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Abstract
Relapsed acute myeloid leukemia (AML) after an allogeneic hematopoietic cell transplant (allo-HCT) entails a poor
prognosis. Treating these cases is challenging due to lack of effective therapies and, in some cases, poor performance status
and/or presence of graft-versus-host disease (GVHD), among others. No randomized controlled trial (RCT) has ever been
conducted comparing a second allo-HCT against other treatments. Existing data are mainly from observational studies or
registries. Success of a second allo-HCT is dependent on appropriately selecting patients who might achieve best outcomes
with reasonable non-relapse mortality (NRM) risk. Several factors are associated with worse outcomes, namely a shorter
time from first allo-HCT to relapse or to the second allo-HCT, and AML not being in complete hematologic remission (CR).
Patients relapsing earlier than 6 months or having active/persistent disease should be enrolled in clinical trials. Limitations of
the published literature include retrospective small size studies, a heterogeneous population, and absence of information on
somatic mutations, among others. Future studies assessing the role of a second allo-HCT should evaluate the impact of
IDH1, IDH2, or others on outcomes; and the feasibility and efficacy of targeted therapies in the pre-, peri-, or post-second
allo-HCT setting.

Introduction

Acute myeloid leukemia (AML) represents the most com-
mon indication for allogeneic hematopoietic cell trans-
plantation (allo-HCT) in adults in the United States and in
Europe [1, 2]. Several factors have been reported to be
associated with a higher risk of posttransplant AML relapse,
namely absence of a complete hematologic remission (CR)
at time of allografting, high-risk cytogenetic features, use of
T-cell depletion, and a lower ablative intensity of the pre-
parative regimen [3–7]. A randomized controlled trial
(RCT), conducted by the Blood and Marrow Transplant
Clinical Trials Network (BMT CTN) 0901, demonstrated a
benefit favoring myeloablative (MAC) versus reduced-

intensity (RIC) conditioning allo-HCT in the front-line
setting in terms of improved overall survival (OS) and a
lower incidence of relapse. Yet, 16% did experience AML
relapse after receiving a MAC regimen [5].

Several studies have shown that relapsed AML post-
allografting is generally associated with poor outcomes with
a reported median survival of ~3 months [8–10]. Treatment
of these cases is particularly challenging because of the
limited efficacy of available therapies and, in some cases,
the poor performance status resulting from comorbidities
from the first allo-HCT and/or graft-versus-host disease
(GVHD), among others, hence limiting the ability to pre-
scribe additional intensive therapies [4, 11]. In patients
deemed eligible to receive a second allo-HCT, the decision
to offer it (or not) is conditional on patient’s fitness and,
ideally, attainment of a CR prior to the second allograft.
Worse outcomes have been reported in patients who relapse
soon after their first allo-HCT (empirically defined as
<6 months) regardless of whether a second allo-HCT or
other options like donor lymphocyte infusion(s) (DLI) are
offered [12].

Below, we summarize the available literature pertaining
to the efficacy (or lack thereof) of a second allograft in
relapsed AML patients.
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Second allo-HCT in relapsed AML

No RCT has ever been conducted comparing the efficacy of
a second allo-HCT against other treatments. Available
published data are mainly from observational studies (single
or multi-institution) or registry data.

Single-institution or multicenter retrospective
studies

Table 1 summarizes published single institutions or multi-
center observational studies [13–17]. These studies gen-
erally included a heterogeneous group with various relapsed
hematological malignancies, and reported outcomes related
to OS, non-relapse related mortality (NRM), and incidence
of acute and chronic GVHD, among others. For instance, a
single center retrospective experience reported by Christo-
poulos et al. evaluated 58 patients with AML relapsing at
a median of 326 days posttransplant, who either failed or
were deemed unsuitable for DLI due to active GVHD

and/or high disease burden [14]. The 3-year OS rate after
the second allo-HCT was 18% [14]. This low OS was likely
due to a high incidence of relapse of 56% and a NRM of
31% [14]. Pawson et al. reported 14 patients with relapsed
myeloid or lymphoid malignancies receiving a second allo-
HCT with a preparative regimen combining fludarabine,
cytarabine, and granulocyte colony-stimulating factor with
or without an anthracycline [13]. Remarkably, 13 of the 14
patients achieved a CR and the median OS after the inter-
vention was 15.5 (3–58+) months [13]. Specifically for
AML, the OS ranged from 4–41+ months [13]. A more
recent retrospective multicenter study by Orti et al. in 116
patients with relapsed myeloid malignancies (AML= 88,
76%) reported a 5-year OS of 31% and a NRM of 32% [15].
A smaller retrospective single center study evaluating 40
patients (AML= 29) reported a 2-year OS rate of 38% [16].

