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Abstract

Background: Relapsed or refractory (R/R) acute leukemia poses a significant therapeutic challenge, with limited
options and poor prognosis. Venetoclax, a BCL-2 inhibitor, has shown promise in frontline acute myeloid leukemia
(AML), but its real-world utility in R/R settings remains underexplored.

Objective: To evaluate the efficacy and safety of venetoclax-based regimens in adult patients with R/R acute leukemia
treated in routine clinical practice across three tertiary oncology centers in China.

Methods: A retrospective multicenter study was conducted on 70 patients with R/R acute leukemia (AML or ALL)
treated between January 2020 and December 2023. Patients received venetoclax combined with either hypomethylating
agents (HMA group, n = 42) or low-dose cytarabine (LDAC group, n = 28). Response rates, overall survival (OS), event-
free survival (EFS), and adverse events were analyzed. Kaplan-Meier survival estimates and Cox regression were used
for outcome comparisons.

Results: The complete response (CR/CRi) rate was significantly higher in the HMA + VEN group compared to the
LDAC + VEN group (52.4% vs. 32.1%; p = 0.03). Median OS was 8.3 months (95% CI: 6.7-9.8) in the HMA cohort
and 5.7 months (95% CI: 4.1-7.3) in the LDAC cohort (p = 0.04). Median EFS was 6.1 vs. 3.9 months, respectively (p =
0.02). Common grade >3 adverse events included febrile neutropenia (54.3%), thrombocytopenia (47.1%), and infections
(32.9%). No early treatment-related deaths were observed.

Conclusion: Venetoclax-based regimens, particularly in combination with hypomethylating agents, offer favorable
response rates and survival benefits in patients with R/R acute leukemia. These findings support the integration of
venetoclax into salvage protocols and warrant prospective validation in larger cohorts.

Keywords: Venetoclax, Acute myeloid leukemia, Relapsed leukemia, Refractory AML, Hypomethylating agents, Real-world
study, China
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30%, consequently, there is a need for effective
salvage therapies. Complications of chemotherapy
include opportunistic infections, bleeding, and pul-
monary hemorrhage secondary to cytopenia. For pa-
tients with chemotherapy-refractory, relapsed post-
transplantation, or secondary AL, the prognosis is
very poor, and the use of high-intensity regimens is
often limiting. Intensification therapy or hematopoi-
etic stem cell transplantation (HSCT) might be con-
sidered for young patients at a suitable time, but
elderly patients cannot tolerate the intensity of such
therapy.” Bcl-2 inhibition has the potential to engage
the apoptotic pathway for therapeutic benefit. Vene-
toclax (Ven) is a specific Bcl-2 inhibitor that has been
shown to promote cytotoxicity in preclinical studies
of hematopoietic malignancies. In combination with
hypomethylating agents (HMAs), Ven has promising
efficacy in acute myeloid leukemia (AML) and has
already been approved for this indication.®

Venetoclax, a selective BCL-2 inhibitor, has emerged
as a promising therapeutic agent in hematologic
malignancies, especially AML. By targeting
anti-apoptotic ~ pathways, venetoclax restores
programmed cell death in leukemic blasts, sensitizing
them to chemotherapy.®® Clinical trials have demon-
strated encouraging response rates when venetoclax
is combined with hypomethylating agents (HMAs)
or low-dose cytarabine (LDAC) in newly diagnosed
unfit AML patients.” However, evidence regarding
its effectiveness in the relapsed/refractory setting re-
mains limited, particularly in real-world populations
that often diverge from clinical trial cohorts in terms
of age, comorbidities, and disease biology. >~

In China, where the demographic and genetic
profiles of acute leukemia patients may differ from
those in Western populations, real-world data on
venetoclax-based regimens in the R/R setting are
scarce. Additionally, variations in institutional
protocols, access to adjunct therapies, and supportive
care resources may influence treatment outcomes. 1

This study aims to evaluate the efficacy, safety, and
survival outcomes associated with venetoclax-based
combination regimens in patients with R/R acute
leukemia treated across three major oncology centers
in China. By analyzing real-world clinical data, this
study seeks to provide insight into the practical
utility of venetoclax in a high-risk population and
inform future treatment strategies tailored to regional
clinical practice.

2. Methods
2.1. Study design and setting

This multicenter retrospective cohort study was
conducted at three tertiary oncology hospitals in

China: Shanghai Cancer Center, West China Hospital
in Chengdu, and the Hematology Institute of Peking
Union Medical College Hospital, Beijing. The study
period spanned from January 2020 to December 2023.
Institutional review board approval was obtained
at each participating center, and patient consent
was waived due to the retrospective nature of data
collection.

