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ORIGINAL ARTICLE

Comparative therapeutic value of post-remission approaches
in patients with acute myeloid leukemia aged 40–60 years
JJ Cornelissen1, J Versluis1, JR Passweg2, WLJ van Putten3, MG Manz4, J Maertens5, HB Beverloo6, PJM Valk1, M van Marwijk Kooy7,
PW Wijermans8, MR Schaafsma9, BJ Biemond10, M-C Vekemans11, DA Breems12, LF Verdonck13, MF Fey14, M Jongen-Lavrencic1,
JJWM Janssen15, G Huls16, J Kuball13, T Pabst14, C Graux17, HC Schouten18, A Gratwohl2, E Vellenga16, G Ossenkoppele15 and
B Löwenberg1 on behalf of the HOVON and SAKK Leukemia Groups19

The preferred type of post-remission therapy (PRT) in patients with acute myeloid leukemia (AML) in first complete remission (CR1)
is a subject of continued debate, especially in patients at higher risk of nonrelapse mortality (NRM), including patients 440 years of
age. We report results of a time-dependent multivariable analysis of allogenic hematopoietic stem cell transplantation (alloHSCT)
(n= 337) versus chemotherapy (n= 271) or autologous HSCT (autoHSCT) (n= 152) in 760 patients aged 40–60 years with AML in
CR1. Patients receiving alloHSCT showed improved overall survival (OS) as compared with chemotherapy (respectively, 57 ± 3% vs
40± 3% at 5 years, Po0.001). Comparable OS was observed following alloHSCT and autoHSCT in patients with intermediate-risk
AML (60 ± 4 vs 54± 5%). However, alloHSCT was associated with less relapse (hazard ratio (HR) 0.51, Po0.001) and better relapse-
free survival (RFS) (HR 0.74, P= 0.029) as compared with autoHSCT in intermediate-risk AMLs. AlloHSCT was applied following
myeloablative conditioning (n= 157) or reduced intensity conditioning (n= 180), resulting in less NRM, but comparable outcome
with respect to OS, RFS and relapse. Collectively, these results show that alloHSCT is to be preferred over chemotherapy as PRT in
patients with intermediate- and poor-risk AML aged 40–60 years, whereas autoHSCT remains a treatment option to be considered
in patients with intermediate-risk AML.

Leukemia (2015) 29, 1041–1050; doi:10.1038/leu.2014.332

INTRODUCTION
Although hematological first complete remissions (CR1) may be
achieved in ~ 80% of younger patients with newly diagnosed
acute myeloid leukemia (AML), the relapse rate is still unacceptably
high and varies according to age and the underlying cytogenetic
and molecular profile of the leukemia.1–5 Post-remission therapy
(PRT) is applied for prevention of relapse and may include either
consolidation chemotherapy or hematopoietic stem cell trans-
plantation (HSCT) using either allogeneic (alloHSCT) or autologous
(autoHSCT) stem cell grafts. Although alloHSCT offers the most
effective antileukemic therapy, enhanced nonrelapse mortality
(NRM) may compromise that favorable effect. As a result, alloHSCT
is no longer indicated for favorable risk AML,6 and currently being
discussed in patients with intermediate-risk AML.7–9

NRM following myeloablative conditioning (MAC) alloHSCT
increases with age and/or comorbidities,10–12 as a result of which
a net survival benefit of alloHSCT in AML patients beyond 40 years
could not be demonstrated in a meta-analysis of the earlier
studies by HOVON, MRC, EORTC and the French BGM group.6,13–16

Following that observation, several HOVON centers introduced
reduced intensity conditioning (RIC) alloHSCT in patients
beyond 40 years of age to reduce NRM, while maintaining graft
versus leukemia (GVL) effects.17,18 Meanwhile, by virtue of the
use of peripheral blood stem cells instead of bone marrow,
results of autoHSCT gradually improved in AML.19 These
developments, as well as results of more recent retrospective
and prospective studies,20–22 urged us to readdress the question
of preferred PRT in a more recent cohort of AML patients, aged
40–60 years. Particularly this age cohort allowed us to compare
PRT by alloHSCT, using either RIC or MAC, versus chemotherapy
or autoHSCT. We evaluated these PRT modalities by time-
dependent analysis, a method that has lately increasingly been
applied for evaluation of alloHSCT, as the sibling donor versus
no-donor methodology can no longer be applied with the
increased use of unrelated donors.7,23–26 The method allows
for comparing patients actually transplanted versus non-
transplanted patients without the bias caused by the time to
transplant.27
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PATIENTS AND METHODS
Patients
A total of 760 patients between 40 and 60 years of age with newly
diagnosed AML receiving PRT in CR1, who participated in two consecutive,
prospective HOVON–SAKK phase III trials (AML42/42A and AML92), were
included (Figure 1).19,28,29 Patients were classified for leukemia risk, based
on the cytogenetic and molecular profile of the underlying AML, according
to the latest European LeukemiaNET (ELN) AML risk classification.1 In the
present analysis, the intermediate-I and intermediate-II risk groups of the
ELN risk classification were combined because of similar outcome of these
subgroups (Supplementary Figure 1). Both AML42/42A and AML92 had
been approved by ethics committees of participating institutions and were
conducted in accordance with the Declaration of Helsinki. All participants
had given written informed consent. Detailed description of the inclusion
and exclusion criteria of these studies can be found in the Supplementary
Appendix.

