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Abstract

The prognosis of patients with acute myeloid leukemia (AML) is dismal after experiencing multiple relapses. This study retrospectively
analyzed outcomes of allogeneic hematopoietic cell transplantation (HCT) for 192 adults with AML in third or subsequent complete
remission (CR3+), 300 in second relapse (REL2), and 50 in third or subsequent relapse (REL3+) who were enrolled in a Japanese
nationwide transplantation registry. The study population included patients undergoing umbilical cord blood transplantation, but not
those undergoing haploidentical HCT. Patients transplanted in CR3+ had better survival than those transplanted in REL2 and REL3+
(48%,21%, and 12% at 4 years; P < 0.001), and this was due to a reduction in post-transplant relapse (23%, 57%, and 52%; P < 0.001).
The corresponding cumulative incidence of non-relapse mortality was 33%, 26%, and 36% (P = 0.022). Multivariate analysis revealed
significantly lower relapse and overall mortality for those in CR3+ and significantly lower non-relapse mortality for those in REL2.
Hazard ratios (95% confidence intervals) for overall mortality were 2.02 (1.56-2.64) for REL2+ versus CR3+ (P<0.001) and 2.12
(1.40-3.19) for REL3+ versus CR3+ (P < 0.001). Our analysis demonstrates the curative potential of allogeneic HCT for patients with
a history of multiple AML relapses and suggests the potential benefits and risks of reinduction attempt before transplantation,
highlighting the need for an individualized approach in determining whether to give reinduction therapy in this setting.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) can pro-
vide a cure for a subset of patients with acute myeloid leukemia
(AML) who are deemed unlikely to be cured with conventional
chemotherapy [1, 2]. The efficacy of allogeneic HCT is, how-
ever, compromised by a high risk of treatment-related morbid-
ity and mortality, making it crucial to evaluate whether the
benefits of transplantation outweigh its risk. Although this eval-
uation is primarily based on cytogenetic and molecular profiles
of leukemic cells of patients in first complete remission (CR)
[3], the use of allogeneic HCT is more actively pursued for
patients with relapsed disease owing to anticipated poor prog-
nosis with chemotherapy alone [1].

It is generally agreed that post-transplant outcome depends
largely on disease status at the time of transplantation [4-9],
and patients in first or second CR are considered standard risk.
However, those with a history of multiple relapses are high
risk, irrespective of whether or not they subsequently achieve
CR. One question that remains unanswered is whether and to
what extent an attempt to achieve CR before transplantation is
worthwhile, given the low likelihood of achieving CR as well
as a concern about chemotherapy-related complications which
may possibly compromise post-transplant outcomes and even
preclude a conduct of transplantation altogether. To address
this issue, we analyzed a cohort of AML patients who had a
history of multiple relapses before allogeneic HCT and were
enrolled in a Japanese nationwide transplantation registry.

Patients and methods
Study population

All data were collected through the Transplant Registry Unified
Management Program sponsored by the Japanese Society for
Hematopoietic Cell Transplantation and the Japanese Data
Center for Hematopoietic Cell Transplantation. This registration
program covers nearly all transplantation centers nationwide, and
each participating center is required to report annually follow-up
information for consecutively registered HCTs [10—-12].

Patients with AML (excluding acute promyelocytic leuke-
mia) were selected from the database if they had undergone
their first allogeneic HCT between 2002 and 2015, were aged
16 years or older at the time of transplantation, and had expe-
rienced two or more relapse episodes prior to transplantation.
Patients who underwent haploidentical HCT were excluded,
as were those who had previously undergone autologous
HCT. The institutional review board of the Fujita Health
University School of Medicine approved this study and
granted waivers for informed consent because of demonstra-
tion of adequate privacy safeguards. This study was conduct-
ed in accordance with the Declaration of Helsinki.
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Definitions

