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Abstract
The use of Bcl-2 inhibitor Venetoclax (VEN) combined with hypomethylating agents or chemotherapy has shown efficacy in 
treating acute myeloid leukemia (AML) as frontline treatment and for relapse, allowing more patients to bridge to allogeneic 
hematopoietic stem cell transplantation (allo-HSCT). However, the influence of VEN-based therapy on the prognosis of sub-
sequent allogeneic HSCT remains unknown. We retrospectively collected data from patients who proceeded to allo-HSCT 
between November 2018 and November 2020 after VEN-based therapy at five transplant centers in Zhejiang Province, China. 
A total of 39 patients were analyzed. Thirty-one patients were diagnosed with AML (28 de novo, 3 secondary to MDS), 6 with 
MDS, and 2 with CMML. The majority (74.4%) of patients received VEN-based therapy for the treatment of relapse (38.5%) or 
refractory disease (35.9%); 5 (12.8%) received it as an initial treatment, and 5 (12.8%) patients who were already in complete 
remission (CR) received VEN for further consolidation or deep remission before HSCT. Twenty-seven (69.2%) patients were 
in CR at the time of HSCT. Day + 100 cumulative incidences of grade I–IV acute graft-versus-host disease (aGVHD) and grade 
II–IV aGVHD were 43.6% and 15.4%, respectively. Of 34 evaluable patients, 6.4% and 25.6% developed chronic GVHD at 
1 year and 2 years. The 100-day cytomegalovirus (CMV) reactivation occurred in 76.3% of patients and Epstein-Barr virus 
(EBV) reactivation occurred in 29.7% of patients. With a median follow-up of 14.7 months, overall survival, progression-free 
survival, relapse, and non-relapse mortality incidence at 1 year were 75.5%, 61.6%, 16.7%, and 21.7%, respectively. Both 
univariate and multivariate analysis revealed that relapsed/refractory (R/R) disease was associated with inferior PFS (HR 
4.849, 95% CI 1.009–23.30; p = 0.049). Prior poor response to VEN was found to be a significant factor predicting higher 
risk of relapse (HR 4.37, 95% CI 1.130–16.9; p = 0.033). Our results showed that VEN-based regimen therapy followed by 
allo-HSCT in AML patients is feasible and does not increase the risk of transplant-related mortality and toxicity.
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Introduction

B-cell leukemia/lymphoma-2 (BCL-2) is the main anti-
apoptotic protein and is frequently overexpressed in vari-
ous hematologic malignancies (HMs) to inhibit tumor cell 
apoptosis [1, 2]. Venetoclax (VEN), also called ABT-199, 
is a highly selective small-molecule Bcl-2 inhibitor, which 
facilitates tumor cell apoptosis by freeing pro-apoptotic pro-
teins and thereby promoting mitochondrial outer membrane 
permeabilization and release of caspases [3]. Compared with 
conventional treatments, it is relatively safer with less toxic 
effects. The combination of the selective Bcl-2 inhibitor 
VEN and hypomethylating agents (VEN-HMA) has marked 
activity in acute myelogenous leukemia (AML) in both the 
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de novo and relapsed/refractory (R/R) settings [4–8]. This 
combination was considered as frontline therapy for elderly 
or patients unfit for conventional chemotherapy and pro-
duced a complete remission (CR) + CR with incomplete 
count recovery (CRi) of 66.4% in the pivotal trial that led 
to its approval [5]. Since then, VEN-based therapy in HMs 
including myelodysplastic syndromes (MDS), multiple types 
of leukemia, and B cell malignancies has been increasingly 
applied [9–13]. Given the fact that allogeneic hematopoietic 
stem cell transplantation (allo-HSCT) remains the sole cura-
tive option for leukemia, the high CR rates achieved with 
VEN sole or in combination therapies would be expected 
to allow more patients to proceed to allo-HSCT with cura-
tive intent. However, considering that the major toxicity of 
the VEN is peripheral blood cytopenia, the potential for 
increased risk of infections or transplant-related complica-
tions after allo-HSCT is a concern.