Treatment protocols
Treatment in the AML42/42A and AML92 studies involved a maximum of
two remission-induction cycles, including anthracyclin with cytarabine
chemotherapy, as previously described.28,29 Three different types of PRT
were applied in patients in CR1 according to a predefined strategy as
outlined in the AML42 and AML 92 protocol, including a third cycle of

chemotherapy with mitoxantrone and etoposide, high-dose chemotherapy
with busulfan and cyclophosphamide followed by autoHSCT or alloHSCT
following either RIC or MAC. These different therapeutic modalities were
applied according a risk-adapted strategy:19,28,29 (1) Patients with AML
classified as favorable risk, according to cytogenetic and available
molecular analysis, were planned for a third cycle of chemotherapy;
(2) intermediate-risk patients were preferentially treated by alloHSCT using
a human leukocyte antigen (HLA) matched sibling donor or a fully HLA-
matched unrelated donor if available; and (3) patients with poor-risk AML
proceeded to alloHSCT using either a sibling or unrelated donor, using 7/8
or 8/8 matched donors. Patients alternatively received an autoHSCT or a
third cycle of chemotherapy if no suitable donor was available.19

Transplantation protocols
Patients received either a MAC or RIC regimen followed by the infusion of
donor cells. RIC-alloHSCT was introduced in patients below 60 years as
from 2001, whereby the indication for RIC or MAC was selectively
determined by age and consistently adhered to by the individual center
throughout the AML42/42A and AML92 studies. Whereas some centers
maintained their policy of MAC-alloHSCT for all patients up to the age of
60, a number of centers changed their policy by setting the age limit for
MAC at o40 years and RIC for patients of 40 years and beyond. The
degree of HLA-matching for unrelated donors was 8/8 allele match for
HLA-A, B, C and DRB1 for intermediate-risk patients and ⩾ 7/8 allele match

310 received chemo
followed by* 
alloMAC in 13 pts 
alloRIC in 26 pts

1,196 patients aged 40–60 years included in two consecutive 
HOVON-SAKK studies (AML42/42A, AML 92)

937 patients obtained CR after 1 or 2 chemotherapy induction cycles

760 patients received post-remission treatment

155 received autoHSCT
followed by*
alloMAC in 2 pts
alloRIC  in 1 pt

157 received alloMAC
(including 13+2 pts)

180 received alloRIC
(including 26+1 pts)

177 received no post-
remission treatment 
51 early death
35 AML progression
33 excessive toxicity
11 no compliance

8 hypoplasia
39 unknown reasons

259 No CR after 2 cycles

Figure 1. Consort diagram. Number of patients with AML in two consecutive HOVON–SAKK studies (AML42/42A, and AML92 studies).
*Counted as at risk in the transplantation group as from the day of transplant, according to time-dependent analysis.
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for poor-risk patients. The MAC regimen contained high-dose cyclopho-
sphamide with total body irradiation (TBI) in 110 (70%) patients, whereas
the remainder received busulfan with cyclophosphamide. T-cell depletion
was only performed in recipients of MAC-alloHSCT, whereby partial T-cell
depletion was performed by CD34-selection and add-back of T cells to the
graft to ensure 1 × 105 T cells/kg bodyweight of the recipient, as described
earlier.30 Although RIC regimens varied, the majority contained 2.0 Gy
TBI preceded by fludarabine (n=126, 70%), as described earlier.17

A calcineurin inhibitor (either ciclosporin or tacrolimus) plus mycophenolate
mofetil or methotrexate was given as prophylaxis for graft-versus-host

disease (GVHD). Recipients of a T-cell depleted MAC-alloHSCT received a
calcineurin inhibitor (either ciclosporin or tacrolimus) plus methotrexate as
GVHD prophylaxis.

Endpoints
The primary endpoint of the study was overall survival (OS), according to
the type of PRT received. OS and relapse-free survival (RFS) were
measured from the date of start of PRT. The event for OS was death,
whatever the cause, and patients were censored at the date of last

Table 1. Patient characteristics

Post-remission treatment P-value
(CT vs Auto)

P-value
(CT vs Allo)

CT
(N=271)

Auto
(N=152)

Allo
(N=337)

Gender
Male 151 56% 83 55% 181 54% 0.83 0.62
Female 120 44% 69 45% 156 46%

Age (years)
Median 52 52 51 0.72 0.14
Range 40–60 40–60 40–60

WBC at diagnosis (x109/l)
Median 14 16 7 0.55 0.005
Range 1–400 1–220 0–300

Karyotype classification
t(8;21) 18 7% 4 3% 3 1% 0.002 o0.001
inv(16) 30 11% 3 2% 4 1%
CN-X-Y 149 55% 91 60% 171 51%
CA rest 45 17% 33 22% 106 31%
MK 15 6% 4 3% 40 12%
Missing 14 5% 17 11% 13 4%

