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Although allogeneic hematopoietic cell transplantation (HCT) is an alternative treatment for 
relapsed or refractory (R/R) acute promyelocytic leukemia (APL), little is known regarding the utility 
of allogeneic HCT for R/R therapy-related APL (t-APL). We retrospectively analyzed data for 144 
patients with APL (t-APL, n = 20 and de novo APL, n = 124) who received a first allogeneic HCT between 
2008 and 2020. We found no significant differences in survival between the t-APL and de novo APL 
groups. The 3-year overall survival (OS) rates were 53.8% in the t-APL group and 52.4% in the de novo 
APL group. However, as previously reported, patients without complete remission (CR) at HCT had 
significantly worse OS than those with CR (P = 0.004). The 3-year OS rates were 61.1% in patients with 
CR and 36.5% in those without CR. These findings suggest that allogeneic HCT may be considered a 
viable treatment option for patients with t-APL and de novo APL, with an emphasis on achieving CR 
before transplantation to optimize outcomes. However, clinicians should be aware of the potential for 
worse outcomes in male patients and those with lower performance status, highlighting the need for 
personalized treatment approaches and careful patient selection.
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With the introduction of combination therapy consisting of all-trans retinoic acid (ATRA) and arsenic trioxide 
(ATO), initial chemotherapy has become more effective for the treatment of acute promyelocytic leukemia 
(APL)1,2. In Japan, ATO became available for insurance coverage in December 2004. Combination therapy with 
ATRA and ATO is now the standard of care for low- to intermediate-risk APL. Despite the different origins of 
therapy-related APL (t-APL) and de novo APL, studies have shown that the prognoses of these two types of APL 
are similar when treated with a combination of ATRA and ATO3. Currently, treatment options for patients with 
relapsing or t-APL include ATO-based regimens, which have shown promising results with complete remission 
(CR) rates of 80–90% and 5-year overall survival (OS) rates of 50–70%. However, patients who fail to respond 
to ATO or experience multiple relapses may require allogeneic hematopoietic cell transplantation (HCT). The 
prognosis for these patients remains challenging, with 5-year OS rates ranging from 30 to 50% after allogeneic 
HCT4.

Given the rarity of t-APL, this study takes an exploratory approach to comparing outcomes between patients 
with t-APL and de novo APL undergoing allogeneic HCT. The study aims to provide valuable insights despite 
the inherent limitations of such a comparison and to offer essential insights into the prognosis and appropriate 
treatment strategies for these patient groups before insurance coverage for CPX-3515. CPX-351 is a liposomal 
formulation that combines two chemotherapy drugs, cytarabine and daunorubicin, in a fixed 5:1 molar ratio, 
and it has been shown to be effective for therapy-related leukemia.

Patients and methods
Study design and definitions
This retrospective study involved > 300 Japanese transplant centers in the Transplant Registry Unified 
Management Program database, which contains physician-reviewed data with informed consent and yearly 
follow-ups6,7. All methods in this study were performed in accordance with relevant guidelines and regulations. 
The study protocol was approved by the Data Management Committee of the Japanese Society for Hematopoietic 
Cell Transplantation and the Ethics Review Board of St. Mary’s Hospital (approval number: 24-1102). This 
observational study was conducted using data from the Transplant Registry Uniform Management Program 
database, and all participants provided informed consent.

