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Abstract

Acute myeloid leukemia (AML) is a malignant lymphohematopoietic tumor that ranks among the most frequent indications
for allogeneic hematopoietic stem cell transplantation (allo-HSCT). This article aims to provide a comprehensive analysis of
the application of allo-HSCT for AML and identify prognostic factors to enhance future treatment effect. This retrospective
study collected data from 323 patients diagnosed with AML at Peking University First Hospital who underwent allo-HSCT
between September 2003 and July 2022. The annual number of transplantations has steadily increased. Our center has
observed a rise in the proportion of cytogenetic high-risk and measurable residual disease (MRD) positive patients since 2013,
as well as an increase in the number of haploidentical transplantations. The overall leukocyte engraftment time has decreased
over the past 20 years. Furthermore, both overall survival (OS) and disease-free survival (DFS) have significantly improved,
while non-relapse mortality (NRM) has significantly decreased since 2013. Multivariate analysis identified transplantation
before 2013, patients in complete remission (CR) 2 or non-CR, and recipients older than 50 years as risk factors for NRM,
while patients in non-CR and patients with positive MRD are risk factors for recurrence. These findings offer insights into
AML treatment outcomes in China, highlighting changes in transplantation practices and the need to reduce post-transplant
relapse. Effective interventions, such as MRD monitoring and risk stratification schemes, are crucial for further enhancing
transplant outcomes.

Keywords Acute myeloid leukemia - Allogeneic hematopoietic stem cell transplantation - Survival - Relapse -
Transplantation practice

Introduction

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is a curative option for non-M3 acute myeloid
leukemia (AML), but its potential is limited by treatment-
related complications, relapse after transplantation, and the
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availability of suitable donors. Over the past 20 years, the
feasibility of allo-HSCT has remarkably expanded due to
major improvements in transplantation procedures [1-3].
However, given the remarkably complex diversity of AML,
appropriate risk stratification and effective treatments are
necessary to enhance overall survival and reduce transplan-
tation-related complications.

Our previous studies typically focused on a specific aspect
of allo-HSCT, and there is a lack of comprehensive research
on the implementation of AML allo-HSCT. As obtaining a
complete picture is essential for enriching our understand-
ing of allo-HSCT, we conducted a large retrospective study
to comprehensively analyze the evolution and outcomes of
allo-HSCT for AML over the past 20 years in our trans-
plant center. We aim to identify prognostic factors and offer
insights for future refinements through this study.
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Methods
Study population

This study retrospectively collected data from 323 patients
diagnosed with AML who received allo-HSCT between
September 2003 and July 2022. The patients were then fol-
lowed up until April 2023 and were classified according
to the WHO classification of hematolymphoid tumors [4].
Standard-dose “3+7” induction chemotherapy or priming
chemotherapy was administered before transplantation.

Definitions

Complete remission (CR) was defined as bone marrow blasts
less than 5%, absence of circulating blasts, no extramed-
ullary lesions, and recovery of blood counts. Relapse was
defined as the presence of more than 5% blasts in patients
who previously had a normal bone marrow (BM) or evi-
dence of extramedullary leukemia. Cytogenetic risk was
determined following the 2022 edition of the European
Leukemia Net (ELN) recommendations for the diagnosis
and management of AML [5]. Hematopoietic repopulation
was determined based on the established criteria outlined by
the European Society for Blood and Marrow Transplanta-
tion. These criteria mandated three consecutive days with
leukocytes >1.0 x 10"9/L, neutrophils >0.5 x 10"9/L,
and thrombocytes >20 X 10"9/L, without the need for any
transfusions in the preceding 7 days. Disease-free survival
(DFS) was defined as the time from diagnosis to relapse
or death, while overall survival (OS) was defined as the
time from diagnosis to death or the most recent follow-up.
Non-relapse mortality (NRM) was defined as death without
relapse. Acute graft-versus-host disease (aGVHD) grading
was performed according to the International Bone Marrow
Transplant Registry (IBMTR), and chronic graft-versus-host
disease (cGVHD) was graded based on the National Insti-
tutes of Health (NTH) global severity of cGVHD criteria
[6, 7]. Only patients who survived beyond 100 days post-
transplant without relapse were included in the analysis of
cGvHD.