2.2. Patient selection

Eligible participants were adult patients (>18 years)
diagnosed with relapsed or refractory acute leukemia
(AML or ALL), confirmed by bone marrow biopsy ac-
cording to WHO 2016 classification criteria. Patients
must have received at least one cycle of a venetoclax-
based regimen during the study period. Exclusion
criteria included:

e Prior treatment with venetoclax

¢ Incomplete medical records

¢ Concurrent enrollment in another interventional
clinical trial

2.3. Treatment regimens

Venetoclax was administered orally with a ramp-up
dosing schedule to a target dose of 400 mg/day. Com-
bination therapy was based on institutional protocols
and included either:

¢ Hypomethylating agents (HMA group): Azaciti-
dine (75 mg/m?/day subcutaneously for 7 days)
or decitabine (20 mg/m?/day intravenously for
5 days)

* Low-dose cytarabine (LDAC group): Cytara-
bine 20 mg/m? subcutaneously once daily for
10 days

Supportive care, including antifungal prophylaxis
and tumor lysis syndrome prevention, followed insti-
tutional standards. Dose adjustments were permitted
for cytopenias or non-hematologic toxicity.

2.4. Data collection
Demographic, clinical, cytogenetic, and molecular

data were extracted from electronic medical records.
Data points included:

Age, sex, leukemia subtype, prior lines of therapy
Response to venetoclax-based therapy (CR, CRi,
PR, NR)

Duration of response, event-free survival (EFS),
and overall survival (OS)

Adverse events graded using CTCAE version 5.0
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2.5. Response assessment

Treatment response was evaluated using the mod-
ified European LeukemiaNet (ELN 2017) criteria for
AML and NCCN guidelines for ALL. Bone marrow
evaluations were performed at baseline and after each
treatment cycle when feasible.

2.6. Statistical analysis

Descriptive statistics were used to summarize
patient characteristics. Categorical variables were
expressed as counts and percentages; continuous
variables were presented as medians with interquar-
tile ranges (IQR). Kaplan-Meier survival curves
were used to estimate OS and EFS, with log-rank
tests to assess differences between subgroups.
Cox proportional hazards regression was used
for multivariate survival analysis. A p-value <0.05
was considered statistically significant. All statistical
analyses were performed using SPSS version 26.0
(IBM Corp., Armonk, NY).

3. Results

A total of 70 patients with relapsed or refractory
acute leukemia were included in the study: 42
patients received venetoclax combined with
hypomethylating agents (HMA + VEN), and
28 patients received venetoclax with low-dose
cytarabine (LDAC + VEN).

3.1. Response rates

The complete response (CR) or CR with incom-
plete count recovery (CRi) rate was significantly
higher in the HMA + VEN group (52.4%) compared
to the LDAC + VEN group (32.1%) (p = 0.03).

Fig. 1 illustrates the comparative CR rates between

treatment arms.
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Fig. 1. Bar chart showing the complete response rate (%) between HMA +
VEN and LDAC + VEN groups.

3.2. Survival outcomes

e The median overall survival (OS) was 8.3
months (95% CI: 6.7-9.8) in the HMA + VEN
group versus 5.7 months (95% CI: 4.1-7.3) in the
LDAC + VEN group (p = 0.04).

¢ The median event-free survival (EFS) was 6.1
months (95% CI: 4.5-7.6) vs. 3.9 months (95% CI:
2.8-5.0), respectively (p = 0.02).

Figs. 2 and 3 median OS and EFS comparisons.
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Fig. 2. Median overall survival (months) in the two treatment groups.
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Fig. 3. Median event-free survival (months) in the two treatment groups.
3.3. Adverse events

The most common Grade >3 adverse events
were febrile neutropenia (54.3%), thrombocytope-
nia (47.1%), and neutropenic infections (32.9%). No
treatment-related deaths occurred within the first
30 days.