These studies demonstrate OS rates ranging from 18 to
38% after a second allo-HCT. In subsequent sections of this
review, we also evaluate outcomes based on disease and
transplant-related variables.

Table 1 Selected single institutions or multicenter studies evaluating a second allo-HCT in relapsed AML

Authors [ref.] Study type N (AML) Regimen
intensity

Donor source Cell source Outcomes

Pawson et al. [13]. Multicenter,
retrospective

7
(all pts= 14)

RIC MRD= 6
Other= 1

AML
PBSC= 7

AML
OS= 4–41+ months

Christopoulos et al.
[14]

Single
institution,
retrospective

58 RIC MRD= 2
MUD= 41
MMUD= 15

BM= 1
PBSC= 57

OS= 18%
EFS= 13%
NRM= 31%
Relapse= 56% (3-year)

Orti et al. [15] Multicenter,
retrospective

8
(all pts= 116)

MAC= 42
NMA= 67
(all pts)
--------
AML=N/E

MRD= 96
MUD= 13
Non-identical
relative= 5
Syngeneic= 2
(all pts)
--------
AML=N/E

BM= 11
PBSC= 100
CB= 5
(all pts)
--------
AML=N/E

AML OS= 31% NRM= 32%
(5-year)

Schneidawind et al.
[16]

Single
institution,
retrospective

29
(all pts= 40)

MAC= 7
RIC= 33
(all pts)
--------
AML=N/E

MRD= 3
MUD= 11
MMUD= 2
Haplo= 24
(all pts)
--------
AML=N/E

AML
PBSC= 29

AML
OS= 38%
(2-year)
All pts
NRM= 31% (2-year)

Aljasem et al. [17] Single
institution,
retrospective

26
(all pts= 92)

MAC= 47
Other= 45
(all pts)
--------
AML=N/E

MRD= 76
MUD= 16
(all pts)
--------
AML=N/E

BM= 38
PBSC= 54
(all pts)
--------
AML=N/E

All relapsed pts
OS= 43%
(3-year)
--------
AML=N/E

N number of patients, AML acute myeloid leukemia, ALL acute lymphoblastic leukemia, MDS myelodysplastic syndrome, RIC reduced-intensity
conditioning, MRD matched-related donor, PBSC peripheral blood stem cells, OS overall survival, MUD matched-unrelated donor, MMUD
mismatched unrelated donor, BM bone marrow cells, EFS event-free survival, NRM non-relapsed mortality, MPN myeloproliferative neoplasm,
MAC myeloablative conditioning, NMA non-myeloablative, Pts patients, N/E no extractable data, CB cord blood, CML chronic myelogenous
leukemia, AA aplastic anemia
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Registry studies

Table 2 summarizes the published data from registry-based
studies [18–23]. The Societe Francaise de Greffe de Moelle
(SFGM) reported outcomes of 150 patients (AML= 61,
41%) in which the majority received a MAC regimen [18].
The 2-year disease-free survival (DFS) and OS were 35 and
41%, respectively [18]. The reportedly high NRM of 51% is
noteworthy, underlining the difficulty of tolerating a second
allo-HCT when using MAC regimens [18]. Eapen et al. on

behalf of the International Bone Marrow Transplant
Registry (IBMTR), nowadays known as the Center for
International Blood and Marrow Transplant Research
(CIBMTR), reported a 3-year OS of 27% in 125 AML
patients who received a second allograft [19].

A large registry study by Ruutu et al., on behalf of
EBMT, included 948 patients with relapsed AML who
received second allo-HCT and reported a 5-year OS of 17%
and a high NRM of 42% [21]. A more recent analysis
from EBMT, which aimed to compare outcomes of a

Table 2 Selected registry studies evaluating a second allo-HCT in relapsed AML

Authors [ref.] Registry N (AML) Regimen intensity Donor source Cell source Outcomes

Michallet et al. [18] SFGM 61
CR= 28
No CR= 33
(all pts= 150)

Mostly MAC
(all pts)
--------
AML=N/E

MRD= 133
Syngeneic= 7
MUD= 5
Mismatched= 5
(all pts)
--------
AML=N/E

BM= 139
PBSC= 11
(all pts)
--------
AML=N/E

AML
OS= 41%
DFS= 35%
NRM= 51%
(2-year)