Allo-HSCT in AML

The conditioning regimens used in this study were modi-
fied Bu/Cy and Bu/Flu, which are commonly recom-
mended in China [8]. The specific conditioning protocols
were as follows: cytarabine at a dose of 2 g/m? per day for
3 days; busulfan administered intravenously at a dose of
3.2 mg/kg per day for 3 days, in combination with either
cyclophosphamide at a dose of 1.8 g/m? per day for 2
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days or fludarabine at a dose of 50 mg for 3—6 days (total
dose: 200 mg/m?) [9]. For elderly patients with multiple
comorbidities and generally poor overall health, a reduced-
intensity conditioning regimen is employed. Rabbit anti-
thymocyte globulin (ATG) was administered for 3 days
before transplantation, with a dosage of 7.5-10 mg/kg for
patients with haploidentical or unrelated donors, and 0-5
mg/kg for patients with HLA identical sibling donors.
Graft-versus-host disease (GvHD) prophylaxis included
cyclosporin A (CsA), mycophenolate mofetil (MMF), and
a short course of methotrexate (MTX) [10].

Minimal residual disease (MRD) monitoring

Monitoring of MRD includes techniques such as multipa-
rameter flow cytometry (FCM), quantitative PCR, and
detection of donor-recipient chimerism status. For cases
without specific fusion gene markers, we typically per-
form sequential testing of the WT1 gene twice, with a
10- to 14-day interval between tests. The threshold for
WT1 positivity is set at 0.6% (1.5% for children). Patients
with WT1 expression exceeding 60% and >1.0% are more
likely to experience hematological relapse. In patients with
specific fusion genes, we monitor the corresponding fusion
genes. A change from negative to positive or a continuous
increase in copy number of the fusion gene is considered
indicative of a high risk of relapse. 3-log MRD CBF fusion
(RUNX1/RUNXIT1 and CBFB-MYHI11) transcripts
reduction can be used to discriminate high-risk from low-
risk patients [11]. Post-transplant bone marrow examina-
tions are typically conducted at +1 month, 42 months, 43
months, +4 months, +6 months, +9 months, +12 months,
+18 months, +24 months, +36 months, +48 months, and
+60 months. For patients with detectable MRD, a retest
is recommended within 2 weeks.

Statistical analysis

Between-group differences were assessed using the Pear-
son chi-squared test for categorical variables and the Stu-
dent’s ¢-test for continuous variables. Univariate analysis
was conducted using Gray’s method, and factors with a
p-value less than 0.05 were included in the multivariate
analysis. The multivariate analysis was performed using the
Fine and Gray model. Cumulative incidences of OS, DFS,
RR, NRM, aGvHD, and cGvHD were calculated using the
Kaplan—Meier method and compared using the log-rank test.
Statistical significance was defined as p < 0.05. All statisti-
cal analyses were conducted using R statistical software and
the “survival” and “survminer” package (Comprehensive R
Archive Network, TUNA, Tsinghua University, China).
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Results
Patient characters

We retrospectively identified a cohort of 323 patients diag-
nosed with AML who received treatment at our institution.
Figure 1 illustrates a consistent increase in the number of
transplantations over the past two decades. Table 1 provides
a summary of the baseline characteristics of the patients.
Notably, there were no significant changes observed in terms
of sex, white blood cell (WBC) count, platelet (PLT) count,
hemoglobin (Hb) level, disease status, hematopoietic cell
transplantation comorbidity index (HCT-CI), and condition-
ing regimen after the year 2013. However, there was a sig-
nificant increase in the proportion of patients with positive
MRD and high cytogenetic risk after the year 2013 (p-values
of 0.003 and 0.018, respectively). The median number of
chemotherapies administered prior to transplantation was
2 for AML secondary to myelodysplastic syndrome (MDS)
and 3 for de novo AML. Furthermore, during the past 20
years, there was a notable increase in the percentage of hap-
loidentical hematopoietic stem cell transplantations (haplo-
HSCTs), accompanied by an elevation in the standard num-
ber of CD34+ cells used in the procedure.

