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ABSTRACT

Venetoclax (VTX) is an antineoplastic agent that inhibits the BCL-2 protein and modulates mitochondrial apop-
tosis. It has demonstrated efficacy in the treatment of acute myeloid leukemia (AML) and chronic lymphocytic 
leukemia (CLL). The combination of VTX with a hypomethylating agent (HMA) has resulted in improved survival 
outcomes for patients with AML, exceeding those observed with monotherapy. The toxicity profile of venetoclax 
includes neutropenia, gastrointestinal disturbances, and diarrhea. Cardiotoxicity is a significant concern, partic-
ularly when venetoclax is administered at high doses or over extended periods. This adverse effect can result in 
serious complications, including myocardial infarction, new-onset atrial fibrillation, and sudden cardiac death. 
Studies indicate that approximately 20% of patients receiving venetoclax in combination with a hypomethylat-
ing agent (HMA) experience cardiac event, frequently necessitating therapy suspension. Venetoclax-associated 
cardiotoxicity has been linked to oxidative stress, inflammation, and apoptosis. Clinical studies have identified 
an imbalance between the production of reactive oxygen species (ROS) and the antioxidant defence system, as 
well as elevated levels of inflammatory markers, which contribute to the activation of apoptosis in cardiac cells. 
Elucidating these mechanisms are necessary for the development of targeted oncologic therapies that optimize 
treatment efficacy while ensuring cardiovascular safety.
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Introduction
Haematological malignancies (HMs) are diverse neoplasms char-

acterised by differences in pathogenesis, prognosis, and treatment 
[1]. Acute myeloid leukaemia (AML) is a rapidly progressing myeloid 
neoplasm. It originates from the stem cell precursors of the myeloid 
lineage, which include red blood cells, platelets, and white blood cells 
[2]. AML is defined by the clonal proliferation of immature myeloid 
cells, called blasts, in the peripheral blood and bone marrow. This 
process leads to bone marrow failure and results in underproduction 
of red blood cells and platelets. It is associated with infection, anae-
mia, and bleeding [3]. The classification of AML is based on muta-

tional profiles according to the European Leukaemia Network (ENL) 
2022 recommendations. High-risk myelodysplastic syndrome (MDS) 
and myeloproliferative neoplasms (MPS) can both lead to AML [4]. 
Patients exposed to alkylating agents or radiation during chemother-
apy, as well as those exposed to environmental factors such as radia-
tion, tobacco smoke, and benzene, may develop therapy-related MDS/
AML or de novo AML [5].

In the United States, the annual incidence of new AML cases ex-
ceeds 20,000. The median age of diagnosis is 68 years. The preva-
lence is significantly higher in non-Hispanic whites. The male-to-fe-
male ratio is 5:3 [4]. Despite advances in treatment, AML accounts for 
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about 1.68% of all cancer deaths in the EU in 2021. This highlights 
the need for targeted prevention and improved health policies to im-
prove patient outcomes [6]. The use of targeted anticancer therapies 
with small-molecule inhibitors has been shown to be an important 
therapeutic strategy for overcoming haematological tumours. Veneto-
clax (VTX) is an orally bioavailable small-molecule inhibitor of B-cell 
lymphoma 2 (BCL-2). By modulating the mitochondrial apoptotic 
pathway, it shows great efficacy in the treatment of Acute myeloid 
leukemia (AML) and Chronic lymphocytic leukaemia (CLL) [7]. When 
evaluating overall survival (OS), complete remission/complete remis-
sion with incomplete blood count recovery (CR/CRi), and progres-
sion-free survival (PFS), the combination of a hypomethylating agent 
(HMA) with VTX therapy has shown improved response rates. These 
results are superior to those of VTX monotherapy in AML patients [8]. 
Besides haematological toxicities and upper respiratory tract infec-
tions as side effects, symptoms of cardiotoxicity can also occur with 
prolonged use of the drug [9].

Objective of the Work
Venetoclax is widely used in oncological treatment, particularly 

for patients with chronic lymphocytic leukemia and acute myeloid 
leukemia, often in combination with a hypomethylating agent [10]. 
The toxicity profile of Venetoclax includes neutropenia, gastrointes-
tinal issues, and diarrhea, while there is growing concern regarding 
its potential cardiotoxicity in patients undergoing treatment for Acute 
Myeloid Leukemia. High doses or prolonged use of Venetoclax may 
lead to serious cardiac complications, such as myocardial infarction, 
new-onset atrial fibrillation, and even sudden cardiac death [10]. 
Javaria Ahmad et al. analysed the FDA’s Adverse Event Reporting 
System (FAERS), which is focused on the FDA’s pharmacovigilance 
mechanism. They collected reports on VTX and other chemothera-
peutic agents associated with adverse events, such as atrial fibrilla-
tion. Their analysis indicates that the percentage of adverse cardiac 
events attributed to AF is higher than that of 30 other antitumoral 
drugs [11]. Our review focuses on the current literature about the po-
tential cardiotoxicity of venetoclax. It also explores the mechanisms 
by which this drug may cause cardiac damage. This highlights the 
need for personalised cancer therapies that address these risks while 
maximising efficacy.