Eapen et al. [19] CIBMTR 125
(all pts= 279)

MAC= 234
RIC= 45
(all pts)
--------
AML=N/E

MRD (HLA
identical)

BM= 220
PBSC= 59
(all pts)
--------
AML=N/E

AML
OS= 27%
LFS= 27%
(3-year)
All pts
NRM 30%
(5-year)

Shaw et al. [20] British Society for Blood
and Marrow Transplantation

26
(all pts= 71)

RIC MRD= 67
(MSD= 49)
(Other related=
18)
MUD= 4
(all pts)
--------
AML=N/E

BM= 10
PBSC= 60
BM+ PBSC= 1
(all pts)
--------
AML=N/E

AML
OS= 18%
(2-year)
All pts
NRM= 23%
(1-year)

Ruutu et al. [21] EBMT 948
(all pts= 2632)

MAC= 1406
RIC= 1059
Unknown= 167
(all pts)
--------
AML=N/E

MSD= 1515
Other related=
271
MUD= 816
Missing= 30
(all pts)
--------
AML=N/E

BM= 531
PBSC= 2101
(all pts)
--------
AML=N/E

AML
OS= 17%
NRM= 42%
(5-year)

Bejanyan et al. [22] CIBMTR 369 MAC= 181
RIC= 111
Unknown= 77

RD= 184
MUD= 123
CB= 19
Unknown= 43

NA AML
OS= 49%

Kharfan-Dabaja
et al. [23]

EBMT 137
CR= 53
Non-CR= 84

MAC= 46
RIC= 85
Unknown= 6

MRD= 76
MUD= 59
Haplo= 2

BM= 6
PBSC= 130
BM+ PBSC= 1

AML OS=
19%
LFS= 18%
NRM= 29%
(5-year)

N number of patients, AML acute myeloid leukemia, SFGM Société Française de Greffe de moelle, ALL acute lymphoblastic leukemia, CML
chronic myeloid leukemia, CR complete hematologic remission, MAC myeloablative conditioning, Pts patients, N/E no extractable data, MRD
matched-related donor, MUD matched-unrelated donor, BM bone marrow cells, PBSC peripheral blood stem cells, OS overall survival, DFS
disease-free survival, NRM non-relapse mortality, CIBMTR Center for International Blood and Marrow Transplant Research, RIC reduced-intensity
conditioning, HLA human leukocyte antigen, LFS leukemia-free survival, LPD lymphoproliferative disorder, MPN myeloproliferative neoplasm,
MM multiple myeloma, PR partial response, MSD matched-sibling donor, EBMT European society for Blood and Marrow Transplantation, CMML
chronic myelomonocytic leukemia, sAL secondary acute leukemia, CB umbilical cord blood
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second allo-HCT versus DLI, including a total of 418
patients (second allo-HCT= 137), showed a 5-year OS rate
of 19% in second allo-HCT recipients [23]. The 5-year
NRM was slightly lower at 29% [23] vs. 42% [21] in
the prior EBMT study by Ruutu et al. possibly explained by
the higher proportion of use of RIC allo-HCT in the more
recent study by Kharfan-Dabaja et al. [23]. Other trials from
the British society for Blood and Marrow Transplantation
reported survival rates of 18% [20].

These results highlight the relatively limited efficacy of a
second allo-HCT with OS rates under 50% in large part due
to the high risk of NRM, especially when using MAC
regimens.

Time from first allo-HCT to relapse

The time interval from first allo-HCT to relapse has been
described as an important prognostic factor when con-
sidering a second allograft for relapsed AML. Published
literature identifies a relapse-free interval exceeding
12 months as being associated with improved event-free
survival (EFS) and OS with a RIC regimen prior to the
second allo-HCT [14]. Other reported single center
experiences included patients with various hematological
malignancies undergoing a second allo-HCT either for
disease relapse or graft failure. For example, Hosing et al.
showed better survival outcomes for patients with myeloid
malignancies who relapsed after 1 year from their first allo-
HCT (HR 2.4; 95% CI= 0.99–5.7) [24]. In addition, the
multicenter Spanish study emphasized the importance of
remission duration prior to the second allograft [15]. A
longer time to a second allo-HCT (cutoff set at 430 days)
was associated with improved DFS (HR 2.45; 95% CI=
1.55–3.86) and OS (HR 2.42; 95% CI= 1.52–3.87); and a
lower post- second allo-HCT relapse risk (subhazard ratio
0.37; 95% CI= 0.20–0.67) on both univariate and multi-
variate analyses [15]. Aljasem et al. also showed that
duration from the first transplant to either relapse or graft
failure had a significant impact on the 3-year OS in patients
with various hematologic malignancies, including 26 with
AML, on univariate (3-year OS for <12 months 21%
compared with ≥12 months 46%) but not on multivariate
analysis [17]. Also, a longer time interval between the first
and second allo-HCT (using a cutoff of 6 months) has also
been described to be of favorable prognostic significance in
relapsed AML (HR 0.16; p= 0.02) [16].

