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A B S T R A C T
The clinical outcomes of autologous hematopoietic stem cell transplantation (ASCT) in acute myelogenous leuke-
mia (AML) have improved over time. Indeed, numerous studies have demonstrated that ASCT is associated with a
lower relapse rate and acceptable nonrelapse mortality compared with chemotherapy alone in patients with
AML. In addition, ASCT is also associated with comparable overall survival outcomes to those of allogeneic
hematopoietic stem cell transplantation in some patients with AML. To date, age, cytogenetic and molecular risk
stratification, and minimal residual disease (MRD) status have been shown to be closely related to clinical out-
comes following ASCT. ASCT is recommended for patients with favorable-risk and intermediate-risk AML in first
complete remission and patients with acute promyelocytic leukemia in second complete remission for whom a
matched sibling donor is not available. MRD status pre-ASCT is the most important factor to consider when deter-
mining whether a patient is eligible for ASCT and can effectively predict clinical outcomes after ASCT. Advanced
age is not an absolute contradiction for ASCT. In this review, we describe the literature and clinical trials evaluat-
ing the outcomes of ASCT in patients with AML and discuss the indications for ASCT therapy. Because the greatest
concern in ASCT recipients is early relapse, important factors that should be monitored before ASCT and future
perspectives in this area are also presented.
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INTRODUCTION
With the development of allogeneic hematopoietic stem

cell transplantation (allo-SCT) from alternative donor sources,
including unrelated donors, umbilical cord blood, and haploi-
dentical transplantation (haploSCT), the clinical application of
autologous hematopoietic SCT (ASCT) has decreased [1]. The
clinical outcomes associated with ASCT have improved over
time, however. European researchers retrospectively analyzed
the survival outcomes in 809 ASCT recipients with acute mye-
logenous leukemia (AML) in first complete remission (CR1)
and found 2-year leukemia-free survival (LFS) and overall sur-
vival (OS) rates as high as 51% and 65%, respectively [2], with a
nonrelapse mortality (NRM) of only 3.7% [3]. In addition,
Simancikova et al [4] evaluated long-term survival in patients
who underwent ASCT with AML in CR1 and found a 5-year OS
of 60.8%.

ASCT remains an important postremission therapy for
patients with AML. Accordingly, in this review, we focus on the
clinical outcomes of ASCT in patients with AML and discuss the
main prognostic factors predictive of ASCT efficacy based
on data from the literature and clinical trials. We aim to pro-
vide insight into decision making regarding the optimal use of
ASCT in patients with AML.
ASCT VERSUS CHEMOTHERAPY
Although standard intensive chemotherapy may induce

morphological CR for AML, relapse is a common cause of poor
long-term survival outcomes. Because it provides significant
antileukemia effects with a low NRMwhile avoiding the risk of
graft-versus-host disease (GVHD) associated with allo-SCT,
ASCT is an alternative postremission therapy in selected
patients with AML. ASCT also has the advantage of a lower
relapse risk (RR) than chemotherapy alone in patients with
AML, particularly those with good- or intermediate-risk molec-
ular cytogenetics [5�7]. To assess the value of ASCT in AML,
Burnett et al [8] prospectively compared the clinical outcomes
of 381 patients age <56 years in CR1 who had received 4
courses of intensive chemotherapy and showed that ASCT was
associated with significantly lower RR in patients in all risk
groups compared with patients who did not undergo ASCT,
leading to an improvement in 7-year LFS (53% versus 40%;
P = .04). In another study of patients with AML in CR1 age >65
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years, both progression-free survival (PFS) and OS were signifi-
cantly better in patients who underwent ASCT compared with
those who did not [7].