Herein, our study aims to evaluate the potential carry-
over effect of VEN pretreatment on outcomes of subsequent 
allo-HSCT in patients diagnosed with AML and MDS. We 
focused on early transplant outcomes including engraft-
ment, the incidence of graft-versus-host-disease (GVHD), 
OS, relapse, and non-relapse mortality (NRM) throughout 
the first year.

Materials and methods

Patients and venetoclax‑based therapy

The study was conducted in five transplant centers in Zheji-
ang Province, China. Patients who received VEN before the 
first transplantation at five centers between November 2018 
and November 2020 were enrolled. Baseline information and 
transplant data from patients who fulfilled the eligibility cri-
teria for this study were collected. The study was approved 
by the institutional review board at each participating center, 
and written informed consent was obtained from all patients 
in accordance with the Declaration of Helsinki.

The doses of VEN in each cycle depend on the hemato-
logic and clinical toxicities, and the duration is mainly based 
on the response evaluated by bone marrow examination and 
hematological examinations during their treatment period, 
generally following the regimens used in clinical trials. For 
HMA drugs as part of combination therapies, the doses of 
azacytidine and decitabine were 75 mg/m2 (d1 to d7) and 
20 mg/m2 (d1 to d5). Whether to use prophylactic antifungal 
therapy depends on the patient’s condition.

HSCT

The conditioning regimen was defined as myeloablative or 
reduced-intensity regimens, which patients choose based on 

the age at HSCT, performance status, co-morbidities, and 
prior treatment strategies. For patients with a matched sib-
ling donor (MSD) or a matched unrelated donor (MUD), 
the main myeloablative conditioning regimen was BuCy 
(busulfan 3.2 mg/kg/day i.v. on days − 7 to − 4 and cyclo-
phosphamide 60 mg/kg/day i.v. on days − 3 to − 2). Rabbit 
antithymocyte globulin (ATG, Thymoglobulin; Genzyme, 
Cambridge, MA) was also administered to patients undergo-
ing MUD HSCT (4.5 to 6 mg/kg total dose). For recipients 
of HLA-haploidentical related donor (HRD) HSCT, the con-
ditioning regimen was Ara-BuCy-Me-CCNU-ATG, which 
included cytarabine (4 g/m2/day i.v. on days − 10 to − 9), Bu 
(3.2 mg/kg/day i.v. on days − 8 to − 6), Cy (60 mg/kg/day 
i.v. on days − 5 to − 4), Me-CCNU (250 mg/m2 orally on 
day -3), and anti-T lymphocyte globulin (ATG-F; Fresenius, 
Bad Homburg, Germany) (2.5 mg/kg/day i.v. on days − 5 
to − 2) or rabbit ATG (1.5 mg/kg/day i.v. on days − 5 to − 2). 
Reduced-intensity conditioning (RIC) included Flu-Bu-ATG 
regimen (fludarabine 30 mg/m2/day i.v. on days − 10 to d − 5, 
busulfan 3.2 mg/kg/day i.v. on days − 6 to − 5, ATG 5 mg/kg/
day i.v. on days − 4 to − 1). The EBV- and CMV-DNA loads 
in the blood were measured regularly using real-time quan-
titative polymerase chain reaction and monitored weekly 
for the first 3 months after HSCT, every 2 weeks from the 
fourth month to the sixth month after transplantation, and 
then monthly from the seventh month to the 12th month. The 
threshold for EBV-DNA and CMV-DNA copies provided by 
the manufacturer (ZJBio-Tech, Shanghai, China) was 500 
copies/mL. Ganciclovir was administered when CMV-DNA 
in the blood was found to be positive. Absolute neutrophil 
count (ANC) > 0.5 × 109/L and platelet count > 20 × 109/L 
without platelet transfusions were defined as neutrophil and 
platelet recovery, respectively.