Trials reporting outcomes through registry-based data
also evaluated the prognostic significance of specific factors
in the setting of a second allo-HCT. Data from CIBMTR
including 369 AML patients treated with a second allo-HCT
showed a significant improvement in the 3-year OS for
those relapsing after 3 years from the first allo-HCT com-
pared with those relapsing within 6 months (38% vs. 4%)

[22]. Similarly, the recent analysis from EBMT showed
improved survival after the second allo-HCT with later
disease relapse from their first allo-HCT [23]. For instance,
patients relapsing beyond 6 months from their first allograft
have a 2-year OS of 34% compared with only 11% for those
relapsing within 6 months [23]. The SFGM study reported
improved OS (RR 2.4; 95% CI= 1.45 ± 4.02), DFS (RR
1.8; 1.14 ± 2.93), and NRM (RR 2.9; 1.56 ± 5.43) for
patients who relapsed after 1 year from their first allo-HCT
[18]. The CIBMTR analysis also identified a short remis-
sion interval after the first transplant (cutoff of 6 months) as
a significant factor adversely affecting NRM (RR 2.33; 95%
CI= 1.28–4.24), relapse risk (RR 3.02; 95% CI=
1.97–4.65), and mortality (RR 3.47; 95% CI= 2.49–4.83)
after a second allo-HCT [19]. Similarly, early relapse
(<11 months) was the single significant predictor of higher
NRM (2-year= 38% vs. 17%; p= 0.03); and among the
various predictors of worse OS (2-year= 31% vs. 23%;
p= 0.014) in 71 patients receiving a second allo-HCT for
relapsed hematological malignancies at UK centers [20].

These studies bring to light the adverse prognostic sig-
nificance of early disease relapse after the first allo-HCT.
However, there is not a universally agreed upon cutoff for
defining early relapse and available studies have used var-
ious cutoffs of 6, 11, and 12 months.

Regimen intensity: MAC vs. RIC

The optimal conditioning regimen for a second allo-HCT
remains controversial. A MAC regimen probably provides
better disease control in this high-risk population, but gen-
erally at the expense of a higher NRM [15]. Alternatively, a
RIC regimen is probably better tolerated but the risk of
relapse appears to be higher. Christopoulos et al. described
the feasibility of utilizing RIC allo-HCT in post-allografted
AML [14]. The median age of patients was 53 years, most of
whom had intermediate risk cytogenetics and persistent
active disease at the time of allografting [14]. The 3-year OS
was ~18% and the 3-year NRM was 31% [14]. These results
highlight the limited efficacy of allo-HCT, particularly using
RIC regimens, in the setting of active/persistent disease.

Other studies did not show differences in outcomes
regardless of whether MAC or RIC allo-HCT regimens were
used [24]. The multicenter Spanish study did not report an
adverse impact of the intensity of the conditioning regimen on
survival outcomes despite increased toxicity with MAC
regimens [15]. On the other hand, Aljasem et al. showed
improved OS with MAC vis-à-vis RIC regimens (42% vs.
23%) on univariate but not multivariate analysis [17]. The
CIBMTR registry data analysis reported by Bejanyan et al.
identified the intensity of the conditioning regimen utilized for
the first allograft as a significant predictor of survival, while
the impact of the intensity of the regimen used for the second
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allo-HCT was not reported [22]. Similarly, data from the
British society for Blood and Marrow Transplantation showed
only a trend for improved OS with RIC as a preparative
regimen for the first allo-HCT [20].

Is there a benefit in using a different donor?

Multiple investigators have proposed the concept of using a
different donor for the second allo-HCT as a way to enhance
the graft-versus-tumor effect. Nonetheless, the purported
benefit of this approach remains controversial based on
available data. No statistically significant difference was
noted whether the same or a different donor was used in
AML patients undergoing a second allo-HCT using a RIC
allo-HCT in various published studies [14, 15, 17, 24].