Cornelissen et al [5] retrospectively compared outcomes
after ASCT (n = 152) and chemotherapy (n = 271) in patients
with AML in CR1 and found better 5-year OS (54 § 3% versus
40 § 3%; P = .02) and LFS (44% versus 30%; P < .001), with no
significant difference in NRM, following ASCT. In a prospective,
randomized phase 3 trial, patients with AML with CR1 status
not eligible for allo-SCT were randomly assigned to receive
ASCT following a high-dose cyclophosphamide and busulfan
(BuCy) conditioning regimen (n = 258) or intensive chemother-
apy with etoposide and mitoxantrone (n = 259). The results
showed that ASCT was associated with lower 5-year RR (58%
versus 70%; P = .02); however, OS was comparable in the
2 arms, possibly because more relapsed patients in the
chemotherapy arm received life-saving treatment, such as sec-
ond-line chemotherapy and transplantation [6]. An early pro-
spective trial that focused on survival outcomes following
3 types of postremission therapy in patients with AML in CR1
demonstrated better LFS with ASCT and allo-SCT compared
with intensive chemotherapy. The 4-year LFS was 55% in recip-
ients of matched sibling donor (MSD)-allo-SCT, 48% in recipi-
ents of ASCT, and 30% in recipients of chemotherapy, and ASCT
was associated with a superior LFS compared with chemother-
apy alone (RR = .73; P = .05) [9]. In another study, in patients
with AML in the favorable risk group and in CR1, the 5-year
LFS was better after ASCT than after chemotherapy alone (60%
versus 32%) [10].

Overall, these findings suggest that ASCT is safe, with
acceptable transplantation-related toxicity, in patients with
AML and is associated with lower RR and better LFS than che-
motherapy alone. However, these data were obtained mainly
from retrospective studies. Therefore, additional prospective
studies are urgently needed to determine whether ASCT will
lead to improved OS rates in these patients, particularly with
the significantly reduced NRM.

ASCT VERSUS ALLO-SCT
SCT, including ASCT and allo-SCT from MSDs or matched

unrelated donors (MUDs), is an important postremission ther-
apy for AML. MSD-allo-SCT remains the best choice for patients
with AML considering transplantation [11]; however, ASCT can
yield OS rates comparable to those of MSD-allo-SCT in some
patients, and ASCT is associated with comparable or better sur-
vival outcomes when using unrelated donors or familial-
mismatched donors, particularly in intermediate-risk patients
[5,12�18]. ASCT and allo-SCT in patients with AML are com-
pared in Table 1. In 2 prospective HOVON-SAKK phase III trials,
comparable OS was observed in patients with intermediate-
risk AML following ASCT and allo-SCT in CR1 [5]. In a retro-
spective study of 172 patients with AML in CR1, OS and
disease-free survival (DFS) did not differ significantly between
patients who underwent ASCT and those who underwent
MSD-allo-SCT [18]. Mizutani et al [12] evaluated survival out-
comes after autologous peripheral blood stem cell transplanta-
tion (n = 357) and MSD-allo-SCT from bone marrow (n = 521)
or peripheral blood (n = 380) in patients with AML in CR1 and
found that although RR after ASCT was relatively higher, NRM
was significantly lower compared with MSD-allo-SCT, and LFS
did not differ significantly in multivariate analyses. Compara-
ble LFS and OS at 5 years were also observed in another study
comparing MSD-allo-SCT and ASCT [13]. Yoon et al [19] sug-
gested that ASCT should be considered for selected patients
with intermediate-risk AML in CR1 after standard
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chemotherapy; in multivariate analysis, the 5-year DFS after
ASCT did not differ significantly between this subgroup of
patients and recipients of MSD- or MUD-allo-SCT, and ASCT
was associated with lower NRM. Therefore, ASCT can be con-
sidered an effective postremission therapy for patients with
AML in CR1 who cannot undergo MSD-allo-SCT.

In a comparison between ASCT and allo-SCT from unrelated
donors, Gorin et al [3] showed that ASCT was associated with a
lower NRM and better OS in patients with AML in CR1. Sara-
ceni et al [14] retrospectively evaluated patients with AML in
CR1 who underwent allo-SCT from 10/10 MUDs (MUD-SCT),
allo-SCT from unrelated donors with a mismatch at a single
HLA locus (9/10 UD-SCT), and ASCT, and found that ASCT
yielded OS rates comparable to those of MUD-SCT and 9/10
UD-SCT. Moreover, ASCT was associated with a significantly
better OS compared with 9/10 UD-SCT in intermediate-risk
patients. Another study comparing ASCT with MUD-allo-SCT in
cytogenetically normal patients with AML in CR1 found lower
NRM in the ASCT recipients, but comparable LFS and OS in the
2 groups of patients [20].