GVHD prophylaxis consisting of cyclosporin A (CSA), 
short-term methotrexate (MTX), and mycophenolate mofetil 
was performed as described previously [14]. Patients who 
survived ≥ 100  days were analyzed for chronic GVHD 
(cGVHD). Acute and chronic GVHD were evaluated accord-
ing to the National Institutes of Health consensus guide-
lines [15]. Minimal residual lesion (MRD) was monitored 
by institutional standards according to established methods 
and MRD negativity was defined as MRD levels < 0.01%.

Definitions and statistical analysis

Remission criteria were assessed by the International 
Working Group (IWG) response criteria [16, 17]. Patients 
with a failure to achieve CR after 2 courses of induction 
or an insufficient response to the first induction—defined 
as a less than 50% proportional reduction in blasts and 
the presence of more than 15% blasts—were classified as 
having primary refractory disease [18]. OS was calculated 

2732 Annals of Hematology (2022) 101:2731–2741



1 3

from the day of allo-HSCT to the last follow-up visit or 
death from any cause. Progression-free survival (PFS) 
was defined as the time from HSCT to disease relapse/
progression or death from any cause, whatever came first. 
Relapse was defined as disease relapse/progression after 
HSCT. NRM was defined as any death without relapse or 
progression after HSCT.

The final data cutoff for this study was September 
14, 2021. Follow-up time was estimated by the reverse 
Kaplan–Meier method. Probabilities of OS and PFS were 
calculated by the Kaplan–Meier method and compared using 
the log-rank test for univariate analysis. All significant fac-
tors (P < 0.20) from the univariate analysis were included 
in the multivariate analysis calculated using Cox regression 
models. Cumulative incidence curves were used for relapse 
and NRM since death and relapse are competing events. 
Acute and chronic GVHD were estimated using cumula-
tive incidence with death as a competing event. Univariate 
comparisons were done using Gray’s test for relapse, NRM, 
and GVHD, while a competing-risk regression model was 
performed for multivariate analysis. All statistical analyses 
were performed by SPSS R version 4.1.0 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Patient characteristics

A total of 39 patients who had been exposed to VEN-based 
therapy before allo-HSCT were enrolled. The cohort had a 
median age of 46.2 years (ranging, 12.8 to 62.6 years), and 
the majority (n = 20, 51.3%) were male. Thirty-one patients 
were diagnosed with AML, including 28 de novo and 3 
secondary to MDS. Six patients were diagnosed with MDS 
(1 with MDS-RAEB-I, 5 with MDS-RAEB-II) and 2 with 
chronic myelomonocytic leukemia (CMML). Among MDS 
patients, 5 (83.3%) were classified as high or very high risk 
based on IPSS-R.

Venetoclax therapy

The majority (n = 29, 74.4%) of patients received VEN for 
treatment of relapse (n = 15, 38.5%) or refractory diseases 
(n = 14, 35.9%) with a median of 3 cycles of prior chem-
otherapy (range, 1–9 cycles); 5 (12.8%) elderly patients 
who were unable to tolerate high-intensity chemotherapy 
received VEN as an initial treatment, and 5 (12.8%) patients 
who were already in CR received VEN for further consolida-
tion or deep remission before HSCT considering previous 
chemotherapy toxicity and complications. Except for the 
one patient receiving VEN monotherapy, all other patients 
were treated with VEN-based combination therapy, with a 

Table 1   Patient baseline characteristics and venetoclax treatment

Abbreviations: CR/CRi, complete remission/complete remission with 
incomplete count recovery; MRD, minimal residual disease; NR, not 
remission; PR, partial remission; VEN, venetoclax

Characteristics N = 39

Median age at diagnosis, years(range) 46.2 (12.8–62.6)
Gender, n (%)

  Male 20 (51.3)
  Female 19 (48.7)

Diagnosis at VEN therapy, n (%)
  AML
    De novo
    Secondary

28 (71.8)
3 (7.7)

  CMML 2 (5.1)
  MDS 6 (15.4)
    RAEB-I 1 (2.6)
    RAEB-II 5 (12.8)