The analysis of CIBMTR registry data did not show a
benefit of switching the original donor for the second
allograft [25]. Similarly, the EBMT data showed a com-
parable 2-year OS and NRM, irrespective of whether the
original or a different donor was used for the second allo-
graft and regardless of the regimen intensity [23]. The
SFGM study also showed no benefit of using different
donors on OS, DFS, or NRM [18]. In addition, the
CIBMTR data described a higher risk for chronic GVHD
when using a different donor for the second allo-HCT,
albeit without a beneficial effect on survival [19].

GVHD

The incidence of GVHD following a second allo-HCT
varies significantly across the reported studies. In one study,
acute grade II–IV and chronic GVHD (all grades) were 41%
and 49%, respectively, using a RIC regimen [14]. Pawson
et al. reported all grades acute GVHD in 50% and chronic
GVHD in 73% of those evaluable beyond 100 days [13].
Other studies have reported acute GVHD (grade II–IV)
ranging from 15 to 47% and chronic GVHD of 26–38% in
single center studies [16, 17].

CIBMTR evaluated outcomes and late effects of patients
with AML or MDS surviving 1 year after a second allo-
HCT and described an incidence of grade II–IV acute
GVHD of 46% and chronic GVHD (all grades) of 75%
[25]. Grade II–IV acute and chronic GVHD were reported
in 37% and 31%, respectively, after a second allo-HCT in
the recently published EBMT analysis [23]. The SFGM
reported 57% acute GVHD (two-third grade ≥2) and 38%
chronic GVHD (half of the cases had extensive grade) [18].

Discussion

The success of a second allo-HCT is dependent on appro-
priately selecting patients who might achieve the best

outcomes with a reasonable NRM risk. Several factors have
been associated with worse outcomes after a second allo-
HCT, namely a shorter time from first allo-HCT to AML
relapse or to the second allo-HCT, and the disease not being
in CR at the time of the procedure. Several studies have
shown that the efficacy of DLI is also adversely affected by
a shorter time from first allo-HCT to AML relapse and in
the absence of CR at the time of intervention [12, 23].

OS reported in published studies range from 17 to 49%
with ~10–30% showing long-term relapse-free survival, at
the expense of a high NRM up to 51%, when using MAC
regimens. The prognostic factors which have been con-
sistent across the various reports include age, despite chal-
lenges to clearly establish a specific cutoff for benefit
[18, 19], patient performance, and disease remission status
prior to the second allo-HCT [19, 26], in addition to dura-
tion of remission after first allo-HCT [19, 20, 23, 26, 27]. A
shorter time from first allo-HCT to AML relapse is likely
representative of a more aggressive disease. Moreover,
better outcomes were seen in patients with CR at time of
second allo-HCT regardless of the dose intensity of the
conditioning regimen or whether the same original donor or
a different one was used [23].

No difference in post-second allo-HCT OS has been
reported in regards to the cell source used [20, 22, 23, 25, 28].
In addition, use of a different donor for the second allo-HCT
does not appear to improve outcomes based on CIBMTR [19]
and EBMT [21, 23] published studies. Development of
chronic GVHD has been associated with reduced risk of
relapse and improved OS in few studies [18, 20, 26]. Finally,
the potential anti-leukemia benefit of a MAC regimen (vs.
RIC) is probably abrogated by the higher described NRM.
Published studies highlight a preference in prescribing RIC
regimens for the second allo-HCT. For example, the recent
EBMT study showed that approximately two-thirds of
patients received a RIC regimen prior to the second allo-HCT
[23]. It is perhaps possible that with appropriate patient
selection, a subgroup of patients, younger and more fit ones,
may benefit from higher conditioning intensity.

Limitations of the published literature assessing the
benefit (or lack thereof) of offering a second allo-HCT in
AML include a small sample size, a heterogeneous study
population, and the retrospective nature of the studies. The
latter is of particular concern when evaluating outcomes
such as NRM and GVHD grading due to the possibility of
assignment bias. Also, the development of the human
genome project and recent availability of next generation
sequencing have further highlighted the significant hetero-
geneity of AML [29, 30]. Mutations in the FLT-3 gene (by
internal tandem duplication), generally identified by poly-
merase chain reaction are helping further discern AML into
different prognostic groups within previously established
clinico-genetic subgroups [31–33]. Absence of information
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on somatic mutations known to confer an adverse prognosis
in AML represents another major limitation of the studies
included in this review, in our opinion. Some of the studies
were published prior to the genomic revolution era and in
more recent studies the data were analyzed retrospectively
without a reference to the presence (or not) of somatic gene
mutations. Future studies evaluating the role of a second
allo-HCT should assess the significance of presence of
mutations such as IDH1 [34], IDH2 [35] or FLT-3, or
others, on post-allograft outcomes. Also, availability of
therapies that can target these and other mutations would
allow studying their feasibility and efficacy of novel tar-
geted therapies in the pre-, peri-, or post-second allo-HCT in
prospective clinical trials.

