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Abstract

This study aimed to evaluate the efficacy and safety of venetoclax plus azacitidine and donor lymphocyte infusion (DLI)
in treating patients with relapsed acute myeloid leukemia (AML) after allogeneic hematopoietic stem cell transplantation
(allo-HSCT). Twenty-six AML patients who relapsed after allo-HSCT were enrolled and treated with venetoclax plus
azacitidine and DLI. Complete remission with incomplete recovery (CRi), partial remission (PR), and objective remission
rate (ORR) were assessed, and then event-free survival (EFS) and overall survival (OS) were evaluated. Besides, adverse
events were documented. Additionally, whole exome sequencing was performed in bone marrow samples. The CRi, PR, and
ORR rates were 26.9%, 34.6%, and 61.5%, respectively. The median time of EFS and OS was 120 (95% CI: 71-610) days
and 284.5 (95% CI: 81-610) days, respectively. The most common adverse events were hematologic system adverse events
including agranulocytosis, anemia, and thrombocytopenia, while the adverse events of other systems were relatively less
and milder. In addition, no serious adverse events existed. Of note, there were 6 (23.1%) patients who developed GVHD.
As for gene mutation, 49 mutated genes were found, which were categorized as first-, second-, and third-class mutations,
and then further analysis revealed that the first-class mutations were not correlated with EFS or OS. Additionally, the most
frequent mutated genes were FLT3, CEBPA, DNMT3A, KIT, KRAS, and NRAS. Venetoclax plus azacitidine and DLI is
efficient and tolerant in treating patients with relapsed AML after allo-HSCT, implying this combined therapy as a potential
treatment option in the studied patients.
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Introduction

Acute myeloid leukemia (AML) is a major type of hema-
tological malignancies with the highest prevalence among
all kinds of leukemias [1, 2]. Relapsed disease has always
been a predominant challenge in AML treatment, and most
of the relapsed patients are at an older age, which obviously
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enhances the difficulty of management [3-5]. Allogeneic
hematopoietic stem cell transplantation (allo-HSCT) is an
important curative therapy for the eligible AML patients;
however, although treated by allo-HSCT, there are still
approximately 40% patients who relapse post treatment [6].
More importantly, relapse after allo-HSCT treatment often
induces a poor prognosis; however, the treatment options
available for this patient group are quite limited.
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Venetoclax is a selective inhibitor of the anti-apoptosis
factor B-cell lymphoma 2 (BCL2), which has been revealed
to abundantly express in leukemia stem cells [7, 8]. Accord-
ing to the data of Oncomine database, BCL2 is markedly
upregulated in the cell lines of leukemia compared to other
malignancies (Fig. 1A) and is also increased in relapsed
leukemia patients (Fig. 1B) and dead leukemia patients
(Fig. 1C), which has allowed the use of venetoclax in the
leukemia patients; meanwhile, its clinical application in
AML treatment is also introduced [9, 10]. Azacitidine is a
hypomethylating agent recommended as a front-line thera-
peutic for the elderly AML patients who are not eligible
for the intensive regimen and is also approved for treating
the adult patients [11]. In relapsed AML patients, these two
agents are also applicable, and there are reports elucidating
that the combination of venetoclax and hypomethylating
agents achieves favorable responses in certain AML patient
group, such as the treatment naive patients [12, 13]. As for
allo-HSCT relapsed AML patients, the benefit of these two
drugs is still unclear. Moreover, for eliminating the GVHD
and/or relapse of AML patients receiving allo-HSCT, donor
lymphocyte infusion (DLI) is a common therapy for this
purpose. Hence, the potentiality of combining venetoclax,
azacitidine, and DLI for treating patients with relapsed AML
after allo-HSCT deserves to be investigated.

Thus, in this study, the efficacy and tolerance of veneto-
clax plus azacitidine and DLI in patients with relapsed AML
after allo-HSCT treatment were assessed. Furthermore, we
also investigated the mutated genes in our patients.

Materials and methods
Patients

From March 2018 to December 2019, a total of 26 patients
with relapsed AML after allo-HSCT in the Hematopoietic
Stem Cell Transplantation Center of Guizhou Province were
recruited in this study.