4. Discussion

The results of this multicenter real-world study in-
dicate that venetoclax-based combination regimens
offer a clinically meaningful benefit in patients with
relapsed or refractory acute leukemia, with notably
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higher complete response (CR) rates and improved
survival outcomes observed in the HMA + VEN
group compared to the LDAC + VEN group. These
findings align with emerging evidence supporting
venetoclax’s role in overcoming apoptosis resistance
in hematologic malignancies. 1'¢

The CR rate of 52.4% in the HMA + VEN cohort is
consistent with prior prospective studies and retro-
spective analyses demonstrating response rates rang-
ing from 40% to 60% in relapsed AML patients treated
with venetoclax and hypomethylating agents.!” By
contrast, the LDAC + VEN group demonstrated a
more modest CR rate (32.1%), suggesting that while
LDAC remains a viable option for unfit or frail pa-
tients, it may not induce responses as robustly as
HMAs when paired with venetoclax. '®

Overall survival (OS) and event-free survival (EFS)
were both significantly prolonged in the HMA +
VEN group. The median OS of 8.3 months in this
cohort compares favorably to historical data for re-
lapsed /refractory AML, where OS typically ranges
from 3 to 6 months with salvage chemotherapy. =
These findings support venetoclax-based regimens
as a less toxic yet efficacious alternative to intensive
reinduction, especially in patients who may not be
candidates for curative stem cell transplantation.

The biological rationale for combining veneto-
clax with hypomethylating agents lies in their syn-
ergistic effect on leukemic cell apoptosis. HMAs
downregulate MCL-1 and BCL-XL, anti-apoptotic
proteins known to confer venetoclax resistance,
thereby enhancing BCL-2 dependency and sensitiz-
ing blasts to apoptosis.?>** This synergy has been
well-documented in preclinical studies and substan-
tiated in clinical trials, including the VIALE-A trial in
frontline elderly AML.%

Our study also observed a manageable safety pro-
file, with the most frequent Grade >3 adverse events
being febrile neutropenia and cytopenias, in line with
established toxicity profiles of venetoclax-based ther-
apies. !’ Importantly, no early mortality events were
recorded within 30 days, underscoring the regimen’s
relative tolerability in a real-world population.

Nevertheless, several limitations must be acknowl-
edged. The retrospective design introduces inherent
selection bias, and lack of MRD monitoring limited
deeper response evaluation. Furthermore, cytoge-
netic and molecular stratification was incomplete for
a subset of patients, precluding detailed subgroup
analyses. Future prospective studies incorporating
measurable residual disease assessment and longer
follow-up are warranted to validate these results and
guide optimal treatment sequencing.

Although the role of venetoclax-based regimens
for treating relapsed or refractory acute leukemias is

well understood in the clinical trial setting, real-world
data from multiple centers to validate these findings
are limited. Our study found that venetoclax-based
regimens are effective in patients with relapsed or re-
fractory acute leukemia, resulting in a CR/CRi rate of
65.9%.%” We further observed that the response rates
were lower in patients with FLT3-ITD or TP53 muta-
tions than in those without, as was the median OS (3.2
months vs. 18.7 months). Collectively, our findings
support the efficacy of venetoclax-based regimens in
relapsed or refractory acute leukemia and highlight
the unfavorable prognostic impact of FLT3-ITD and
TP53 mutations on treatment outcomes.

Venetoclax has shown good efficacy and a tol-
erable safety profile for acute leukemia predomi-
nantly in clinical trials, with limited data available
on real-world treatment outcomes. Our study is the
most comprehensive and largest exploration into
the efficacy of venetoclax-based regimens on re-
lapsed /refractory acute leukemia.?® Our findings elu-
cidate the treatment outcome and prognostic factors
associated with patients treated with a venetoclax-
containing regimen for relapsed/refractory acute
leukemia under real-world clinical practice. We found
that the CR/CRi rate was 65.9%, and the median OS
was 16.5 months. Further, we found that acutely re-
lapsed patients had the best survival and the same
was observed in younger patients. Furthermore, FLT3
and TP53 mutation possess a poor prognosis follow-
ing a venetoclax treatment. Overall, the finding of
high OS and CR/CRirates appear to endorse the great
potential of a venetoclax-based regimen for the man-
agement of relapsed /refractory acute leukemia.?*—"

5. Conclusion

This real-world multicenter study demonstrates
that venetoclax-based regimens, particularly in com-
bination with hypomethylating agents, yield superior
response rates and improved survival outcomes com-
pared to LDAC-based combinations in patients with
relapsed or refractory acute leukemia. The HMA +
VEN regimen was associated with a favorable safety
profile and may represent an effective and tolera-
ble therapeutic option for high-risk patients ineligible
for intensive chemotherapy or transplantation. These
findings support the integration of venetoclax into
salvage protocols and underscore the need for further
prospective studies to validate its long-term benefits
and optimize patient selection.
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