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Background
There is no standard post-remission therapy in older patients with acute myeloid leukemia. 

Design and Methods
From 1999 to 2006, the Acute Leukemia French Association group ran two concurrent random-
ized trials with overlapping inclusion criteria for patients aged 65 to 70 with acute myeloid
leukemia, with different post-remission strategies: two intensive courses in the 9801 trial, one
intensive course or six outpatient courses in the 9803 trial. We analyzed the outcome of these
patients per protocol and per post-remission therapy. 

Results
Two hundred and eleven patients aged 65 to 70 years with de novo acute myeloid leukemia
were enrolled in trial 9801 (n=76) or 9803 (n=135). The patients in the two trials had compara-
ble white blood cell counts (P=0.3), cytogenetics (P=0.49), and complete remission rates (70%
and 57%, respectively; P=0.17). Overall survival was identical in both trials (32% and 34% at
2 years, respectively; P=0.71). Overall survival after complete remission was identical in the 103
of 130 patients who received the planned post-remission courses (n=44 with two intensive
courses, n=28 with one intensive course, n=31 with six outpatient courses; 41%, 55%, and
58% at 2 years, respectively; P=0.34). Even in patients with favorable or normal karyotype
(n=97), overall survival from complete remission was not improved by more intensive post-
remission therapy. 

Conclusions
In patients aged 65 to 70 years with de novo acute myeloid leukemia in complete remission after
standard intensive induction chemotherapy, there is no apparent benefit from intensive post-
remission therapy. (ClinicalTrials.gov Identifiers: NCT00931138 and NCT00363025)
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Introduction

Acute myeloid leukemia (AML) frequently occurs in
older patients, with a poor prognosis due to more resistant
disease and greater frailty of such patients.1 Patients likely
to benefit from intensive chemotherapy combining stan-
dard doses of cytarabine arabinoside with an anthracy-
cline (“7+3” regimen) can be identified by various scores,2-
4 including a proposed decision index derived by our
group.5 Age, cytogenetics, white blood cell count,
antecedent hematologic disorders, performance status,
and comorbidities are the main factors which are taken
into consideration for decision-making. In selected
patients, standard intensive induction yields complete
remission rates around 50%.6 Induction dose escalation
does not improve outcome after 65 years of age.7 Once
complete remission has been reached, there is no well-
established standard for post-remission therapy in older
AML patients. Randomized studies from the 1990s failed
to demonstrate any benefit of intensification either by
increasing the doses,8 number of courses,9 or number of
chemotherapy agents, except in highly selected patients.10
Since those studies were performed, the prognosis of older
AML patients treated intensively might have improved
with progresses in supportive care,11 warranting a reap-
praisal of the potential benefit associated with intensive
post-remission therapy.
The Acute Leukemia French Association (ALFA) com-

pleted a trial in AML patients aged over 65 years with de
novo or secondary AML (ALFA-9803)12 in which patients in
first complete remission were randomized between two
post-remission strategies, an intensive regimen delivered
in the hospital, and an outpatient strategy consisting of six
courses of single-dose anthracycline combined with sub-

cutaneous cytarabine arabinoside. Although this study
was the first to demonstrate an overall survival advantage
in favor of the outpatient approach, this conclusion was
weakened by the fact that the “intensive” arm consisted of
a single “3+7” reinduction course, leaving open the possi-
bility that a more intensive post-remission strategy could
have been more efficient, especially in younger patients
close to 65 years of age. Concomitantly, the ALFA initiated
another trial, referred to as ALFA-9801 and designed for
patients aged 50 to 70 years old with de novo AML.13 In this
trial, patients in complete remission received a more inten-
sive post-remission regimen with two courses of interme-
diate-dose cytarabine arabinoside, combined with anthra-
cyclines.13 The age overlap of 65-70 years in the inclusion
criteria for these two concomitant trials provided the
opportunity to compare different intensities of post-remis-
sion treatment in older patients with de novo AML in first
complete remission.

