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Abstract
Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is most frequently used to treat acute myeloid leukemia (AML).
Whether patients should routinely receive consolidation chemotherapy before proceeding to transplant after achieving first
complete remission (CR1) has been a subject of debate. We performed a systematic review and meta-analysis of studies
examining the impact of post-remission chemotherapy before allo-HSCT in patients with AML in CR1. Six studies including
1659 patients were included in the meta-analysis. The pooled hazard ratio (HR) for overall survival was 0.9 (95% confidence
interval [CI] 0.77–1.05, P = 0.182), and the pooled HR for leukemia-free survival was 0.87 (95% CI 0.75–1.0, P = 0.07). No
survival advantage was observed for post-remission chemotherapy before reduced-intensity conditioning or myeloablative
conditioning (MAC) allo-HSCT for AML in CR1. The pooled relative risk for relapse incidence (RI) was 1.02 (95% CI 0.82–
1.28, P = 0.834). Post-remission chemotherapy before allo-HSCT did not significantly affect the RI in patients with AML in
CR1. The analyses revealed no significant benefit of post-remission consolidation chemotherapy in patients who received
allo-HSCT. We recommend proceeding to allo-HSCT as soon as CR1 is attained.
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Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is most frequently used to treat acute myeloid

leukemia (AML) because it is potentially curative [1]. Most
patients who receive allo-HSCT have achieved first complete
remission (CR1) [2]. In non-transplant settings, consolidation
chemotherapy plays a critical role in achieving a durable com-
plete response in patients with AML and is considered the
standard of care for defined risk groups [3, 4]. Consolidation
chemotherapy in CR1 is commonly used in the allogeneic
setting as a bridge to transplantation with the goal of
preventing early relapse prior to allo-HSCT, allowing time to
identify a fully matched donor, insurance clearance, or sched-
uling an appointment at a transplant center. However, after
achieving CR, the option of routinely receiving consolidation
chemotherapy before proceeding to transplant is a particularly
important and frequently debated issue. A study by the
European Cooperative Group for Bone Marrow Transplanta-
tion (EBMT) included 826 patients who underwent allo-
HSCT for AML in CR1 following a myeloablative condition-
ing regimen (MAC). The authors found no significant differ-
ence in relapse incidence (RI), leukemia-free survival (LFS),
and overall survival (OS) among patients who received no con-
solidation or consolidation with standard-dose, intermediate-
dose, or high-dose cytarabine [5]. These findings are consistent
with those reported by the Center for International Blood and
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Marrow Transplant Research, which also found no significant
difference in non-relapse mortality, RI, LFS, and OS among the
three groups [6]. It appears that post-remission consolidation
chemotherapy should no longer be considered before
allo-HSCT for patients with AML in CR1. Moreover, potential
toxicities resulting from consolidation chemotherapy could be
severe enough to preclude subsequent transplantation or might
produce complications that could increase the risk of
transplant-related death. Although narrative reviews are avail-
able, no systematic review or meta-analysis has addressed this
issue.

Here, we report the results of a meta-analysis of available
studies that examined the impact of post-remission chemo-
therapy before allo-HSCT for patients with AML in CR1.

Methods

Search strategy and study selection

We searched the Medline (Pubmed), Embase, and Cochrane
Registry of Controlled Trials databases in September 2017.
We performed a manual search of abstracts from the annual
meetings of the American Society of Hematology, the
American Society of Clinical Oncology, and the European
Hematology Association from 2000 to 2016. We also
screened the reference lists of all identified studies and rele-
vant articles including review papers. We used the following
search terms: (Post-remission or Pre-transplant consolidation
chemotherapy) AND (Allogeneic SCT or stem cell transplan-
tation) AND (Acute myeloid leukemia and First complete
remission). Studies comparing post-remission consolidation
chemotherapy with no consolidation chemotherapy before
allo-HSCT for patients with AML in CR1 were included.
Two reviewers (QYG and JD) independently screened the
titles and abstracts of all identified studies to assess their eli-
gibility for inclusion.

Data extraction and quality assessment

Two reviewers (JH and YMZ) independently extracted the
data from each study including first author, publication year,
study region, patient number, median age, period of
enrollment, transplantation type, and study outcome.
Disagreements between the two reviewers were resolved via
discussion. Two researchers (JD and XL) accessed the quality
of the included studies using the Newcastle-Ottawa Scale
(NOS) [7]. The NOS consists of nine items classified into
three dimensions including selection (four items), comparabil-
ity (two items), exposure, and outcome (three items). Based
on the NOS, the quality of the studies was classified into
high-quality (scores 7–9), intermediate-quality (scores 4–6),
and low-quality (scores 1–3) studies.

