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Purpose: The prognosis of patients with unfit or relapsed/refractory (R/R) AML remains poor. Venetoclax (VEN) has been shown to 
exhibit anti-leukemia stem cell activity; however, few studies have been published on the efficacy and safety of VEN combined with 
both hypomethylating agents (HMAs) and low-dose chemotherapy for patients with unfit or R/R AML.
Methods: This study retrospectively analyzed the clinical characteristics, treatment details, safety profile and clinical outcomes of patients 
with unfit or R/R AML treated with VEN+ HMAs+ half-dose CAG (LDAC, aclarubicin and granulocyte colony-stimulating factor).
Results: A total of 24 AML patients were involved in the study, of whom 13 (54.2%) were in the unfit group, and 11 (45.8%) were in 
the R/R group. FLT3 and IDH (8/24, 33.3%) were the most common gene aberrations. Patients in the R/R group were found to be 
more likely to carry KIT (5/11, 45.5%) compared with the unfit group (0/13, 0%) (P = 0.006). The ORR observed during the study was 
83.3% (20/24; 14 CR, 2CRi, 4PR). In the unfit group, 11/13 (84.6%) patients achieved cCR (10 CR and 1 CRi); while 5/11 (45.5%) R/ 
R patients achieved response (4 CR and 1 CRi). CR was observed in all AML patients with TP53 (5/5), GATA2 (3/3), CEBPA (3/3) and 
ASXL1 (3/3). The most common adverse events (AEs) during VEN+ HMAs+ half-dose CAG therapy were persistent cytopenias and 
infections.
Conclusion: The results of this study confirm that VEN+ HMAs+ half-dose CAG is associated with promising efficacy (even high- 
risk molecular patterns) and tolerable safety profile in patients with unfit or R/R AML. Yet, the study involves only a small sample 
size, which should not be overlooked. As such, further studies on the efficacy of VEN combined with HMAs and half-dose CAG 
regimen in AML patients are essential.
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Introduction
Acute myeloid leukemia (AML) is predominantly a disease of the elderly, with a median age of 68 at diagnosis.1,2 

Advanced age, high frequency of unfavorable genomic features and less favorable clinical characteristics, including 
reduced biological function and more complex medical comorbidities, may contribute to the inability of older patients to 
tolerate high-dose chemotherapy.3,4 Also, refractory/relapsed (R/R) AML is associated with a poor prognosis.5 The 
treatment outcome for R/R AML patients are rather poor and characterised by low cure rate, poor outcome and high 
follow-up dropout.6,7

B-cell leukemia/lymphoma-2 (BCL2) family exerts a central effect in the regulation of cell survival and apoptosis.8 

Moreover, AML stem cells express aberrantly high levels of anti-apoptotic gene BCL2 and rely on the expression of 
BCL2 for their survival.9 Upregulated expression of BCL-2 may be required to permit ongoing death signaling without 
a cellular response.10 Relevant studies have revealed that the overexpression of BCL2 has a significant impact on inferior 
chemotherapeutic response and unfavorable overall survival in AML patients.11 Therefore, antagonizing BCL-2 function 
may cause death in AML cells.
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Venetoclax (VEN), an orally active and potent BCL-2 selective inhibitor, has been shown to exhibit anti-leukemic 
activity and to induce cancer cell death.12 Recently, several small retrospective studies have evaluated the efficacy and 
chemotherapy toxicity of VEN in combination with hypomethylating agents [HMAs, such as decitabine (DAC) or 
azacitidine (AZA)] or low-dose cytarabine (LDAC).4 Studies have demonstrated VEN combination therapy improves the 
response rate and survival rate in elderly patients with unfit or R/R AML,13 but as many as 30% to 45% of the patients 
with unfit or R/R AML still failed to experience complete remission through VEN-HMAs/LDAC therapy.14 Meanwhile, 
VEN-HMAs/LDAC typically result in profound and prolonged neutropenia, which substantially increases the risk of 
infections in AML patients. Importantly, it is found that HMAs combined with CAG regimen [LDAC, aclarubicin and 
granulocyte colony-stimulating factor (G-CSF)] appear to be associated with improved prognosis of AML patients.15,16 

In order to increase response rate and overcome the toxicity of VEN-HMAs/LDAC, VEN is combined with low-dose 
chemotherapy and the treatment duration of it is also shortened.