Design and Methods

Patients and eligibility criteria
The ALFA-9801 and ALFA-9803 trials enrolled 478 and 416

patients from 01/2000 to 10/2006 and from 10/1999 to 03/2006,
respectively, in the same 24 centers. Informed consent was
obtained from all patients in accordance with the Declaration of
Helsinki. The 9801 and 9803 trials were approved by the ethic
committees of Saint-Louis and La Pitié-Salpétrière Hospitals
respectively, and were registered at www.clinicaltrials.gov under
identifiers NCT00931138 and NCT00363025, respectively. The
eligibility criteria were age over 64 years and a previously untreat-
ed AML (marrow blasts ≥ 30%, de novo or secondary to myelodys-
plastic syndrome) for the 9803 trial,12 and an age comprised
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Figure 1. CONSORT diagram of the overlap study population. CI: contraindication; Tx: treatment.
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between 50 and 70 years with a diagnosis of de novo AML (mar-
row blasts ≥ 30%) in the 9801 trial.13 Exclusion criteria were sim-
ilar in the two trials: (i) acute promyelocytic leukemia, therapy-
related AML; (ii) severe comorbidity (grade 3-4 infection, sympto-
matic myocardial, cardiac, hepatic, renal, neuro-psychiatric, or
auto-immune condition); and (iii) performance status score greater
than 3. Only patients aged 65 to 70 years with de novo AML were
analyzed in the present study. The CONSORT diagram of the
study population is recapitulated in Figure 1.

Treatments 
The treatment schemes of both trials are summarized in

Figure 2 and detailed in the reports by Gardin et al.12 and Pautas
et al.13 In both trials, patients were randomized front-line (first
randomization) to receive either daunorubicin or idarubicin
throughout the study. In the 9803 trial, induction chemotherapy
consisted of daunorubicin 45 mg/m2/day intravenously or idaru-
bicin 9 mg/m2/day intravenously for 4 days with cytarabine ara-
binoside 200 mg/m2/day by continuous intravenous infusion for
7 days. Lenograstim 263 mg/day was administered intravenously
from day 9 until neutrophil recovery. In the 9801 trial, induction
consisted of daunorubicin 80 mg/m2/day intravenously for 4
days or idarubicin 12 mg/m2/day intravenously for 3 days or
idarubicin at the same daily dose for 4 days, with cytarabine ara-
binoside 200 mg/m²/day administered by continuous intra-
venous infusion for 7 days. In this trial, patients did not receive
granulocyte colony-stimulating factor (G-CSF) prophylaxis. In
both trials, a salvage course was planned for patients with per-
sistent leukemia on day 21. In the 9803 trial, salvage therapy
consisted of cytarabine arabinoside 500 mg/m2/12 h by intra-
venous bolus (days 1-3) with mitoxantrone 12 mg/m2/day for 2
days (days 3 and 4), while in the 9801 trial the salvage therapy
consisted of cytarabine arabinoside 1000 mg/m2/12 h by intra-
venous bolus (days 1-4) with mitoxantrone 12 mg/m2/day for 2
days (days 5 and 6).
As previously reported,12 patients in complete remission in the

9803 trial were randomized between an outpatient regimen of
six monthly courses of daunorubicin 45 mg/m2 intravenously or
idarubicin 9 mg/m2 intravenously on day 1 with subcutaneous
cytarabine arabinoside 60 mg/m2/12 h for 5 days (days 1 to 5)
without G-CSF prophylaxis, or an intensive in-patient regimen
with a single post-remission course identical to the first induc-
tion course including G-CSF prophylaxis. There was no mainte-

nance therapy in this trial. As more recently reported,13 patients
in complete remission in the 9801 trial received a more intensive
in-patient regimen based on two courses of intermediate-dose
cytarabine arabinoside: cytarabine arabinoside 1000 mg/m2/12 h
by intravenous IV bolus for 4 days with daunorubicin 80 mg/m2

or idarubicin 12 mg/m2 (according to first randomization), given
on day 1 for the first course and on days 1-2 for the second
course. Patients in continuous complete remission after these
two consolidation courses were randomized between a mainte-
nance regimen with recombinant interleukin-2 (aldesleukin)
5¥106 units/m²/day subcutaneously 5 days/month, for 12
months, or no further treatment. 

Decision index
The decision index was defined according to Malfuson et al.5

As the age criterion of 75 years old or more taken into consider-
ation by this decision index was not relevant to the present
cohort, only performance status and white blood cell count cri-
teria were used to define patients with an unfavorable index.
Briefly, an unfavorable index was assigned to patients with high-
risk cytogenetics and/or the two following factors: a perform-
ance status score of 2 or more and a white blood cell count of
50¥109/L or more. In the absence of these criteria, patients were
considered to have a favorable index.

Response criteria
Responses were classified according to International Working

Group criteria.14 Induction death was defined as death occurring
before response evaluation unless evidence of resistant disease
(defined according to International Working Group criteria14)
was provided at least 7 days after conclusion of the chemother-
apy. 