Engraftment

In the subgroup of patients younger than 16 years, the
engraftment rates for WBC and PLT were 100% and 97.7%,
respectively. The median time to WBC engraftment was 12
days (range: 11 to 14 days), while the median time to PLT
engraftment was 16 days (range: 12 to 22 days). Among
different donor types, the median WBC engraftment time
was 12 days for related haplo-HSCT, 13 days for matched
sibling donor hematopoietic stem cell transplantation (MSD-
HSCT), 11 days for matched unrelated donor hematopoietic
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Fig. 1 Trends in the annual number for allogeneic hematopoietic stem
cell transplantation with acute myeloid leukemia

stem cell transplantation (MUD-HSCT), and 17 days for
umbilical cord blood (UCB) HSCT. Similarly, the median
PLT engraftment time was 17 days for related haplo-HSCT,
15 days for MSD-HSCT, 18 days for MUD-HSCT, and 26
days for UCB-HSCT. Furthermore, there was a significant
reduction in the median WBC engraftment time after the
year 2013 (p-value < 0.001), indicating a shorter time for
successful engraftment.

Transplantation complications

The incidence of grades II to IV aGVHD within 100 days
post-transplantation was 25.5% (95% confidence interval
[CI]: 20.5-30.2%). Specifically, it was 28.8% for related
haplo-HSCT, 20.4% for MSD-HSCT, 19.4% for MUD-
HSCT, and 14.3% for UCB-HSCT. The incidence of grades
III to IV aGVHD within 100 days after transplantation
was 13.9% (95% CI: 10.0-17.7%), with rates of 13.4%
for related haplo-HSCT, 15.8% for MSD-HSCT, 12.9%
for MUD-HSCT, and 14.3% for UCB-HSCT. Finally, the
overall incidence of cGVHD at 1 year was 32.6% (95% CI:
26.6-38.1%), including rates of 30.4% for related haplo-
HSCT, 40.8% for MSD-HSCT, 32.8% for MUD-HSCT, and
27.3% for UCB-HSCT. Figure 2 displays a comparison of
the incidences of grades II to IV aGVHD, grades III to IV
aGVHD, and cGVHD among different donor types. Notably,
there were no significant changes in the incidence of grades
I to IV aGVHD, grades Il to IV aGVHD, or cGVHD over
the past 20 years (Fig. 2).

Regarding infections, the overall incidence was 60.9%.
This included 30 cases (9.3%) of bacterial combined fun-
gal infection, 65 cases (20.1%) of simple fungal infection,
116 cases (35.9%) of simple bacterial infection, 12 cases
of tuberculosis (3.7%), and 8 cases (2.5%) of Pneumocys-
tis jirovecii pneumonia (PCP). Hemorrhagic cystitis was
observed in 69 cases (21.4%). Within 100 days after trans-
plantation, 186 cases (57.6%) experienced cytomegalovi-
rus (CMV) reactivation. Additionally, there were 108 cases
(33.4%) of Epstein-Barr virus (EBV) reactivation and 14
cases (4.3%) of post-transplant lymphoproliferative disease
(PTLD).

Relapse

Out of the 323 patients in our study, 71 patients (22.0%)
experienced relapse, with a median relapse time of 229 days
(range: 42 to 1683 days) after transplantation. We observed
a significant decrease in relapse rate after the year 2013 (p
= 0.03), as illustrated in Fig. 3. Patients with positive MRD
or without achieving CR before transplantation exhibited
a significantly higher recurrence rate, as demonstrated in
Figs. 4 and 5. Univariate analysis results are summarized in
Table 2. Our multivariate analysis, which included disease
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Table 1 Basic clinical characters

Overall (n = 323)