There is a large knowledge gap pertaining to several
clinical scenarios in patients with AML relapsing after the first
allo-HCT, who are being considered for a second allograft.
One example is related to the growing practice of incorpor-
ating minimal residual disease (MRD) assessment for evalu-
ating disease relapse/progression, and accordingly,
determining the optimal approach to treatment of MRD
positive disease versus those cases with clear evidence of
overt clinical/morphologic relapse. Intuitively, a RIC allo-
HCT regimen or DLI could be offered in the former setting
while the latter may likely require, and benefit, from cytor-
eductive chemotherapy prior to offering an allo-HCT. Other
unanswered questions include the optimal approach to GVHD
prophylaxis during the second allo-HCT and whether it is
even necessary if the same original donor were to be used for
the second allograft in the setting of existing full donor chi-
merism and absence of active GVHD. Also, it is unclear
whether regimens containing total body irradiation (and the
dose intensity of the prescribed radiation conditioning) may
offer a benefit in cases where relapse involved the central
nervous system. Finally, developing strategies to reduce
relapse such as offering DLI and/or novel targeted therapies
after the second allo-HCT represents another area where
future studies are definitely needed.

Conclusion

Notwithstanding the aforementioned limitations, a second
allo-HCT represents a useful treatment option for patients
with AML who experience later relapse from their first allo-
HCT. While there is not a universally agreed cutoff, an
interval longer than 6 months is perhaps considered an
acceptable landmark for defining late relapse, in our opi-
nion. Also, a second allo-HCT appears to be more effective
in patients who achieve a CR prior to the procedure.

Patients who relapse earlier than 6 months or continue to
have active/persistent disease despite salvage therapy
should be enrolled in clinical trials.

Compliance with ethical standards

Conflict of interest M.A.K-D. is a consultant for Daiichi Sankyo. N.
M.M. declares that he has no conflict of interest.

Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. D’Souza A, Fretham C. Current uses and outcomes of hemato-
poietic cell transplantation (HCT): CIBMTR summary slides.
http://www.cibmtr.org. 2018.

2. Passweg JR, Baldomero H, Basak GW, Chabannon C,
Corbacioglu S, Duarte R, et al. The EBMT activity survey report
2017: a focus on allogeneic HCT for nonmalignant indications
and on the use of non-HCT cell therapies. Bone Marrow Transpl.
2019. https://doi.org/10.1038/s41409-019-0465-9.

3. Kharfan-Dabaja MA, Labopin M, Bazarbachi A, Hamladji RM,
Blaise D, Socie G, et al. Comparing i.v. BU dose intensity
between two regimens (FB2 vs FB4) for allogeneic HCT for AML
in CR1: a report from the Acute Leukemia Working Party of
EBMT. Bone Marrow Transpl. 2014;49:1170–5.

4. Schmid C, Labopin M, Nagler A, Niederwieser D, Castagna L,
Tabrizi R, et al. Treatment, risk factors, and outcome of adults
with relapsed AML after reduced intensity conditioning for allo-
geneic stem cell transplantation. Blood. 2012;119:1599–606.

5. Scott BL, Pasquini MC, Logan BR, Wu J, Devine SM, Porter DL,
et al. Myeloablative versus reduced-intensity hematopoietic cell
transplantation for acute myeloid leukemia and myelodysplastic
syndromes. J Clin Oncol. 2017;35:1154–61.

6. Sierra J, Storer B, Hansen JA, Bjerke JW, Martin PJ, Petersdorf
EW, et al. Transplantation of marrow cells from unrelated donors
for treatment of high-risk acute leukemia: the effect of leukemic
burden, donor HLA-matching, and marrow cell dose. Blood.
1997;89:4226–35.

7. Craddock C, Versluis J, Labopin M, Socie G, Huynh A,
Deconinck E, et al. Distinct factors determine the kinetics of
disease relapse in adults transplanted for acute myeloid leukaemia.
J Intern Med. 2018;283:371–9.

8. Devillier R, Crocchiolo R, Etienne A, Prebet T, Charbonnier A,
Furst S, et al. Outcome of relapse after allogeneic stem cell
transplant in patients with acute myeloid leukemia. Leuk Lym-
phoma. 2013;54:1228–34.