In total, 144 patients aged > 15  years who received their first allogeneic HCT for t-APL (n = 20) and de 
novo APL (n = 124) were eligible for the study. All patients included in this study had APL with confirmed 
t(15;17) translocation and/or PML::RARA fusion. The presence of PML::RARA was verified in all cases using a 
combination of cytogenetic analysis, fluorescence in situ hybridization, and/or reverse transcription polymerase 
chain reaction. Any patients lacking confirmed PML::RARA fusion were excluded from the study to ensure a 
homogeneous patient population with classical molecular characteristics of APL. The selection criteria were 
APL according to the World Health Organization classification8, one allogeneic HCT between January 2008 
and December 2020, no or one autologous HCT before the first allogeneic HCT, and availability of sufficient 
follow-up data including neutrophil engraftment and acute graft-versus-host disease (GVHD). We divided the 
patients into two groups based on a diagnosis of t-APL or de novo APL. Cytogenetic risk was diagnosed by 
multiple experts9. The preparative regimens were classified as myeloablative conditioning or reduced-intensity 
conditioning, based on the Center for International Blood and Marrow Transplant Research functional criteria10. 
Neutrophil engraftment was defined as the time required to reach an absolute neutrophil count of ≥ 500/μL 
for 3 consecutive days. Primary graft failure was defined as failure of neutrophil engraftment by day + 35. 
Incidences of grade II–IV acute GVHD and the presence or absence of chronic GVHD were defined as reported 
previously11,12. Patients were considered evaluable for chronic GVHD if they had engraftment. The percentages 
of patients who relapsed or were refractory to allogeneic HCT were determined (relapse). The survival and OS 
rates were calculated. GVHD-free, relapse-free survival (GRFS) was defined as being alive without grade III–
IV acute GVHD, moderate to severe chronic GVHD requiring systemic immunosuppressive therapy, relapse, 
or death13. Chronic GVHD-free, relapse-free survival (CRFS) was defined as the absence of chronic GVHD 
requiring systemic immunosuppressive therapy, relapse, or death14. All data were censored at the date of the 
last reported follow-up. Analyzed outcomes included transplant-related mortality (TRM) (defined as death 
occurring while a patient is in continuous remission after HCT, encompassing all causes of non-leukemia death 
following the transplant procedure), disease-free survival (DFS), and OS.

Statistical analysis
The frequencies and descriptive statistics of patient-, disease-, and transplantation-related variables in the 
two groups were calculated. The distributions of categorical and continuous variables in the two groups were 
compared using Pearson’s chi-squared test or the Mann–Whitney U-test. The probabilities of neutrophil 
engraftment, acute and chronic GVHD, TRM, and relapse were calculated using cumulative incidence curves to 
accommodate competing risks. The 95% confidence intervals (CIs) for all probabilities and P-values for pairwise 
comparisons were derived from pointwise estimates and calculated using standard techniques. To accommodate 
competing risks, cumulative incidence curves for TRM and relapse were estimated, and their differences were 
compared using Gray’s test15. Competing risk events for TRM and relapse were relapse and death, respectively. 
The Fine and Gray model was used for each group to evaluate the effects of patient-, disease-, and transplantation-
related variables on TRM16. Baseline patient variables for analysis included age at HCT (age of ≥ 55 years), sex, 
Karnofsky performance status (KPS of < 80)17 at HCT, disease status at HCT (CR vs. non-CR), prior autologous 
HCT, and HCT-specific comorbidity index (HCT-CI of > 2)18.

To evaluate survival, Kaplan–Meier curves generated for the two groups were compared using the log-rank 
test, and univariate and multivariate Cox regression analyses were performed. The Cox proportional-hazards 
model included patient- and transplantation-related variables. A two-sided P-value of < 0.05 was considered 
statistically significant. All statistical analyses were performed using EZR (Saitama Medical Center, Saitama, 
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Japan; ​h​t​t​p​:​​​/​​/​w​w​​w​.​j​i​c​h​​i​.​​a​c​.​​j​p​​/​s​a​i​t​​​a​m​a​-​​s​​c​t​/​S​a​i​​t​a​​m​a​H​​P​.​f​​i​l​e​s​/​s​t​a​t​​m​e​d​E​N​.​h​t​m​l)19, a graphical user interface for 
R (The R Foundation for Statistical Computing; http://www.r-project.org) that extends the functionality of R 
Commander by adding statistical functions. Analyses were conducted using R version 4.3.1 and R Commander 
version 2.9-1.

Results
Patient characteristics
Table 1 shows the patient-related variables of the two groups of patients. Among the 20 patients with t-APL, 
the most frequent primary malignancy was breast cancer (n = 11), followed by gastric cancer (n = 4), cervical 
cancer (n = 1), germinal cell tumor (n = 1), peripheral T-cell lymphoma (n = 1), soft tissue sarcoma (n = 1), and 
tongue cancer (n = 1). Chemotherapy alone was the most frequent treatment for primary malignancies (n = 10), 
followed by chemotherapy plus radiotherapy (n = 6). The percentages of patients who were male (P = 0.001), had 
a higher KPS at HCT (P = 0.009), and had a lower HCT-CI at HCT were lower in the t-APL group than in the 
de novo APL group.