Cytogenetics 
Cytogenetic abnormalities were evaluated according to ISCN

criteria;15 with at least 15 normal mitoses to define cytogeneti-
cally normal AML; t(8;21), inv(16) and t(16;16) were considered
to be favorable risk findings. According to the ALFA cytogenetic
classification, the unfavorable-risk subset included patients with
del(5q)/-5, del(7q)/-7, 11q23 anomaly [except for t(9;11)], t(6;9),
complex karyotype (≥ 3 abnormalities), or 3q26 abnormalities.
All other aberrations as well as normal karyotypes were includ-
ed in the intermediate-risk subset. 

Post-remission therapy in older AML patients

haematologica | 2011; 96(6) 839

Figure 2. Treatment plans for trials 9801 and 9803. R1: first randomization; R2: second randomization; IL-2: interleukin-2; DNR: daunoru-
bicin; IDA: idarubicin; CR: complete remission.
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Endpoints and statistical methods
The primary endpoints were overall survival and overall sur-

vival from complete remission, using the first day of induction
therapy or date of complete remission as the landmark, respec-
tively. Patients were censored at the date of last contact if alive.
Survival life-tables were estimated with the Kaplan-Meier
method,16 with median follow-up determined according to Korn
et al.17 Secondary endpoints were disease-free survival measured
from complete remission date considering death and relapse as
events, and post-remission treatment-related mortality, meas-
ured as the cumulative incidence of death in first complete
remission within 1 year of treatment onset, considering relapse
as a competing risk. All analyses were stratified on front-line
anthracycline randomization, regrouping the two 9801 idaru-
bicin arms to form only two groups in total (daunorubicin and
idarubicin). For this purpose, bivariate logistic regression was
used for dichotomous variables, and stratified log-rank tests for
survival analysis. All tests were two-sided with an alpha value of
0.05. All analyses were carried out using Statview (SAS, Cary,
NC, USA) and R 2.10.1 software. 

Results

Patients’ characteristics
A total of 211 patients with de novo AML and aged 65

to 70 were identified as the overlap population: 76
patients from the ALFA-9801 trial and 135 from the
ALFA-9803 trial (Figure 1). Their median age was 68
years. Fifty-one patients (24%) had a performance status
of 2 or higher. The median white blood cell count was
6.0¥109/L (range, 0.1¥109/L to 270¥109/L). Cytogenetic
risk was favorable in 9 patients (4%), intermediate in 118
(56%, including 88 with cytogenetically normal AML,
42%), unfavorable in 54 (26%), and not available in the
remaining 30 (14%) patients. The ALFA decision index5
was favorable in 113 patients, unfavorable in 66 patients,

and not evaluable in the remaining 32 patients. As expect-
ed, patients enrolled in the 9801 trial were younger than
those enrolled in the 9803 trial (median, 67 versus 68
years; P<0.001), but white blood cell count (median,
7.4¥109/L versus 5.5¥109/L; P=0.30) and cytogenetics
(unfavorable cytogenetics in 24% versus 27%; P=0.49)
were similar in the two trial subgroups (Table 1).

Response to induction therapy
Overall, 130 patients (62%) achieved a complete remis-

sion, including 8, 80, 24 and 18 patients, with favorable,
intermediate, unfavorable and missing cytogenetics,
respectively. One hundred and twenty-three of those
patients reached complete remission after one cycle of
treatment. Fourteen (50%) and 21 (35%) of the 28 and 60
patients resistant to the first induction cycle in the 9801
and 9803 trials, respectively, received salvage therapy.
Respectively, five and two of those patients achieved
complete remission after salvage therapy. Eighty-one
patients failed to reach complete remission because of
death during induction (n=12; 5%) or resistant disease
(n=69; 33%). There were no differences in the rates of
complete remission, complete remission after one course
of treatment, induction deaths or resistant disease
between the two trial subgroups (Table 2). 