9. Pollyea DA, Artz AS, Stock W, Daugherty C, Godley L, Odenike
OM, et al. Outcomes of patients with AML and MDS who relapse
or progress after reduced intensity allogeneic hematopoietic cell
transplantation. Bone Marrow Transpl. 2007;40:1027–32.

10. Thanarajasingam G, Kim HT, Cutler C, Ho VT, Koreth J, Alyea
EP, et al. Outcome and prognostic factors for patients who relapse
after allogeneic hematopoietic stem cell transplantation. Biol
Blood Marrow Transpl. 2013;19:1713–8.

11. Czibere A, Bruns I, Kroger N, Platzbecker U, Lind J, Zohren F,
et al. 5-Azacytidine for the treatment of patients with acute
myeloid leukemia or myelodysplastic syndrome who relapse
after allo-SCT: a retrospective analysis. Bone Marrow Transpl.
2010;45:872–6.

12. Schmid C, Labopin M, Nagler A, Bornhauser M, Finke J, Fassas
A, et al. Donor lymphocyte infusion in the treatment of first
hematological relapse after allogeneic stem-cell transplantation in
adults with acute myeloid leukemia: a retrospective risk factors
analysis and comparison with other strategies by the EBMT Acute
Leukemia Working Party. J Clin Oncol. 2007;25:4938–45.

330 N. M. Moukalled, M. A. Kharfan-Dabaja

http://www.cibmtr.org
https://doi.org/10.1038/s41409-019-0465-9


13. Pawson R, Potter MN, Theocharous P, Lawler M, Garg M, Yin
JA, et al. Treatment of relapse after allogeneic bone marrow
transplantation with reduced intensity conditioning (FLAG+/−
Ida) and second allogeneic stem cell transplant. Br J Haematol.
2001;115:622–9.

14. Christopoulos P, Schmoor C, Waterhouse M, Marks R, Wasch R,
Bertz H, et al. Reduced-intensity conditioning with fludarabine
and thiotepa for second allogeneic transplantation of relapsed
patients with AML. Bone Marrow Transpl. 2013;48:901–7.

15. Orti G, Sanz J, Bermudez A, Caballero D, Martinez C, Sierra J,
et al. Outcome of second allogeneic hematopoietic cell trans-
plantation after relapse of myeloid malignancies following allo-
geneic hematopoietic cell transplantation: a retrospective cohort
on behalf of the Grupo Espanol de Trasplante Hematopoyetico.
Biol Blood Marrow Transpl. 2016;22:584–8.

16. Schneidawind C, Hagmaier V, Faul C, Kanz L, Bethge W,
Schneidawind D. Second allogeneic hematopoietic cell trans-
plantation enables long-term disease-free survival in relapsed
acute leukemia. Ann Hematol. 2018;97:2491–500.

17. Aljasem HA, Messner HA, Lipton JH, Kim DDH, Viswabandya
A, Thyagu S, et al. Outcome following second allogeneic hema-
topoietic cell transplantation: a single-center experience. Eur J
Haematol. 2018;100:308–14.

18. Michallet M, Tanguy ML, Socie G, Thiebaut A, Belhabri A,
Milpied N, et al. Second allogeneic haematopoietic stem cell
transplantation in relapsed acute and chronic leukaemias for
patients who underwent a first allogeneic bone marrow trans-
plantation: a survey of the Societe Francaise de Greffe de moelle
(SFGM). Br J Haematol. 2000;108:400–7.

19. Eapen M, Giralt SA, Horowitz MM, Klein JP, Wagner JE, Zhang
MJ, et al. Second transplant for acute and chronic leukemia
relapsing after first HLA-identical sibling transplant. Bone Mar-
row Transpl. 2004;34:721–7.

20. Shaw BE, Mufti GJ, Mackinnon S, Cavenagh JD, Pearce RM,
Towlson KE, et al. Outcome of second allogeneic transplants
using reduced-intensity conditioning following relapse of hae-
matological malignancy after an initial allogeneic transplant. Bone
Marrow Transpl. 2008;42:783–9.

21. Ruutu T, de Wreede LC, van Biezen A, Brand R, Mohty M, Dreger
P, et al. Second allogeneic transplantation for relapse of malignant
disease: retrospective analysis of outcome and predictive factors by
the EBMT. Bone Marrow Transpl. 2015;50:1542–50.