The inclusion criteria were (i) diagnosed as AML and suf-
fered from relapse after allo-HSCT; (ii) aged 16 ~ 60 years;
(iii) Eastern Cooperative Oncology Group (ECOG) score
of 0-2 points and life expectancy of >4 weeks; and (iv)
the proportion of bone marrow (BM) blast cells at the time
of relapse was less than 50% which was for the following
reasons: (a) patients with high tumor burden (BM blast
cells > 50%) had rapid disease progression and poor gen-
eral conditions at the time of relapse. While oral venetoclax
was administered at an increasing dose in patients with high
tumor burden, patients might die before the evaluation time;
(b) this study intended to apply this protocol in patients with
low tumor burden at first to observe its efficacy, then gradu-
ally extended it to relapsed patients with high tumor burden,
or even to all patients with relapsed myeloid tumors after
transplantation.

The exclusion criteria were as follows: (i) patients with
acute promyelocytic leukemia (APL); (ii) patients with
severe arrhythmia, grade Il and above cardiac dysfunc-
tion according to the New York Heart association (NYHA)
standard, or cardiac ejection fraction (EF) below 45%; (iii)
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Fig. 1 BCL2 expression in leukemia (data from Oncomine database). BCL2 expression by Garnett CellLine (A), BCL2 expression in Armstrong
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patients with severe pulmonary dysfunction (obstructive or
restrictive ventilation disorder); (iv) patients with severe
liver function impairment (over threefold higher liver func-
tion indexes (alanine transaminase, total bilirubin) than
the upper limit of normal values (ULN)); (v) patients with
severe renal insufficiency and over twofold higher renal
function index (Cr) than ULN; (vi) patients with 24-h uri-
nary creatinine clearance (Ccr) below 50 mL/min; (vii)
patients with severe active infection; (viii) patients with
clinical symptoms of brain dysfunction or severe mental ill-
ness that could not understand or follow the treatment plan;
(ix) pregnant or lactating women or those prepared to get
pregnant; (x) patients with other malignancies that required
treatment; and (xi) previous GVHD by transplantation.

Ethical statement

This study was approved by the Ethics Committee of The
Affiliated Hospital of Guizhou Medical University and was
performed in line with the Declaration of Helsinki. All par-
ticipants signed informed consent forms.

Definition of relapsed AML after allo-HSCT

Relapse of AML after allo-HSCT was defined as the occur-
rence of any of the following conditions: (a) the leukemia
cells reappeared in peripheral blood, (b) the percentage of
blast cells in bone marrow exceeded 5%, (c) positive leuke-
mia cells were detected in a minimal residual disease, or (d)
extramedullary infiltration finding.

Treatment

In the present study, the median time to relapse after
allo-HSCT (termed as duration of remission (DOR)) was
7.0 months (range: 3.2 ~ 18.4 months), and the median
time to initiation of study treatment was 10 days (range:
7 ~20 days). All patients were treated with the venetoclax
plus azacitidine and DLI. Venetoclax was given to patients
by oral administration at a dose of 100 mg once a day (qd)
in the first week, 200 mg qd in the second week, 300 mg qd
in the third week, and a final dose at 400 mg/day as main-
tenance dose. Azacitidine at a dose of 75 mg/m?/day was
administered subcutaneously from day 1 to day 5 per 28-day
treatment cycle, up to 6 ~8 cycles. The DLI was adminis-
tered on day 6, and granulocyte colony-stimulating factor
(G-CSF)—mobilized peripheral blood stem cells were used
in DLI. Before DLI, the G-CSF was administered for the
donor subcutaneously at a dose of 10 pg/kg/day for 4 days
to mobilize the HSCs, and then peripheral blood was col-
lected on the 4th day. The median dose of mononuclear cells,
CD3* cells, and CD34* cells for each DLI was 1.32 x 10%/kg
(range: 0.91 to 1.54 x 10%/kg), 0.29 x 10%/kg (range: 0.12 to

0.58 x 10%/kg), and 1.34 x 10%kg (range: 0.78 to 2.01 x 10%
kg), respectively. All patients did not receive cyclosporine
(CSA) to prevent GVHD, and if patients had no GVHD, the
DLI was repeated every 3 months.

Follow-up and evaluation

The follow-up was conducted weekly for 6 months, while
the bone marrow cytology, minimal residual disease (MRD),
and chimeric rates were reviewed every month. The remis-
sion status of patients was determined with reference to the
International Working Group on Acute Myeloid Leuke-
mia [14]. The objective remission rate (ORR) in this study
included complete remission with incomplete recovery
(CRi) and partial remission (PR). The event-free survival
(EFS) and overall survival (OS) were evaluated during the
follow-up. The EFS was calculated from the initiation of
the venetoclax plus azacitidine and DLI treatment to the
occurrence of an event or the last follow-up. In this analysis,
an event was defined as the exacerbation, progression, or
death of any cause (like disease progression, GVHD, and
infection) [14]. OS was calculated from the initiation of the
venetoclax plus azacitidine and DLI treatment to death or the
last follow-up. In addition, the incidences of GVHD, adverse
events, and infections were documented.