Gorin et al [15] analyzed 544 patients with acute leukemia
who received ASCT or allo-SCT, with a median follow-up of
28 months, and found no significant differences in LFS or OS
for all patients with AML who received ASCT or T cell-replete
haploSCT. Notably, in their study, ASCT was associated with a
better OS in patients with intermediate-risk AML compared
with haploSCT, but after removing transplantation centers that
treated fewer than 5 patients per year, the difference disap-
peared. Similarly, Chen et al [16] reported equivalent survival
outcomes after ASCT and haploSCT in patients with favorable-
and intermediate-risk AML in CR1, with no significant differen-
ces in OS or RFS. In a comparison of ASCT and cord blood
allo-SCT (CBT), multivariate analyses showed that the higher
RR in autografted patients was compensated for by a lower
NRM, resulting in comparable 3-year OS and LFS [17].

Overall, the published data suggest that ASCT may be an
effective postremission therapy for favorable- and intermediate-
risk patients with AMLwho are not eligible for MSD-allo-SCT.

PROGNOSTIC FACTORS FOR ASCT IN AML
Age

The typical cutoff age distinguishing patients with rela-
tively favorable outcomes from those with poor LFS and OS is
50 years [2,21�27]. Eom et al [24] reported poor survival out-
comes after ASCT in a subset of patients with AML age >50
years and harboring t(8;21). Saraceni et al [2] found that age
>50 years was an independent prognosis factor for poor sur-
vival outcomes in patients with AML who underwent ASCT.
Nagler et al [22] reported that in patients with AML in CR1, OS
(77 § 2% versus 56.3 § 3%; P < .001), LFS (61 § 3% versus 45 §
3%; P < .001), and NRM (4 § 1% versus 10 § 2%; P < .001) were
superior in those age <50 years compared with older patients,
consistent with results of other studies [23,24,26]. In another
study, the cutoff age for distinguishing OS and LFS following
ASCT was 55 years [28].

Although most studies have identified age as an important
prognostic factor for outcomes after ASCT, age had no impact
on outcomes following ASCT in some studies [7,16,29]. In a sin-
gle-center retrospective study of patients with AML in CR1 age
�65 years, LFS and OS were 48.2% and 60.6%, respectively, and
there were no significant differences in PFS and OS after ASCT
between patients age �65 years and those age <65 years [7].
Recently, Mueller et al [30] retrospectively analyzed 148 con-
secutive patients with AML who underwent ASCT at the same
center and found no differences in transplantation-related
mortality (TRM), PFS, or OS according to age (age cohorts:
<60 years, 60 to 64 years, and >64 years). These findings sug-
gested that patients tolerate and benefit from ASCT equally,
regardless of age. In a European single-center study [29], the
3-year DFS and OS after ASCT in elderly patients with AML
were 60% and 68%, respectively, and TRM was only 3.4%. How-
ever, these outcomes were all obtained from retrospective
studies, and the nonrandomized design inevitably led to selec-
tion bias. Age is an unreliable parameter; tolerance of induc-
tion treatment, performance status, and cytogenetic risk
features also should be taken into consideration. The data
demonstrate that ASCT is safe and effective in selected elderly
patients with AML, and that although age is an adverse prog-
nostic factor, it should not be viewed as an absolute contraindi-
cation for ASCT in AML.