Impact of trial on overall survival
The median follow-up of the 211 patients was 34

months. In univariate analysis, only karyotype affected
overall survival [hazard ratio=1.8 (1.2-2.6) in high-risk
cytogenetics versus others, P=0.002], but not age, white
blood cell count greater than 50¥109/L, or performance
status score of 2 or more (Table 3). Similar results were
obtained in a multivariable analysis (data not shown). The
ALFA decision index was validated in this cohort with a

Table 1. Patients’ characteristics.
                                                         Total           ALFA-9801      ALFA-9803        P

Patients (N)                                               211                       76                       135                  
Age (years), median                                 68                        67                        68              <.001
Gender (male/female), N                   110/101                 45/31                   65/70             0.16
Performance status ≥ 2 (N, %)         51 (24)               15 (20)               36 (27)           0.29
WBC (x109/L), median [range]     6.0 [0.1-270]     7.4 [0.1-218]     5.5 [0.5-270]      0.30
French-American-British
classification, N (%)                                                                                                             0.08
M0,6-7                                                     18 (8)                12 (16)                 6 (4)                
M1-2                                                      121 (57)              41 (54)               80 (59)              
M4-5                                                       59 (28)               19 (25)               40 (30)              
Not available                                         13 (7)                  4 (5)                   9 (7)                
Cytogenetic risk, N (%)                                                                                                        0.49
Favorable                                                9 (4)                   3 (4)                   6 (4)                
Intermediate                                       118 (56)              50 (66)               68 (50)              
Unfavorable                                          54 (26)               18 (24)               36 (27)              
Not available                                        30 (14)                 5 (6)                 25 (19)              
Decision index, N (%)                                                                                                          0.92
Favorable                                            113 (54)              42 (55)               71 (53)              
Unfavorable                                        66 (31)               25 (33)               41 (30)              
Not available                                       32 (15)                9 (12)                23 (17)              

WBC: white blood cell count.
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Table 2. Response to induction therapy.
                                        Total            ALFA-9801    ALFA-9803        P

Patients (N)                           211                        76                    135                  
Complete remission      130 (62%)            53 (70%)         77 (57%)         0.17
Complete remission     123 (58%)            48 (63%)         75 (56%)         0.46
after one course
Induction death                12 (5%)                3 (4%)             9 (7%)           0.55
Resistant disease            69 (33%)             20 (26%)         47 (36%)         0.22

Table 3. Prognostic factors for overall survival and overall survival from
complete remission (CR).

Overall Survival Overall survival 
(n=211) from CR (n=130)

P HR [95% CI] P

Unfavorable cytogenetics 0.002 1.8 [1.2 – 2.6] 0.23 
Performance score ≥ 2 0.11 0.86
WBC ≥ 50 x109/L 0.12 0.95
Age 0.24* 0.28*
Trial 9801 versus 9803 0.71 0.46
Unfavorable decision index 0.004 1.64 [1.17 – 2.30] 0.43
*remained non-significant even after adjusting for trial (P=0.17); HR: hazard ratio; CI:
confidence interval; WBC: white blood cell count.
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Figure 3. Overall survival according to ALFA 9801 and 9803 trials.
(A) Overlap population (n=211). (B) Patients with CBF-AML or cyto-
genetically normal AML (n=97). (C) Patients with a favorable
(n=113) or unfavorable (n=66) decision index (DI) score.

Figure 4. Outcome after complete remission (CR) according to trial
or post-remission therapy. (A) Overall survival (OS) from CR in all
patients who achieved a CR (n=130). (B) OS from CR in patients
with CBF-AML or cytogenetically normal AML (n=67). (C) OS from CR
in patients starting planned post-remission treatment (n=103). 
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2-year overall survival of 41% (95% CI: 31-50%) and
23% (95% CI: 13-34%) in patients with a favorable and
unfavorable decision index, respectively (P=0.004). The
overall 2-year overall survival was 33% (95% CI: 26-
40%). Two-year estimates were 32% (95% CI: 20-43%)
in the 9801 trial (n=76) and 34% (95% CI: 26-43%) in the
9803 trial (n=135; P=0.71; Figure 3A). In the 97 patients
with favorable (n=9) or normal (n=88) karyotype, the 2-
year overall survival was 40% (95% CI: 29-50%), and
was similar in the two trials [35% in the 9801 (95% CI:
19-51%) and 44% in the 9803 (95% CI: 32-57%), P=0.54;
Figure 3B]. Analysis of the 88 patients with cytogenetical-
ly normal AML gave similar results (P=0.34). The overall
survival of the 113 patients with a favorable decision
index was comparable in the 9801 and 9803 trials, with 2-
year overall survival rates of 35% (95% CI: 31-50%) and
44% (95% CI: 31-50%), respectively (P=0.26; Figure 3C).  
Among the 130 patients who achieved a complete