CR was defined as the presence of all of the following condi-
tions: less than 5% of blasts in the bone marrow, no leukemic
blasts in the peripheral blood or extramedullary sites, recovery
of blood counts, and relapse as loss of CR. Cytogenetic risk was
classified in accordance with the criteria provided by the
National Comprehensive Cancer Network Guidelines [13,
14]. The conditioning intensity was determined in line with
the consensus criteria [15, 16]: myeloablative conditioning
(MAC) included (1) single-dose of total body irradiation
(TBI) > 5 Gy or fractionated TBI > 8 Gy, (2) oral busulfan >
9 mg/kg or intravenous busulfan > 7.2 mg/kg, and (3) melpha-
lan > 140 mg/m”. Reduced intensity conditioning (RIC) includ-
ed regimens that did not meet the criteria for MAC or non-
myeloablative conditioning (i.e., (1) TBI <2 Gy with or without
purine analog; (2) fludarabine and cyclophosphamide-based
regimen; (3) fludarabine, cytarabine, and idarubicin; and (4)
cladribine and cytarabine). For this study, non-myeloablative
conditioning was included in RIC because of the very small
number of patients receiving it. Neutrophil engraftment was
defined as the first of three consecutive time points with a
neutrophil count of 0.5 x 10°/L or greater. Acute and chronic
graft-versus-host disease (GVHD) were assessed according to
the standard criteria [17, 18]. For the analysis of chronic
GVHD, only patients who survived 100 days post-transplant
without relapse were included.

Statistical analysis

Distribution of patient characteristics among groups was com-
pared by using Fisher’s exact test for categorical variables, and
the Kruskal-Wallis test for continuous variables. Overall sur-
vival (OS) was defined as the time from transplantation to
death or last visit. The probability of OS was estimated with
the aid of the Kaplan—Meier estimator, and differences among
groups were analyzed with the log-rank test. To evaluate the
independent effect of the time period, multivariate analysis
was performed with the inclusion of all covariates listed in
Table 1 in the final model. We did not use a model selection
approach because of the concern about a potentially con-
founding effect of each of these variables. The Cox propor-
tional hazards regression model was constructed for multivar-
iate analysis, and hazard ratios (HRs) were calculated together
with the corresponding 95% confidence intervals (CIs).
Relapse and non-relapse mortality were considered to be com-
peting risk events. Incidence of relapse and non-relapse mor-
tality was estimated with the aid of the cumulative incidence
estimator, and univariate and multivariate analyses were per-
formed by using the model of Fine and Gray. For the analysis
of relapse, patients who never achieved CR after transplanta-
tion were categorized as relapse cases at time 0. Cumulative
incidence of neutrophil engraftment and GVHD was also
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Table 1 Characteristics of
patients by disease status at the CR3+ REL2 REL3+ P value
time of transplantation
(N=192) (N=300) (N=50)
Age P=0.335
Median (range) (years) 52 (16-74) 49 (16-79) 51 (19-70)
<50 years 88 (46%) 155 (52%) 24 (48%)
>50 years 104 (54%) 145 (48%) 26 (52%)
Sex P=0.142
Male 79 (41%) 118 (39%) 13 (26%)
Female 113 (59%) 182 (61%) 37 (74%)
ECOG performance status P=0.010
0-1 169 (92%) 235 (82%) 38 (84%)
>2 15 (8%) 51 (18%) 7 (16%)
Missing 8 14
Donor P=0.001
Related donor 62 (32%) 54 (18%) 7 (14%)
Unrelated donor 78 (41%) 142 (47%) 21 (42%)
Umbilical cord blood 51 (27%) 104 (35%) 22 (44%)
Conditioning P=0.015
Myeloablative 95 (56%) 199 (67%) 25 (51%)
Reduced-intensity 74 (44%) 97 (33%) 24 (49%)
Missing 23 4 1
GVHD prophylaxis P=0.098
Cyclosporine-based 86 (47%) 109 (37%) 21 (42%)
Tacrolimus-based 96 (53%) 183 (63%) 29 (58%)
Missing 10 8 -
Cytogenetic risk P=0.153
Favorable 60 (B1%) 81 27%) 7 (14%)
Intermediate 99 (52%) 159 (53%) 29 (58%)
Poor 18 9%) 33 (11%) 5 (10%)
Unevaluable 15 (8%) 27 (9%) 9 (18%)
Year of transplantation P=0.041
2002-2009 141 (73%) 190 (63%) 37 (74%)
2010-2015 51 27%) 110 (37%) 13 26%)

CR3+ third or subsequent complete remission, REL2 second relapse, REL3+ third or subsequent relapse, ECOG
Eastern Cooperative Oncology Group, GVHD graft-versus-host disease

calculated by accommodating competing risks (death for neu-
trophil engraftment and death and relapse for GVHD). All
statistical analyses were performed with Stata version 14.2
software (StataCorp. LP, College Station, TX, USA).