AML NCCN risk classification, n (%)
  Favorable-risk 7 (22.6)
  Intermediate-risk 15 (48.4)
  Poor-risk 9 (29.0)

IPSS-R classification for MDS patients, n (%)
  Intermediate 1 (16.7)
  High 3 (50.0)
  Very high 2 (33.3)

Molecular mutation, n (%)
  WT1 11 (28.2)
  IDH 7 (17.9)
  FLT3-ITD 8 (20.5)
  CEBPA 6 (15.4)
  DNMT3A 5 (12.8)
  BCOR1 5 (12.8)
  NPM1 4 (10.3)
  BCR/ABL 1 (2.6)
  MLL-AF6/ASXL1/TP53 2/2/2 (5.1)
  RUNX1/JAK1 1/1 (2.6)

Disease status before Ven use, n (%)
  Refractory 14 (35.9)
  Relapse 15 (38.5)
  CR 5 (12.8)
  MRD negative 1 (2.6)
  MRD positive 3 (7.7)
  MRD unknown 1 (2.6)
  Untreated 5 (12.8)

Ven in combination with, n (%)
  Only azacitidine 29 (76.9)
  Azacitidine and other* 3 (5.1)
  Decitabine 1 (2.6)
  Chemotherapy 4 (10.2)
  Sorafenib 1 (2.6)
  Monotherapy 1 (2.6)

Best response to Ven therapy, n (%)
  CR/CRi 30 (76.9)
  PR 3 (7.7)
  NR 6 (15.4)
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median of 1 course (range, 1 to 6) and median duration of 
28 days. Most patients received azacytidine in combination 
with VEN (n = 32, 76.9%), including 30 patients treated 
with VEN + azacytidine alone and 2 combined with azacy-
tidine plus chemotherapy. Other VEN combination options 
included decitabine (n = 1, 2.6%), chemotherapy (n = 4, 
10.2%), and sorafenib (n = 1, 2.6%).

Among 39 patients receiving VEN-based therapy, 30 
patients (76.9%) had CR or CR with CRi, 3 patients (7.7%) 
PR, and 6 patients (15.4%) NR. Of the R/R 29 patients, 21 
reached CR/CRi (72.4%), 2 PR (6.9), and 6 NR (20.7%). 
Among the 5 newly diagnosed patients, 4 achieved CR/CRi 
and 1 achieved PR. Details on patient characteristics are 
summarized in Table 1.

HSCT

Among 30 patients achieving CR/CRi after VEN-based ther-
apy, 7 relapsed prior to HSCT, with a median time to relapse of 
2.6 months (range, 0.5 to 5.7 months). Four of them received 
chemotherapy and achieved CR again before transplant, 2 
failed to achieve CR after chemotherapy, and 2 proceeded 
directly to salvage HSCT. One MDS patient progressed to 
AML after 5.3 months in remission with VEN-based therapy 
and then underwent VEN combined with chemotherapy, 
achieving CR again before HSCT. The remission status and 
treatment process between VEN-based therapy and HSCT are 
presented in Fig. 1. The median time from the first initiation of 
VEN-based therapy to allo-HSCT was 3.1 months (range, 0.9 
to 10.8 months). At the time of HSCT, 27 of the 39 patients 
were in CR (69.2%), 2 were in PR (5.1%), and 10 were in NR 
(25.7%). Of the 27 patients achieving CR, 20 were in MRD-
negative CR and 7 were with MRD positivity pre-transplant.

Thirty patients (76.9%) underwent HRD HSCT, 5 (12.8%) 
underwent MUD HSCT, and 4 (8.9%) received MSD HSCT. 
Conditioning regimens included 32 (82.1%) myeloablative 
and 7 (17.9%) reduced-intensity. The median number of 

infused mononuclear cells and CD34 + cells was 9.5 × 108/
kg (range, 1.7 to 31.4 × 108/kg) and 6.4 × 106/kg (range, 1.2 
to 22.6 × 106/kg), respectively. The transplant information 
is shown in Table 2.