Definition of outcomes

The main outcomes of this study were OS and LFS.
Secondary outcomes were RI and treatment-related mortality
(TRM). OSwas defined as the time to death from any cause or
at the last follow-up (censored). LFS was defined as survival
without leukemia relapse or censor. Relapse was defined as
recurrence of leukemia confirmed by cytology. TRM was de-
fined as mortality after allo-HSCT not related to relapse.

Statistical analyses

All statistical analyses were performed using Stata ver.14.0
software (Stata Corp., College Station, TX, USA). We mea-
sured the hazard ratios (HRs) for OS and LFS and relative risk
(RR) for RI and TRM. The HR or RR and their 95% confi-
dence intervals (CIs) were directly extracted from the studies.
When the HR was not explicitly provided, we estimated it
according to Tierney et al. [8]. The statistical heterogeneity
of the studies was assessed using the chi-square-based Q-test
and quantified with the I2 statistic (I2 = 0–25%, no heteroge-
neity; I2 = 25–50%, moderate heterogeneity; I2 = 50–75%,
large heterogeneity; I2 = 75–100%, extreme heterogeneity)
[9]. Estimates of the pooled HR and RR and their respective
95% CIs were used as a fixed-effect model with the inverse
variance approach unless moderate heterogeneity (I2 > 50% or
P value < 0.1) was found, in which a random effect model
using the DerSimonian and Laird method was chosen.

Results

Included studies

We acquired 85 citations in the electronic database and man-
ual searches, and 16 potentially relevant citations were re-
trieved as full-text or were identified for more detailed infor-
mation (Fig. 1). Of these, six reviews were excluded and four
studies were excluded for insufficient data. Ultimately, six
studies with 1659 patients met the predefined selection
criteria, which included four original articles and two abstracts
(Table 1).

Characteristics of the included studies

All studies reported the outcomes of patients with AML in
CR1 receiving consolidation chemotherapy compared to no
consolidation chemotherapy before allo-HSCT. The studies
were published between 2000 [6] and 2016 [10], and all were
retrospective studies. Four studies evaluated the impact of
post-remission consolidation chemotherapy on outcome after
reduced-intensity conditioning (RIC) allo-HSCT for patients
with AML in CR1 [11–14]. Two studies examined the effects
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of post-remission chemotherapy before MAC allo-HSCT for
patients with AML in CR1 [6, 10]. Of the six trials, the case
collection period ranged from 1989 [6] to 2011 [11]. Sample
sizes ranged from 52 [14] to 604 [12]. The median age was
28–32 [6] to 59–60 years [12]. All patients received one or
more cycles of chemotherapy in the consolidation groups of
all studies. One study reported the outcomes of patients with
AML in CR1 receiving no consolidation chemotherapy,
standard-dose cytarabine consolidation therapy, and high-
dose cytarabine consolidation therapy before allo-HSCT [6].
Primary outcomes were reported by six trials, and secondary
outcomes were reported by four trials [6, 10–13]. The quality
of the studies in the analyses was high, with a mean overall
NOS assessment score of 8.7 (range, 8–9).

Primary outcomes

Six studies including 1659 patients reported OS in the
meta-analysis. The pooled HR for OS was 0.9 (95% CI
0.77–1.05, P = 0.182, I2 = 0%) (Fig. 2). These data indicate
that post-remission chemotherapy before allo-HSCT did not
significantly affect OS in patients with AML in CR1. We also
performed different subgroup analyses. We found no differ-
ence between the use of post-remission chemotherapy and no
consolidation chemotherapy before MAC allo-HSCT in pa-
tients with AML in CR1 (HR = 0.92, 95% CI 0.68–1.24,
P = 0.57, I2 = 0%). In addition, no difference was observed
between the two cohorts of patients with AML in CR1 who
received RIC allo-HSCT (HR = 0.89, 95% CI 0.74–1.07,
P = 0.223, I2 = 0%). When OS was analyzed according to pa-
tient age, there were no differences between the use of
post-remission chemotherapy and no consolidation chemo-
therapy before allo-HSCT in patients with median age
< 50 years (HR = 0.85, 95% CI 0.53–1.38, P = 0.182,
I2 = 44.8%) or > 50 years (HR = 0.89, 95% CI 0.75–1.07,

P = 0.226, I2 = 0%). We also analyzed OS according to the
publication year (> 2013 and ≤ 2013) and number of patients
(> 100 and < 100), but no difference was observed between
the two cohorts of patients with AML in CR1 who received
allo-HSCT (data not shown).