The data suggest a trend in which male patients with both t-APL and de novo APL have a higher frequency of 
additional chromosomal abnormalities than female patients; however, these differences did not reach statistical 
significance. Specifically, in the t-APL cohort, 40% (2 of 5) of male patients had additional chromosomal 
abnormalities compared with 20% (3 of 15) of female patients (P = 0.560). In the de novo APL cohort, 22% (18 
of 81) of male patients exhibited these abnormalities compared with 9% (4 of 43) of female patients (P = 0.087). 
The lack of statistical significance suggests that these observed differences may be due to chance rather than a 
true biological or clinical difference between the sexes.

Characteristics
t-APL
(n = 20)

De novo APL
(n = 124) P

Median age (range) at HCT, years 45 (18–64) 48 (19–69) 0.867

Age ≥ 55, n (%) 4 (20) 35 (28) 0.591

Sex, n (%) 0.001

 Male 5 (25) 81 (65)

 Female 15 (75) 43 (35)

KPS at HCT, n (%) 0.009

 ≥ 80 14 (70) 116 (94)

 < 80 6 (30) 8 (6)

Cytogenetic risk, n (%) 0.363

 Favorable 18 (90) 117 (95)

 Intermediate 1 (5) 4 (3)

 Poor 1 (5) 3 (2)

Additional chromosomal abnormalities, n (%) 5 (25) 22 (18) 0.536

WBC count > 10,000/μL at diagnosis, n (%) 8 (40) 58 (47) 0.373

Extramedullary region at diagnosis, n (%) 0 5 (4) 0.999

CNS region at diagnosis, n (%) 1 (5) 28 (23) 0.077

Disease status at HCT, n (%) 0.474

 CR 10 (50) 84 (68)

 Non-CR 10 (50) 40 (32)

Median time (range) from diagnosis to HCT, mo 32 (2–117) 32 (1–243) 0.949

History of autologous HCT, n (%) 0.591

 No 16 (80) 89 (72)

 Yes 4 (20) 35 (28)

Year at HCT, n (%) 0.882

 2008–2013 14 (70) 65 (52)

 2011–2013 6 (30) 59 (48)

HCT-CI at HCT, n (%) < 0.001

 ≤ 2 4 (20) 116 (94)

 > 2 16 (80) 8 (6)

Table 1.  Comparison of patients with t-APL vs. de novo APL. APL, acute promyelocytic leukemia; t-APL, 
therapy-related acute promyelocytic leukemia; HCT, hematopoietic cell transplantation; KPS, Karnofsky 
performance status; WBC, white blood cell count; CNS, central nervous system; CR2, second complete 
remission at HCT; CR3, third complete remission at HCT; PIF, primary induction failure; mo, months; HCT-
CI, HCT-specific comorbidity index. Variables were compared between the two groups using Pearson’s chi-
squared test, the Mann–Whitney U-test, or Gray’s test.
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There were no statistically significant differences between the t-APL and de novo APL groups regarding 
either transplant-related characteristics (Table 2) or outcomes (Table 3).

The median follow-up period for patients diagnosed with t-APL was 114 months (range, 16–173 months). 
For patients with de novo APL, the median follow-up was 87 months (range, 3–167 months).

Overall, these findings comprehensively reflect the long-term outcomes associated with both t-APL and de 
novo APL.

Infectious complications
Two of 20 patients (10%) with t-APL were positive for hepatitis C virus and human immunodeficiency virus at 
the time of allogeneic HCT. However, these viral infections had no impact on the outcome of allogeneic HCT for 
these patients. The incidence of infections after allogeneic HCT was not significantly different between the t-APL 
and de novo APL groups (Supplementary Table 1).

TRM and relapse
There were no significant differences in the cumulative incidences of TRM between the t-APL and de novo APL 
groups (Supplementary Fig. 1A). The Fine and Gray model showed that male sex (hazard ratio [HR], 3.389) was 
significantly associated with TRM (Table 4).

There was no significant difference in the cumulative incidence of relapse between the t-APL and de novo 
APL groups (Supplementary Fig. 1B). The Fine and Gray model showed that non-CR at HCT (HR, 1.806) and 
prior autologous HCT (HR, 1.878) were significantly associated with relapse.