Transplantation before

Transplantation after 2013  p

2013 (n=91) (n=232)
Age 36 [22,46] 36 [20,45] 36 [22,46] 0.782
Sex 0.405
Female 145 (44.9%) 37 (40.7%) 108 (46.6%)
Male 178 (55.1%) 54 (59.3%) 124 (53.4%)
Days to transplantation 163 (121, 224) 161 (114, 218) 163 (127, 228) 0.341
No. chemotherapy 32,4 3(,4) 32,4 0.094
Cytogenetic risk 0.018
Favorable 29 (9.57%) 8 (11.3%) 21 (9.05%)
Intermediate 202 (66.7%) 55 (77.5%) 147 (63.4%)
Poor 72 (23.8%) 8 (11.3%) 64 (27.6%)
NA 20
WBC 14.84 [3.55, 46.49] 19.0 [4.40, 46.0] 13.0 [3.12, 46.6] 0.346
PLT 40.0 [19.0, 74.0] 40.0 [20.8, 72.0] 40.0 [19.0, 74.0] 0.940
Blasts 0.58 [0.325, 0.780] 0.59 [0.33, 0.78] 0.58 [0.32, 0.78] 0.732
HCT-CI 0.553
<3 217 (67.2%) 32 (59.3%) 93 (53.4%)
>3 103 (31.9%) 22 (40.7%) 81 (46.6%)
NA 3(0.9%)
Disease stage 0.526
CR1 239 (74.0%) 65 (71.4%) 174 (75.0%)
CR2 25 (7.74%) 6 (6.59%) 19 (8.19%)
Non-CR 59 (18.3%) 20 (22.0%) 39 (16.8%)
MRD 0.003
Negative 116 (42.3%) 9 (20.9%) 107 (46.3%)
Positive 158 (57.7%) 34 (79.1%) 124 (53.7%)
Donor type <0.001
Haplo-HSCT 209 (64.7%) 34 (37.4%) 175 (75.4%)
MSD-HSCT 69 (21.4%) 33 (36.3%) 36 (15.5%)
MUD-HSCT 31 (9.60%) 14 (15.4%) 17 (7.33%)
UCB-HSCT 14 (4.33%) 10 (11.0%) 4 (1.72%)
Graft source 0.001
Bone marrow 248 (76.8%) 62 (68.1%) 186 (80.2%)
Peripheral blood 61 (18.9%) 19 (20.9%) 42 (18.1%)
UCB 14 (4.33%) 10 (11.0%) 4 (1.72%)
Donor/recipient gender 0.029
Male to female 100 (32.3%) 28 (34.1%) 72 (31.6%)
Male to male 52 (16.8%) 20 (24.4%) 32 (14.0%)
Female to female 66 (21.3%) 19 (23.2%) 47 (20.6%)
Female to male 92 (29.7%) 15 (18.3%) 77 (33.8%)
NA 13
ABO compatibility 0.855
Matched 169 (55.2%) 42 (52.5%) 127 (56.2%)
Minor mismatched 60 (19.6%) 18 (22.5%) 42 (18.6%)
Major mismatched 55 (18.0%) 15 (18.8%) 40 (17.7%)
Major and minor mismatched 22 (7.2%) 5(6.2%) 17 (7.5%)
NA 17
CD34
Non-UCB (x10%/kg) 4.26 [2.88, 6.18] 2.51[1.69, 3.58] 5.00 [3.43, 6.85] <0.001
UCB(x10%/kg) 0.2315 [0.1530, 0.8225] 0.23[0.17, 0.58] 0.38 [0.15, 0.82] 1.000
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Table 1 (continued)
Overall (n = 323) Transplantation before Transplantation after 2013 p
2013 (n=91) (n=232)

MNC

Non-UCB(x10%/kg) 10.38 [8.232, 12.665] 10.4 [8.31, 12.6] 10.4 [8.22, 12.7] 0.736

UCB(x107/kg) 0.687 [0.5218, 2.3825] 0.69 [0.52,2.10] 1.11 [0.50, 2.38] 0.865
Conditioning regimen 0.276

MAC 316 (98.4%) 88 (97.8%) 228 (98.7%)

RIC 5 (1.6%) 2 (2.2%) 3(1.3%)

NA 2

MSD-HSCT, matched sibling donor hematopoietic stem cell transplantation; Haplo-HSCT, haploidentical donor hematopoietic stem cell trans-
plantation; MUD-HSCT, matched unrelated donor hematopoietic stem cell transplantation; UCB, umbilical cord blood; MAC, myeloablative
conditioning; RIC, reduced-intensity conditioning; MRD, measurable residual disease; MNC, mononuclear cell; CR, complete remission

stage, MRD status, and transplantation time, revealed that
MRD positivity before transplantation had a significant
influence on the relapse rate, with a HR of 3.0 (95% CI: 1.5
to 6; p = 0.002), as shown in Table 3.