Engraftment, GVHD, and infection

Except for one patient who died at 3 days post-HSCT, all 
recipients achieved neutrophil engraftment with a median 
time of 12 days (range, 10–21 days). Thirty-six patients 
achieved platelet engraftment with a median time of 14 days 
(range, 10–28  days); one patient experienced primary 
platelet engraftment failure and two did not achieve plate-
let recovery due to early deaths. At day + 100, cumulative 
incidences of aGVHD I–IV and aGVHD II–IV were 43.6% 
and 15.4%, respectively (Fig. 2A and B). Of 34 evaluable 
patients, 16.4% and 25.6% developed chronic GVHD at 
1 year and 2 years (Fig. 2C).

Sixteen patients (41.0%) had 22 episodes of infection 
after transplantation. Pneumonia was most frequently 
observed (n = 12), followed by urinary tract infections (n = 5, 
4 cystitis, and 1 infected by Pseudomonas aeruginosa). 
Two patients experienced intracranial infection caused by 
human herpesvirus 6 (HHV-6, 0.8 months from HSCT) and 
Nocardia farcinica (5.8 months from HSCT), respectively. 
Bloodstream infection occurred in 3 cases, including 1 with 
Enterococcus faecium, 1 with Pseudomonas aeruginosa, and 
1 with both Escherichia coli and Klebsiella pneumonia. The 
incidence of infection at + 100 days was 25.6%, and 26.3% 
at 6 months after transplantation. The 100-day incidence 
of EBV reactivation was 29.7%, and CMV reactivation 
occurred in 76.3% of patients.

Outcome

After a median follow-up of 14.7 months from allo-HSCT 
(range, 3.8 to 27.7 months), 28 patients were still alive. Eight 

Fig. 1   Response for veneto-
clax (VEN) and disease status 
at time of HSCT among 39 
patients
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patients experienced bone marrow relapse, with a median 
relapse time of 6.1 months (range, 1.7 to 14.7 months). Five 
relapsed patients received multiple courses of salvage chem-
otherapy, and one of them underwent the second HSCT to 
further consolidate the efficacy. Donor lymphocyte infusion 
was administrated in two relapsed patients. One relapsed 
patient achieved CR following VEN + HMA treatment 
but relapsed again after 3 courses. A total of 11 patients 
died. Six patients died of severe infection, 2 died of disease 
relapse, 1 died of multiple organ failure on day + 3, 1 died of 
thrombotic microangiopathy associated with infection, and 1 
died of cerebral herniation. The probabilities of OS and PFS 
at 1 year were 75.5% (95% CI, 62.6%–91.0%) and 61.6% 
(95% CI, 47.5%–79.9%), and the cumulative incidence of 
NRM and relapse was 21.7% and 16.7% (Fig. 3A). Among 
the R/R cohort, 1-year incidences of OS, PFS, NRM and 
relapse were 70.4%, 51.3%, 25.5%, and 23.2%, respectively 
(Fig. 3B).

Risk factor for HSCT outcomes

Hazard ratios of prognostic factors associated with OS, 
PFS, and cumulative incidence of NRM relapse and II–IV 
aGVHD obtained using univariate and multivariate analysis 
are summarized in Table 3. In the multivariable analysis for 
OS, RIC was an independent prognostic factor for OS (HR 
5.304, 95% CI 1.40 to 20.01; p = 0.014). R/R AML inde-
pendently indicated poor PFS in the multivariable analysis 
(HR 4.849, 95% CI 1.009–23.30; p = 0.049), while it did 
not reach statistical significance for OS (HR 8.671, 95% CI 
0.99–75.46; p = 0.05). In addition, prior poor response to 
VEN was found to be a significant factor predicting a higher 
risk of relapse (HR 4.37, 95% CI 1.130–16.9; p = 0.033). 
The longer interval from VEN discontinuation to HSCT was 
associated with a lower risk of II–IV aGVHD, but this did 
not reach statistical significance in the multivariable (HR 
0.315, 95% CI 0.062–1.60; p = 0.16).