Results
Patients
A total of 542 patients were eligible for analysis. Disease
status at the time of transplantation was third or subsequent

CR (CR3+) for 192 patients, second relapse (REL2) for 300,
and third or subsequent relapse (REL3+) for 50. Median

follow-up for surviving patients was 4.2 years (range, 0.1 to
14.2 years). Table 1 summarizes the characteristics of patients
stratified by disease status. There were statistically significant
differences among the cohorts with respect to performance
status, donor type, conditioning intensity, and year of trans-
plantation. Specifically, patients in CR3+ were more likely to
have better performance status and to have received transplan-
tation from a related donor, those in REL2 were more likely to
have undergone myeloablative conditioning and to have re-
ceived transplantation during the later period, and those in
REL3+ were more likely to have received umbilical cord
blood transplantation (UCBT). For GVHD prophylaxis, 483
patients received methotrexate (MTX)-included regimens,
and 42 mycophenolate mofetil (MMF)-included regimens.
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As MMF was used almost exclusively for UCBT (39/42), we
categorize the cohort into cyclosporine or tacrolimus groups
rather than into MTX or MMF groups. Anti-thymocyte glob-
ulin (ATG) was used in only 5.2% of the overall study popu-
lation. Owing to the limited number, the use of ATG was not
considered for further analyses.

Engraftment and GVHD

The cumulative incidence of neutrophil engraftment at day 30
was 89%, 83%, and 69% for patients in CR3+, REL2, and
REL3+, respectively (P < 0.001). Multivariate analysis demon-
strated that patients in REL3+ tended to show slower neutrophil
engraftment than those in CR3+ (P =0.052) and in REL2 (P =
0.054). There was no difference among the cohorts in either the
cumulative incidence of grades II-IV acute GVHD (39% for
CR3+, 40% for REL2, and 32% for REL3+ at day 100; P=
0.590) or the chronic GVHD (35% for CR3+, 44% for REL2,
and 34% for REL3+ at 1 year; P = 0.350). Multivariate analysis
confirmed lack of any significant associations between disease
status and either type of GVHD (data not shown).

Overall survival

Figure 1 compares OS by disease status at the time of trans-
plantation. Patients in CR3+ had significantly better survival
than those in REL2 and REL3+ (48%, 21%, and 12% at
4 years, respectively; P<0.001 for the comparison among
the three groups, P<0.001 for CR3+ vs REL2, P<0.001
for CR3+ vs REL3+, and P=0.212 for REL2 vs REL3+).

1.00
1

CR3+

S — REL2
——— REL3+

0.50 0.75
1 1
-

Overall survival
0.25
1

0.00
1

Years after transplantation

Number at risk

CR3+ 192 120 97 77 62 50

REL2 300 107 67 48 39 32

REL3+ 50 18 8 8 5 4
Fig. 1 Overall survival for patients undergoing allogeneic HCT in third or
subsequent complete remission (CR3+, N=192), second relapse (REL2,
N=300), and third or subsequent relapse (REL3+, N=50). P values
were <0.001 for the comparison among the three groups: <0.001 for
CR3+ vs REL2, <0.001 for CR3+ vs REL3+, and 0.212 for REL2 vs
REL3+
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This effect remained significant after adjustment for con-
founding effects of other covariates (Table 2). Multivariate
analysis showed that HRs (95% Cls) for overall mortality
were 2.02 (1.56-2.64) for REL2+ versus CR3+ (P<0.001),
2.12 (1.40-3.19) for REL3+ versus CR3+ (P<0.001), and
1.04 (0.72-1.51) for REL3+ versus REL2 (P=0.816).
Besides disease status, performance status of 0—1 and favor-
able cytogenetics were significantly associated with lower risk
of overall mortality (P =0.005 and P =0.021, respectively).

Relapse

Figure 2 compares cumulative incidence of relapse by disease
status at the time of transplantation. Patients in CR3+ showed a
significantly lower rate of relapse than those in REL2 and
REL3+ (23%, 57%, and 52% at 4 years, respectively;
P <0.001 for the comparison among the three groups,
P<0.001 for CR3+ vs REL2, P<0.001 for CR3+ vs REL3+,
and P=0.311 for REL2 vs REL3+). This effect remained signif-
icant after adjustment for confounding effects of other covariates
(Table 2). Multivariate analysis showed that HRs (95% Cls) for
relapse were 3.77 (2.61-5.43) for REL2+ versus CR3+
(P<0.001), 2.62 (1.51-4.55) for REL3+ versus CR3+ (P=
0.001), and 0.70 (0.44-1.10) for REL3+ versus REL2 (P =
0.123). Besides disease status, only favorable cytogenetics was
significantly associated with lower risk of relapse (P =0.016).