Cytogenetic and Molecular Risk Stratification
Cytogenetic risk stratification is a crucial factor influencing

clinical outcomes in patients with AML after ASCT. Patients
with unfavorable-risk molecular cytogenetics have relatively
higher RR and lower OS after ASCT compared with patients
with favorable- to intermediate-risk molecular cytogenetics.
Nagler et al [22] retrospectively analyzed outcomes in 952
patients with AML who underwent ASCT with a busulfan-
based conditioning regimen. Multivariate analysis identified
risk stratification as an important prognostic factor for both OS
and LFS after ASCT. Yoon et al [21] reported similar outcomes
in 240 patients with AML in CR1 who underwent ASCT follow-
ing a conditioning regimen including total body irradiation
(TBI; 1200 cGy), cytarabine (9 g/m2), and melphalan (100 mg/m2);
OS decreased as the cytogenetic risk increased at 5 years after
ASCT, with the highest 5-year OS in 19 patients carrying
t(8;21) with isolated Y chromosome loss. In a previous study,
we identified cytogenetic risk as an independent prognostic
factor for survival outcomes, with decreasing OS and DFS
as risk increased [18]. Gorin et al [3] compared ASCT with
MUD-allo-SCT in patients with AML in CR1 and showed that
favorable-risk patients benefited more from ASCT, intermedi-
ate-risk 2 patients had comparable outcomes after ASCT or
MUD-allo-SCT, and intermediate-risk 1 patients had superior
clinical outcomes after allo-SCT. Numerous other studies have
also shown satisfactory outcomes after ASCT in patients with
favorable- and intermediate-risk AML [5,12�17,25,31]. These
studies support ASCT as a feasible treatment for patients with
AML in CR1, particularly those with favorable- or intermediate-
risk molecular cytogenetics.

Acute Promyelocytic Leukemia
The National Comprehensive Cancer Network guidelines

indicate that ASCT should be considered for patients with acute
promyelocytic leukemia (APL) in molecular CR2 after central
nervous system prophylaxis [32]. In a phase 2 study of arsenic
trioxide (ATO) followed by ASCT in patients with relapsed APL,
Yanada et al [33,34] reported a 5-year event-free survival (EFS)
of 65% and a 5-year OS of 77%, and concluded that ASCT was
efficacious and feasible in patients with relapsed APL in CR2,
particularly those who received ATO before ASCT, yielding
higher 4-year LFS and OS than seen in patients who did not
receive ATO.

In other studies, in patients with relapsed APL, OS was bet-
ter after ASCT than after chemotherapy and ATO (Table 2)
[35,36]. In a retrospective analysis of 155 patients (including
40 patients in molecular relapse, 104 in hematologic relapse,
and 11 in extramedullary relapse after induction with ATO), of
whom 93 underwent ASCT or allo-SCT after achieving CR2,
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Lengfelder et al [35] found that ASCT and allo-SCT resulted in
superior OS and LFS compared with additional cycles of ATO
with or without all-trans retinoic acid (ATRA) or chemotherapy
as consolidation treatment. In other studies of APL, ASCT was
the preferred therapy for patients with CR2 status, and survival
outcomes were superior in patients who received ASCT com-
pared with those who received ATO-based consolidation ther-
apy. Furthermore, OS was associated with the duration of CR1
(P = .002), but not with disease risk at diagnosis [36]. Thirugna-
nam et al [37] retrospectively compared different consolida-
tion regimens in patients with relapsed APL who achieved
molecular remission after an ATO-based induction regimen
and showed that ASCT was associated with superior clinical
outcomes (including 5-year EFS) compared with ATO-based
regimens.

ASCT may be more effective than allo-SCT for treating
patients with APL in CR2 [38,39]. Holter et al [38] compared
ASCT with allo-SCT in patients with APL in CR2 for whom pre-
transplantation data on PML-RARA were available, and found
that ASCT was associated with superior OS in both univariate
and multivariate analyses. These results are consistent with
the results of another retrospective analysis of patients with
relapsed APL who were initially treated with ATRA and chemo-
therapy and then underwent ASCT or allo-SCT in CR2, in which
OS was superior with ASCT and RFS and EFS did not differ sig-
nificantly between the 2 treatments [39]. These data indicate
that ASCT is an effective postremission therapy for patients
with APL in CR2.

