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Venetoclax combined
chemotherapy versus
chemotherapy alone for acute
myeloid leukemia: a systematic
review and meta-analysis
Jingkui Zhu1†, Jixin Fan1†, Tiantian Xie1†, Haiqiu Zhao1,
Runqing Lu1, Yinyin Zhang1, Yingmei Li1, Xinsheng Xie1,
Dingming Wan1, Zhongxing Jiang1, Fei He2* and Rong Guo1*

1Department of Hematology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China,
2Department of Cardiology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, China
Objective: To compare the efficacy and safety of venetoclax (VEN) in

combination with chemotherapy (chemo) versus chemo alone in the

treatment of acute myeloid leukemia (AML).

Method: To compare the efficacy and/or safety of VEN+chemo versus

chemotherapy alone for AML, PubMed, Embase, Web of Science, and the

Cochrane Library were used to searching up to June 2023. Comparisons

included complete remission (CR), CR with incomplete hematologic recovery

(CRi), morphologic leukemia-free state (MLFS), overall response rate (ORR), and

adverse events (AEs).

Result: A total of 9 articles were included, including 3124 patients. The baseline

characteristics between two patient groups were similar. The combined analysis

showed that compared with the group receiving chemo alone, the VEN+chemo

group exhibited higher rates of CR, CRi, MLFS and ORR. Additionally, the VEN

+chemo group had longer event-free survival (EFS) and overall survival (OS)

durations. The incidence rates of AEs and serious AEs (SAEs) were similar

between the two groups, but the early 30-day mortality rate was lower in the

VEN+chemo group than in the chemo alone group.

Conclusion: The VEN+chemo therapy demonstrates significant efficacy and

safety profile in AML patients. However, more prospective studies are needed

in the future to provide more accurate and robust evidence for treatment

selection in patients.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_

record.php?ID=CRD42023439288, identifier CRD42023439288.
KEYWORDS

meta-analysis, acute myeloid leukemia, venetoclax, chemotherapy, efficacy,
adverse events
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Introduction

Acute myeloid leukemia (AML) manifests as a remarkably

heterogeneous hematological malignancy, marked by impediments in

myeloid differentiation and aberrant proliferation of immature myeloid

progenitor cells (1). With a median age of 68 years at diagnosis, AML

emerges as the most prevalent form of acute leukemia in adults, and its

incidence rises with age (2, 3).The current standard intensive induction

therapy for newly diagnosed acute myeloid leukemia (ND-AML) is a 7

+ 3 regimen comprising cytarabine in combination with

anthracyclines, followed by consolidation therapy upon achieving

remission. Elderly patients and individuals with substantial

capabilities comorbidities are generally deemed inappropriate

candidates for intensive chemotherapy (chemo). This frequently

leads to a reduced response rate when subjected to low-intensity

chemo protocols, such as those involving hypomethylating agents

(HMA) and low-dose cytarabine (4). Moreover, the absence of

standardized treatment protocols leads to a long-term survival rate of

less than 20% and a bleak prognosis for relapsed or refractory AML (R/

R-AML) (5). The majority of AML patients have limited opportunities

for effective treatment options. Consequently, there is a pressing need

for research and the development of more potent treatment strategies

to improve patient prognosis.

Venetoclax (VEN) is a selective small molecule inhibitor of B cell

lymphoma 2 (BCL-2), effectively interrupting BCL-2’s inhibitory

effects on pro-apoptotic proteins BAX and BIM. It demonstrates

anti-tumor activity against a range of hematologic malignancies by

increasing the permeability of the mitochondrial outer membrane,

facilitating the release of cytochrome C, and thereby inducing

apoptosis (6). This study suggests that, compared to chemo alone,

VEN+chemo can improve the prognosis of AML patients

(7).Nevertheless, research also indicates that patients undergoing

VEN+chemo have lower rates of complete remission (CR) and

shorter overall survival (OS) compared to those in the chemo-alone

group (8). Concurrently, there is controversy surrounding the

question of whether VEN+chemo leads to an increased occurrence

of adverse events (AEs) and/or serious AEs (SAEs) in patients (9, 10).