Non-relapse mortality

Figure 3 compares non-relapse mortality by disease status at
the time of transplantation. Patients in REL2 showed signifi-
cantly lower non-relapse mortality than those in CR3+ and
REL3+; the cumulative incidence of non-relapse mortality at
4 years was 33% for patients in CR3+, 26% for those in REL2,
and 36% for those in REL3+ (P =0.022 for the comparison
among the three groups, P=0.015 for CR3+ vs REL2, P=
0.643 for CR3+ vs REL3+, and P=0.047 for REL2 vs
REL3+). This effect remained significant after adjustment
for confounding effects of other covariates (Table 2).
Multivariate analysis showed that HRs (95% Cls) for non-
relapse mortality were 0.63 (0.44-0.91) for REL2+ versus
CR3+ (P=0.013), 1.08 (0.58-1.99) for REL3+ versus
CR3+ (P=0.815), and 1.86 (1.07-3.24) for REL3+ versus
REL2 (P =0.029). Besides disease status, only performance
status of 0—1 was significantly associated with lower risk of
non-relapse mortality (P =0.015).

Conditioning regimens and outcomes

As shown in Table 2, conditioning intensity did not affect
overall mortality, relapse, or non-relapse mortality. There
was no evidence that the effect of conditioning intensity on
each of these outcomes varied according to patient age (test
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Table 2  Results of multivariate analysis
Overall mortality Relapse Non-relapse mortality
HR (95% CI) Pvalue HR (95% CI) Pvalue HR (95% CI) P value

Disease status

REL2 vs CR3+ 202 (1.56-2.64) <0001 377 (2.61-543) <0.001 0.63 (0.44-091) 0.013

REL3+ vs CR3+ 2,12 (140-3.19) <0.001 262 (1.51-4.55) 0.001 1.08  (0.58-1.99) 0.815

REL3+ vs REL2 1.04  (0.72-1.51) 0.816 0.70  (0.44-1.10) 0.123 1.86  (1.07-3.24)  0.029
Age

>50 vs <50 years 123 (0.95-1.59) 0.111 093  (0.68-1.28) 0.661 1.27  (0.84-191) 0.251
Sex

Male vs female 095  (0.76-1.19) 0.651 1.06  (0.80-1.40) 0.680 0.81 (0.56-1.17)  0.259
ECOG performance status

24 vs 01 1.51 (1.13-2.02) 0.005  0.81 (0.53-1.24) 0326 1.69  (1.11-2.58)  0.015
Donor

Unrelated donor vs related donor 0.99 (0.71-1.38) 0.953 1.03 (0.67-1.58) 0.887 0.88 (0.55-1.41) 0.601

Umbilical cord blood vs related donor ~ 0.97  (0.69-1.36) 0851 0.77  (0.51-1.19) 0240 120 (0.74-1.94)  0.460
Conditioning

Reduced-intensity vs myeloablative 1.10 (0.86-1.42) 0.442 1.14 (0.83-1.56) 0419 1.03 (0.69-1.52) 0.894
GVHD prophylaxis

Tacrolimus- vs cyclosporine-based 0.95 (0.73-1.23) 0.707 0.94 (0.66-1.32) 0.706 1.05 (0.72-1.54) 0.788
Cytogenetic risk

Favorable vs intermediate 0.72  (0.55-0.95) 0.021  0.65 (0.46-0.92) 0.016  1.02  (0.68-1.54)  0.907

Poor vs intermediate 1.14  (0.81-1.61) 0442  1.06  (0.69-1.63) 0.785 1.05  (0.59-1.86) 0.862

Unevaluable vs intermediate 148  (0.99-2.21) 0.052 1.15  (0.71-1.87) 0.569 121  (0.58-2.51) 0.611
Year of transplantation

2002-2009 vs 20102015 096  (0.75-1.23) 0.741 092  (0.67-1.26) 0.612 099  (0.69-1.42) 0.949

HR hazard ratio, CI confidence interval, REL2 second relapse, CR3+ third or subsequent complete remission, REL3+ third or subsequent relapse, ECOG