Molecular classification (positive patients)a

NPM1 64 24% 43 28% 61 18% 0.078 0.15
CEBPα dm 4 1% 7 5% 5 1% 0.052 0.91
Flt3-ITD ratio o0.60 22 8% 21 14% 37 11% 0.33 0.23
Flt3-ITD ratio 40.60 9 3% 3 2% 5 1%
EVI1 8 3% 4 3% 15 4% 0.97 0.20

Risk AMLb

Favorable 86 32% 39 26% 29 9% 0.28 o0.001
Intermediate 150 55% 93 61% 161 48%
Adverse 35 13% 20 13% 147 44%

CR reached after
Cycle 1 (early CR) 220 81% 130 86% 245 73% 0.26 0.014
Cycle 2 (late CR) 51 19% 22 14% 92 27%

Time from start induction to start post-remission treatment (months)
Median 3.3 3.6 3.8 0.002 o .001
IQ range 3–4 3–4 3–4

Time from CR to start post-remission treatment (months)
Median 2.1 2.3 2.3 o0.001 0.039
IQ range 1–3 1–3 1–3

Year of start treatment
o2006 169 62% 73 48% 162 48% 0.004 o .001
⩾ 2006 102 38% 79 52% 175 52%

Abbreviations: Allo, allogeneic hematopoietic stem cell transplantation; Auto, autologous hematopoietic stem cell transplantation; AML, acute myeloid
leukaemia; CA, cytogenetically abnormal; CEBPα dm, CCAAT/enhancer-binding protein alpha double mutations; CN-X-Y, cytogenetically normal or only loss of
X or Y chromosome;CN-X-Y, cytogenetically normal or only loss of X or Y chromosome; CR, complete remission; CT indicates chemotherapy; EVI1, ecotropic
virus integration site 1; Flt3-ITD, Fms-like tyrosine kinase 3 internal tandem duplication; IQ, interquartile range; MK, monosomal karyotype; NPM1,
nucleophosmin 1; WBC, white blood cell count. aMolecular analysis was available in 62% of the patients for NPM1 and Flt3-ITD, and in 54% of the patients for
CEPBα and EVI1. bAccording to the European LeukemiaNET AML risk classification.
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contact, if alive. The events for RFS were death in CR1, designated
as NRM or hematological relapse. The cumulative risks of relapse and
NRM over time were calculated as competing risks with actuarial
methods where patients alive in continuing CR1 were censored at the
date of last contact.

Statistical methods
A time-dependent analysis of PRT was performed, as described
previously,24 by applying multivariable Cox regression with time-
dependent covariates autoHSCT and alloHSCT. The multivariable analysis
is conceptually similar to a Mantel–Byar analysis,31 but more general as it
allows for adjustment for other factors. Some patients received PRT with
chemotherapy (n= 39) or autoHSCT (n= 3) first before they proceeded to
alloHSCT. In both the multivariable analysis and the estimation of the
survival curves, these patients were counted as at risk in the chemotherapy
or autoHSCT group from the start of PRT until alloHSCT and after that as at
risk in the alloHSCT group. Multivariable Cox regression analysis for OS,
RFS, relapse and NRM was applied with stratification for leukemia risk and
adjustment for late CR (after cycle II instead of I), time from CR to PRT, age,
sex and year of treatment before or after 2006. Year of treatment before or
after 2006 was included to adjust for a possible overall difference in
outcomes between these two periods. Moreover, time from start induction
to start post-remission treatment and T-cell depletion were added as
factors to the model, but showed no significant effects on OS, RFS, relapse
or NRM. A similar analysis restricted to alloHSCT patients was done for a
direct comparison of RIC-alloHSCT and MAC-alloHSCT, with stratification by
leukemia risk and adjustment for late CR, time from CR to transplantation,
age, sex, donor type and year of transplantation before or after 2006. In
addition, time from start induction to transplantation, number of induction
cycles, stem cell source, TBI, patient/donor gender mismatch and
cytomegalovirus mismatch were not included in the model because of
no significant effect on outcome. All P-values were based on log likelihood
ratio tests, except when explicitly stated otherwise. Log likelihood ratio
tests were also used to test for interactions. The proportional hazard
assumption was tested on the basis of Schoenfeld residuals.32 P-values
have not been adjusted for multiple testing. All analyses were done with
Stata Statistical Software: Release 13 (2013, College Station, TX, USA: Stata
Corporation).