According to our research, this is the first study to evaluate the efficacy and side effects of VEN combined with 
HMAs and half-dose CAG. The clinical characteristics, treatment details, clinical outcomes and safety profile of 24 
consecutive patients with unfit or R/R AML treated with VEN+ HMAs+ half-dose CAG will be presented and described 
in this report.

Methods
Patients
This retrospective study analyzed consecutive AML patients treated at the First Affiliated Hospital of Harbin Medical 
University from January 1, 2020 to June 1, 2022. Diagnostic procedures and genetic risk stratification were performed as 
per the recommendations of European Leukemia Net (ELN) 2017.3 The unfit group involved patients with newly 
diagnosed AML who were considered to be ineligible for high-dose chemotherapy if they were ≥60 years old, had an 
ECOG score≥3 or exhibited complex medical comorbidities. We included all patients who received the treatment of VEN 
+HMAs+half dose CAG, and the exclusion criteria were patients who did not receive the treatment of VEN+HMAs+half 
dose CAG. This study was approved by the institutional review board of the First Affiliated Hospital of Harbin Medical 
University, and the need for written informed consent was waived because of the retrospective nature of this study. The 
study was conducted in compliance with the Declaration of Helsinki and patient data were maintained with strict 
confidentiality. In our research, there was no overlap between the two groups. All patients in the unfit group were de novo 
AML patients, and all the RR patients were in RR group.

Treatment
VEN+ HMAs+ half-dose CAG regimens were implemented as follows: all patients received VEN once daily for 14 days. 
To prevent tumor lysis syndrome (TLS), the dose of VEN was 100mg on day 1 and 200mg on day 2; on day 3, to boost 
the concentration of VEN alongside routine antifungal prophylaxis, it was combined with CYP3A4 inhibitors fluconazole 
400mg once a day.17 Plasma concentrations of VEN were measured after five days of VEN administration. HMA therapy 
included DAC 20 mg/m2/d intravenously for five days or AZA 75 mg/m2/d subcutaneously for seven days. Half-dose 
CAG regimen consisted of LDAC 10 mg/m2/12h subcutaneously for fourteen days, aclarubicin 8 mg/m2/d intravenously 
for four days and G-CSF 200 μg/m2/d subcutaneously for fourteen days. For patients with leukocytosis, whose white 
blood cell (WBC) count was greater than 10×109/L, hydroxyurea (1.0–3.0 g/day) was given orally until the WBC count 
dropped below 10×109/L, and then the chemotherapy was initiated. Notably, all patients did not receive other anti- 
leukemic agents (eg FLT3, IDH1, IDH2 inhibitors) during the same period.

Next-generation Sequencing (NGS)
Bone marrow samples were collected from all the 24 AML patients. Next-generation sequencing was performed by 
a third-party detection platform of Shanghai Yuanqi Biotechnology. Genomic DNA (gDNA) library for next-generation 
sequencing was prepared using a commercial kit (Shanghai Yuanqi Biotechnology). The sequencing was performed on 
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a MiSeq instrument (Illumina) and all variants identified by NGS were confirmed by Sanger sequencing of individual 
mutations. The data generated in the present study are included in the figures or tables of this article.

Adverse Events Reporting
The severity of AEs was estimated according to the Common Terminology Criteria for Adverse Events (CTCAE) version 
5.0.18 Clinical and laboratory data about AEs were collected from patients’ files.