Presently, a deficiency exists in accessible meta-analyses for

comparing outcomes between the two groups. Consequently, we

conducted a thorough systematic literature review and meta-analysis

to evaluate the effectiveness and safety of VEN+chemo in comparison

to chemo alone in AML patients.
Method

This study was conducted according to the Preferred Reporting

Items for Systematic Evaluation andMeta-Analysis (PRISMA statement)

and registered in the PROSPERO International Registry of Prospective

Systematic Reviews (registration number: CRD42023439288).
Literature search

Until June 2023, we conducted an extensive literature search

utilizing multiple databases (PubMed, Embase, Web of Science, and
Frontiers in Oncology 02
the Cochrane Library) to compare the efficacy and safety of VEN

+chemo to chemo alone for AML patients. The search terms used

were “venetoclax,” “chemotherapy,” and “Acute Myeloid

Leukemia”. The comprehensive search strategy is outlined in

Supplementary Data Sheet 1. Additionally, we manually reviewed

the reference lists of all eligible studies. Two investigators (HZ and

RG) independently retrieved and evaluated the selected studies,

resolving any discrepancies in the literature search through

collaborative consensus.
Inclusion and exclusion criteria

The inclusion criteria were as follows (1): the study design

encompassed cohort or case-control, and randomized controlled

trial (RCT) (2);adult patients with AML were involved in this study

(3); study comparing the combination of VEN with chemo to

chemo alone; and (4) the study reported outcome metrics, such

as efficacy and AEs.

Exclusion criteria were as follows (1): reviews, meta-analyses,

letters, editorial comments, case reports, conference abstracts,

pediatric articles, unpublished articles, animal studies, non-

English language articles (2); duplicate publications.
Data extraction

The two investigators (JZ and JF) independently extracted the

data, which included (1) basic information of the included studies,

such as authors, year of publication, type of study, sample size,

intervention, etc. (2); basic characteristics of the study subjects, such

as median age, gender, etc.; and (3) outcome metrics, such as CR,

CR with incomplete hematologic recovery (CRi), morphologic

leukemia-free state (MLFS), and AEs. In case of disagreement, a

third investigator (TX) was involved in the discussion to resolve it.
Quality assessment

The quality of the included cohort studies was assessed

according to the Newcastle-Ottawa Scale (NOS), a frequently

employed tool for assessing the quality of observational studies.

The NOS examines the potential bias stemming from the selection

of study participants, misclassification, and confounding in

association measurements. Studies scoring 7-9 points are

generally regarded as high quality, whereas those scoring 3 or

lower are deemed low quality. Furthermore, the quality evaluation

of randomized controlled trials (RCTs) was carried out through the

Cochrane Risk of Bias Assessment tool (11). Which is widely used

for evaluating the quality of RCTs and primarily examines bias risks

in several domains including random sequence generation,

allocation concealment, blinding, completeness of outcome

reporting, management of incomplete outcome data, and other

possible biases. The utilization of this tool enables reviewers to

develop a thorough comprehension of bias in RCT studies,

facilitating an effective assessment of research quality and result
frontiersin.org
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reliability. The quality and level of evidence of the eligible studies

were assessed independently by two researchers (JZ and JF), and

any disagreements were resolved through discussion (TX).
Statistical analysis

Statistical analyses were performed using RevMan 5.3 software.

Heterogeneity of the studies was assessed by c2 and I^2

(heterogeneity was considered significant when c2 P < 0.05 or

I^2>50%), and if the heterogeneity was significant, a random-effects

model was used, otherwise a fixed-effects model was used. Odds

ratio (OR) were used to compare categorical variables and hazard

ratio (HR) were used to compare survival variables and 95%

confidence intervals (CI) were reported. Publication bias was

assessed by funnel plot and Egger regression test. In addition, we

performed subgroup analyses and one-way sensitivity analyses for

outcomes with significant heterogeneity. For the other tests, P <

0.05 was considered statistically significant.
Results

Literature search and characteristics

Initially, a preliminary search was performed on a total of 2,606

articles relevant to the study (794 articles from PubMed, 1,081 from

Embase, 611 from Web of Science, and 120 from the Cochrane

Library). Following the removal of duplicate papers, a

comprehensive screening of titles and abstracts for1,588 papers

was conducted. Eventually, a total of 9 articles were selected,

consisting of data from 3,124 patients (5, 8–10, 12–16). Of these,

seven were cohort studies and two were RCTs. The flow chart of the

selection process was shown in Figure 1. Table 1 exhibits the

baseline characteristics of included studies. The cytogenetic/

molecular/ELN risk information listed in Supplementary Table S1.
Frontiers in Oncology 03
Quality assessment and risk of bias