RESULTS
Characteristics of the patients
Between January 2001 and February 2010, induction chemother-
apy was started in 1196 patients aged 40–60 years (Figure 1). CR
after induction (2 cycles) was obtained in 937 (78%) patients, of
whom 760 proceeded to PRT with either chemotherapy (n= 271),
autoHSCT (n= 152), MAC-alloHSCT (n= 157) or RIC-alloHSCT
(n= 180). One hundred and seventy seven patients in CR1 did
not receive PRT, because of toxicity (n= 33), early death (n= 51),
AML progression (n= 35) or other reasons (Figure 1). Patient
characteristics are presented in Table 1. Owing to the preferred
application in poor-risk patients, more patients proceeding to
alloHSCT exhibited adverse-risk features. A higher percentage of
alloHSCT recipients needed two cycles of chemotherapy instead of
one cycle to obtain CR. AutoHSCT and alloHSCT were more
frequently applied in recent years. The median follow-up of
patients still alive was 79 months and differed between patients
receiving chemotherapy (83 months), autoHSCT (71 months),
MAC-alloHSCT (88 months) and RIC-alloHSCT (75 months). Table 2
presents transplantation characteristics of alloHSCT recipients,
comparing the groups of RIC and MAC. Recipients of RIC-alloHSCT
were significantly older and were transplanted more frequently in
the recent years. Grafts were not manipulated in all RIC-alloHSCT
patients, whereas 24% of MAC-alloHSCT patients received grafts,
partially depleted of T cells. Patients receiving RIC-alloHSCT and
MAC-alloHSCT had similar donor source, stem cell source, CMV-
serology status, female donors/male recipient’s ratio and similar
distributions of their leukemia risk profile1 and EBMT-risk scores10

(Tables 1 and 2).

Treatment outcome
OS appeared to be clearly different in the favorable, inter-
mediate-I/intermediate-II, adverse leukemia risk groups as
categorized by the ELN AML risk classification,1 with OS at

Table 2. Characteristics of alloHSCT recipients

Conditioning P-value

AlloMAC
(N=157)

AlloRIC
(N= 180)

Age (years)
Median 48 54 o0.001
Range 40–59 40–60

Risk AMLa

Favorable 16 10% 15 8% 0.81
Intermediate 92 59% 110 61%
Adverse 49 31% 55 31%

CR reached after
Cycle 1 (early CR) 108 69% 137 76% 0.13
Cycle 2 (late CR) 49 31% 43 24%

Year of start treatment
o2006 92 59% 70 39% o0.001
⩾ 2006 65 41% 110 61%

Donor type
HLA-identical sibling 117 75% 131 73% 0.42
VUD 29 18% 41 23%
Other 11 7% 8 4%

T-cell depletion
Yes 38 24% 0 o0.001
No 119 76% 180 100%

Stem cell source
PB 141 90% 170 94% 0.11
BM 16 10% 10 6%

TBI given
Yes 110 70% 131 73% 0.092
No 41 26% 31 17%
Unknown 6 4% 18 10%

Female donor to male recipient
Yes 35 22% 33 18% 0.37
No 122 78% 147 82%

CMV match patient/donor
− /− 59 38% 57 32% 0.36
− /+ 13 8% 25 14%
+/− 37 24% 44 24%
+/+ 48 31% 54 30%

EBMT-score
1 point 3 2% 2 1% 0.85
2 points 90 57% 103 57%
3 points 56 36% 68 38%
4 points 8 5% 7 4%

Abbreviations: AlloMAC indicates myeloablative conditioned allogeneic
hematopoietic stem cell transplantation; AlloRIC, reduced intensity
conditioned allogeneic hematopoietic stem cell transplantation; AML,
acute myeloid leukemia; BM, bone marrow; CMV, cytomegalovirus; CR,
complete remission; EBMT, European Group for Blood and Marrow
Transplantation; HLA, human leukocyte antigen; PB, peripheral blood;
TBI, total body irradiation. aAccording to the European LeukemiaNET AML
risk classification.
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5 years of 74 ± 4% in favorable risk, 51 ± 3% in intermediate-I
risk, 47 ± 6% in intermediate-II risk and 33 ± 4% in adverse-risk
AMLs (Supplementary Figure 1). Because of similar survival in
the ELN intermediate I and II risk subcategories, these
patients were analyzed as one single intermediate-risk group.
Outcome estimates at 5 years for each type of PRT by
ELN risk group can be found in Supplementary Table 1.
Figures 2a and b show OS and RFS of all patients by type of
PRT, stratified for leukemia risk. Improved OS was found for
alloHSCT recipients as compared with patients receiving
chemotherapy as PRT (57 ± 3% versus 40 ± 3% at 5 years,
Po0.001, Figure 2a). In addition, OS was significantly improved
in recipients of autoHSCT as compared with recipients of
chemotherapy (54 ± 3% versus 40 ± 3% at 5 years, P = 0.02,
Figure 2a).

Intermediate-risk AMLs. In intermediate-risk patients, alloHSCT
and autoHSCT significantly improved OS as compared with
chemotherapy (60 ± 4% and 54 ± 5%, respectively, versus
36± 4% at 5 years, Po0.001, Figure 2c), while OS after alloHSCT
versus autoHSCT was not significantly different. In contrast,
improved RFS was found in patients with intermediate-risk AML
receiving PRT with alloHSCT as compared with autoHSCT (56 ± 4%
versus 39 ± 5% at 5 years, respectively, P= 0.04, Figure 2d). Trends
toward improved OS and RFS were found for alloHSCT and
autoHSCT as compared with chemotherapy in the relatively
small subgroups of favorable and unfavorable risk leukemia’s
(Supplementary Figure 2).