Treatment Responses
Response to treatment was assessed by bone marrow (BM) evaluation at the time of hematological recovery and 
adjudicated in alignment with the recommendations of ELN 2017.18 All patients, including those with incomplete 
hematological recovery, were assessed for minimal residual disease (MRD). Complete response (CR) was defined as 
bone marrow blasts <5% with hematological recovery [absolute neutrophil count (ANC) ≥1.0×109/L and PLT ≥100×109/ 
L].3 CR without minimal residual disease (CRMRD-) is referred to as CR with negativity for a genetic marker by RT- 
qPCR, or with negative MFC test.3 CRi means CR with incomplete hematological recovery and PR refers to bone 
marrow blast of 5% to 25% or at least 50%3 reduction in bone marrow blast compared to pre-treatment level. The overall 
response rate (ORR) is the sum of the CR, CRi, and PR and composite complete remission (cCR) is the composite of CR 
and CRi. Relapse occurs after CR with a greater than 5% recurrence of leukemic cells in bone marrow aspirates.3

Statistical Analysis
Patient characteristics were summarized based on descriptive statistics (medians or frequencies with ranges). For binary 
variable, Chi-squared or Fisher’s exact test were adopted to analyze the differences between the two subgroups. Time-to- 
event endpoints were measured through Kaplan–Meier method and the Log rank test was applied to compare the 
statistical differences between subgroups. Data were statistically analyzed with SPSS version 22.0 (IBM SPSS Statistics, 
IBM Corporation, Armonk, NY).

Results
Patients
From January 2020 to June 2022, a total of 24 AML patients were treated with VEN+ HMAs+ half-dose CAG 
regimens at our institution. A total of 13 patients (54.2%) were included in the unfit group and 11 patients (45.8%) in 
the R/R group (relapsed, n = 9; refractory, n = 2) (Table 1). The median age was 55 (range, 21–72), and 10/24 (41.7%) 
patients were ≥60 (Table 1). Table 1 summarizes the patient details upon initiation of VEN+ HMAs+ half-dose CAG 
treatment.

One patient in the R/R group had previously received allogeneic hematopoietic stem cell transplantation (HSCT) but 
experienced early recurrence after transplantation. In addition, nine patients had been previously treated with HMAs. The 
median number of prior therapies in the R/R group was 2 (range, 1–5), of whom 10 (90.9%) received VEN+ HMAs+ 
half-dose CAG therapy as the first salvage treatment.

Biological Characteristics
Molecular aberrations were identified with next-generation sequencing. All AML patients had cytogenetic and molecular 
aberration results, which are outlined in Figure 1, were available in all AML patients. In the 24 AML patients, the NGS 
panel showing a concordance rate of 100% with standard techniques. Ranging from 1 to 8 mutations, the average 
mutational burden was 4 (Figure 1). In this study, FLT3 and IDH (8/24, 33.3%) were the most common gene aberrations 
in all AML patients (Figure 1), followed by DNMT3A (7/24, 29.2%) (Figure 1). For the unfit group, FLT3 and IDH (6/13, 
46.2%) were the most common gene aberrations. In addition, patients in the R/R group were found more likely to carry 
KIT (5/11, 45.5%) compared with the unfit group (0/13, 0%) (P = 0.006, Figure 1). In contrast, the distribution of other 
mutations did not reach a statistically significant difference.
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Response
The median follow-up time for the 24 AML patients was 10.4 months (range, 0.8 to 23 months). A mean of 2 
cycle (range, 1 to 4) of VEN+ HMAs+ half-dose CAG therapy was implemented, with a median response time 
(from the beginning of treatment to bone marrow blasts <5%) of 1.2 months (range, 0.6 to 2.2 months), or 1.4 
cycles (range, 1 to 2). An ORR of 83.3% (20/24; 14 CR, 2CRi, 4PR) was observed, with 66.7% (16/24) of all the 
AML patients achieving cCR in the cohort (Figure 1 and Table 1). Twelve patients (8 in the unfit group and 4 in 
the R/R group) entered flow cytometry-assessed MRD-negative status. In the unfit group, 12/13 (92.3%) patients 
achieved response, of which, 10 CR (76.9%), 1 CRi (7.7%) and 1 PR (7.7%); while 8/11 (72.7%) R/R patients 
achieved response, of which, 4 CR (36.4%), 1 CRi (9.1%) and 3 PR (27.3%). Details of responders are presented 
in Table 2.