Among the 71 patients who experienced relapse, 9
patients underwent prognostic donor lymphocyte infusion
before hematologic relapse, and 6 patients received a sec-
ond allo-HSCT. Remarkably, 16 relapse patients managed
to survive after the relapse, with 14 of them experiencing
relapse after the year 2013.

NRM

Out of the 323 patients, 49 patients (15.2%) experienced
NRM. Specifically, 30 patients (12.6%) who were trans-
planted in CR1, 6 patients (24.0%) who were transplanted in
CR2, and 13 patients (22.0%) who were transplanted in non-
CR experienced NRM. The leading causes of NRM were
infection (n = 28), GVHD (n = 14), bleeding (n = 3), and
secondary tumors (n = 2). Notably, patients who underwent
transplantation in CR1 and after the year 2013 had a reduced
5-year NRM, as shown in Figs. 3 and 5.

The univariate analysis results are summarized in Table 2.
Multivariate analysis, which considered disease stage before
transplantation, age, transplantation time, MNC, and donot/
recipient gender, revealed that transplantation in CR2 and
non-CR, transplantation before 2013 year, and recipients
older than 50 years significantly increased NRM, as shown
in Table 3.

Survival after transplantation

With a median follow-up period of 660 days (range: 1 to
4793 days), the estimated overall 5-year survival for the
entire cohort was 68.4%. Notably, both the 5-year OS and
DFS significantly increased after the year 2013, as illustrated
in Fig. 3.

When considering disease stage before transplantation,
transplantation time, age, HCT-CI, MRD and MNC, signifi-
cant differences in 5-year survival were observed among the
corresponding subgroups, as summarized in Table 2. Multi-
variate analysis identified disease status before transplanta-
tion, age, HCT-CI, and transplantation time as significant
factors associated with OS, as shown in Table 3. The OS
curves, stratified by disease status before transplantation,
are presented in Fig. 5. Notably, for patients transplanted
in CR1, the 1-year OS was 81.6% (95% CI, 76.8-86.8%),
while for patients in CR2, the 1-year OS was 70.2% (95% CI,
53.8-91.6%). Conversely, patients transplanted in non-CR
exhibited a lower 1-year OS of 53.7% (95% CI, 42.1-68.6%),
as depicted in Fig. 5.

One-year DFS rates were as follows: 77.8% (95%
CI, 72.6-83.4%) for patients in CR1, 65.2% (95% CI,
48.2-88.3%) for patients in CR2, and 53.1% (95% ClI,
41.3-68.1%) for patients in non-CR (Fig. 5). Univariate
analysis results are summarized in Table 2. Disease stage
before transplantation, age, HCT-CI, transplantation time,
and MRD before transplantation were included in the mul-
tivariate analysis. The multivariate analysis revealed a sig-
nificant decrease in DFS for patients transplanted in non-CR
and before 2013 year.

Discussion

Allo-HSCT has played a crucial role in the treatment of
AML other than acute promyelocytic leukemia (APL) over
the past 20 years. This study presents a comprehensive anal-
ysis of medical records from Peking University First Hospi-
tal spanning the last two decades, reflecting the development
and evolution of the transplantation field in China. The study
also identifies important prognostic factors for transplanta-
tion that hold potential for clinical application.

Our findings highlight significant changes in transplanta-
tion practices over the past two decades. Since 2013, there
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«Fig. 2 Incidence of grades II to IV aGvHD, grades III to IV aGvHD
and cGvHD according to donor type (a, b, ¢) and transplantation time
(d, e, f). aGvHD, acute graft versus host disease; cGvHD, chronic
graft versus host disease; MSD-HSCT, matched sibling donor hemat-
opoietic stem cell transplantation; Haplo-HSCT, haploidentical donor
hematopoietic stem cell transplantation; MUD-HSCT, matched unre-
lated donor hematopoietic stem cell transplantation; UCB, umbilical
cord blood