Second complete remission. A total of 358 patients developed a
relapse after having received PRT. Two hundred and five patients

Figure 2. OS and RFS in all patients and intermediate-risk patients by post-remission treatment. Kaplan–Meier estimates of OS (a) and RFS
(b) of patients with AML in first complete remission from start of post-remission treatment, according to post-remission treatment and with
direct adjustment for differences in leukemia risk category among the treatment groups by the method of Gail and Byar.55 Kaplan–Meier
estimates of OS (c) and RFS (d) in intermediate-risk patients. Of note, numbers of patients at risk (indicated below the x axis) differ from the
patient numbers (indicated in Table 1 and within the figure) because of the time-dependent nature of this analysis, which allows for time to
transplantation by switching patients at the time of allograft in CR1 to the transplantation curve. Abbreviations: CT, chemotherapy; Auto,
autologous hematopoietic stem cell transplantation; Allo, allogeneic hematopoietic stem cell transplantation; F, number of failures (that is,
death whatever the cause for OS, and death or relapse for RFS); N, number of patients; and Cox LR, cox likelihood ratio.
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proceeded to salvage chemotherapy and 125 (35%) entered a
second CR. Ultimately, only 75 out of 358 relapsing patients
proceeded to alloHSCT in second CR and 6 patients received an
autoHSCT in second CR. Overall outcome of all relapsing patients
was 12 ± 2% at 5 years from relapse.

Multivariable analysis
Table 3 shows the results of the multivariable analysis with
stratification for leukemia risk and with adjustment for sex, age,
late CR, time from CR to PRT, year of start of PRT before or after
2006, and PRT type. Both OS and RFS were significantly better
after alloHSCT as compared to chemotherapy with HRs of 0.64
(Po0.001), and 0.51 (Po0.001), respectively (Supplementary
Figure 2). Relapse was significantly reduced following alloHSCT
as compared to chemotherapy (HR 0.33, Po0.001). AutoHSCT was
also associated with significantly improved RFS (HR 0.69, P= 0.005)
and a reduced risk of relapse (HR 0.66, P= 0.003) as compared to
chemotherapy. OS was not significantly different comparing
alloHSCT with autoHSCT (HR 0.83, P= 0.19), while RFS was
significantly improved after alloHSCT as compared to autoHSCT
(HR 0.74, P= 0.029).

Intermediate-risk AMLs. With respect to OS and RFS in
intermediate-risk patients, the HRs comparing alloHSCT with
chemotherapy were 0.54 (95% CI: 0.40–0.72, Po0.001) and 0.47
(95% CI: 0.35–0.63, Po0.001), respectively. The HRs comparing
autoHSCT with chemotherapy in intermediate-risk patients were
0.72 (95% CI: 0.51–1.02, P= 0.058) for OS and 0.73 (95% CI: 0.52–
1.00, P= 0.048) for RFS. A trend was found toward improved OS
comparing alloHSCT with autoHSCT in intermediate-risk patients
(HR 0.74, 95% CI: 0.52–1.06, P= 0.10), whereas RFS was significantly
improved better for alloHSCT in intermediate-risk patients (HR
0.65, 95% CI: 0.46–0.90, P= 0.011).

Tests for interaction. We tested for interactions between the type
of PRT with age, time from CR to post-remission treatment, year of
treatment (oor⩾ 2006), sex, late CR1 and leukemia risk. Only
between age and PRT significant interactions were found,
indicating that autoHSCT recipients experienced an increased
event rate with age for all endpoints (details not shown). We have
also tested for the interaction between the type of PRT and center
size (above or below the median number of patients per center).

No interaction was found between type of PRT and center size for
all outcome parameters.

AlloHSCT conditioning: RIC versus MAC
We additionally performed a direct comparison of patients
receiving RIC-alloHSCT with MAC-alloHSCT. Figures 3a and b show
OS and RFS, respectively, of alloHSCT recipients by conditioning
type stratified for leukemia risk. NRM was significantly increased
for recipients of MAC-alloHSCT as compared with recipients of RIC-
alloHSCT (23 ± 3% versus 11 ± 2% at 5 years, P= 0.009, Figure 3d),
whereas the cumulative incidence of relapse comparing RIC-
alloHSCT with MAC-alloHSCT was not significantly different
(37 ± 4% versus 29± 4% at 5 years, Figure 3c), resulting in no
significant different OS (57 ± 4% versus 51 ± 4% at 5 years) and RFS
(52 ± 4% versus 48 ± 4% at 5 years) for RIC-alloHSCT recipients
compared with MAC-alloHSCT patients. Multivariable analysis with
stratification for leukemia risk and adjustment for covariates
including donor type (Table 4), showed decreased NRM following
RIC-alloHSCT (HR 0.44, P= 0.004). Of note, within the group of
patients receiving MAC-alloHSCT, NRM was increased in recipients
of partially T-cell depleted MAC-alloHSCT (HR 4.00, 95% CI: 2.04–
7.84, Po0.001), but relapse was not increased. No patients
receiving RIC-alloHSCT received grafts that were depleted of
T cells. Relapse did not differ between MAC-alloHSCT and RIC-
alloHSCT with an HR of 1.24 (P= 0.34). It resulted in similar OS (HR
0.78, P= 0.16) and RFS (HR 0.85, P= 0.34) between RIC-alloHSCT
and MAC-alloHSCT. The similar outcome following either RIC or
MAC was also observed in subgroups of patients, according to
underlying leukemia risk. Specifically, the advantage of RIC or
MAC-alloHSCT versus chemotherapy in terms of RFS was observed
in both intermediate- and poor-risk subgroups to a similar degree
(Supplementary Figure 3).