DFS, GRFS, CRFS, and OS
There were no significant differences in DFS, GRFS, CRFS, or OS between the t-APL and de novo APL groups 
(Supplementary Fig. 1C–E and Fig. 1). The 1- and 3-year OS rates were 80.0% and 53.8% (95% CI 55.1–92.0% 
and 29.9–72.8%) in the t-APL group and 65.1% and 52.4% (95% CI 56.0–72.8% and 43.1–60.8%) in the de novo 
APL group, respectively. Patients without CR at HCT had significantly worse OS than those with CR at HCT in 
the t-APL and de novo APL groups (P = 0.004) (Fig. 1). The 1- and 3-year OS rates were 71.1% and 61.1% (95% 
CI 60.7–79.1% and 50.3–70.2%) in patients with CR and 60.0% and 36.5% (95% CI 45.1–72.0% and 23.2–49.9%) 
in patients without CR, respectively. The 3-year OS rates in the t-APL and de novo APL group were 70.0% and 
60.1% (95% CI 37.9–89.2% and 48.7–69.7%) in patients with CR and 37.5% and 36.5% (95% CI 10.0–65.9% and 
21.8–51.3%) in those without CR, respectively.

Multivariate Cox regression analysis identified male sex as an independent predictor of worse DFS (HR, 
1.942), GRFS (HR, 1.693), CRFS (HR, 1.771), and OS (HR, 2.089) (Table 4). A KPS of < 80 at HCT was identified 
as an independent predictor of worse DFS (HR, 1.986) and OS (HR, 1.972). CR at HCT was an independent 

Characteristics
t-APL
(n = 20)

De novo APL
(n = 124) P

Conditioning regimen, n (%) 0.999

 MAC 14 (70) 87 (70)

 RIC 6 (30) 37 (30)

Donor source, n (%) 0.204

 Related PB 8 (40) 28 (23)

 Related BM 0 4 (3)

 Unrelated BM 7 (35) 61 (49)

 Unrelated CB 5 (25) 31 (25)

Donor, n (%) 0.244

 HLA-matched 13 (65) 61 (49)

 HLA-mismatched 7 (25) 63 (51)

GVHD prophylaxis, n (%)

 CyA 4 (20) 38 (31) 0.432

 TAC 16 (80) 86 (69) 0.432

 MTX 15 (75) 108 (87) 0.174

 MMF 3 (15) 10 (8) 0.392

 ATG 2 (10) 7 (6) 0.613

 PTCy 1 (5) 1 (0.8) 0.259

Table 2.  Comparison of transplant-related characteristics of patients with t-APL vs. de novo APL. APL, 
acute promyelocytic leukemia; t-APL, therapy-related acute promyelocytic leukemia; MAC, myeloablative 
conditioning; RIC, reduced-intensity conditioning; PB, peripheral blood; BM, bone marrow; CB, cord blood; 
HLA, human leukocyte antigen; GVHD, graft-versus-host disease; CyA, cyclosporine A; TAC, tacrolimus; 
MTX, methotrexate; MMF, mycophenolate mofetil; ATG, antithymocyte globulin; PTCy, post-transplant 
cyclophosphamide. Variables were compared between the two groups using Pearson’s chi-squared test or the 
Mann–Whitney U-test.
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predictor of worse DFS (HR, 1.799), GRFS (HR, 1.583), and OS (HR, 1.753). Prior autologous HCT was identified 
as an independent predictor of worse DFS (HR, 1.622) and CRFS (HR, 1.753).

Discussion
The present study found no significant differences in DFS, GRFS, CRFS, or OS between the t-APL and de 
novo APL groups. However, as previously reported20, prior autologous HCT was identified as an independent 
predictor of worse relapses, DFS, and CRFS, and patients without CR at HCT had significantly worse relapses, 
DFS, GRFS, and OS than did those with CR at HCT.