has been a notable increase in high-risk AML patients with
MRD. This can be attributed to advancements in molecu-
lar biology and cytogenetics risk stratification, as well as
the availability of more precise MRD detection methods.
Donor types have also undergone substantial changes since
2013, with a decrease in MSD-HSCT from 36.3 to 15.5%,
and a corresponding increase in haplo-HSCT from 37.4 to
75.4%. Compared to alternative transplantation methods,
haplo-HSCT demonstrates similar survival rates, recur-
rence rates, and NRM. Additionally, there is no significant
difference in the incidence of aGvHD and cGvHD, indicat-
ing the efficacy and safety of haplo-HSCT. Currently, main
type of transplantation at our center is haplo-HSCT, which
is related to the fact that most Chinese families are currently
one-child families. Research has shown that the advantages
of haplo-HSCT are as follows: (1) it is easier to find a donor,
saving time; (2) cells are easily accessible, allowing high-
risk patients to store reserves or undergo additional collec-
tions; (3) bone marrow or peripheral blood can be obtained
as needed; (4) reduced risk of aGvHD in high-risk patients
compared to MUD; (5) slightly higher incidence of aGvHD;
(6) transplantation effectiveness is similar to MUD [12,
13]. Additionally, significant differences were observed in
CD34+ cell count, graft source, and donor/recipient gen-
der. These changes reflect the ongoing development of
allo-HSCT from HLA-haploidentical related donors, with
ongoing investigations focused on establishing optimal pro-
cedures [14]. One notable development in transplantation
procedures is the refinement of criteria for allo-HSCT. Since
2013, our standard criteria have included a minimum total
mononuclear cell (MNC) count of >10 x 1078/kg and a
CD34+ cell count of >5 x 10”8/kg. Multivariate analysis
identified transplantation after 2013 as a protective factor for
OS, DFS, and NRM, but not for relapse. This underscores
the need to address the challenge of post-transplant recur-
rence to further improve transplant outcomes.

In this study, we investigated the impact of disease sta-
tus and MRD before transplantation on relapse rates. The
measurement of MRD in hematological neoplasms involv-
ing the bone marrow currently relies on highly sensitive
methods capable of detecting specific genetic abnormalities
using PCR-based techniques and next-generation sequenc-
ing, as well as tumor-associated immunophenotypic profiles
through multiparametric flow cytometry (MFC) [11]. Previ-
ous studies have consistently demonstrated that achieving

MRD negativity in patients with AML is associated with
superior long-term survival. Consequently, it is suggested
that MRD negativity should be considered as a clinical trial
endpoint, enabling a more rapid evaluation of the efficacy of
novel therapies [15, 16]. The valuable information obtained
from MRD assessment has also been utilized in the design
of personalized post-remission protocols and pre-emptive
treatments for patients with sub-clinical relapse [17, 18].
These findings highlight the importance of incorporating
MRD monitoring in the management of patients with hema-
tological neoplasms undergoing allo-HSCT.

As disease status and MRD before transplantation have
been identified as prognostic factors for relapse or DFS, it is
important to consider post-transplant maintenance therapy
for patients with positive MRD or non-CR before transplan-
tation in order to reduce the risk of recurrence. In recent
years, novel targeted drugs, such as hypomethylating agents,
FLT3 inhibitors, and venetoclax, have been investigated as
potential options for post-transplant maintenance therapy in
AML patients. For some high-risk recurrent patients, our
treatment center is currently attempting the application of
the combination of Azacitidine and Venetoclax for post-
transplant maintenance therapy. Preliminary results suggest
that this regimen shows a trend towards improved survival.
For patients with combined FLT3-ITD and IDH mutations,
who are also in a refractory relapsed state or MRD-positive
before transplantation, our center uses post-transplant main-
tenance therapy with targeted medications.