GVHD. Incidences of grade II–IV acute GVHD after RIC-alloHSCT
and MAC-alloHSCT were 9% and 26%, respectively. Incidences of
chronic limited and chronic extensive GVHD were, respectively,
19% and 36% in RIC-alloHSCT and 32 and 29% in MAC-alloHSCT
patients.

DISCUSSION
The preferred type of PRT in younger patients with AML in CR1 is a
subject of continued debate. While the GVL effect exerted by

Table 3. Results of the multivariable analysis

OS RFS Relapse NRM

HRa 95% CI P-value HRa 95% CI P-value HRa 95% CI P-value HRa 95% CI P-value

Post-remission treatment
Allo vs CT 0.64 0.51–0.81 o0.001 0.51 0.41–0.64 o0.001 0.33 0.26–0.43 o0.001 6.89 2.69–17.68 o0.001
Auto vs CT 0.77 0.58–1.02 0.067 0.69 0.53–0.90 0.006 0.66 0.50–0.87 0.003 2.13 0.69–6.56 0.18
Allo vs Auto 0.83 0.63–1.10 0.19 0.74 0.57–0.97 0.029 0.51 0.38–0.69 o0.001 3.24 1.53–6.88 o0.001

Sex (female vs male) 0.83 0.68–1.01 0.066 0.82 0.67–0.99 0.040 0.81 0.66–1.01 0.058 0.84 0.53–1.33 0.46
Ageb 1.14 0.96–1.35 0.14 1.07 0.90–1.26 0.44 1.05 0.87–1.26 0.61 1.11 0.75–1.66 0.60
CR (late vs early) 1.81 1.33–2.46 o0.001 1.86 1.39–2.50 o0.001 1.83 1.32–2.54 o0.001 1.74 0.89–3.41 0.11
Time CR to PRT 0.99 0.89–1.10 0.84 0.99 0.89–1.09 0.81 0.96 0.86–1.08 0.54 1.05 0.85–1.30 0.67
Year of start treatment
(⩾2006 vs o2006)

1.08 0.88–1.33 0.46 1.15 0.95–1.41 0.16 1.06 0.85–1.32 0.59 1.67 1.02–2.73 0.041

Abbreviations: Allo, allogeneic hematopoietic stem cell transplantation; Auto, autologous hematopoietic stem cell transplantation; CI, confidence interval; CR,
complete remission; CT, chemotherapy; HR, hazard ratio; OS, overall survival (with event death whatever the cause); PRT, post-remission treatment; RFS,
relapse-free survival (with event death in first CR or relapse); NRM, nonrelapse mortality (with event death in first CR and censored at relapse); vs, versus.
Relapse, with time as RFS and with event relapse and censored at death in first CR. aThe HRs are the estimates of the effect of covariates for each outcome
parameter, stratified by leukemia risk and adjusted for sex, age, CR (late vs early), time from CR to post-remission treatment, year of treatment before or after
2006 and type of post-remission treatment. bLinear with estimates of HRs for 10 years difference. cLinear with estimates of HRs for 1-month difference.
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alloHSCT strongly reduces relapse irrespective of cytogenetic
subcategory,24 counterbalancing NRM may attenuate a favorable
effect on OS, which is especially evident in good-risk
patients.6,13–16,26 More recently, alloHSCT is also being discussed
in intermediate-risk patients,7–9 especially in patients at higher risk
of NRM. We and others previously observed increased NRM in
alloHSCT recipients over the age of 40 years, which resulted in
similar outcome for AML CR1 patients receiving alloHSCT as
compared with conventional PRT using chemotherapy or
autoHSCT.6,13–16 Following the latter observations, several HOVON
centers introduced RIC-alloHSCT for patients as from the age of 40
years, but adhered to alloHSCT as preferred PRT in intermediate-
risk patients. The latter approach signified the basis for the current
study, addressing the value of alloHSCT versus conventional PRT
and comparing recipients of a MAC-alloHSCT versus RIC-alloHSCT.
Here, by time-dependent analysis, we observed improved OS by
alloHSCT as compared with chemotherapeutic PRT in patients

aged 40–60 years with AML in CR1. Of note, alloHSCT and
autoHSCT did not significantly differ with respect to OS in
intermediate-risk patients, although RFS was better following
alloHSCT. In addition, the intensity of the conditioning regimen
did not significantly affect the rate of relapse after alloHSCT,
thereby questioning the necessity of MAC in this category of
patients.
Currently, it is generally accepted that patients with favorable-

risk AML do not qualify for alloHSCT as preferred PRT, because of a
high probability of obtaining a second CR and subsequent
favorable outcome upon proceeding to alloHSCT in second CR.7,26,33