AML with t(8;21) or inv(16)
One study reported a 5-year OS of 88.8% following ASCT in

patients with AML carrying t(8;21) with isolated Y chromo-
some loss [21], and comparable outcomes have been reported
after ASCT and allo-SCT in patients with AML carrying t(8;21)
[24,40,41]. Eom et al [24] reported an OS of 70.2% and a DFS of
68.4% at 5 years following ASCT in patients with AML with t
(8;21) in CR1, and no significant differences in RR, OS, and DFS
compared with patients who underwent allo-SCT with a
reduced-intensity conditioning regimen. Similarly, in another
study of patients with AML with inv(16) or t(8;21), ASCT was
associated with a lower TRM compared with allo-SCT, and LFS
was similar with the 2 treatments [40]. In addition, outcomes
following ASCT were poorer in the patients with t(8;21) com-
pared with those with inv(16), consistent with the results of
other studies [42,43]. In a study reported by Qin et al [41], in
patients with AML carrying inv(16), if CBFB/MYH11 transcrip-
tion levels decreased to .2% after 2 courses of consolidation
therapy, then RR, DFS, and OS after ASCT were not significantly
different from values in patients who underwent allo-SCT.
Therefore, ASCT is a feasible treatment for patients with AML
in CR1 carrying inv(16) or t(8;21).

AML with Double-Mutant CCAAT Enhancer Binding Protein
Alpha (CEBPA) and AML with Mucleophosmin (NPM1)

Schlenk et al [10] compared ASCT and allo-SCT with chemo-
therapy in patients with AML in CR1 who harbored double-
mutant CEBPA and showed better 5-year LFS with ASCT and
allo-SCT compared with chemotherapy alone (60% versus 73%
versus 32%). European researchers compared the clinical out-
comes of ASCT in 19 patients with AML in CR1 harboring an iso-
lated NPM1 mutation (NPM1+/FLT3�) and another 80 patients
with available data on both NPM1 and FLT3/ITD mutations and
showed that the patients with an isolated NPM1 mutation were
suitable for ASCT; after a median follow-up of 35 months,
median OS and DFS were significantly improved [44]. Overall,
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these findings suggest that ASCT is feasible for patients with
AML in CR1 with favorable molecular cytogenetics.

AML with FLT3/ITD Mutation
FLT3/ITD mutation is a poor prognostic factor in patients

with AML. Compared with chemotherapy, ASCT can improve
survival outcomes in patients with FLT3/ITD mutation. In a sys-
tematic review and meta-analysis of published studies includ-
ing 772 patients with AML in CR1 harboring an FLT3/ITD
mutation, both allo-SCT and ASCT were associated with lower
RR and better OS and DFS than chemotherapy alone, and there
was no difference in OS and DFS between allo-SCT and ASCT
[45]. An early study comparing the outcomes of 376 patients
with AML according to FLT3/ITD mutation status found no sig-
nificant difference in OS between patients who underwent
ASCT and those who underwent allo-SCT in CR1; however,
FLT3/ITD+ patients in CR1 had a lower probability of survival
following chemotherapy alone [46]. These results are consis-
tent with those of another study in which patients with AML
carrying an FLT3 mutation who underwent ASCT showed simi-
lar 5-year OS and DFS, irrespective of FLT3/ITD mutation [47].
Of note, these studies may suggest better outcomes than actu-
ally occur, owing to the positive impact of the NPM1 mutation
and the low allelic ratio of FLT3/ITD.

In a study of the impact of FLT3/ITD and NPM1 on the clini-
cal outcomes of ASCT in 357 patients with cytogenetically nor-
mal AML, FLT3+/NPM1� patients had the worst LFS and OS,
whereas FLT3+/NPM1+patients who underwent ASCT in CR1
had 3-year OS and LFS rates comparable to those in FLT3�/
NPM1� patients [25]. With respect to the outcomes of different
postremission therapies in patients with AML according to
NPM1/FLT3 molecular profile, data from a 2001 trial demon-
strated that ASCT and allo-SCT yielded outcomes similar to
those after chemotherapy alone in patients with an isolated
NPM1 mutation [48]. However, for the other patients, allo-SCT
and ASCT yielded better 4-year LFS (68% versus 44% versus
36%) and OS (68% versus 52% versus 29%) compared with che-
motherapy alone. Nevertheless, except in patients with an iso-
lated NPM1 mutation, no clear comparisons between patients
with different NPM1/FLT3 molecular profiles were reported
[48]. Therefore, in patients with AML harboring an FLT3/ITD
mutation in CR1, if an NPM1 mutation were also present, ASCT
could overcome the poor survival outcomes associated with
FLT3/ITD.