Five studies including 1599 patients reported LFS in the
meta-analysis. The pooled HR for LFS was 0.87 (95% CI
0.75–1.01, P = 0.07, I2 = 0%) (Fig. 3), which indicates that
post-remission chemotherapy before allo-HSCT did not signif-
icantly affect LFS in patients with AML in CR1. Subgroup
analyses showed no difference between the use of
post-remission chemotherapy and no consolidation chemother-
apy before RIC allo-HSCT in patients with AML in CR1 (HR
= 0.89, 95%CI 0.74–1.06, P = 0.19, I2 = 18.8%). No difference
was observed between the two cohorts of patients with AML in
CR1 who received MAC allo-HSCT (HR = 0.82, 95% CI
0.61–1.10,P = 0.18, I2 = 0%).When LFSwas analyzed accord-
ing to patient age, there were no differences between the use of
post-remission chemotherapy and no consolidation chemother-
apy before allo-HSCT in patients with a median age < 50 years
(HR = 0.81, 95% CI 0.60–1.09, P = 0.166, I2 = 0%) or
> 50 years (HR = 0.89, 95% CI 0.75–1.06, P = 0.201, I2 =
0%). We analyzed LFS according to the publication year
(> 2013 and ≤ 2013) and patient number (> 100 and < 100),
but no difference was detected between the two cohorts of
patients with AML in CR1 who received allo-HSCT (data not
shown).

Secondary outcomes

Three studies including 1095 patients reported RI and TRM in
the meta-analysis. The pooled RR for RI was 1.02 (95% CI
0.82–1.28, P = 0.834, I2 = 0%) (Fig. 4). These data indicate that
post-remission chemotherapy before allo-HSCT did not signif-
icantly affect RI in patients with AML in CR1. The pooled RR

Fig. 1 Study selection flow
diagram
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for TRM was 0.74 (95% CI 0.58–0.96, P = 0.021, I2 = 0%)
(Fig. 5), which indicates that post-remission chemotherapy be-
fore allo-HSCT significantly decreased TRM compared to no
post-remission chemotherapy for patients with AML in CR1.

Discussion

Allo-HSCT is a potentially curative treatment option for AML
due to its effects on chemotherapy and/or radiation in the
preparative regimen, and more importantly, by immunologic
graft-versus-leukemia (GVL) effects [15]. Some form of
post-remission consolidation chemotherapy has been proven
to decrease the recurrence of leukemia and improve survival
of patients with AML in CR1 who are not undergoing trans-
plantation [3, 16]. In the transplant setting, patients with AML
in CR1 received allo-HSCT have been demonstrated superior
to those who received conventional post-remission therapy,
particularly patients in a defined risk and age group [17].
Despite extensive studies and ongoing research, the use and
timing of allo-HSCT in AML vary considerably. Whether to
proceed directly to allo-HSCT after achieving CR by induc-
tion chemotherapy is a frequently debated issue in clinical
practice. A retrospective study from the EBMT showed that
high-dose cytarabine may not be needed in patients who have
plannedMAC allo-HSCTas post-remission therapy [5]. In the
RIC allo-HSCT setting, a report from the acute leukemia
working party of the EBMT suggested that pre-HSCT consol-
idation chemotherapy does not significantly alter outcomes
and supports prompt transition to transplant as soon as mor-
phological CR1 is attained [13]. Whether to proceed directly
to allo-HSCT after achieving CR from induction chemothera-
py is an important issue because toxicities resulting from con-
solidation chemotherapymay preclude subsequent allo-HSCT
or increase the risk of transplant-related mortality. Although
non-systemic reviews are available, no systematic review and
meta-analysis has addressed this issue. This is the first
meta-analysis of available studies examining the impact of
post-remission chemotherapy before allo-HSCT in patients
with AML in CR1.

This systemic review and meta-analysis of data from six
studies representing a large population of patients demonstrat-
ed no survival advantage from post-remission chemotherapy
before allo-HSCT for patients with AML in CR1. We also
found that post-remission chemotherapy did not significantly
affect RI. However, post-remission chemotherapy before
allo-HSCT significantly decreased TRM compared to no
post-remission chemotherapy for patients with AML in
CR1. Notably, no significant decrease in TRM was found in
three studies [6, 11, 12]. In fact, we observed a decrease in
TRM for patients receiving consolidation chemotherapy in
each of the three studies, likely reflecting their superior hema-
topoietic cell transplantation-specific comorbidity indexTa
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scores [12]. This result suggests that a patient comorbidity
index may affect the decision-making of the referring physi-
cian regarding who can tolerate chemotherapy and who will
receive pre-transplant consolidation chemotherapy. Moreover,
more patients received two consecutive induction cycles in the
consolidation chemotherapy group than in the no consolida-
tion chemotherapy group, which would expose them to added
toxicity before transplantation [13]. The decision to proceed
directly to allo-HSCT without consolidation chemotherapy is
probably not the standard of care, but rather, reflects the fewer
options for patients with comorbidities who poorly tolerate
chemotherapy.