Eastern Cooperative Oncology Group, GVHD graft-versus-host diseases

for interaction P=0.131 for overall mortality; P=0.414 for
relapse; and P =0.844 for non-relapse mortality). Details of
the conditioning regimens used are summarized in
Supplementary Table. Incorporating the fludarabine plus mel-
phalan regimen into MAC did not change the results (P =
0.959 for overall mortality, P =0.854 for relapse, and P =
0.917 for non-relapse mortality). We used TBI at a dose of
> 8 Gy (hereafter referred to as high-dose TBI) for 178 (35%)
of 514 patients. The use of high-dose TBI correlated with the
declined overall mortality for those in CR3+ (HR [95% CI],
0.60 [0.36-0.99]; P=0.048), which was caused by a non-
significant reduction in relapse (HR [95% CI], 0.78 [0.37—
1.65]; P=0.516) and non-relapse mortality (HR [95% CI],
0.75[0.42-1.36]; P=0.354). For those in REL2 and REL3+
, however, the use of high-dose TBI did not affect any of the
outcomes (data not shown).

Subgroup analysis of patients not in CR

For patients in REL2 and REL3+, we assessed the prognostic
relevance of disease burden as well as time to transplantation.

The percentage of blasts in the bone marrow before transplan-
tation was obtained from 204 patients; of these, 76 (37%)
presented with >20% or more blasts. Bone marrow blasts >
20% correlated with a trend for higher relapse (HR [95% CI],
1.75[0.97-3.17]; P=0.064) and a significantly higher overall
mortality (HR [95% CI], 1.76 [1.28-2.46]; P <0.001). In ad-
dition, the time elapsed from the latest relapse to transplanta-
tion was known for 229 patients; of these, 135 (59%)
underwent transplantation within 2 months from the latest
relapse. Patients transplanted 2 months or later exhibited sig-
nificantly higher risks of non-relapse mortality (HR [95% CI],
2.22 [1.26-3.89]; P =0.006) and overall mortality (HR [95%
CI], 1.38 [1.01-1.87]; P =0.040).

Discussion

Patients who have gone through multiple AML relapses have
extremely poor prognosis [3]. To pursue a cure for such pa-
tients, it is a matter of clinical concern how best to proceed to
allogeneic HCT. Although it is intuitive that allogeneic HCT

@ Springer
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Fig. 2 Cumulative incidence of relapse for patients undergoing
allogeneic HCT in third or subsequent complete remission (CR3+, N=
192), second relapse (REL2, N=300), and third or subsequent relapse
(REL3+, N=50). Those who never achieved CR after transplantation
were categorized as relapse cases at time zero. P values were <0.001
for the comparison among the three groups: <0.001 for CR3+ vs
REL2, <0.001 for CR3+ vs REL3+, and 0.311 for REL2 vs REL3+

yields a better disease control when performed during CR,
patients in second or subsequent relapse are unlikely to re-
spond to salvage chemotherapy [19]. Furthermore, intensive
chemotherapy could result in toxicity that may hamper the
success of a future transplantation. This situation shows the
importance of investigating the risks and benefits of
reinduction attempts for patients with multiple relapses. This
prompted us to conduct the study presented here.

Our analysis on 542 adults with multiple pre-transplant
relapses of AML demonstrated that allogeneic HCT still
offers a potential cure for this group of patients with an
otherwise incurable disease. Furthermore, outcomes were
shown to differ significantly according to disease status at

CR3+
————— REL2
o | — —— REL3+

Non-relapse mortality

Years after transplantation

Fig. 3 Cumulative incidence of non-relapse mortality for patients under-
going allogeneic HCT in third or subsequent complete remission (CR3+,
N=192), second relapse (REL2, N=300), and third or subsequent re-
lapse (REL3+, N=50). P values were 0.022 for the comparison among
the three groups: 0.015 for CR3+ vs REL2, 0.643 for CR3+ vs REL3+,
and 0.047 for REL2 vs REL3+
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the time of transplantation. Patients transplanted in CR3+
had better OS than those transplanted in REL2 or REL3+,
and this was obviously due to reduced risk of post-
transplant relapse. Relapse was the main cause for treat-
ment failure in a non-CR setting, as more than 50% of our
patients in REL2 and REL3+ relapsed after transplanta-
tion. In contrast, the relapse rate for those transplanted in
CR3+ was only 23%, which was even lower than their
non-relapse mortality of 33%. These results support the
use of salvage induction therapy as a bridge to allogeneic
HCT even for patients with multiple relapses. As our reg-
istry data did not secure information on measurable resid-
ual disease (MRD), we were not able to expand our anal-
ysis by considering MRD data. However, some recent
studies have reported that the absence of MRD at the time
of transplantation correlated with lower relapse and better
OS for patients with AML transplanted during first CR
[20, 21], making it a subject of future investigation to
elucidate how the MRD status affects post-transplant out-
comes for patients in second or further CR. In terms of
non-relapse mortality, univariate and multivariate analyses
showed that patients in REL3+ and CR3+ were at higher
risk than those in REL2. Although it was unclear whether
the inclusion of chemotherapy increases the vulnerability
to subsequent allogeneic HCT, our results raise concern
regarding this potential risk.