The lack of statistically significant differences suggests that patients with t-APL, despite having therapy-related 
disease, did not fare worse in transplant outcomes compared with those with de novo APL. This information 
could be clinically relevant because it might indicate that transplantation is an equally viable treatment option 
for both groups of patients. However, it is essential to note that the absence of statistical significance does not 
necessarily mean the groups are identical. The study may have lacked sufficient statistical power to identify small 
differences that might exist. A large cohort study showed that although t-APL generally has a better prognosis 
than other therapy-related acute myeloid leukemias21, its outcomes may be slightly less favorable than those of 
de novo APL. However, with modern treatment approaches, particularly ATRA- and ATO-based regimens, the 
outcomes of patients with t-APL have substantially improved and may be approaching those of patients with 
de novo APL22. t-APL may lead to residual organ damage or decreased bone marrow function due to prior 
treatment, all of which might affect the prognosis. Some differences in the mutational landscape exist between 
t-APL and de novo APL, but these differences do not appear to be as clinically significant as once thought. The 
prognosis for both forms of the disease depends primarily on the specific mutations present, especially those 
influencing the treatment response, rather than whether the leukemia is therapy-related or de novo in origin. 
However, there is no significant difference in response to ATRA or ATO between t-APL and de novo APL4. 
Similar OS was observed between patients with t-APL and de novo APL despite the fact that patients with 
t-APL were more likely to have higher comorbidity indices and potentially harbor mutations associated with 
a poor prognosis. This difference between the patient groups might be attributed to several factors. First, the 
effectiveness of modern APL-specific therapies, such as ATRA and ATO, may mitigate some of the adverse 
prognostic factors associated with t-APL. Second, the graft-versus-leukemia effect of allogeneic HCT may 
overcome the potential resistance mechanisms in t-APL cells. Finally, improvements in the supportive care 

Characteristics
t-APL
(n = 20)

De novo APL
(n = 124) P

Engraftment failure, n (%) 1 (5) 1 (0.8) 0.259

Secondary graft failure, n (%) 0 3 (2) 0.999

Neutrophil engraftment, median (range) days 17 (9–29) 17 (9–35) 0.663

Cumulative incidences (95% CI) of
neutrophil engraftment at 35 days, %

95.0
(79.4–99.7)

99.1
(95.9–99.9) 0.835

Cumulative incidences (95% CI) of
grades II-IV acute GVHD at 100 days, %

20.7
(8.2–46.3)

43.3
(35.0–53.5) 0.070

Onset of grades II-IV acute GVHD,
median (range), day 16 (12–41) 21 (6–111) 0.645

Cumulative incidences (95% CI) of
chronic GVHD at 1 year, %

46.1
(26.1–71.7)

34.6
(26.0–45.1) 0.460

Onset of chronic GVHD, median (range), day 124
(84–248)

101
(42–1158) 0.353

Secondary solid malignancies, n (%) 0 4 (3) 0.999

Cumulative incidences (95% CI) of
relapse at 5 years after HCT, n (%)

42.5
(23.7–67.8)

39.0
(30.4–49.1) 0.583

Cumulative incidences (95% CI) of
TRM at 5 years after HCT, %

17.3
(5.9–44.8)

25.0
(17.8–34.6) 0.582

Median (range) follow-up of survivors, mo 114
(16–173)

87
(3–167) 0.512

Cause of death, n (%) APL 5 (25) 30 (24) 0.374

 Infection 2 (10) 14 (11)

 Organ failure 1 (5) 7 (6)

 GVHD 1 (5) 4 (3)

 NRM 2 (10) 13 (10)

Table 3.  Comparison of transplant-related outcomes of patients with t-APL vs. de novo APL. APL, acute 
promyelocytic leukemia; t-APL, therapy-related acute promyelocytic leukemia; CI, confidence interval; 
GVHD, graft-versus-host disease; CyA, cyclosporine A; TAC, tacrolimus; MTX, methotrexate; MMF, 
mycophenolate mofetil; ATG, antithymocyte globulin; PTCy, post-transplant cyclophosphamide; HCT, 
hematopoietic cell transplantation; TRM, transplant-related mortality; NRM, non-relapse mortality (excluding 
infection, organ failure, and GVHD). Variables were compared between the two groups using Pearson’s chi-
squared test, the Mann–Whitney U-test, or Gray’s test.
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and management of transplant-related complications may reduce the impact of comorbidities on transplant 
outcomes. However, further research is needed to fully elucidate the biological and clinical factors contributing 
to these comparable outcomes.