remission, 88 relapsed and 79 died, including seven who
died in first complete remission. Five deaths in complete
remission occurred during the first year of treatment, four
in the 9801 trial, and one in the 9803 trial, resulting in a
treatment-related mortality of 8% (95% CI: 3-21%) and
1% (95% CI: 0-9%), respectively (P=0.12). The 2-year
disease-free survival of all 130 patients who achieved
complete remission, regardless of post-remission therapy
received, was 23% (95% CI: 14-30%), and was unaffect-
ed by trial [19% in the 9801 trial (95% CI: 7-30%) and
25% in the 9803 trial (95% CI: 14-36%), P=0.51]. The
estimated 2-year overall survival from complete remis-
sion was 46% (95% CI: 37%-56%) and similar in both
trials, with estimates of 42% (95% CI: 28-57%) and 49%
(95% CI: 36-61%) in the 9801 and 9803 trials, respective-
ly (P=0.46; Figure 4A). In univariate analysis, cytogenet-
ics, age, and white blood cell count did not have a signif-
icant impact on overall survival from complete remission
(Table 3).
No difference was observed when focusing on the 67

patients who achieved complete remission and who had
core binding factor (CBF)-AML (n=8) or cytogenetically
normal AML (n=59) [2-year overall survival from com-
plete remission estimates, 43% in the 9801 trial (95% CI:
24-62%) and 57% in the 9803 trial (95% CI: 39-75%);
P=0.25; Figure 4B]. The overall survival after complete
remission of the patients with cytogenetically normal
AML was also similar in the two trials (P=0.32). Only 24
patients with unfavorable karyotype reached complete
remission, with similar overall survival rates from com-
plete remission in both trials [33% at 2 years in the 9801
trial (95% CI: 2-64%) and 24% in the 9803 trial (95% CI:
1-49%), P=0.55]. Finally, in the 79 patients with a favor-
able decision index, there was a trend to a better overall
survival from complete remission in the less intensive
9803 trial (43% at 2 years in the 9801 trial [95% CI: 24-
61%] and 58% in the 9803 trial [95% CI: 42-73%],
P=0.14).

Impact of post-remission strategy on overall survival
No patient received allogeneic or autologous stem cell

transplantation in first complete remission. Among the
130 patients who achieved complete remission, 27 (21%)
did not receive the planned post-remission therapy: 9/53
(17%) and 10/77 (13%) patients were considered ineligi-
ble for the planned post-remission or second randomiza-
tion in the 9801 and 9803 trials, respectively. An addition-

al eight (10%) patients refused the second randomization
of the 9803 trial, and received the outpatient scheme. We
analyzed the outcome of the remaining 103 patients who
started the planned post-remission therapy, whether or
not they completed the full number of courses per proto-
col: 44 in the more intensive 9801 trial, 28 in the intensive
9803 arm and 31 in the outpatient 9803 arm.
Cytogenetics were favorable, intermediate, unfavorable,
and missing in 7, 63, 21 and 12 cases, respectively. The
estimated 2-year overall survival rates from complete
remission in the three subsets (more intensive 9801 trial,
intensive 9803 arm and outpatient 9803 arm) were 41%
(95% CI: 28-57%), 55% (95% CI: 34-75%), and 58%
(95% CI: 41-79%), respectively (Figure 4C; P=0.34).
Estimated 2-year disease-free survival was also compara-
ble in the three subsets [19% (95% CI: 7-30%), 30%
(95% CI: 12-49%), and 28% (95% CI: 10-46%), respec-
tively; P=0.37].

Discussion

There is no validated standard post-remission therapy
for older AML patients once they have reached complete
remission after intensive induction chemotherapy. In pre-
vious randomized trials, the outcome of patients who
achieved complete remission was similar whatever the
intensity of post-remission treatment.8-10,18,19 A retrospec-
tive analysis of consecutive CALGB trials in older AML
patients also failed to show a benefit for overall survival of
repeated consolidation courses, including the use of
cytarabine by continuous infusion or with intermittent
high doses.20 From 2000 to 2006, the ALFA ran two con-
comitant trials: one designed for older patients aged 65
years or more (9803 trial), and a more conventional AML
strategy designed for patients aged 50-70 years (9801 trial).
The 9803 trial was the first to demonstrate the superiority
of an outpatient post-remission regimen over a single
intensive reinduction course. The present analysis of the
overlap population of patients aged 65 to 70 with de novo
AML (most of whom had intermediate-risk cytogenetics)
concomitantly enrolled in the 9801 and 9803 trials sug-
gests that there is no apparent benefit from intensifying
the post-remission treatment in patients in this age range,
using either one or two intensive consolidation courses. 
In this comparison, the patients and their disease char-