Besides disease status, cytogenetics and performance status
were identified as factors significantly affecting survival after
transplantation. Favorable cytogenetics was associated with
lower risk of relapse and performance status above 1 with
higher risk of non-relapse mortality. In the cohort of patients
not in CR, lower bone marrow blasts before transplantation
and more rapid transition to transplantation correlated with
better outcomes. These may provide guidance for the choice
whether and when to proceed to allogeneic HCT. Regarding
the donor source, a high rate of UCBT (33 % of all the patients)
merits special attention, which could signify transplantation
practice in Japan; > 1000 UCBTs were performed per year,
accounting for one-third of all allogeneic HCTs [22]. Our
analysis could not detect significant impact of donor sources
on overall mortality, relapse, or non-relapse mortality, and the
outcomes with UCBT were comparable to those with related
HCT. Owing to the immediate availability, UCBT could be a
beneficial option for patients at very high risk of early relapse
or disease progression.

Because of the retrospective registry-based design, this
study suffers from some limitations. The primary limita-
tion is derived from the fact that the decision of when to
choose allogeneic HCT for an individual patient could
have been confounded by multiple factors, and there
may have been other effects of several unknown and un-
measured factors. Although we did not observe any sig-
nificant impact of donor type or conditioning intensity on
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post-transplant outcomes, these results are also suscepti-
ble to bias because which patients received which proce-
dures was the result of non-randomized selection. In ad-
dition, our database did not consistently record detailed
information on chemotherapy administered before alloge-
neic HCT. It should also be noted that our study did not
consider the information on specific gene mutations such
as those of FLT3 and NPMI. Although the prognostic
impact of such mutations is unclear in patients with re-
lapsed disease, several studies have reported that the pres-
ence or absence of these mutations provides relevant
prognostic information on patients undergoing allogeneic
HCT during first CR [23, 24].

While our results should be interpreted cautiously with
these limitations in mind, this is the largest study to date to
investigate patients with a history of multiple relapses of
AML before allogeneic HCT, for whom conducting a pro-
spective study is unfeasible. Some may argue that better
outcomes for our patients in CR3+ could represent not only
prognostic relevance of disease status itself but also intrinsic
responsiveness of leukemia. Even if the latter was the case,
attempts to induce CR would still be useful in the selection
of patients most likely to be salvaged with allogeneic HCT.
In this regard, however, it is worth emphasizing that alloge-
neic HCT is feasible in selected patients with second or
greater relapse, and some of them achieve long-term disease
control following allogeneic HCT. To ascertain the true ef-
fects of conducting reinduction chemotherapy before trans-
plantation, a larger study is warranted enrolling not only
patients who underwent HCT but also those who failed to
proceed to HCT. In the absence of such data, our findings
should provide valuable insights into pursuing a cure for
this kind of patients with extremely poor prognosis.

Last of all, high relapse rates noted especially in patients
transplanted beyond CR necessitate the development of strat-
egies to prevent post-transplant relapse; these might include
the prophylactic use of donor lymphocyte infusion,
azacitidine, or novel agents, but we could not assess the effects
of these interventions because of incomplete data. Regarding
conditioning, our analysis did not display prominent advan-
tage with any type of conditioning regimen except for high-
dose TBI for patients in CR3+. However, a high demand
exists for the establishment of conditioning regimens that
yield more potent antileukemic activity without elevating tox-
icity, such as those including '*'I-labeled anti-CD45 antibody
[25, 26]. Reduction of the risk of post-transplant relapse sig-
nifies a key challenge to enhance transplant outcomes.

In summary, this study demonstrates the curative potential
ofallogeneic HCT for patients with a history of multiple AML
relapses. The potential benefits and risks of reinduction at-
tempt before transplantation noted in our patients highlight
the need for an individualized approach in determining wheth-
er to give reinduction therapy in this setting.
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