Genetic mutation analysis

Bone marrow samples of patients were collected before
allo-HSCTS, and then bone marrow mononuclear cells were
isolated and sent to Guangzhou Junruikang Biotechnology
Co., Ltd. (Guangdong, China) for whole exome sequencing
(WES) and bioinformatic analysis. Data analysis was con-
ducted on two public AML gene mutation data sets (TCGA-
LAML and AACR Project GENIE) [15, 16]. Afterwards,
the genes shared in the two data sets were compared with
those screened based on the recommendations in National
Comprehensive Cancer Network Clinical (NCCN) Practice
Guidelines in Oncology: Acute Myeloid Leukemia (Version
3.2020) as well as the expert consensus on the application
of next-generation sequencing (NGS) in hematological neo-
plasms (2018) [17]. The gene mutations were classified into
three levels: (1) first-class mutations, had clear diagnostic,
therapeutic, and prognostic significance in hematological
tumors which were reported or proved in authoritative lit-
erature, guidelines, expert consensus, or large-scale reports;
(2) second-class mutations, may be associated with the dis-
ease and had database or literature support, high pathogenic-
ity, and potential clinical significance; and (3) third-class
mutations, unknown mutations of clinical significance. In
addition, to better understand the impacts of these gene
mutations related to AML occurrence and development
on the related signaling pathways, we performed Kyoto
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Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis.

Statistical analysis

The mean value, standard deviation (SD), median, range,
count, and percentage of variables were calculated for
descriptive analysis. The Kaplan—Meier (K-M) method was
employed to plot the EFS and OS curves, and the differences
were evaluated by the Gehan-Breslow-Wilcoxon test. Statis-
tical analysis was performed using the SPSS 22.0 software
(IBM Corp., Armonk, New York, USA). A difference of
P <0.05 indicated significant significance.

Results
Baseline characteristics

In the totally 26 AML patients, the mean age was
35.2 4+ 11.4 years, and there were 15 (57.7%) males as well as
11 (42.3%) females (Table 1). The numbers of patients with
ECOG score of 0, 1, and 2 were 15 (57.7%), 10 (38.5%), and
1 (3.8%), respectively. In addition, the numbers of patients
with cytogenetic risk status of better, intermediate, and poor
risk were 0 (0.0%), 18 (69.2%), and 8 (30.8%), respectively.
Besides, the median DOR was 7.6 (range: 3.2—18.4) months.
The medians of BM blasts at relapse, WBC at relapse,
HGB at relapse, and platelets at relapse were 24.1 (range:
7.0-41.0) %, 12.9 (range: 0.6-38.1) X 10°/L, 69.0 (range:
26.0-123.0) g/L, and 68.0 (range: 56.0—-101.0) x 10°/L,
respectively. Information of the remaining characteristics
are displayed in Table 1. In addition, detailed information
of each patient is listed in Supplementary Table 1. Regarding
the information of infection, details of anti-infection treat-
ment could be viewed in Supplementary Table 2.

Remission status and GVHD

Precise information regarding the time of treatment courses,
remission status, and GVHD of each specific patient
is shown in Fig. 2. Collectively, there were 7 (26.9%), 9
(34.6%), and 10 (38.5%) patients who achieved CRi, PR, and
NR, respectively (Table 2). Moreover, the median course of
remission (CRi and PR) was 2 (range: 1-2). The number of
patients with GVHD was 6 (23.1%). In addition, the median
time to GVHD was 77 (range: 67-101) days. Moreover, a
patient relapsed despite of GVHD after transplantation,
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Table 1 Characteristics of patients with relapsed AML after allo-
HSCT

Items Patients (N=26)
Age, years, mean + SD 352+114
Gender, no. (%)

Male 15 (57.7)

Female 11 (42.3)
ECOG score, no. (%)

0 15 (57.7)

1 10 (38.5)

2 1(3.8)
Cytogenetics risk status, no. (%)

Better risk 0(0.0)

Intermediate risk 18 (69.2)

Poor risk 8 (30.8)
Number of chemotherapies before allo-HSCT, no. (%)