Of the 7 cohort studies, 6 were high quality studies with a score

of 7-9 (Table 1). Details of the quality ratings of all eligible cohort

studies are provided in Supplementary Table S2. The quality ratings

of the 2 RCT studies were shown in Supplementary Figure 1.
Treatment response
1. CR: Seven studies reported the CR of patients, and the

results revealed that the CR was higher in the VEN+chemo

group compared to the chemo alone group (48.3% vs

44.6%). The combined effect was statistically significant

(OR=1.74, 95%CI: 1.12-2.69), and significant heterogeneity

(I^2 = 65%, P=0.009) depicted in Figure 2A. Without

obvious publication bias exhibited in Funnel plot

(Figure 3A), but the Egger’s test with (P=0.017);

2. CRi: The meta-analysis results of CRi in patients from six

studies indicated that CRi was higher in the VEN+chemo

group compared to the chemo alone group (25.1% vs

11.4%). The combined effect was statistically significant

(OR=2.88, 95%CI: 1.99-4.18). The study results showed

heterogeneity (I^2 = 35%, P=0.17), as shown in Figure 2B.

Publication bias was observed in the funnel plot

(Figure 3B), but not in the Egger’s test (P=0.193);

3. MLFS: Five studies used MLFS to assess treatment efficacy,

and there was no heterogeneity among the study results (I^2 =

0%, P=0.49). The study results indicated that the MLFS was

higher in the VEN+chemo group compared to the chemo

alone group (6.9% vs 2.0%, OR=3.49, 95%CI: 1.80-6.74)

(Figure 2C). The funnel plot (Figure 3C) and the Egger’s

test did not reveal any significant publication bias (P=0.203);

4. Overall response rates (ORR): The five included studies

used ORR as the measure of therapeutic effect. The results
FIGURE 1

The flow chart of the selection process.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1361988
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


TABLE 1 Baseline characteristics of include studies and methodological assessment.
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showed that the ORR was higher in the VEN+chemo group

compared to the chemo alone group (75.1% vs 57.1%), and

the combined effect was statistically significant (OR=3.05,

95%CI: 1.58-5.86). There was significant heterogeneity in

the study results (I^2 = 77%, P=0.002) (Figure 2D), the

funnel plot (Figure 3D), and Egger’s test(P=0.355) had no

obvious publication bias.
Event-free survival and OS
(1) EFS: Seven studies reported the EFS of the patients. The

results showed that the VEN+chemo group had a longer

EFS compared to the chemo alone group, and the combined

effect was statistically significant (HR=0.53, 95%CI: 0.43-

0.64). There was no significant heterogeneity in the study

results (I^2 = 0%, P=0.65), as depicted in Figure 2E. The

funnel plot (Figure 3E), and Egger’s test (P=0.781) found no

obvious publication bias;

(2) OS: Eight studies used OS as the evaluation measure. The

results showed that the VEN+chemo group had a longer OS

compared to the chemo alone group, and the combined

effect was statistically significant (HR=0.68, 95%CI: 0.61-

0.76). There was no significant heterogeneity in the study

results (I^2 = 2%, P=0.42), as depicted in Figure 2F. The

funnel plot (Figure 3F), and Egger’s test (P=0.551) exhibited

no significant publication bias.
Safety

We found that almost all patients experienced at least one AE

(99%). The most prevalent AEs observed in both study groups

included neutropenia, thrombocytopenia, nausea, and infection.

Although the SAEs incidence in VEN+chemo group was higher

than chemo alone group, but the difference was not statistically

significant(P>0.05) in AEs and SAEs. Early 30-day mortality, of

VEN+chemo group was superior to the chemo alone group

(OR=0.23, 95%CI=0.12-0.48, P<0.0001).
Subgroup analysis and sensitivity analysis

We performed subgroup analyses of efficacy measures (CR, CRi,

MLFS, overall response, OS, EFS) according to different study

design, combining scheme, region, and types of AML. The results

indicate that the VEN+AZA, VEN+IC, Asia, America, and R/R-

AML subgroups were unsatisfactory in some of the efficacy indices,

while the other subgroups showed no significant changes (detailed

analysis in Table 2). Specifically, the VEN+AZA group exhibited

inconsistency with the overall results in CR, MLFS, and overall

response; the VEN+IC group showed inconsistency in CR, CRi, and

OS; the Asia and America groups were inconsistent with the overall
T
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FIGURE 2

Assessment of heterogeneity in outcome measures.
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D
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FIGURE 3