In this study, CR was observed in all AML patients with TP53 (5/5), GATA2 (3/3), CEBPA (3/3) and ASXL1 (3/ 
3); 83.3% (5/6) of the AML patients with NPM1; 80% (4/5) of the AML patients with TET2; 75% of the AML 
patients with IDH (6/8) and BCOR (3/4); 66.7% of the AML patients with NRAS (2/3) and KMT2A (2/3); 62.5% 
(5/8) of the AML patients with FLT3; 42.9% (3/7) of the AML patients with DNMT3A; 40% (2/5) of the AML 
patients with KIT; 16.7% (1/6) of the AML patients with RUNX1; 0% (0/2) of the AML patients with RUNX1 
(Figure 1).

Median OS of all patients was 8.5 months [95% confidence interval (CI) 3.6 to 15.4] (Figure 2A) when the 
VEN+ HMAs+ half-dose CAG therapy initiated, compared with 9 and 4.5 months for the unfit and the R/R AML 

Table 1 Clinical Characteristics of 21 AML Patients

Characteristic All (n=24) Unfit (n=13) R/R (n=11)

Age/years old 55(21–72) 61(43–72) 47(21–68)
≥ 60 10(41.7%) 8(61.5%) 2(18.2%)

<60 14(58.3%) 5(38.5%) 9(81.8%)

Gender
Male 12(50%) 6(46.2%) 6(54.5%)

Female 12(50%) 7(53.8%) 5(45.5%)

ECOG performance status
0–1 12(50%) 4(30.8%) 8(72.7%)

2–3 12(50%) 9(69.2%) 3(27.3%)
WBC count, ×109/L

Median (range) 32.8(0.7–151.2) 38.1(0.7–151.2) 25.3(1.2–101.6)

PLT count, ×109/L
Median (range) 69.0(3–390) 103.5(8–390) 27.8(3–69)

HGB level (g/L)

Median (range) 79.1(54–112) 81.1(60–112) 75.2(54–98)
Bone marrow blast count

<30% 10(41.7%) 5(38.5%) 5(45.5%)

≥30 to <50% 5(20.8%) 2(15.4%) 3(27.3%)
≥50% 9(37.5%) 6(46.2%) 3(27.3%)

2017 ELN risk stratification by genetics

Favorable 3(12.5%) 2(15.4%) 1(9.1%)
Intermediate 4(16.7%) 3(23.1%) 1(9.1%)

Adverse 17(70.8%) 8(61.6%) 9(81.8%)

Complex karyotype (≥3 abnormalities) 11(45.8%) 3(23.1%) 8(72.7%)
Overall response 20(83.3%) 12(92.3%) 8(72.7%)

CR 14(58.3%) 10(76.9%) 4(36.4%)

CRi 2(8.3%) 1(7.7%) 1(9.1%)
PR 4(16.7%) 1(7.7%) 3(27.3%)

Abbreviations: WBC, white blood cell; PLT, platelet; HGB, hemoglobin; CR, complete remission; Cri, CR with 
incomplete hematological recovery; PR, partial response.
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Figure 1 Distribution of mutated genes in patients with unfit or R/R AML. Each column represents a patient. The first line is the group of each AML patient, the second line 
shows the ELN genetic risk stratification, and the third line stands for the treatment response. In the fourth to the thirty-second line, each row represents a gene and each 
colored box indicates one mutated gene.
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patients (P= 0.020) (Figure 2B). Among all patients, OS was better in responders (CR, CRi, PR) than in non- 
responders, with medians of 9 and 4 months, respectively (hazard ratio, 0.28; 95% CI, 0.14–1.59; P=0.000) 
(Figure 2C).