Clinical Pharmacology
Venetoclax (VTX) is defined as part of antineoplastic agents “BH3 

mimetics” which inhibit antiapoptotic proteins such as BCL-2, BCL-w 
and BCL-XL [12]. Overexpression of BCL-2 has been demonstrated 
in patients with lymphoblastic leukemia, which mediates tumour 
cell survival and leads to resistance to chemotherapeutics [13]. By 
binding selectively to BCL-2, it removes the binding of pro-apoptot-
ic proteins (such as BIM) that contain BH3 motifs, resulting in mito-
chondrial outer membrane permeabilisation (MOMP) and caspase 
activation. ((EMA.EUROPA.EU)). VTX is able to function as an antago-
nist and therefore can aid in the restoration of programmed cell death 

[14]. This action leads to the displacement of proapoptotic proteins, 
such as BIM, and induces caspase-dependent apoptosis. It enhances 
tumour cells’ sensitivity to programmed cell death [15]. It is advised 
to take VTX with a high-fat meal, as this can increase its exposure by 
5.3 times compared to fasting. Once in the bloodstream, VTX has a 
strong affinity for plasma proteins, binding within a concentration 
range of 1- 30 μM (0.87-26 μg/ml). The apparent volume of distri-
bution (Vdss/F) of VTX in patients is estimated to be between 256 
and 321 litres. Maximum plasma concentration is typically reached 
approximately 5 to 8 hours after repeated oral dosing.

VTX is primarily metabolised by CYP3A4 with an estimated ter-
minal elimination half-life of approximately 26 hours. Of note, 20.8% 
of the drug is eliminated from the body in an unmetabolized form 
[13]. The combined regimen of the BCL- 2 inhibitor venetoclax (VTX) 
with a hypomethylating agent, such as Azacytidine (AZA), at a daily 
dose of 400 mg, has shown high synergy in the therapeutic response’s 
efficacy [10]. Indeed, patients who are ineligible for intensive che-
motherapy and have received VTX + AZA, demonstrated an improve-
ment in their response rates and overall survival rates with durable 
remissions [16]. This could be due to these drugs’ ability to target 
Leukemia stem cells, which leads to the creation of interferences in 
the Tricarboxylic Acid cycle (TCA cycle). Furthermore, decreased lev-
els of alpha-ketoglutarate and increased succinate levels, are followed 
by the inhibition of electron transport chain complex II; which leads 
to perturbations that suppress oxidative phosphorylation (OXPHOS) 
and target Leukemia stem cells (LSCs). Finally, through the disruption 
of the metabolic machinery driving energy metabolism, AML patients 
can be cured of LSCs and have a better therapeutic response [17].

Common Side Effects of Venetoclax Uses
The most common adverse event (AE) associated with venetoclax 

is neutropenia. This occurs with both monotherapy and combination 
regimens [18]. Chemotherapy-induced neutropenia (CIN) is the most 
common haematological toxicity associated with cancer chemothera-
py. The National Cancer Institute Common Toxicity Criteria (NCI-CTC) 
categorizes neutropenia’s severity levels into four grades: grade 1 
when the absolute neutrophil count [ANC] is < 2000/mmc, grade 2 
when the ANC is < 1500/mmc, grade 3 when the ANC is < 1000/mmc, 
and grade 4 when the ANC is < 500/mmc [19]. A review of conducted 
clinical studies revealed that the predominant adverse hematolog-
ical effects observed in the treatment of chronic and acute myeloid 
leukemia with venetoclax were grade III/IV neutropenia and febrile 
neutropenia. Phase II study on venetoclax monotherapy conducted 
by Stilgenbauer, et al. [20] showed that haematological toxicity was a 
prevalent adverse effect. The analysis reported that 40% of patients 
had grade III/IV neutropenia, 15% had thrombocytopenia, and 25% 
had anaemia.