Funnel plot of outcome measures in meta-analysis.
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TABLE 2 Subgroup analysis.
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[95%CI]

P
value

I^2 Study
OR
[95%CI]

P value I^2 Study
OR
[95%CI]

P
value

I^2 Study
OR
[95%CI]

P
value

I^2

Total 7
1.74
[1.12-
2.69]

0.01 65% 6
2.88
[1.99-
4.18]

<0.00001 35% 5
3.49
[1.80-
6.74]

0.0002 0% 5
3.05
[1.58-
5.86]

0.0009 77%

Study design

RCT 1
4.94
[1.85-
13.18]

0.001 NA

Cohort 6
1.51
[1.02-
2.25]

0.04 55%

Combining scheme

Venetoclax
+azacitidine

1
0.91
[0.57-
1.46]

0.7 NA 1
3.63
[1.15-
11.40]

0.03 NA 1
1.71
[0.54-
5.35]

0.36 NA 1
1.40
[0.83-
2.36]

0.21 NA

Venetoclax
+decitabine

3
2.23
[1.34-
3.69]

0.002 32% 3
3.79
[2.36-
6.08]

<0.00001 0% 2
3.61
[1.37-
9.49]

0.009 0% 2
5.45
[2.13-
13.94]

0.0004 73%

Venetoclax
+IC

1
1.16
[0.61-
2.20]

0.66 NA 1
0.69
[0.22-
2.17]

0.52 NA 1
21.48
[1.14-
403.52]

0.04 NA

Venetoclax
+cytarabine

1
4.94
[1.85-
13.18]

0.001 NA

Region

Asia 2
2.18
[0.73-
6.49]

0.16 75% 2
3.11
[1.52-
6.34]

0.002 0% 2
4.75
[0.98-
23.14]

0.05 0% 2
4.26
[1.00-
18.22]

0.05 88%

America 4
1.31
[0.88-
1.93]

0.18 39% 4
2.80
[1.81-
4.33]

<0.00001 58% 3
3.23
[1.56-
6.70]

0.002 31% 3
2.39
[1.21-
4.68]

0.01 64%

Types of AML

Newly
diagnosed

5
1.97
[1.06-
3.66]

0.03 76% 4
0.35
[0.13-
0.96]

0.04 0% 3
2.91
[1.17-
7.23]

0.02 24% 3
3.44
[0.99-
11.94]

0.05 88%

Relapsed
or
refractory

2
1.37
[0.83-
2.27]

0.22 0% 2
2.89
[1.88-
4.43]

<0.00001 59% 2
4.32
[1.67-
11.17]

0.003 0% 2
2.71
[1.63-
4.52]

0.0001 18%

AML, Acute myeloid leukemia; CR, complete remission; CRi, CR with incomplete hematologic recovery; MLFS, morphologic leukemia-free state; EFS, Event-Free Surviv
IC, intensive chemotherapy.
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results in CR; and the R/R-AML group showed inconsistency in CR

and OS.

In addition, we performed a one-way sensitivity analysis on CR

and ORR, evaluating the influence of each study on the stability and

heterogeneity of CR and ORR using the method of one-by-one

exclusion. The results showed that the statistical differences in CR

(Figure 4A) and ORR (Figure 4B) remained unchanged after

excluding any individual literature, and significant heterogeneity

still existed after excluding any individual literature.
Discussion

VEN has significant anti-tumor activity against various

hematologic malignancies, including AML. However, the efficacy

and safety of VEN combined with chemo in AML patients are still

controversial, more high-quality research still needed. To our

knowledge, this is the first systematic review and meta-analysis

comparing the efficacy of VEN combined with chemo versus chemo

alone in AML patients. In this study, we conducted a meta-analysis

of 3124 patients from 9 publications to resolve this clinical

controversy. The results of this study showed that the VEN

combined with chemotherapy group had significantly better

treatment response rates and survival time than the chemo alone

group. The CR, CRi, and ORR rates in the VEN combined with

chemo group were 48.3%, 25.1%, and 75.1%, respectively. These

findings are similar to the meta-analysis results of previous studies

on VEN combined therapy for AML, further validating the

effectiveness of combination therapy (17).