2 2(7.7)

3 13 (50.0)

4 11 (42.3)
HMA therapy before allo-HSCT, no. (%)

2 times of azacitidine 8 (30.8)

1 time of azacitidine 1(3.8)

2 times of decitabine 3(11.6)

1 time of decitabine 1(3.8)

No 13 (50.0)
Remission status before allo-HSCT, no. (%)

PR 5(19.2)

CR 21 (80.8)
DOR after allo-HSCT, months

Median 7.6

Min—max 3.2-18.4
BM blasts at relapse, %

Median 24.1

Min-max 7.0-41.0
WBC at relapse, X 10°/L

Median 12.9

Min-max 0.6-38.1
HGB at relapse, g/L

Median 69.0

Min-max 26.0-123.0
Platelets at relapse, x 10°/L

Median 68.0

Min-max 56.0-101.0

AML acute myeloid leukemia, Allo-HSCT allogeneic hematopoi-
etic stem cell transplantation, ECOG Eastern Cooperative Oncology
Group, HMA hypomethylating agent, PR partial remission, CR com-
plete remission, DOR duration of remission, BM bone marrow, WBC
white blood cell, HGB hemoglobin

with the initial manifestation of extramedullary infiltration
(Fig. 3A-B), and no GVHD was induced after DLI.
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Table 2 Summary of treatment courses, remission status, and GVHD

Items Patients (N=26)

Remission status, no. (%)

CRi 7(26.9)
PR 9 (34.6)
NR 10 (38.5)

Treatment courses, no. (%)

At least 2 courses 26 (100.0)

More than 4 courses 16 (61.5)
Course of remission (CRi or PR)

Median 2

Min-max 1-3
GVHD, no. (%)

Total 6(23.1)

Grade II 6(23.1)
Time to GVHD (days)

Median 77

Min-max 67-101

GVHD graft-versus-host disease, CRi complete remission with
incomplete recovery, PR partial remission, NR no remission

Survival profile

Post treatment of venetoclax plus azacitidine and DLI,
the median EFS (Fig. 4A) and OS (Fig. 4B) in the total
patients were 120 (95% CI: 71-610) days and 284.5 (95%
CI: 81-610) days, respectively. Moreover, the EFS was more
favorable in patients with remission post treatment compared
to patient without remission (P=0.021) (Fig. 4C), and the

OS was also longer in patients with remission compared to
patients without remission (P <0.001) (Fig. 4D).

Adverse events

During and post treatment of venetoclax plus azacitidine and
DLI, adverse events of the hematologic system occurred in
all the patients, among which agranulocytosis and thrombo-
cytopenia cases were all at grade III or grade IV, and 53.8%
of the anemia cases were at grade III/IV (Table 3). Further-
more, as to digestive system, the prevalence of nausea and
vomiting, dental ulcer, hyperbilirubinemia, elevated liver
enzymes, and diarrhea were 42.3%, 23.1%, 15.4%, 11.5%,
and 7.7%, respectively; additionally, most of these diges-
tive system adverse events were mild. As for the urogeni-
tal system adverse events, the percentages of hyperkalemia
and hematuresis were 11.5% and 3.8%, and no grade I1I/
IV adverse events were found. In terms of the respiratory
system, the percentages of fever, rash, and dyspnea were
100.0%, 46.2%, and 15.4%, respectively; and the portions
of grade III/IV fever and dyspnea were 57.7 and 11.5%,
respectively. As to the cardiovascular system, related adverse
events were rare, and no grade III/IV cardiovascular system
adverse events were discovered.

Mutated genes and their correlations with survival
profile

Overall information of mutated genes in the total patients

are shown in Fig. 5, which included first-class, second-
class, and third-class mutated genes. Then according to the
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Fig.3 Images of one GVHD
case with extramedullary
infiltration. The image showing
extramedullary infiltration in
one patient who developed
GVHD (A, B) induced by the
previous allo-HSCT. GVHD,
graft-versus-host disease; allo-
HSCT, allogeneic hematopoietic
stem cell transplantation
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mutated genes found in our study, patients were divided into
two groups based on whether they had first-class mutation,
and the analyses disclosed that no difference regarding EFS
(P=0.842) (Fig. 6A) or OS (P=0.222) (Fig. 6B) was found
between patients with first-class mutation and patients with-
out first-class mutation.