Discussion

Patients with R/R leukemia may lose their chance of trans-
plantation due to the high tumor burden and poor general 
condition, even though 3-year survival with salvage trans-
plantation is only 16–19% [19]. How to make these patients 
regain remission to bridge HSCT is the focus of attention. In 
recent years, the introduction of VEN significantly improved 
the landscape of treatment for multiple types of leukemia 
and other HMs [20]. Among R/R AML patients, VEN-based 
combination therapies showed a promising response rate of 
21% to 74%, with a median OS of 3–11 months [21]. Even 
for patients with adverse cytogenetic risk and high-risk 

Table 2   Transplant characteristics of 39 patients undergoing HSCT 
after venetoclax-based therapy

* : One MDS patient and one CMML patient progressed to AML 
before HSCT, respectively. Abbreviations: BM, bone marrow; CR, 
complete remission; F, female; HRD, HLA-haploidentical related 
donors; HSCT, hematopoietic stem cell transplantation; M, male; 
MNC, mononuclear cell; MRD, minimal residual disease; MSD, 
matched sibling donors; NR, not remission; PBSC, peripheral blood 
stem cell; PR, partial remission; RIC, reduced intensity conditioning; 
VEN, venetoclax; URD, matched unrelated donors

Characteristic N = 39

Median age at HSCT, years (range) 48.0 (14.6–63.5)
Disease diagnosis at HSCT, n (%)

  AML 33 (84.6) *
  CMML 1 (2.6)
  MDS 5 (12.8)
    RAEB-I 1 (2.6)
    RAEB-II 4 (10.2)

Remission status at HSCT, n (%)
  CR 27 (69.2)
    CR1 13 (33.3)
    CR2 13 (33.3)
    ≥ CR3 1 (2.6)
  PR/NR 12 (30.8)

MRD status at HSCT, n (%)
  Negative 20 (51.3%)
  Positive 19 (48.7%)

Median time from initiation of VEN to HSCT, 
months (range)

3.1 (0.9–10.8)

Donor/recipient gender, n (%)
  F/M 11 (28.2)
  Others 28 (71.8)

Donor age, median (range) 29 (11–56)
ABO, n (%)

  Mismatched 19 (42.2)
  Matched 26 (57.8)

Donor type, n (%)
  HRD 30 (76.9)
  MSD 4 (10.3)
  MUD 5 (12.8)

Stem source, n (%)
  PBSC 38 (97.4)
  BM + PBSC 1 (2.6)

Conditioning regimen, n (%)
  Myeloablative 32 (82.1)
  RIC 7 (17.9)

MNC cell dose, × 108/kg (range) 9.5 (1.7–27.2)
CD34 + cell dose, × 106/kg (range) 6.4 (1.2–22.6)
HCT-CI, n (%)

  0 29 (74.4)
  1–2 5 (12.8)
  > 2 5 (12.8)
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molecular mutations, OS and response rate can also be sig-
nificantly improved with VEN treatment [5]. In the present 
study, our results have shown that among the R/R patients, 
72.4% achieved CR/CRi after VEN-based therapy, with the 
potential to undergo HSCT. We also included a small num-
ber of newly diagnosed elderly patients with HMs who were 
considered unable to tolerate high-intensity chemotherapy. 
All newly diagnosed patients responded to VEN-based treat-
ment, and the majority (80%) achieved CR/CRi and could 
then bridge to HSCT.

Few studies to date have examined the efficacy and influ-
ence of VEN-based therapy on subsequent HSCT outcomes. 
In recent retrospective research, Sandhu et al. described the 
first experience regarding the impact of VEN therapy on 
the outcome of HSCT [22]. Of 32 patients with R/R and 
naïve AML who received VEN and HMA and bridged to 
allo-HSCT, 68.8% of patients achieved a CR/CRi, and the 
OS, PFS, and relapse rate at 1 year were 62.5%, 43.8%, and 
37.5%, respectively. The cumulative incidences of aGVHD 
and cGVHD were 43.8% and 31.3%, respectively. A similar 