In contrast, in a previous study, in patients with high-risk
AML undergoing ASCT in CR1 with a busulfan and melphalan
(BuMel) conditioning regimen, LFS was 53% at 2 years and 42%
at 5 years [27], consistent with a study in which autografted
CR1 patients, even those with high-risk AML, showed high 8-
year DFS and OS (56% and 62%, respectively) [28]. Therefore,
further studies are needed to determine whether CR1 patients
with high-risk AML should be excluded from ASCT.

Overall, most studies published to date indicate that ASCT is
associated with higher RR but lower TRM compared with allo-
SCT. Given these results, ASCT may be a valid treatment for
patients with favorable- to intermediate-risk AML in CR1
and for patients with APL in CR2, particularly when an HLA-
identical sibling is not available. Impressive survival outcomes
have been observed in patients with AML and unfavorable
molecular cytogenetics after ASCT; however, the status of ASCT
in high-risk patients should be confirmed in further studies.

Patients Autografted in CR1/CR2
Most studies reported to date have suggested superior clin-

ical outcomes in patients autografted in CR1. In previous
studies, the OS and DFS for patients with AML autografted in
CR2 were poorer than those of patients autografted in CR1
[49]. Mollee et al [50] found differing survival outcomes in
patients who autografted in CR1 and those who autografted in
CR2, with higher 8-year EFS and OS in patients who auto-
grafted in CR1. However, Helbig et al [26] recently reported no
differences between patients who autografted in CR1 and
those who did so in CR2. Similarly, Nagler et al [22] found no
differences in survival outcomes between patients with AML
autografted in CR1 or in CR2 on univariate and multivariate
analyses. Data for patients autografted in CR2 are limited, how-
ever, and based on available clinical outcomes, ASCT is mainly
recommended for patients in CR1.

Minimal residual disease Status Pre-ASCT
The high rate of leukemia recurrence is a major concern in

patients with AML who undergo ASCT, and recurrence of leu-
kemia is the most common cause of mortality in these patients.
Therefore, identification of strategies to decrease leukemia
recurrence after ASCT is essential for improving outcomes of
ASCT. Minimal residual disease (MRD) detection in patients
and leukapheresis products pre-ASCT can be used to help
select candidates for ASCT.

MRD is a crucial factor for distinguishing whether a patient
with AML is eligible for ASCT. Real-time quantitative PCR
(qPCR) and multiparameter flow cytometry (MFC) are effective
techniques for monitoring MRD before and after ASCT in
patients with AML [16,21,23,41,51�54]. MRD status pre-ASCT
is an independent prognostic factor for both OS and RFS after
ASCT [16]. Moreover, MRD status in patients and leukapheresis
products at ASCT is closely related to RR and LFS [23]. Maurillo
et al [51] evaluated MRD by MFC in patients with AML before
ASCT and found that among 28 patients with positive MRD
pre-ASCT, 23 relapsed; 5-year LFS and OS were only 14% and
28%, respectively, compared with 55% and 58% in patients with
no detectable MRD. In addition, high MRD values (>.1% of the
white blood cell count) before ASCT have been associated with
higher RR [52]. Importantly, data from our transplantation cen-
ter show that MRD detection after 1 course of consolidation
chemotherapy was an independent prognostic factor for
3-year OS (83.1% versus 19.0%; P = .006) and DFS (73.9% versus
14.2%; P = .049) in patients with AML who underwent ASCT in
CR1 [18].