acteristics were comparable in the two trial subgroups,
except for a statistically significant 1-year median age dif-
ference probably of no clinical relevance in the age interval
considered. The proportion of patients receiving idaru-
bicin was higher in the 9801 trial, but, although there was
a beneficial effect on complete remission rates in favor of
the idarubicin arms in trial 9801,21 anthracyclines had no
effect on overall survival or disease-free survival in either
of the two trials.12,21 In addition, all analyses were stratified
on the anthracycline drug used for each patient. As both
trials were run concurrently in most sites, some bias may
have been present, with patients with poorer status being
preferentially accrued into the less intensive 9803 trial.
However, patients had comparable white blood cell
counts, cytogenetics and performance status in the two
trials (Table 1; all P>0.20). Furthermore, such a potential
bias should have favored the more intensive 9801 trial,
when our results show that outcomes were strictly super-
imposed in the two trials. 
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A recent European study has showned that intensified
anthracycline doses during induction may be of benefit to
older AML patients, but only up to 65 years of age.7
Although conducted in a limited number of patients, the
present study failed to demonstrate any substantial benefit
from intensifying the post-remission chemotherapy with
two courses of intermediate-dose cytarabine arabinoside,
possibly due to a higher treatment-related mortality
resulting from this strategy as compared to less intensive
approaches. Conversely, we did not observe a significant
benefit of outpatient over intensive courses as seen in the
global 9803 cohort.12 This may be due to the smaller num-
ber of patients analyzed here, or to the selection of
patients with overall better-risk cytogenetics due to exclu-
sion of cases of secondary AML. Younger patients with
nucleophosmin1 (NPM1)-mutated AML without fms-like
tyrosine kinase 3 (FLT3) internal tandem duplication (FLT3-
ITD), who often have a normal karyotype,22 share a favor-
able prognosis with patients with CBF-AML after
chemotherapy alone.23 NPM1mutations also have a favor-
able prognostic impact in older AML patients.24 Molecular
data were not available in our cohorts of patients.
However, the relatively small number of patients with
CBF-AML or cytogenetically normal AML as a whole did
not seem to benefit from the intensification of post-remis-
sion treatments, the CBF-AML subgroup being too small
to be individualized in this study. Restricting our analyses
to cytogenetically normal AML only did not affect these
conclusions.
Even though restricted to patients under 70 years, most

of whom had intermediate-risk cytogenetics, our study
population included patients not likely to benefit from
intensive therapy according to the decision index our
group has proposed,5 and should instead be candidates for
investigational therapies. Restricting our analysis to
patients with a favorable decision index, mainly by
excluding patients with high-risk cytogenetics, there was
still no benefit from a more intensive strategy in terms of
either global strategy or of post-remission therapy, as
assessed by overall survival and overall survival from com-
plete remission, respectively.  
Apart from the overall lower dose intensity in the 9803

trial than in the 9801 trial, a number of differences
between the two trials may have affected patients’ out-

come. G-CSF, used only during the induction and reinduc-
tion courses of the 9803 trial, was shown to improve com-
plete remission rates in some studies.25 A second differ-
ence between the three post-remission schemes was the
higher cumulative dose of anthracycline delivered in the
less intensive 9803 outpatient arm (Figure 2). It may be
that increasing the cumulative dose of anthracycline pro-
longs remission duration, as suggested by the increased
remission rate observed in older AML patients given a
doubled dose of daunorubicin during induction.7
Conversely, it is unlikely that the interleukin-2 mainte-
nance of trial 9801 could have affected outcome, as only
17 patients were randomized to receive maintenance, and
interleukin-2 was not found to affect survival in several
studies, including our 9801 trial.13,26
Overall, our findings suggest that in older patients with

AML in complete remission, there is no apparent benefit
from using an intensified post-remission treatment
scheme derived from younger adult AML protocols.
Whether this may also hold true in the selected subgroups
of patients with normal karyotype and favorable geno-
types or with favorable karyotype remains to be deter-
mined. In a large retrospective analysis of older patients
with CBF-AML, use of intermediate-dose cytarabine,
compared to less intensive consolidation therapies,
appeared to be of possible benefit with regards to survival,
at least in those carrying an AML1/ETO fusion gene.27
Finally, the overall disappointing results of current inten-
sive strategies in older AML patients should prompt inves-
tigation of alternative post-remission treatments in the
majority of these patients, using novel agents and/or novel
allogeneic stem cell transplantation procedures, rather
than modulating the dose intensity of conventional
chemotherapy. 