More recently, that policy was also advocated for intermediate-risk
patients,7 although remission rates in relapsing intermediate-risk
patients are generally lower and also the percentage of patients
actually proceeding to alloHSCT in second CR is compromised.9,34

Younger patients with adverse-risk AML are currently
recommended for an alloHSCT in CR1 using sibling or alternative

Figure 3. Outcome of allogeneic transplantation by conditioning type. Kaplan–Meier estimates of OS (a) and RFS (b), and cumulative
incidence of relapse (c) and NRM (d) of patients with AML in first CR form start of transplantation, according to conditioning type and with
direct adjustment for differences in leukemia risk category among the treatment groups by the method of Gail and Byar.55 The cumulative
incidences of relapse and NRM over time were calculated as competing risks with actuarial methods, where patients alive in continuing CR1
were censored at the date of last contact. F, number of failures (that is, death whatever the cause); N, number of patients; and Cox LR, Cox
likelihood ratio.
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donors, provided the risk of NRM is not excessively high.12

However, these recommendations are continuously evolving
because of a number of developments, including better results
following autoHSCT,19–22 less NRM following RIC-alloHSCT17,18 and
improved possibilities for risk-adapted therapy,12 using at one
hand better prognostic scores for leukemia risk,1 better scores to
predict NRM10,11,35 and incorporation of quantified minimal
residual disease in decision making.36–39 These developments
urged us to readdress PRT, especially focusing on the place of
alloHSCT in intermediate-risk patients aged 40–60 years, for whom
RIC-alloHSCT had been introduced in recent years. In contrast to
our earlier observations,13 the present study clearly showed an
overall advantage for alloHSCT recipients as compared with
patients proceeding to chemotherapeutic PRT. NRM following
alloHSCT in the present study estimated 17 ± 2% at 5 years as
compared with 25± 4% at 4 years in the earlier HOVON–SAKK
study,13 which thereby largely accounted for the observed
improvement. Improved outcome following alloHSCT as com-
pared with chemotherapy in the present study was apparent in
both MAC-alloHSCT and RIC-alloHSCT recipients, with fairly similar
outcome. These results are in accordance with a recent German
study, exploring PRT by prospective matched pair analysis.40 That
study showed significantly better OS for alloHSCT in nonfavorable-
risk patients and especially in patients 45–59 years of age, which
compares well with the present report. Also in their study, an
increasing number of patients received an alloHSCT preceded by
non-MAC or RIC, but recipients of RIC and MAC were not
compared. In addition, the option of autoHSCT was not included
as a PRT option in the AMLCG99 study.40 Stelljes et al.40 performed
a prospective matched pair analysis, whereas alloHSCT was
evaluated by time-dependent methodology in the present study.
In the past, we and others evaluated the effect of transplantation
by ‘biological randomization’ through so-called (sibling) donor
versus no-donor studies.6,13 These studies allow for an intention to
treat analysis and thereby to approximate real randomized
studies, although variable numbers of patients with a donor in
those studies actually proceeded to transplantation. With the
advent of MUDs and their increasing application in AML, sibling
donor versus no-donor studies have become obsolete. Therefore,
other statistical methods were introduced, including landmark

analysis, matched pair analysis and multivariable models that
include a particular type of PRT as a time-dependent covariate.41

Although only a real randomization would more rigorously rule
out selection, the methodology does allow for approximating a
prospective comparison without the bias caused by the time to
transplant, and by including a multivariate analysis corrects for the
most important, but not all, characteristics affecting relapse and
NRM.23,27

Results with autografting have improved following the intro-
duction of peripheral blood stem cells,19–22 and a recent
retrospective study by the Center for International Blood and
Marrow Transplant Research suggested similar outcome for
younger AML CR1 patients receiving either alloHSCT from an
HLA-identical sibling or an autograft using peripheral blood stem
cells.21 Although recipients of alloHSCT exhibited more high-risk
features, had longer follow-up and experienced a lower risk of
treatment failure, no significant difference in OS was noted. Better
possibilities for salvage may have accounted for improved survival
after autoHSCT. Salvage by MAC-alloHSCT after autologous bone
marrow transplantation appeared associated with considerable
NRM in the past,42,43 but currently RIC-alloHSCT using either
sibling or alternative donors may provide for better possibilities
for PRT in second CR, as was suggested in the present study by a
better RFS following alloHSCT, but similar OS for autoHSCT and
alloHSCT recipients.
RIC-alloHSCT is generally associated with reduced NRM as