Yoon et al [21] monitored AML1/ETO and CBFB/MYH11
through a more sensitive molecular method based on qPCR
and found a higher 3-year RR in patients expressing higher lev-
els of pre-ASCT MRD markers. Similarly, Qin et al [41] reported
that a CBFB/MYH11 level of >.2% after 2 courses of consolida-
tion was an independent prognostic factor for poor OS, DFS,
and cumulative incidence of relapse in autografted patients.
High expression of Wilms' tumor gene 1 (WT1) in leukaphere-
sis of peripheral blood autografts pre-ASCT has been associated
with a high risk of relapse (cutoff value for WT1: 80 copies/104

ABL; 87% versus 30%; P = .0001) [53], consistent with the
results published by Yoon et al [21]. In addition, Mule et al [54]
reported that individualized MRD parameters, combined with
WT1 and other non-leukemia-specific genes, such as PRAME
and MSLN, can predict prognosis after ASCT in patients with
AML with high sensitivity. They monitored MRD in peripheral
blood autografts pre-ASCT in a subset of patients with AML
and found that WT1 alone had limited predictive value for the
RR, whereas multiparameter MRD [considering inv(16),
t(8;21), NPM1 mutation, WT1, PRAME, and MSLN] was more
sensitive for predicting leukemia recurrence, showing 52% sen-
sitivity and 83% specificity for predicting early relapse in
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patients with AML who underwent ASCT. Moreover, among 21
patients with specific leukemic-related mutation at diagnosis,
no patients with negative MRD relapsed within 1 year after
ASCT, whereas 83% of patients with MRD positivity relapsed.
Therefore, multiparameter MRD may be reliable for predicting
clinical outcomes, and the expression levels of WT1, PRAME,
and MSLN in autografts could be used to predict early relapse
after ASCT in patients with AML.

With advancements in cytogenetics, molecular genetics,
and immunology, major breakthroughs in the field of MRD
have been made. In addition, with the application of more sen-
sitive methods, such as qPCR, MFC, and next-generation
sequencing, MRD is becoming more important for evaluating
the curative effects of therapy and selecting treatment plans
[55]. Overall, the data support ASCT as a promising approach
that can yield impressive survival outcomes in patients with
negative MRD pre-ASCT.

Conditioning Regimens
BuCy is a standard conditioning regimen for ASCT in

patients with AML. Researchers have recently attempted to
replace Cy with drugs showing stronger antileukemia effects
and lower extrahematologic toxicity to yield novel condition-
ing regimens, including BuMel. BuMel was first applied as a
conditioning regimen in 129 adult patients with AML in CR1
[28]. In these patients, the 8-year projected OS and DFS were
62% and 56%, respectively; the main extrahematologic toxicity
was mucositis, without significant impairment of hepatic,
renal, or pulmonary function; and NRM was only 4.65% [28].
These results are consistent with findings reported by Neglar
et al [22], who retrospectively compared the clinical outcomes
of ASCT following different conditioning regimens based on
Bu, including Bu (12.8 mg/kg) with Cy (120 mg/kg), Bu with
Mel (140 mg/m2), Bu with etoposide, and Bu with idarubicin
(IDA). In multivariate analysis, BuMel was associated with the
superior OS. Gorin et al [23] reported that in patients with
AML who underwent ASCT in CR1, those conditioned with
BuMel showed better RR, LFS, and OS than those who received
BuCy, and NRM was similar in the 2 groups. In a subsequent
study, Gorin et al [27] reported an interaction between BuMel
conditioning regimens and high-risk AML. In a larger patient
population with primary AML autografted in CR1, patients
with high-risk AML were found to benefit most from ASCT
with a BuMel conditioning regimen, yielding lower 5-year RR
and better LFS and OS. Although the authors also demonstrated
these benefits of BuMel in multivariate analyses, BuMel treat-
ment was not an independent prognostic factor for patients in
the good- and intermediate-risk groups [27]. Data from Japan
also indicated that a BuCy § etoposide or BuMel regimen was
associated with superior antileukemic effects (in terms of LFS,
OS, and NRM) compared with other Bu-based regimens and
TBI-based myeloablative regimens in children with AML who
underwent ASCT [56].

