. Probabilities of RFS were 35 vs. 21 % at 5 years
and 31 vs. 17% at 10 years in patients receiving two vs. one cycle of post-
remission therapy. Prolonged post-remission therapy significantly im-
proved the median RFS (21.0 vs. 12.8 months, p =0.046)
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