compared with MAC regimens, but concern has been raised that a
reduction of NRM by RIC-alloHSCT is achieved at the expense of its
antileukemic activity.17,18 Although our study is not a prospective
randomized study by design and individual conditioning choice
is poorly controllable, the methodology applied allowed to limit
the bias associated with time to transplant, while including a
multivariable analysis.23,24,31,44 With a mature follow-up of 46
years (median) in recipients of RIC-alloHSCT, we found that the
reduction of relapse by RIC-alloHSCT did not significantly differ
from what was observed in recipients of MAC-alloHSCT, suggest-
ing overall equivalent antileukemic efficacy. These results are in
contrast with earlier observations of a possible higher relapse rate
after RIC-alloHSCT.45–51 A recent, prematurely closed prospective
randomized study between RIC-alloHSCT and MAC-alloHSCT did

Table 4. Results of the multivariable analysis

OS RFS Relapse NRM

HRa 95% CI P-value HRa 95% CI P-value HRa 95% CI P-value HRa 95% CI P-value

Transplantation type
RIC vs MAC 0.78 0.56–1.10 0.16 0.85 0.60–1.19 0.34 1.24 0.80–1.91 0.34 0.44 0.25–0.79 0.004

Sex (female vs male) 1.07 0.78–1.48 0.66 0.96 0.70–1.31 0.80 0.94 0.63–1.39 0.75 1.00 0.60–1.66 0.99
Ageb 1.27 0.94–1.71 0.12 1.21 0.91–1.63 0.19 1.19 0.82–1.72 0.37 1.24 0.77–2.02 0.38
CR (late vs early) 2.00 1.33–3.02 0.001 2.18 1.47–3.24 o0.001 2.66 1.62–4.38 o0.001 1.57 0.80–3.07 0.20
Time CR to transplantationc 1.02 0.89–1.17 0.76 1.04 0.91–1.18 0.59 1.03 0.87–1.21 0.75 1.06 0.86–1.32 0.58

Year of start transplantation
⩾ 2006 vs o2006 1.27 0.91–1.76 0.15 1.29 0.94–1.78 0.12 1.18 0.80–1.75 0.40 1.56 0.90–2.71 0.11

Donor type
VUD vs Sib 1.20 0.78–1.86 0.41 1.15 0.75–1.75 0.52 1.11 0.66–1.88 0.70 1.15 0.57–2.34 0.70
Other vs Sib 1.77 0.99–3.16 0.069 1.45 0.82–2.59 0.22 1.15 0.51–2.58 0.74 2.01 0.87–4.63 0.13

Abbreviations: OS indicates overall survival (with event death whatever the cause); RFS, relapse-free survival (with event death in first complete remission (CR)
or relapse); NRM, nonrelapse mortality (with event death in first CR and censored at relapse); HR, hazard ratio; CI, confidence interval; RIC, reduced intensity
conditioning allogeneic hematopoietic stem cell transplantation; vs, versus; MAC, myeloablative conditioning allogeneic hematopoietic stem cell
transplantation; VUD, voluntary unrelated donor; and Sib, sibling. Relapse, with time as RFS and with event relapse and censored at death in first CR. aThe HRs
are the estimates of the effect of covariates for each outcome parameter, stratified by leukemia risk and adjusted for sex, age, CR (late vs early), time from CR to
transplantation, year of transplantation before or after 2006 and donor type. bLinear with estimates of HRs for 10 years difference. cLinear with estimates of
HRs for 1 month difference.
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not find major differences in outcome.52 The RIC regimen in the
latter study, however, involved a more intensive, near-ablative
conditioning with 8 Gy TBI.52 The potent antileukemic effect of
RIC-alloHSCT that we observed may be explained by a strong GVL
effect given the relatively high incidence of chronic extensive
GVHD, which correlates with ongoing GVL.53,54 Also, the strong
antileukemic effects of dose-intensive remission-induction
chemotherapy28,29 may have obviated the need for further
intensified chemoradiotherapy as part of the conditioning regi-
men. Therefore, our results suggest that reducing the intensity of
the conditioning regimen before alloHSCT may result in less NRM
without a significant increase of relapse in this group of
intensively treated AML patients in CR1.
Collectively, our results suggest that alloHSCT is to be preferred

over chemotherapy as PRT in patients with intermediate- and
poor-risk AML aged 40–60 years, whereas autoHSCT remains a
treatment option to be considered in patients with intermediate-
risk AML. Further refinement of decision making might result from
taking into account at one hand evolving leukemia risk factors and
at the other hand risk factors that predict for NRM.12 In addition,
risk factors that evolve during treatment, such as MRD currently
gain importance.36–39 A number of recent studies have suggested
that especially intermediate-risk patients may be further sub-
classified on the basis of MRD, which might thereby allow for
further optimization of personalized PRT in AML. Last, given the
potent GVL activity and limited toxicity profile of RIC-alloHSCT,
further evaluation of RIC-alloHSCT in younger AML patients below
the age of 40 years appears warranted.
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