Retrospective and small-sample prospective studies have
shown that maintenance therapy with hypomethylating
agents like azacytidine and decitabine can be safe and effec-
tive in reducing relapse rates [19, 20]. However, conflicting
findings have been reported regarding the benefit of hypo-
methylating agents as maintenance therapy in AML patients
[21]. Additionally, sorafenib, a multi-kinase inhibitor, has
demonstrated efficacy in treating FLT3-ITD AML and has
been explored as a maintenance therapy option post-trans-
plantation [22]. More recently, studies have indicated that
venetoclax, a selective small molecular inhibitor of B-cell
lymphoma-2 (Bcl-2), is well-tolerated as a post-transplant
maintenance therapy for AML patients and may reduce
relapse rates, particularly in high-risk patients. Prior studies
have indicated that patients with AML carrying IDH muta-
tions exhibit a suboptimal response to conventional chemo-
therapy, coupled with an elevated rate of relapse. Notably,
in recent times, oral inhibitors targeting mutant IDHI and
IDH2, such as ivosidenib and enasidenib, have demonstrated
promising clinical outcomes for individuals with relapsed/
refractory or newly diagnosed IDH-mutated AML [23].
These emerging therapies hold promise for improving out-
comes in AML patients undergoing allo-HSCT [24].

Currently, there is no consensus on the optimal tim-
ing of AML allo-HSCT. Numerous studies consistently
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Fig.3 a Overall survival, b disease-free survival, ¢ recurrence rate, and d non-relapse mortality for AML patients undergoing allogeneic hemat-

opoietic stem cell transplantation according to transplantation time

demonstrate that patients with active disease have worse out-
comes compared to those transplanted in CR [25]. However,
patients transplanted in CR with incomplete count recovery
(CRi) have inferior outcomes, primarily due to increased
NRM rather than relapse risk [26]. The number of courses of
consolidation chemotherapy administered prior to transplant
has also shown no improvement in patient outcomes [27]. In
our study, post-remission chemotherapy before allo-HSCT

@ Springer

did not yield better results either. Our multivariate analysis
identified disease status before transplantation, transplanta-
tion time, age, and HCT-CI before transplantation as factors
associated with OS. Notably, transplantation in CR2 and
non-CR, as well as recipients older than 50 years, signifi-
cantly increased NRM. Therefore, we propose a selection
strategy to identify patients who should undergo allo-HSCT
in CR1 based on the risks of relapse and concomitant NRM
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[28]. According to our findings, young and well-fit patients
with a high relapse risk are more likely to benefit from allo-
HSCT at CR1, and the use of novel targeted drugs before
transplantation should be considered to decrease MRD and
improve prognosis.

Moreover, NRM accounted for 49% of deaths, with infection
and GvHD being the top two causes. Therefore, efforts should

be made to explore strategies for reducing NRM. In our study,
we investigated the addition of decitabine to the conditioning
regimen in 111 AML patients in order to alleviate GvHD while
preserving the graft-versus-leukemia effect. Our previous study
demonstrated that a decitabine-containing regimen may signifi-
cantly reduce or alleviate GVHD without increasing the risk of
relapse [29]. Building upon these findings, we are currently
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conducting prospective clinical research on the decitabine condi-
tioning regimen. Additionally, infection was identified as another
major cause of NRM. Since only a small number of AML
patients (5 cases) in our hospital underwent reduced-intensity
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conditioning (RIC) regimen over the past two decades, RIC
may be explored as a potential approach to reduce NRM and
improve OS in the future. Currently, studies comparing the sur-
vival outcomes of RIC and myeloablative conditioning (MAC)
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Table 2 Univariate analysis Variable RR NRM oS DES
p value p value p value p value
Age
>50 years vs <50years 0.651 0.00417 0.00967 0.0173
Sex
Male vs Female 0.44 0.409 0.123 0.242
Transplantation after 2013 year
Yes vs No 0.0321 0.00131 2.24E-05 0.000246
Days to transplantation
<365 days vs >365 days 0.246 0.589 0.779 0.501
No. chemotherapy 0.903 0.921 0.996 0.987
Cytogenetic risk
Intermediate vs Favorable 0.918 0.266 0.181 0.33
Poor vs Favorable 0.25 0.711 0.812 0.56
WBC 0.709 0.301 0.317 0.158
HGB 0.526 0.39 0.29 0.363
PLT 0.258 0.425 0.684 0.769
Blasts 0.099 0.894 0.177 0.231
HCT-CI
<3 vs >3 0.3 0.0894 0.00904 0.0109
Disease stage
CR2 vs CR1 0.591 0.0906 0.0633 0.178
Non-CR vs CR1 0.000188 0.0171 1.21E-06 1.54E-05
MRD
Positive vs Negative 4.16E-05 0.15 0.000263 6.49E-05
Donor type
MSD vs Haplo-HSCT 0.0906 0.168 0.455 0.531
MUD vs Haplo-HSCT 0.185 0.502 0.813 0.775
UCB vs Haplo-HSCT 0.343 0.611 0.958 0.828
Graft source
PB vs BM 0.147 0.592 0.499 0.41
UCB vs BM 0.305 0.502 0.978 0.827
Donor gender 0.625 0.493 0.0898 0.26
Female to male vs others 0.286 0.0499 0.053 0.105
Blood compatibility
Minor mismatched vs Matched 0.561 0.292 0.188 0.317
Major mismatched vs Matched 0.621 0.193 0.433 0.461
Minor and major mismatched vs Matched 0.953 0.42 0.937 0.772
CD34 0.983 0.146 0.168 0.507
MNC 0.422 0.0301 0.0453 0.0633