Several studies have demonstrated that minimal residual
disease (MRD) detectable before allo-HSCT is associated
with adverse outcomes in patients with AML in CR1 [18,
19]. Because most of these studies did not collect data on
pre-transplant MRD status, it is unknown whether the lack

of benefit of post-remission consolidation chemotherapy ex-
tends equally to MRD-negative and MRD-positive patients.
The role of MRD in decision-making to proceed with
pre-transplant consolidation chemotherapy remains a crucial
question, and future studies attempting to address the value of
consolidation chemotherapy in AML prior to allo-HSCT
should include an in-depth assessment of CR including
MRD and its impact on the final results.

This meta-analysis had several limitations that should be
considered when interpreting the results. The two patient pop-
ulations in the studies were somewhat heterogeneous in terms
of median age, disease characteristics, cytogenetics,
pre-transplant therapy, and donor source. However, multivar-
iate analyses adjusting for potentially confounding effects of
other prognostic factors produced the same results as univar-
iate analyses in most of the studies. In all non-randomized
studies, the patient population that encountered early relapse

Fig. 2 No differences in overall
survival (OS) were detected after
post-remission chemotherapy
versus no consolidation
chemotherapy before allogeneic
hematopoietic stem cell
transplantation (allo-HSCT) in
patients with acute myeloid
leukemia (AML) in their first
complete remission (CR1)

Fig. 3 No differences in
leukemia-free survival (LFS)
were observed after use of post-
remission chemotherapy versus
no consolidation chemotherapy
before allogeneic hematopoietic
stem cell transplantation (allo-
HSCT) in patients with acute
myeloid leukemia (AML) in their
first complete remission (CR1)

Ann Hematol (2018) 97:1519–1526 1523



prior to planned allo-HSCT was excluded from the analyses.
As expected, there was a significantly longer interval between
CR1 and allo-HSCT in patients who received post-remission
chemotherapy. This delay in transplantation was an inherent
survival bias in favor of patients who received consolidation
chemotherapy because patients with early relapse would be
excluded from the comparison. Indeed, patients who
underwent transplant beyond the median time between CR1
and allo-HSCT had a significantly different RI compared to
those who underwent a transplant within the median time in
one of the included studies [13]. However, comparable out-
comes were observed for patients treated with or without
pre-transplant consolidation chemotherapy in the subgroup

in which the transplant was within or beyond the median time
between CR1 and allo-HSCT [13].Moreover, the median time
to allo-HSCT for most of the studies was 2 and 5 months for
the two patient populations, reflecting most of the higher risk
period. Despite the finding that patients differed in some other
potentially confounding prognostic factors, we still observed
comparable results from each study. The most likely explana-
tion for this is the strength of the GVL effect provided by RIC
or MAC allo-HSCT, which may overcome differences in the
pre-transplant patient or disease-related characteristics. We al-
so acknowledge the most important inherent limitation, which
was selection bias due to using non-randomized observational
studies. There was no information regarding patients who

Fig. 4 No differences in relapse
incidence (RI) were observed
after use of post-remission
chemotherapy versus no
consolidation chemotherapy
before allogeneic hematopoietic
stem cell transplantation (allo-
HSCT) in patients with acute
myeloid leukemia (AML) in their
first complete remission (CR1)

Fig. 5 A significant decrease in
treatment-related mortality
(TRM) was observed after post-
remission chemotherapy
compared to no post-remission
chemotherapy for patients with
acute myeloid leukemia (AML) in
their first complete remission
(CR1)
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were precluded from transplantation because of a lower risk
for early disease recurrence or due to toxicities or mortality
from consolidation chemotherapy.We also lacked data regard-
ing the reasons why patients were assigned to their respective
treatment. Furthermore, patients in these studies did not re-
ceive precisely equivalent doses of high-dose cytarabine, so
the intensity of consolidation chemotherapy in these studies
varied. Our findings may not be applicable to patients with
AML in CR1 who are candidates for allo-SCT but for whom a
suitable donor is not immediately available. Those patients
may still need to receive consolidation chemotherapy while
waiting for a donor to be identified due to the risk of early
disease recurrence before transplantation. Hence, we highlight
the need for prospective studies to examine the role of
post-remission therapy before allo-HSCT, during which
intention-to-treat analyses will be extremely important.

In conclusion, providing that a suitable donor is readily
available and has confirmed potential transplant eligibility,
there is no significant benefit to adding consolidation chemo-
therapy before RIC or MAC allo-HSCT, and that support a
recommendation to proceeding promptly to allo-HSCT as
soon as CR1 is attained. However, further prospective studies
are warranted to confirm these results.
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