VEN-based combination regimens are currently approved for the

treatment of ND-AML patients who are elderly or unsuitable for IC,

but there is still a lack of studies in R/R-AML patients (18). The

subgroup analysis results in this study showed that R/R-AML patients

who received combination therapy had higher CR/CRi/ORR rates,

which may be associated with the targeting and synergistic effects of

VEN. AML cells, particularly leukemia stem cells, are dependent on

BCL-2 for their survival. VEN’s inhibitory action has the capacity to

stimulate intrinsic apoptosis pathways, resulting in the prompt

induction of apoptosis in AML cells and the elimination of

dormant leukemia stem cells. VEN possesses the ability to activate

T cells directly, both in vivo and in vitro, thereby enhancing their

cytotoxicity against AML. By inhibiting the formation of respiratory

chain super complexes, VEN ultimately boosts the effector function

of T cells by enhancing the generation of reactive oxygen species (19).

VEN used alone may lead to drug resistance, highlighting the

importance of combining it with other chemo drugs. The

mechanism of VEN resistance is not yet clear, but it may be related

to the RAS/MAPK/MCL-1 pathway, leading to the upregulation of

anti-apoptotic BCL-2 family proteins (such as BCL-XL and MCL-1),

which effectively enhance the survival of leukemia cells (20). The

concurrent use of VEN with chemo can synergistically induce cell

apoptosis, collaboratively trigger mitochondrial apoptosis in AML

cells, lower MCL-1 levels, thereby overcoming resistance in AML,

and heightening anti-tumor efficacy (19).

The study conducted by Lee et al. (19), as reported in BLOOD,

elucidated that VEN exerts a direct enhancement on the anti-leukemic
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effector function of T cells. Conversely, azacitidine induces a type I

interferon response by activating the STING-cGAS pathway, thereby

eliciting a virus-like infection response in leukemia cells. The increased

susceptibility of AML cells to T cell-mediated cytotoxicity is observed

in this study. Notably, the treatment response rate in the group with

ND-AML surpassed that in the group with R/R-AML. This could be

attributed to T cell dysfunction following chemo in the group with R/R-

AML and could additionally be associated with the heightened

probability of R/R-AML patients harboring adverse prognostic

chromosomal karyotypes and gene mutations (e.g., TP53, SF3B1,

EZH2) that make them less responsive to VEN (21, 22). In this

study, the efficacy of the VEN+AZA and VEN+IC subgroups was

suboptimal. This may be attributed to the higher incidence of

neutropenia in patients receiving combination therapy in the VEN

+AZA group, leading to treatment interruption for hematologic

recovery. Moreover, within the VEN+IC cohort, a greater percentage

of patients receiving IC exhibited FLT3-ITD mutations. Consequently,

patients receiving IC treatment also received FLT3 inhibitor therapy.

However, heterogeneity exists in our study, and may related with the

differences in types of AML and treatment protocols. Specifically, the

response to VEN in ND-AML and R/R-AML patients varies. For

instance, R/R-AML patients receiving combination therapy

demonstrate improved treatment efficacy compared to those

undergoing chemo alone. Additionally, the treatment response rate

in the ND-AML group was higher than that in the R/R-AML group.

Different molecular features can significantly influence the efficacy

of VEN. It has been reported that patients with mutations in NPM1,

TET2, IDH1/2, ASXL1 and DDX41 have a higher response rate to

VEN (23–30). In which, DDX41 is a DEAD-box type helicase that

participates in various cellular processes including RNA metabolism

and splicing (31). DDX41 mutations affect small nucleolar RNA

maturation, impair ribosomal rRNA modification, hinder cellular

protein synthesis, leading to cell cycle arrest and promoting

apoptosis of mutated blood cells (32). In addition, splice factor (SF)

mutations such as SRSF2, U2AF1, SF3B1, and ZRSR2 are commonly

found in elderly AML patients and portend a poor prognosis (33).

Lachowiez et al. (34) revealed that the outcome of patients with SF

mutations treated with VEN+ hypomethylating agents was comparable

to that of the wild-type patients. The improved prognosis of patients

with DDX41 and SF mutations following VEN-based therapy

treatment may be attributed to the potential influence of these

mutations on the expression of BCL-2 family genes, thereby

impacting the response to VEN-based therapy (35). It is worth

noting that Stahl et al (23) found the mutation status of DNMT3A

and the treatment history of HMA can predict the treatment response

of patients with R/R-AML to VEN+HMA. For R/R-AML patients

without DNMT3A mutations, regardless of previous HMA treatment,

their survival rates after VEN+HMA therapy are similar. For R/R-AML

patients with DNMT3A mutations who have not received prior HMA

treatment, the response rate to VEN+HMA is higher, and their survival

period is longer. Conversely, for R/R-AML patients with DNMT3A

mutations who have a history of HMA treatment, the response rate to

VEN+HMA is lower, and their survival period is shorter. Although it is

not possible to conduct a quantitative analysis of median OS due to the

different follow-up periods in each study, our research still indicates

that VEN+chemo can prolong EFS and OS in AML patients. At the
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same time, the use of VEN-based combination therapy may improve

the poor prognosis associated with certain genetic mutations. This

discovery provides new possibilities for personalized treatment of

AML patients.