IDA+Bu (I-Bu) may be a feasible conditioning regimen for
patients with AML who receive ASCT. Hong et al [57] retrospec-
tively analyzed the outcomes of 32 patients with AML who
underwent ASCT in CR1 with an I-Bu conditioning regimen (IDA
20 mg/m2/day£ 3, Bu 3.2 mg/m2/day£ 4 i.v. or 4.0 mg/m2/
day£ 4 orally). Of these 32 patients, 31 achieved hematopoietic
reconstruction, and at a median follow-up of 30 months, 24
were still alive and 20 continued in CR; the 2-year RR was 40%,
and the median DFS and OS had not been reached. Ferrara et al
[44] reported impressive survival outcomes in 99 patients with
AML who underwent ASCT after I-Bu, with a median OS and
DFS of 34 and 22months, respectively, for all patients.
Overall, these results demonstrate that Bu-based condition-
ing regimens, particularly BuMel, are associated with superior
antileukemia effects compared with other Bu-based and TBI-
based regimens, and that clinical outcomes of ASCT with an
I-Bu regimen are favorable in patients with AML. Further stud-
ies, including randomized trials in large populations, are
needed to determine the optimal conditioning regimen.

CD34+ Cell Count and Other Factors Influencing Hematologic
Recovery

Peripheral blood stem cell transplantation (PBSCT) is asso-
ciated with more rapid hematologic recovery, shorter hospital-
ization, and similar OS and DFS compared with bone marrow
stem cell transplantation [9,28,58,59]. Although some data
have indicated that PBSCT is associated with higher RR [60],
numerous studies have demonstrated that high RR is corre-
lated with high CD34+ cell count, regardless of the stem cell
source. The number of infused CD34+ cells can also affect clini-
cal outcomes [61]. Several studies have shown no significant
differences in OS, LFS, and RR in patients who undergo ASCT
with peripheral blood or bone marrow as the stem cell source
[2,23,26]. Low CD34+ cell counts (<2.0£ 106/kg) are not con-
ducive to engraftment [62], and higher CD34+ cell counts
(>7.16£ 106/kg) are related to higher RR [63], which may be
caused by remnants of leukemia in the autograft. Therefore,
the number of infused CD34+ cells is a key factor affecting
hematopoietic reconstitution and outcomes after ASCT. In a
phase II prospective study in patients with AML in CR1, auto-
grafted patients who received >7.1£ 106/kg CD34+ cells
showed poor OS [64]. In a separate study, higher yields of
CD34+ cells (�7 £ 106/kg) were associated with an inferior
prognosis owing to a significantly higher RR [65]. Grubovic et
al [66] demonstrated that neutrophil engraftment is correlated
with the number of transplanted CD34+ cells and mononuclear
cells, but not with platelet engraftment. Therefore, clinical out-
comes after ASCT in patients with AML are significantly
affected by CD34+ cell counts.

CONCLUSION
Our review indicates that, based on the reported data, for

patients with favorable- and intermediate-risk AML in CR1 and
patients with APL in CR2, ASCT is feasible when an MSD is not
available. Advanced age is not an absolute contraindication.
MRD status pre-ASCT is a main factor to consider when deter-
mining whether a patient is eligible for ASCT and can effec-
tively predict clinical outcomes after ASCT. Although the best
conditioning regimen has not yet been determined, BuMel has
been shown to have significant antileukemia effects and low
toxicity in autografted patients, even those with high-risk
AML. With the improvement of survival outcomes in patients
with AML following ASCT, the recommendation for ASCT
should be revisited. Recurrence of leukemia is the first and
foremost concern when considering ASCT; therefore, research-
ers are currently exploring approaches to reduce the risk of
leukemia recurrence after ASCT. Prospective trials evaluating
different conditioning regimens and outcomes in patients with
varying molecular cytogenetics are urgently needed. In addi-
tion, further studies are needed to evaluate the impact of
molecular-targeted therapeutic drugs, such as midostaurin,
enasidenib, and venetoclax, on ASCT [67�70].
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