Authorship and Disclosures

The information provided by the authors about contributions from
persons listed as authors and in acknowledgments is available with
the full text of this paper at www.haematologica.org.
Financial and other disclosures provided by the authors using the

ICMJE (www.icmje.org) Uniform Format for Disclosure of
Competing Interests are also available at www.haematologica.org.

Post-remission therapy in older AML patients

haematologica | 2011; 96(6) 843

References

1. Estey E. Acute myeloid leukemia and
myelodysplastic syndromes in older
patients. J Clin Oncol. 2007;25(14):1908-15.

2. Kantarjian H, O'Brien S, Cortes J, Giles F,
Faderl S, Jabbour E, et al. Results of inten-
sive chemotherapy in 998 patients age 65
years or older with acute myeloid leukemia
or high-risk myelodysplastic syndrome:
predictive prognostic models for outcome.
Cancer. 2006;106(5):1090-8.

3. Rollig C, Thiede C, Gramatzki M, Aulitzky
W, Bodenstein H, Bornhauser M, et al. A
novel prognostic model in elderly patients
with acute myeloid leukemia: results of 909
patients entered into the prospective
AML96 trial. Blood. 2010;116(6):971-8.

4. Wheatley K, Brookes CL, Howman AJ,
Goldstone AH, Milligan DW, Prentice AG,
et al. Prognostic factor analysis of the sur-

vival of elderly patients with AML in the
MRC AML11 and LRF AML14 trials. Br J
Haematol. 2009;145(5):598-605.

5. Malfuson JV, Etienne A, Turlure P, de Revel
T, Thomas X, Contentin N, et al. Risk fac-
tors and decision criteria for intensive
chemotherapy in older patients with acute
myeloid leukemia. Haematologica. 2008;93
(12):1806-13.

6. Dombret H, Raffoux E, Gardin C. Acute
myeloid leukemia in the elderly. Semin
Oncol. 2008;35(4):430-8.

7. Lowenberg B, Ossenkoppele GJ, van Putten
W, Schouten HC, Graux C, Ferrant A, et al.
High-dose daunorubicin in older patients
with acute myeloid leukemia. N Engl J
Med. 2009;361(13):1235-48.

8. Stone RM, Berg DT, George SL, Dodge RK,
Paciucci PA, Schulman PP, et al. Post -
remission therapy in older patients with de
novo acute myeloid leukemia: a random-
ized trial comparing mitoxantrone and

intermediate-dose cytarabine with stan-
dard-dose cytarabine. Blood. 2001;98 (3):
548-53.

9. Goldstone AH, Burnett AK, Wheatley K,
Smith AG, Hutchinson RM, Clark RE.
Attempts to improve treatment outcomes
in acute myeloid leukemia (AML) in older
patients: the results of the United Kingdom
Medical Research Council AML11 trial.
Blood. 2001;98(5):1302-11.

10. Schlenk RF, Frohling S, Hartmann F, Fischer
JT, Glasmacher A, Del Valle F, et al.
Intensive consolidation versus oral mainte-
nance therapy in patients 61 years or older
with acute myeloid leukemia in first remis-
sion: results of second randomization of
the AML HD98-B treatment trial. Leu -
kemia. 2006;20(4):748-50.

11. Derolf AR, Kristinsson SY, Andersson TM,
Landgren O, Dickman PW, Bjorkholm M.
Improved patient survival for acute
myeloid leukemia: a population-based



study of 9729 patients diagnosed in
Sweden between 1973 and 2005. Blood.
2009;113(16):3666-72.

12. Gardin C, Turlure P, Fagot T, Thomas X,
Terre C, Contentin N, et al. Postremission
treatment of elderly patients with acute
myeloid leukemia in first complete remis-
sion after intensive induction chemothera-
py: results of the multicenter randomized
Acute Leukemia French Association (ALFA)
9803 trial. Blood. 2007;109(12):5129-35.

13. Pautas C, Merabet F, Thomas X, Raffoux E,
Gardin C, Corm S, et al. Randomized study
of intensified anthracycline doses for induc-
tion and recombinant interleukin-2 for
maintenance in patients with acute
myeloid leukemia age 50 to 70 years:
results of the ALFA-9801 study. J Clin
Oncol. 2010;28(5):808-14.