Enrichment analysis of mutated genes

Among all the mutated genes, there were several mutations
exhibited relatively high prevalence, including the FLT3
mutation with a prevalence of 19% and CEBPA, DNMT3A,
KIT, KRAS, and NRAS mutations with a prevalence of 12%
(Fig. 7). The further enrichment analysis of all the mutated
genes revealed that they were markedly enriched in mul-
tiple AML-related signaling pathways, which consisted of
PI3K-Akt signaling pathway, Ras signaling pathway, MAPK
signaling pathways, etc., and the known chronic myeloid
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leukemia-related signaling pathways as well as AML-related
signaling pathways (Fig. 8). In addition, the interactions
among all the mutated genes were displayed in a circos plot
(Fig. 9).

Discussion

Relapsed disease remains to be a crucial unsolved issue in
AML, even after the treatment of transplantation, and it is
still a common phenomenon. Relapsed AML, no matter
the previous treatments, is difficult to manage which often
requires a team of clinicians for decision-making; therefore,
exploring novel and more effective therapeutic regimens has
never been stopped. In the present study, we tried to inves-
tigate the efficacy and safety of venetoclax plus azacitidine
and DLI for patients with relapsed AML after allo-HSCT,
and our results revealed that (1) post treatment of venetoclax
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Table 3 Adverse events

Adverse events Total adverse events Grade 11/
IV adverse
events

Hematologic system

Agranulocytosis 26 (100.0) 26 (100.0)

Anemia 26 (100.0) 149 (53.8)

Thrombocytopenia 26 (100.0) 26 (100.0)
Digestive system

Nausea and vomiting 11 (42.3) 2(7.7)

Dental ulcer 6(23.1) 1(3.8)

Hyperbilirubinemia 4(15.4) 0(0.0)

Elevated liver enzymes 3(11.5) 0(0.0)

Diarrhea 2(7.7) 0(0.0)
Urogenital system

Hyperkalemia 3(11.5) 0(0.0)

Hematuresis 1(3.8) 0(0.0)
Respiratory system

Fever 26 (100.0) 15 (57.7)

Rash 12 (46.2) 0(0.0)

Dyspnea 4(15.4) 3(11.5)
Cardiovascular system

Peripheral edema 3(11.5) 0(0.0)

Headache 2(7.7) 0(0.0)

plus azacitidine and DLI, the rates of CRi and PR were
26.9% and 34.6%, respectively; in terms of survival profile,
median EFS was 120 days and median OS was 284.5 days,
and EFS and OS were both more favorable in patients with
remission; (2) the most common adverse events post treat-
ment were agranulocytosis, anemia, and thrombocytopenia,
and no serious adverse events were found in our study; (3)
subsequently, 49 mutated genes were detected by the next-
generation sequencing and were categorized to first-, sec-
ond-, and third-class mutations; in addition, the first-class
mutations were not correlated with EFS or OS.

Efficacy of venetoclax plus azacitidine and DLI for
patients with relapsed AML after allo-HSCT is largely
unknown; however, the combination of two or single use of
these therapies is plentifully reported. Such as, in a patient
group of relapsed and refractory AML patients and other
myeloid malignancies (more than 90% cases being AML),
the treatment of venetoclax with other therapies (hypometh-
ylating agents or low-dose cytarabine) achieves an objective
response of 21% and a median survival time of 3.0 months
(range: 0.5-8.0 months) [18]. Another study retrospec-
tively analyzes the data from 11 centers and finds that in
AML patients who are relapsed/refractory post intensive
chemotherapy, treatment with venetoclax combined with
hypomethylating agents leads to 76% neutrophil recovery
and 59% platelet count recovery in patients who survive for

over two cycles of treatments [19]. A single-arm study using
azacitidine plus nivolumab for relapsed/refractory AML
patients elucidates that post treatment, the overall response
rate is 33% and the CR rate is 22%; in addition, SD rate is
9% [20]. Moreover, another study illuminates that in AML
patients who relapse post allograft, treatment of 5-azacy-
tidine combined with DLI achieves a CR rate of 9%, more
importantly, among whom 2 patients maintain to be CR for
more than 2 years; and 44% of the patients present with
temporary disease control; besides, the median survival is
108 days [21]. In our study, we found that in patients with
relapsed AML after allo-HSCT, the treatment of venetoclax
plus azacitidine and DLI achieved CRi and PR of 26.9%
and 34.6%; in terms of survival profile, the median EFS
was 120 days and median OS was 284.5 days, and EFS and
OS were both more favorable in patients with remission.
These all implied that combined therapy of venetoclax plus
azacitidine and DLI was efficient in patients with relapsed
AML after allo-HSCT.