Notably, the same treatment approach for de novo APL is recommended for t-APL, and a good prognosis 
can be expected with appropriate treatment. Whereas earlier studies reported relapse rates of up to 20% in 
patients with high-risk APL20, more recent data from the ATRA and ATO era show lower relapse rates. For 
example, the APL0406 trial reported a 2-year cumulative relapse incidence of only 1.9% in patients treated with 
ATRA plus ATO23. This marked reduction in relapse rates has prompted a reevaluation of the role of HCT in 
APL treatment. Although HCT was once considered the standard approach for patients in second remission, 

Fig. 1.  Kaplan–Meier estimates of OS. Comparisons are shown between the t-APL and de novo APL groups 
and between patients with and without CR at HCT. There were no significant differences in OS between the 
t-APL and de novo APL groups, but patients with CR at HCT had significantly better OS than those without 
CR at HCT (P = 0.004). OS, overall survival; APL, acute promyelocytic leukemia; CR, complete remission; 
HCT, hematopoietic cell transplantation.

 

Variable

TRM† Relapse or progression† DFS‡

HR 95% CI P HR 95% CI P HR 95% CI P

t-APL vs de novo APL 0.621 0.165–2.336 0.480 1.092 0.275–4.323 0.900 0.769 0.300–1.970 0.584

 ≥ 55 vs < 55 y.o at HCT 1.129 0.532–2.397 0.750 1.177 0.639–2.166 0.600 1.213 0.754–1.951 0.425

Male vs female 3.389 1.505–7.632 0.003 1.331 0.740–2.394 0.340 1.942 1.186–3.182 0.008

KPS < 80 vs ≥ 80 at HCT 1.708 0.438–6.657 0.440 2.056 0.743–5.686 0.160 1.986 1.015–3.884 0.045

CR vs non-CR at HCT 1.595 0.771–3.298 0.210 1.806 1.042–3.133 0.035 1.799 1.154–2.803 0.009

Hx of autologous HCT, Y vs N 1.389 0.636–3.032 0.410 1.878 1.027–3.436 0.041 1.622 1.025–2.567 0.038

HCT-CI > 2 vs ≤ 2 at HCT 1.914 0.711–5.147 0.200 1.146 0.328–4.001 0.830 1.528 0.687–3.395 0.297

Variable

GRFS‡ CRFS‡ OS‡

HR 95% CI P HR 95% CI P HR 95% CI P

t-APL vs de novo APL 0.769 0.316–1.871 0.562 0.965 0.419–2.220 0.933 0.908 0.345–2.390 0.846

 ≥ 55 vs < 55 y.o at HCT 1.143 0.742–1.760 0.542 0.912 0.606–1.372 0.660 1.370 0.844–2.222 0.202

Male vs female 1.696 1.117–2.574 0.013 1.771 1.194–2.627 0.004 2.089 1.247–3.500 0.005

KPS < 80 vs ≥ 80 at HCT 1.134 0.591–2.175 0.705 0.999 0.524–1.904 0.998 1.972 0.999–3.888 0.050

CR vs non-CR at HCT 1.583 1.063–2.358 0.023 1.203 0.823–1.759 0.339 1.753 1.104–2.785 0.017

Hx of autologous HCT, Y vs N 1.450 0.960–2.190 0.077 1.496 1.013–2.209 0.042 1.481 0.916–2.393 0.108

HCT-CI > 2 vs ≤ 2 at HCT 1.188 0.556–2.536 0.655 0.918 0.456–1.848 0.811 1.256 0.543–2.904 0.593

Table 4.  Multivariate analysis of TRM, relapse or progression, and DFS/GRFS/CRFS/OS of patients with 
t-APL vs. de novo APL. TRM, transplant-related mortality; DFS, disease-free survival; GVHD, graft-versus-
host disease; GRFS, GVHD-free, relapse-free survival; CRFS, chronic GVHD-free, relapse-free survival; OS, 
overall survival; APL, acute promyelocytic leukemia; HR, hazard ratio; CI, confidence interval; t-APL, therapy-
related acute promyelocytic leukemia; y.o., years old; HCT, hematopoietic cell transplantation; KPS, Karnofsky 
performance status; CR, complete remission; Hx, history; Y, yes; N, no; HCT-CI, HCT-specific comorbidity 
index. †Multivariate competing event statistics by Fine and Gray models for TRM and relapse or progression. 
‡Multivariate Cox proportional hazards regression analysis of DFS, GFRS, CFRS, and OS.
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emerging evidence suggests that transplantation may be deferred in patients who achieve a second molecular 
CR with ATO-based salvage therapy23,24. Nevertheless, HCT remains a critical option for patients with persistent 
molecular disease or multiple relapses. A meta-analysis of autologous and allogeneic HCT for recurrent APL 
published recently found that TRM is a problem with allogeneic HCT and that autologous and allogeneic HCT 
have similar recurrence rates (24% vs. 23%)25. However, the benefits of HCT for t-APL have not been thoroughly 
studied, and its effectiveness remains unclear. In our study, TRM after allogeneic HCT for t-APL was similar to 
that for de novo APL, and TRM for t-APL with a high HCT-CI was not different from that for de novo APL. 
These findings suggest that although t-APL is a therapy-related leukemia—typically associated with a worse 
prognosis in other subtypes of acute myeloid leukemia—it responds similarly to treatment and demonstrates 
comparable outcomes to de novo APL, even in the setting of allogeneic HCT.