Fig. 2   Cumulative incidences of acute GVHD (A and B) and chronic GVHD (C)
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Fig. 3   Transplant outcomes after HSCT. A Outcomes in all patients; B outcomes among refractory/relapsed patients
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result was obtained by Pratz et al., who found a 1-year OS 
of 68% in older AML patients following VEN therapy [23]. 
Pollyea and his group conducted a retrospective analysis 
about the clinical outcomes of allo-HCT following VEN-
HMA combination therapy in the newly diagnosed AML 
settings [24]. They found that significantly better OS was 
observed in patients bridging to allo-HCST, compared to 
those who deferred allo-HSCT. In our study, we provide 
comparable outcomes with 1-year OS, PFS, and relapse 
rates of 75.5%, 61.6%, and 16.7%, respectively, which was 
an encouraging outcome and similar to results previously 
reported. The cumulative incidences of grade 2 or greater 
aGVHD at 3 months post-HSCT and cGVHD were similar to 
historical data from our center (aGVHD, 15.4% vs 15–42%; 
cGVHD, 25.6% vs 24–41%) [14]. Mukherjee et al. recently 
reported that patients who discontinued VEN ≤ 2 weeks had 
a higher incidence of II–IV aGVHD (55% vs 17%, p = 0.02) 
[25]. Our results showed that the longer interval from VEN 
discontinuation to HSCT was associated with a lower risk of 
II–IV aGVHD, but this did not reach statistical significance 
(HR 0.315, 95% CI 0.062–1.60; p = 0.16). The relationship 
between the interval from VEN discontinuation to HSCT 
and aGVHD deserves further evaluation in subsequent clini-
cal trials.

On the other hand, VEN has immunosuppressive 
effects that might alter the safety profile of subsequent 
allo-HSCT. Treatment-related hematological toxicities 
and infectious adverse events are typically observed, 
which have the potential to increase the risk of infection 
for HSCT recipients [26]. A previous study by Masarova 
et al. showed that 84% of AML patients experienced grade 
3 or higher infection during the VEN-HMA treatment [27]. 
In our study, we found that the rate of infection at 3 and 
6 months after HSCT did not increase post-transplant 
infection rate, compared to previous studies among allo-
HSCT recipients (20–30% of infection incidence at the 
early stage of transplantation) [28, 29]. CMV reactivation 
occurred in 76.3% of patients during the first 3 months 
after allo-HSCT, comparable to previous studies among 
seropositive patients (30–80%) [30]. The impact of VEN 
on post-transplant viral or bacterial infections has yet to 
be clarified, and more clinical trials are required to further 
demonstrate.

The timing of bridging transplantation after VEN treat-
ment has not been determined yet. Although VEN-based 
therapy offers superior OS compared with conventional 
chemotherapy, some patients still eventually progress or 
relapse, even if VEN therapy is maintained. The median 
duration of response in R/R AML patients treated with VEN-
based therapy is reportedly approximately 4.8–10.8 months. 
In our study, of 30 patients with CR/CRi after VEN, 8 pro-
gressed or relapsed during the waiting period for a trans-
plant, with the time from CR to relapse ranging from 0.5 

to 5.7 months. Patients with non-remission at HSCT had 
a poorer PFS. Therefore, subsequent HSCT should be per-
formed as soon as possible in transplant-eligible patients 
with remission to further consolidate VEN-induced 
responses and improve outcomes of transplant, especially 
in patients with high risk and R/R HMs.

Our study has several limitations. The number of cases in 
this retrospective study was small and varied significantly 
across centers. There was some heterogeneity among the 
study population, mainly among AML patients. Because 
patients were treated at different centers, there was no uni-
fied protocol of VEN-based therapy. Further investigations 
and prospective trials are required to confirm the efficacy of 
VEN on the subsequential HSCT.

In conclusion, our study showed VEN-based therapy 
is a potent strategy to achieve remission in AML patients, 
especially in R/R patients. VEN-based therapy fol-
lowed by HSCT could improve the survival of patients 
without increased risk of transplant-related mortality or 
complications.
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