Table 2 Characteristics of Responding Patients (CR, CRi, PR)

Patient Group Cytogenetics Molecular Type (VAF) Best Response VEN Cycles

43y/F Unfit Normal IDH2, NPM1, FLT3-ITD CR 2
51y/F Unfit inv (16) CBFb-MYH11 CR (MRD-) 4

55y/F Unfit Normal PBRM1, CSMD1, BRAF, ATRX, DNMT3A, ASXL1, SF3B1, BCOR CR (MRD-) 1

64y/F Unfit Complex RUNX1, IDH2, NRAS, FLT3-ITD, MPL CR (MRD-) 3
70y/M Unfit -Y CEBPA, IDH1, NPM1, ARID1A, PTPN11 CR (MRD-) 1

58y/F Unfit Normal GATA2, CALR, SF3B1, ASXL1 CR (MRD-) 2

65y/F Unfit Complex ASXL1, NRAS, KMT2A, GATA2, CALR, TP53 CRi 1
63y/M Unfit Normal IDH2, TP53 CR (MRD-) 2

71y/M Unfit Complex BRAF, TP53, PBRM1 CR 1
65y/F Unfit Normal FLT3-ITD, IDH2, NPM1 CR (MRD-) 1

52y/M Unfit Normal NPM1, EP300, DNMT3A, FLT3-ITD, IDH2, TET2 CR (MRD-) 1

68y/M Unfit t (3; 21) RUNX1, FLT3–ITD, SRSF2 PR 2
43y/F Relapsed Complex RUNX1, KMT2A, KIT PR 2

63y/F Relapsed Complex TET2, TP53, DNMT3A, FLT3-ITD Cri 2

47y/M Relapsed Complex KIT, KRAS PR 1
48y/F Relapsed Complex TET2, BCOR, CEBPA, KIT, WT1, GATA2 CR (MRD-) 1

68/M Relapsed Normal SF3B1, DNMT3A, RUNX1, BCORL1, FLT3-ITD PR 1

27y/F Refractory Normal WT1, CEBPA, BCOR CR (MRD-) 4
21y/M Refractory Complex MLL-AF9, TP53, KIT CR (MRD-) 2

56y/M Relapsed Normal NPM1, TET2 CR (MRD-) 1

Abbreviations: CR, complete remission; Cri, CR with incomplete hematological recovery; PR, partial response.

Figure 2 Kaplan–Meier survival curves for the survival rate of AML patients treated with VEN+ HMAs+ half-dose CAG therapy. (A) Data given for all patients; (B) Unfit vs 
R/R patients (P=0.020); (C) Responders vs Nonresponders (P=0.000).
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Adverse Events
The most common AEs during VEN+ HMAs+ half-dose CAG therapy were persistent cytopenia and infection. 
Our study suggested that 21 (87.5%) of the AML patients developed febrile neutropenia, transfusion-dependent 
anemia and thrombocytopenia (Table 3) and 10 (41.7%) of the AML patients experienced prolonged pancytopenia 
(requiring a treatment delay of more than 14 days). However, recovery of blood counts was observed only in 
patients who responded to chemotherapy. Among these patients, 24 days (range, 15 to 36 days) was the median 
time for neutrophil recovery (ANC >1.0×109/L), while PLT recovery (PLT >100× 109 /L) took 32 days (range, 
22–58 days). Moreover, 21 (87.5%) of the AML patients presented with Grade 3 or higher neutropenia.

During the initial VEN cycle, 14 patients (58.3%) developed Grade 3 or higher infections, of which 9 had 
pneumonia, 3 suffered from sepsis, 2 experienced perianal infection, 2 had urinary tract infection and 1 developed 
skin infection. During VEN+ HMAs+ half-dose CAG therapy, 3 (12.5%) of the AML patients were treated with 
micafungin and 8 (33.3%) of them received voriconazole for prophylaxis. No patient experienced breakthrough 
fungal infection (BFI) and no patient suffered from tumor lysis syndrome (TLS). Three patients (12.5%) presented 
with hemorrhagic complications, including gastrointestinal hemorrhage and hematuria. The most common non- 
haematological AEs were gastrointestinal symptoms (decreased appetite, nausea, vomiting and diarrhea) (11/24, 
45.8%). Early mortality (death within 30 days since the start of the therapy) occurred in 2 (8.3%) patients—one 
underwent a septic shock and acute left-heart failure followed by multi-organ dysfunction syndrome and DIC; the 
other patient developed severe pneumonia complicated with ARDS. Three other patients in the R/R group did not 
achieve any relief and a total of seven (29.2%) deaths were recorded. The most notable AEs are outlined in 
Table 3.