14. Cheson BD, Bennett JM, Kopecky KJ,
Buchner T, Willman CL, Estey EH, et al.
Revised recommendations of the Inter -
national Working Group for Diagnosis,
Standardization of Response Criteria,
Treatment Outcomes, and Reporting
Standards for Therapeutic Trials in Acute
Myeloid Leukemia. J Clin Oncol. 2003;
21(24):4642-9.

15. Cytogenetic IISfH, Nomenclature). Guide -
lines for cancer cytogenetics. In: Mitelman F
(ed), Supplement to an International System
for Human Cytogenetic Nomenclature. Basel:
Karger, 1991:1-53.

16. Kaplan EL, Meier P. Nonparametric estima-
tion from incomplete observations. J Am
Stat Assoc. 1958;53:457-81.

17. Korn EL. Censoring distributions as a meas-
ure of follow-up in survival analysis. Stat

Med. 1986;5(3):255-60.
18. Burnett AK, Milligan D, Goldstone A,

Prentice A, McMullin MF, Dennis M, et al.
The impact of dose escalation and resist-
ance modulation in older patients with
acute myeloid leukaemia and high risk
myelodysplastic syndrome: the results of
the LRF AML14 trial. Br J Haematol.
2009;145(3):318-32.

19. Lowenberg B, Beck J, Graux C, van Putten
W, Schouten HC, Verdonck LF, et al.
Gemtuzumab ozogamicin as postremission
treatment in AML at 60 years of age or
more: results of a multicenter phase 3
study. Blood. 115(13):2586-91.

20. Baer MR, George SL, Sanford BL, Stone
RM, Marcucci G, Mayer RJ, et al.
Treatment of older patients with de novo
acute myeloid leukemia (AML) with one or
more postremission chemotherapy courses:
Analysis of four CALGB studies. J Clin
Oncol (Meeting Abstracts). 2010;28 (15
suppl):6531.

21. Pautas C, Thomas X, Merabet F, Raffoux E,
Bourhis JH, de Botton S, et al. Randomized
comparison of standard induction with
daunorubicin (DNR) for 3 days vs idaru-
bicin (IDA) for 3 or 4 days in AML pts aged
50 to 70 and of maintenance with inter-
leukin 2. Final analysis of the ALFA 9801
Study. ASH Annual Meeting Abstracts.
2007;110:162.

22. Haferlach C, Mecucci C, Schnittger S,
Kohlmann A, Mancini M, Cuneo A, et al.
AML with mutated NPM1 carrying a nor-
mal or aberrant karyotype show overlap-
ping biologic, pathologic, immunopheno-
typic, and prognostic features. Blood.

2009;114(14):3024-32.
23. Schlenk RF, Dohner K, Krauter J, Frohling S,

Corbacioglu A, Bullinger L, et al. Mutations
and treatment outcome in cytogenetically
normal acute myeloid leukemia. N Engl J
Med. 2008;358(18):1909-18.

24. Becker H, Marcucci G, Maharry K,
Radmacher MD, Mrozek K, Margeson D,
et al. Favorable prognostic impact of NPM1
mutations in older patients with cytogenet-
ically normal de novo acute myeloid
leukemia and associated gene- and
microRNA-expression signatures: a Cancer
and Leukemia Group B study. J Clin Oncol.
2010;28(4):596-604.

25. Dombret H, Chastang C, Fenaux P, Reiffers
J, Bordessoule D, Bouabdallah R, et al. A
controlled study of recombinant human
granulocyte colony-stimulating factor in
elderly patients after treatment for acute
myelogenous leukemia. AML Cooperative
Study Group. N Engl J Med. 1995;332 (25):
1678-83.

26. Baer MR, George SL, Caligiuri MA, Sanford
BL, Bothun SM, Mrozek K, et al. Low-dose
interleukin-2 immunotherapy does not
improve outcome of patients age 60 years
and older with acute myeloid leukemia in
first complete remission: Cancer and
Leukemia Group B Study 9720. J Clin
Oncol. 2008;26(30):4934-9.

27. Prebet T, Boissel N, Reutenauer S, Thomas
X, Delaunay J, Cahn JY, et al. Acute
myeloid leukemia with translocation (8;21)
or inversion (16) in elderly patients treated
with conventional chemotherapy: a collab-
orative study of the French CBF-AML inter-
group. J Clin Oncol. 2009;27(28):4747-53.

R. Itzykson et al.

844 haematologica | 2011; 96(6)