Acceptable tolerance is required for AML patients’ treat-
ment, especially for those who relapse from multiple thera-
pies, including allo-HSCT. The three treatments in our study,
venetoclax, azacitidine, and DLI, are reported to be tolerable
in relapsed AML patients, both in combination with other
therapies or using alone. A previous study reports that in
AML patients who relapse after allo-HSCT and then treated
with venetoclax plus DLI, most of the patients can toler-
ate the post-treatment adverse events without admissions
to the hospital [22]. In addition, a phase I/II study reveals
that using azacitidine and gemtuzumab ozogamicin (GO)
for relapsed AML patients, post treatment, there does not
exist any dose-limiting toxicities (75 mg/m? daily for 6 con-
secutive days, followed by GO 6 mg/m* on days 7 and 21)
or hepatic sinusoidal obstructive syndrome [23]. Another
phase I study illuminates that DLI followed by azacitidine
for treating AML patients who relapse after allo-HSCT, no
cases of grade III/TV GVHD are found during the follow-
up (with median follow-up time of 5.2 months), and there
are also no patients who die due to GVHD [24]. As for the
tolerance of the combined treatment in our study, the most
common adverse events were granulocytosis, anemia, and
thrombocytopenia, with most of them being grade III/IV.
Most importantly, no serious adverse events were discovered
in our patients.

Genetic abnormality has important impact on AML
prognosis, not only the well-known NCCN risk stratifica-
tion involved cytogenetic abnormity and molecule genes,
but also other recent identified prognostic genes [25-27].
Therefore, we then detected the gene mutations in our
patients and found 49 mutated genes which were classified
as first-, second-, and third-class mutations. Then further
analysis revealed that there was no difference regarding
EFS and OS between patients with first-class mutation and
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patients without first-class mutation. As known, the first-
class mutations included prognostic genes such as CEBPA,
FLT3, DNMT3A, NPM1, and RNF213; they are previously
observed to correlate with prognosis of AML [28-30]. How-
ever, our study indicated that the mutated genes might not
be correlated with survival in patients with relapsed AML
after allo-HSCT, which might result from the reduced small
sample size in our study; this presumption needed more vali-
dation by future studies.

As for the rational of venetoclax plus azacitidine and
DLI regimen in our study, post-HSCT AML patients are

@ Springer

often complicated with anemia and thrombocytopenia, so
a proportion of relapsed patients (low bone marrow blast
count acute myeloid leukemia) are commonly treated by less
aggressive therapy. According to NCCN guideline and sev-
eral articles for less aggressive therapy of AML, venetoclax
plus hypomethylating agents (such as azacitidine) is recom-
mended [18, 31]. Besides, azacytidine and decitabine (as
hypomethylating agents) are commonly used drug not only
before but also after transplantation, so for some high-risk
patients, they are used both before and after transplantation.
In addition, DLI is the basic treatment for relapsed AML
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Fig.9 Regulatory network of
the mutated genes. AML, acute
myeloid leukemia

post transplantation [32]. Therefore, venetoclax plus azac-
itidine and DLI regimen is used in our study.

Furthermore, the enrolled patients were from year
2018-2019; at that time, the clinical experience of veneto-
clax administration was very limited in China; therefore, we
increased venetoclax dose every week (at a dose of 100 mg
once a day (qd) in the first week, 200 mg qd in the sec-
ond week, 300 mg qd in the third week, and a final dose at
400 mg/day as maintenance dose) to explore the experience
instead of every 2 days or every 3-5 days [22, 33]. Mean-
while, the delayed recovery of hemogram was another rea-
son we increased the venetoclax dose slowly. Furthermore,
due to that the analyzed patients realized CR by bone mar-
row examination and showed no MRD, but the majority of
them lacked complete recovery of WBC and platelets (which
might be due to maintenance use of venetoclax), so CRi was
used for data accuracy.

There were several limitations in the present study that
should not be ignored, which included that the sample
size was small, which may interfere with the statistical
power. In addition, the follow-up duration was also rela-
tively short. Last, the AML patients in our study were all
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with a relatively younger age (less than 60 years), which
might block the potential utilization of our results in the
elderly patients.

In summary, venetoclax plus azacitidine and DLI is effi-
cient and tolerant in treating patients with relapsed AML
after allo-HSCT, implying this combined therapy as a
potential treatment option in the studied patients.
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