Discussion
Previous investigations have revealed a fact that both unfit and R/R AML are still associated with a dismal 
prognosis.3,19–22 Relevant studies have also reported that the remission rates of common chemotherapy regimens 

Table 3 The Most Notable AEs (Grade 3 or Higher)

AEs Al l (n=24) Unfit (n=13) R/R (n=11)

Days in hospital
Median (range) 29 (4–48) 26 (4–36) 32 (26–48)

Duration of neutropenia

Median (range) 17 (2–27) 15 (2–25) 18 (12–27)
All AEs

Hematologic AEs 21 (87.5%) 10(76.9%) 11(100%)

Thrombocytopenia 21 (87.5%) 10(76.9%) 11(100%)
Anemia 21 (87.5%) 10(76.9%) 11(100%)

Febrile Neutropenia 21 (87.5%) 10(76.9%) 10(100%)
Nonhematologic AEs

Gastrointestinal (Decreased appetite /Nausea/ Vomiting/ Diarrhea/ Constipation) 11(45.8%) 5(38.5%) 6(54.5%)

Gastrointestinal Hemorrhage 3(12.5%) 1(7.7%) 2(18.2%)
Hypokalemia 9(37.5%) 4(30.8%) 5(45.5%)

Hypoproteinemia 7(29.2%) 5(38.5%) 2(18.2%)

Elevated transaminases 3(12.5%) 2(15.4%) 1(9.1%)
Infections 14(58.3%) 9(69.2%) 5(45.5%)

Pneumonia 9(37.5%) 6(46.2%) 3(27.3%)

Perianal infection 2(8.3%) 1(7.7%) 1(9.1%)
Skin and soft tissue infections 1(4.2%) 1(7.7%) 0(0%)

Urinary tract infection 2(8.3%) 1(7.7%) 1(9.1%)

Sepsis 3(12.5%) 2(15.4%) 1(9.1%)

Abbreviation: AE, adverse events.
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remain low in patients with unfit or R/R AML, with a CR rate of 32% for HD-Ara-C,23 46.5% for CAG 
regiment24,25 and 48% for FLAG.26 Recently, BCL-2 inhibitor VEN has been approved for use in AML patients 
in combination with hypomethylating agents (azacitidine or decitabine).27 Meanwhile, CAG regimen is widely 
applied in the treatment of MDS and AML in China. However, the remission rates of both VEN and CAG regimens 
are still unsatisfactory in patients with unfit or R/R AML.24,28 VEN combined with cytotoxic chemotherapy 
produces synergistic leukemic killing effects, and consequently improves clinical efficacy.29 The molecular 
mechanism is to increase DNA damage and decrease Mcl-1, which in turn increases the concentration of 
intracellular apoptosis activator Bim, leading to apoptosis.30,31 As the first study to evaluate the efficacy and side 
effects of VEN+ HMAs+ half-dose CAG in patients with unfit or R/R AML, this study identified VEN+ HMAs+ 
half-dose CAG therapy as the backbone of relevant therapies in which an improved clinical response in OS was 
noted in patients with unfit and R/R AML, but further randomized controlled trials and prospective cohort studies is 
needed.

This study analyzed the genetic characteristics in both groups and only KIT mutation (P= 0.006) reached a statistical 
difference; patients in the R/R group were much more likely to carry KIT mutation. ELN risk stratification was the same 
in both groups (P= 0.657), and patients with unfit or R/R AML were more likely to assume a high-risk state of ELN risk 
stratification (17/24, 70.8%).