The safety analysis results indicate that there were no significant

differences in AEs and SAEs between the two groups of patients.

Compared to chemo alone, VEN+chemo does not increase the

incidence of AEs and/or SAEs in patients, and the early 30-day

mortality rate was lower than the chemo alone group. Similar to the

previous meta-analysis results, almost all patients experienced at

least one AE during the study. The most common AEs in patients

treated with the combination of VEN and chemotherapy were

neutropenia, thrombocytopenia, nausea, and infection (17, 36).

However, it is important to note that the safety assessment results

are based on limited data. Therefore, in clinical practice, it is still

necessary to consider individual differences in patients in order to

better evaluate potential risks and benefits.

This study provides the first systematic comparison of the efficacy

and safety between VEN-based combination therapy and chemo alone

in AML patients. In order to ensure the reliability of the results, we

employed a comprehensive search strategy, clearly defined selection

criteria, conducted rigorous quality assessments, and reported

according to the PRISMA statement. The study confirms the

superiority of VEN-based combination therapy over chemo alone in

AML patients. However, our study has the following limitations: First,

this meta-analysis included seven cohort studies and two RCTs, lacking

prospective studies, which may impact the reliability of the results.

Therefore, more RCTs and prospective clinical studies are needed to

confirm our findings. Second, the results in this meta-analysis exhibit

high heterogeneity. Subgroup analysis and sensitivity analysis were

performed to evaluate the sources of heterogeneity, but it is difficult to

determine all the factors contributing to heterogeneity. Considering the

potential confounders, the results of this meta-analysis should be

interpreted with caution. Third, due to small sample sizes in some

subgroup analyses, it was challenging to quantitatively synthesize the

data, and larger sample size needed for further analysis. Fourth,

influenced by the limitations of the original study, we were unable to

assess safety outcomes such as cycle length and hospitalization rates in

patients. Consequently, it is essential to conduct further research to

thoroughly investigate these aspects in the future. Ultimately, the

existing literature remains limited despite conducting comprehensive

searches across multiple databases. It is important to acknowledge the
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potential presence of publication bias, as this may compromise the

statistical power and reliability of the study results. More studies needed

for update our meta-analysis in the further.
Conclusion

VEN-based combination therapy demonstrates significant

efficacy and a favorable safety profile in patients with AML,

potentially providing a more appropriate treatment option.

Nevertheless, due to the limited available literature and the

presence of heterogeneity and potential publication bias, it is

imperative to undertake further prospective studies in the future.

These studies are essential for providing more accurate and

convincing evidence to guide therapeutic decisions in patients.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Author contributions

JZ: Writing – original draft. JF: Writing – original draft. TX:

Writing – original draft. HZ:Writing – review & editing. RL: Writing –

review & editing. YZ: Writing – review & editing. YL: Writing – review

& editing. XX: Writing – review & editing. DW: Writing – review &

editing. ZJ: Writing – review & editing. FH:Writing – review & editing.

RG: Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. Funding for

this study was provided by Natural Science Foundation of Henan

Province (182300410301), Medical Science and Technology

Research Project of Henan Province (SBGJ202102147,

SBGJ202003036, 2018020118), Science and Technology Plan of
A B

FIGURE 4

Sensitivity analysis of complete response (CR) and overall response rate (ORR).
frontiersin.org

https://doi.org/10.3389/fonc.2024.1361988
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhu et al. 10.3389/fonc.2024.1361988
Henan Province (182102310160), and Project of Higher Education

of Henan Province (18A320050).
Acknowledgments

We would like to acknowledge the authors of the original

studies included in this meta-analysis.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Frontiers in Oncology 10
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1361988/

full#supplementary-material
References
1. Walker CJ, Kohlschmidt J, Eisfeld A-K, Mrózek K, Liyanarachchi S, Song C, et al.
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