Our study showed that male sex was independently associated with worse TRM, DFS, GRFS, CRFS, and OS 
in patients with APL undergoing allogeneic HCT. This sex-based disparity in APL outcomes may be attributed 
to several factors:

•	 Biological differences: Sex hormones influence immune function and hematopoiesis. Estrogen, for example, 
has been shown to protect hematopoietic stem cells and enhance immune responses26. However, there are 
no reports of estrogen being associated with treatment efficacy or complications in the context of allogeneic 
HCT.

•	 Genetic factors: The National Institutes of Health Consensus Development Project on Criteria for Clinical 
Trials in Chronic GVHD12 suggests that men may have a higher prevalence of additional chromosomal ab-
normalities, potentially contributing to more aggressive disease.

•	 Pharmacokinetics: Differences in drug metabolism between sexes can impact treatment efficacy and toxici-
ty27. For example, male patients may exhibit higher clearance rates for certain chemotherapeutic agents, po-
tentially resulting in suboptimal drug exposure28. However, no data specifically link these agents to treatment 
efficacy or complications in the context of allogeneic HCT.

•	 Transplant-related factors: Sex-mismatched donor–recipient pairs, particularly female donors to male recipi-
ents, have been associated with an increased risk of GVHD and mortality following allogeneic HCT. However, 
this risk generally ranges from approximately 20% to 25%29.

Further research is needed to elucidate the precise mechanisms underlying the observed sex-based disparity in 
APL outcomes and to develop targeted interventions to improve outcomes for male patients. Understanding 
these factors might lead to more personalized treatment approaches and potentially improve outcomes for male 
patients with APL.

Our study had several important limitations, most notably its retrospective, registry-based design and the 
small sample size of patients with t-APL. The limited number of patients with t-APL (n = 20) compared with de 
novo APL (n = 124) may have reduced our ability to detect significant differences between the groups and limited 
the generalizability of our findings. Additionally, the inherent differences in patient characteristics and treatment 
histories between patients with t-APL and de novo APL pose challenges for direct comparison. Despite these 
limitations, this exploratory analysis provides valuable insights into the potential efficacy of allogeneic HCT 
for both patient groups, especially given the rarity of t-APL. However, potential selection bias cannot be ruled 
out because of the lack of proper randomization, and we lacked data for HCT-ineligible patients. Moreover, the 
analysis did not include details on various conditioning regimens and post-transplant therapies, which may have 
influenced the outcomes. Our findings provide a comprehensive overview of the long-term outcomes associated 
with both t-APL and de novo APL within the study’s timeframe. However, the relatively short follow-up period 
restricted our ability to fully assess long-term TRM and complications. These limitations highlight the need 
for larger, prospective studies with longer follow-up periods to validate our findings and provide more robust 
evidence to guide clinical decision-making for the treatment of patients with t-APL and de novo APL.

In conclusion, our data suggest that the results of allogeneic HCT for patients with t-APL were comparable 
to those for patients with de novo APL. However, patients without CR require an additional range of treatment 
strategies and interventions aimed at optimizing outcomes before and after receiving allogeneic HCT containing 
CPX-351. This might be effective against therapy-related leukemia, although its effect on t-APL is unknown. An 
optimal therapy for relapsed or refractory APL has not been established, and further advances continue to be 
made.

Data availability
The data analyzed in this study are not publicly available because of ethical restrictions that exceed the scope of 
the recipients’ or donors’ consent for research use in the registry. Data may be available from the corresponding 
author upon reasonable request and with permission of the Japanese Society for Transplantation and Cell Ther-
apy/Japanese Data Management Committee for Hematopoietic Cell Transplantation.
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