Biomarker analysis in our research demonstrated that VEN+ HMAs+ half-dose CAG was effective for most AML 
patients, even in those with a high-risk molecular profile. Previous studies have manifested that mutations such as TP5332 

and FLT3-ITD33,34 are related to poor prognosis in AML patients. The CR rate of traditional chemotherapy in AML 
patients with TP53 mutant was as low as 28%. Kim et al reported an overall response rate of 66% in the treatment of 
AML patients with TP53 with VEN coupled with decitabine.35 Lower response rate and shorter survival rate with VEN 
are common in patients with TP53 AML, and it is disappointing to find that the addition of VEN to standard treatment 
regimens does not improve the prognosis of TP53 AML patients.35,36 Surprisingly, in the present study, patients with 
TP53 performed particularly well in all outcome indicators, achieving a CR/CRi rate of 100%. A study of 125 elderly 
AML patients treated with D-CAG illustrated that D-CAG tended to improve the prognosis of TP53 mutated patients.15 

This result suggests that the VEN+ HMAs+ half-dose CAG regimen may be an effective rescue regimen for patients with 
TP53mut AML, but due to its small sample size, our studies may have some bias, and further expansion of the sample size 
is needed to verify this finding. Some studies have revealed that patients with IDH1/2 mutation exhibit a favorable 
prognosis.12,37 However, in other studies, the prognosis was poor or dependent on the type of IDH.38 In our study, CR 
rate is reported as 75% in AML patients with IDH1/2, which may indicate that AML patients with IDH mut are highly 
sensitive to VEN. Hence, the mechanism underlying this may be as follows: the accumulation of tumor metabolite 2-HG 
inhibits cytochrome C oxidase and effectively primes AML blasts to Bcl2 inhibition.39 In addition, AML patients with 
NPM1mut (CR rate of 83.3%) appear to have a relatively good prognosis under the treatment of VEN+ HMAs+ half-dose 
CAG.

With an ORR of 83.3% (20/24; 14 CR, 2 CRi, 4 PR) and the median duration of response was 8.5 months (95% CI 
3.6 to 15.4) for VEN+HMAs+half-dose CAG therapy, the high CR rate of AML patients with high-risk mutations may 
demonstrate that VEN in combination with chemotherapy can overcome some of the mechanisms of conventional 
chemotherapy resistance.

Despite receiving a combination of chemotherapeutic agents, the side effects of VEN+ HMAs+ half-dose CAG are 
tolerable and mostly reversible. Most of the Grade 3/4 AEs are hematologic and are similar to those reported with VEN 
in combination with azacitidine or decitabine.40,41 Cytopenia improves mainly, although usually incompletely, at the 
beginning of the reaction. In subsequent VEN cycles, recurrent Grade 3/4 neutropenia was treated by suspending VEN, 
which shortened the application time of VEN and prolonged the treatment interval and using growth factor. Only one 
patient discontinued chemotherapy because of excessive myelosuppression and all patients received blood transfusion 
support. The type and interval of blood transfusion were evaluated in line with the blood cell count. Non-hematological 
toxicity was acceptable, and no significant end-organ damage events were noted. The low frequency of breakthrough 
invasive fungal infections could be attributed to the routine combination of CYP3A inhibitor azole antifungals, which 
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reduced both VEN doses and the cost of treatment. Therefore, the toxicity associated with VEN+ HMAs+ half-dose CAG 
regimen is acceptable.

Limited by the relatively small sample size, too insufficient statistics were available for this study to draw definitive 
conclusions and further validation studies are therefore needed. Meanwhile, this study is a single-center retrospective 
study, and its results may be influenced by unrecognized bias.

In summary, this study has shown that the VEN combined with HMAs and half-dose CAG regimen has promising efficacy 
(even if the molecular pattern is high-risk) and a tolerable safety profile in patients with unfit or R/R AML is identified, whereas 
the VEN+ HMAs+ half-dose CAG regimen should and will be further evaluated prospectively in a larger AML population.
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