22. Bejanyan N, Weisdorf DJ, Logan BR, Wang HL, Devine SM, de
Lima M, et al. Survival of patients with acute myeloid leukemia
relapsing after allogeneic hematopoietic cell transplantation: a
center for international blood and marrow transplant research
study. Biol Blood Marrow Transpl. 2015;21:454–9.

23. Kharfan-Dabaja MA, Labopin M, Polge E, Nishihori T,
Bazarbachi A, Finke J, et al. Association of second allogeneic
hematopoietic cell transplant vs donor lymphocyte infusion with
overall survival in patients with acute myeloid leukemia relapse.
JAMA Oncol. 2018;4:1245–53.

24. Hosing C, Saliba RM, Shahjahan M, Estey EH, Couriel D, Giralt
S, et al. Disease burden may identify patients more likely to
benefit from second allogeneic hematopoietic stem cell trans-
plantation to treat relapsed acute myelogenous leukemia. Bone
Marrow Transpl. 2005;36:157–62.

25. Duncan CN, Majhail NS, Brazauskas R, Wang Z, Cahn JY,
Frangoul HA, et al. Long-term survival and late effects among
one-year survivors of second allogeneic hematopoietic cell
transplantation for relapsed acute leukemia and myelodysplastic
syndromes. Biol Blood Marrow Transpl. 2015;21:151–8.

26. Bosi A, Laszlo D, Labopin M, Reffeirs J, Michallet M,
Gluckman E, et al. Second allogeneic bone marrow transplan-
tation in acute leukemia: results of a survey by the European
Cooperative Group for Blood and Marrow Transplantation. J
Clin Oncol. 2001;19:3675–84.

27. Foran JM, Pavletic SZ, Logan BR, Agovi-Johnson MA, Perez
WS, Bolwell BJ, et al. Unrelated donor allogeneic transplantation
after failure of autologous transplantation for acute myelogenous
leukemia: a study from the center for international blood and
marrow transplantation research. Biol Blood Marrow Transpl.
2013;19:1102–8.

28. Christopeit M, Kuss O, Finke J, Bacher U, Beelen DW, Born-
hauser M, et al. Second allograft for hematologic relapse of acute
leukemia after first allogeneic stem-cell transplantation from
related and unrelated donors: the role of donor change. J Clin
Oncol. 2013;31:3259–71.

29. Patel JP, Gonen M, Figueroa ME, Fernandez H, Sun Z,
Racevskis J, et al. Prognostic relevance of integrated genetic
profiling in acute myeloid leukemia. N Engl J Med. 2012;
366:1079–89.

30. Papaemmanuil E, Gerstung M, Bullinger L, Gaidzik VI, Paschka
P, Roberts ND, et al. Genomic classification and prognosis in
acute myeloid leukemia. N Engl J Med. 2016;374:2209–21.

31. Nakao M, Yokota S, Iwai T, Kaneko H, Horiike S, Kashima K,
et al. Internal tandem duplication of the flt3 gene found in acute
myeloid leukemia. Leukemia. 1996;10:1911–8.

32. Mizuki M, Fenski R, Halfter H, Matsumura I, Schmidt R, Muller
C, et al. Flt3 mutations from patients with acute myeloid leukemia
induce transformation of 32D cells mediated by the Ras and
STAT5 pathways. Blood. 2000;96:3907–14.

33. Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR,
Buchner T, et al. Diagnosis and management of AML in adults:
2017 ELN recommendations from an international expert panel.
Blood. 2017;129:424–47.

34. Mardis ER, Ding L, Dooling DJ, Larson DE, McLellan MD, Chen
K, et al. Recurring mutations found by sequencing an acute
myeloid leukemia genome. N Engl J Med. 2009;361:1058–66.

35. Ward PS, Patel J, Wise DR, Abdel-Wahab O, Bennett BD,
Coller HA, et al. The common feature of leukemia-associated
IDH1 and IDH2 mutations is a neomorphic enzyme activity
converting alpha-ketoglutarate to 2-hydroxyglutarate. Cancer
Cell. 2010;17:225–34.

What is the role of a second allogeneic hematopoietic cell transplant in relapsed acute myeloid leukemia? 331


	What is the role of a second allogeneic hematopoietic cell transplant in relapsed acute myeloid leukemia?
	Abstract
	Introduction
	Second allo-HCT in relapsed AML
	Single-institution or multicenter retrospective studies
	Registry studies
	Time from first allo-HCT to relapse
	Regimen intensity: MAC vs. RIC
	Is there a benefit in using a different donor?
	GVHD

	Discussion
	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