MSD-HSCT, matched sibling donor hematopoietic stem cell transplantation; Haplo-HSCT, haploidentical
donor hematopoietic stem cell transplantation; MUD-HSCT, matched unrelated donor hematopoietic stem
cell transplantation; UCB, umbilical cord blood; BM, bone marrow; PB, peripheral blood; MRD, meas-
urable residual disease; MNC, mononuclear cell; HCT-CI, hematopoietic cell transplantation comorbidity
index; DFS, disease-free survival; RR, recurrence rate; NRM, non-relapse mortality

allo-HSCT in AML patients have not reached definitive conclu- In this retrospective study, we analyzed data from 323
sions [30]. Some researchers have reported a non-significant =~ AML patients treated at our hospital over the past two dec-

increase in 5-year OS with RIC conditioning [31].

ades. Our findings suggest that reducing relapse rates could
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Table 3 Multivariate analysis

Variables oS (O] DFS DFS RR RR NRM NRM
pvalue HR p value HR p value HR p value HR

Disease stage

CR2 vs CR1 0.013 2.5(1.2-5.2) 0.12 1.8 (0.87-3.6) 0.79 1.2(0.41-3.3) 0.031 2.7 (1.1-6.7)

Non-CR vs CR1 0.00004 3.1 (1.8-5.4) 0.0014 2.3(1.4-3.7) 0.019 2.0(1.1-3.6) 0.01 2.4 (1.2-4.8)
Age

>50years vs <50years 0.04 1.7 (1.0-2.9) 0.15 1.4 (0.87-2.4) 0.001 3.0 (1.5-5.6)
Transplantation after 2013

Yes vs No 0.0016  0.44 (0.26-0.73)  0.01 0.53 (0.33-0.86) 0.38 0.75 (0.4-1.4) 0.0045 0.41 (0.22-0.76)
HCT-CI

<3 vs >3 0.029 1.7 (1.1-2.6) 0.073 1.5 (0.97-2.2)
MRD

Positive vs Negative 0.35 1.3 (0.73-2.4) 0.053 1.7 (0.99-2.9) 0.0022 3.0 (1.5-6.1)
MNC 0.076 0.95 (0.91-1) 0.054  0.93 (0.86-1)
Donor/recipient gender

Female to male vs others 0.057 1.8 (0.98-3.5)

MNC, mononuclear cell; HCT-CI, hematopoietic cell transplantation comorbidity index; MRD, measurable residual disease; CR, complete
remission; OS, overall survival; DFS, disease-free survival; RR, recurrence rate; NRM, non-relapse mortality

be a crucial factor in significantly improving long-term sur-
vival. Patients with positive MRD and those not achieving
CR before transplantation may benefit from prophylactic
treatments, such as maintenance therapy. However, it is
important to note that this study has certain limitations,
including its retrospective nature and potential patient het-
erogeneity, as well as the lack of detailed data on certain
variables.

Conclusion

In conclusion, our study provides a comprehensive over-
view of the significant changes observed in the practice
of allo-HCT for AML patients over the past two decades
in our hospital. Our data underscore the persistent chal-
lenge of post-transplant relapse, which must be addressed
for the successful outcomes of allo-HSCT. Implementing
effective therapeutic interventions, such as MRD moni-
toring and risk stratification schemes, holds promise for
further improving transplant outcomes.
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