The infection rate reached 81%, including pneumonia in 10% of 
patients. Consequently, 17% of patients required a reduction in vene-
toclax dosage, while 40% were obliged to discontinue treatment [20]. 

https://dx.doi.org/10.26717/BJSTR.2026.65.010152


Copyright@ :   Francesca Saullo | Biomed J Sci & Tech Res |  BJSTR.MS.ID.010152. 57340

Volume 65- Issue 2 DOI: 10.26717/BJSTR.2026.65.010152

According to this, monoclonal antibody treatment has been identified 
as an factor contributing to the development of neutropenia. There-
fore, combination therapies should be considered as an aggravating 
factor increasing the incidence of neutropenia [21]. Matthew Wag-
goner et al. (2021), showed that another class of AEs, due to the use 
of venetoclax, is represented by gastrointestinal (GI) disorders. Nau-
sea instead, is defined as low to minimal risk as side effect. However, 
antiemetics, such as metoclopramide and 5-hydroxytryptamine 3 an-
tagonists, are suggested to be used prior to the therapy. Finally, an ad-
ditional common side effect is diarrhea. The concurrent use of Vene-
toclax and Azacytidine in patients with AML significantly increases 
the probability of experiencing diarrhea as a side effect [22].

Cardiotoxicity

One of the most significant health concerns following anticancer 
therapy has emerged to be cardiovascular damage [9]. This leads to 
an important issue in cancer treatment, influencing the mortality 
of patients with cancer and causing a delay or a discontinuation of 
the therapy. Patients following AML therapy with HMA have report-
ed cardiac events, clinically manifested with new onset heart failure 
HF, acute myocardial infarction, new onset atrial fibrillation AF and 
sudden cardiac death [23]. Isla M. Johnson et al., through a monocen-
tric retrospective study examined all patients with AML treated with 
venetoclax plus HMA in the initial stage or in relapsed/refractory 
setting at the Mayo Clinic between November 2018 and November 
2020. 170 patients were studied, of which 109 received venetoclax 
plus HMA as initial therapy and the remaining 61 patients with re-
lapsing/refractory AML. Forty-eight cardiac events were documented 
in 34 (20%) patients; cardiac event rates were similar despite treat-
ment context or HMA used: 23/109 (21%) in patients treated in ini-
tial therapy compared to 11/61 (18%) in relapse context. Of these 
last 10 had received previous anthracycline therapy and 3 of them 
had anthracycline-related cardiomyopathy. The most frequent events 
included a reduction in left ventricular ejection fraction (LVEF) on 
echocardiography, atrial fibrillation with rapid ventricular response 
(RVR), followed by elevation of troponin without electrocardiogram 
alterations.

Among the 7 patients with troponin elevation; 4 experienced 
events in the setting of another inciting factor such as severe anae-
mia, while the remaining of them showed elevation levels of troponin 
without another explanation. Other cardiac events included worsen-
ing heart failure with retained ejection fraction (HFpEF), non-atrial 
fibrillation arrhythmia and pericardial effusion or pericarditis. In 
particular, 2 patients had a fatal cardiopulmonary arrest. Of the 34 
patients who experienced cardiac events, 11 (32%) had no known 
pre-existing cardiac disease. In addition, 4 patients (12%) had no 
known cardiovascular risk factors. These events have had a signifi-
cant impact on AML therapy. About half of the patients stopped (27%) 
or discontinued (21%) treatment with HMA plus venetoclax due to 
the cardiac event. Furthermore, most (89%) events required hospital 

care, with a considerable proportion being treated in intensive care 
(27%). Cardiac management included the initiation of new cardiac 
medications (77%), whereas 2 patients required emergency proce-
dural intervention. Unfortunately, the cardiac event itself was fatal 
in 9 patients (27%) [24]. Although the link between venetoclax and 
cardiac events is not well-established, it is intriguing to explore the 
potential for cardiotoxicity given its mechanism of action. Therefore, 
Venetoclax could be cardiotoxic through different mechanisms.

Oxidative Stress
Oxidative stress, defined as an imbalance between the produc-

tion of free radicals (ROS) and the body’s antioxidant capacity, has 
been identified as a pivotal mechanism underlying cardiotoxicity in-
duced by VTX and many other anticancer drugs [9]. In a prospective 
in vivo experimental study conducted by Al- asmari et al., the levels of 
malondialdehyde (MDA), catalase (CAT), and glutathione (GSH) were 
measured in three groups of rats. The first group was a control group 
treated with NaCl. 0,9% and a group treated with VTX at low (50 mg/
kg) and high (100 mg/kg) doses over a 21-day period. The results 
showed that both low- and high-dose VTX groups showed elevated 
levels of MDA, a marker of lipid peroxidation and oxidative damage, 
compared with the control group. Concurrently, a clear decline in en-
dogenous antioxidants important for maintaining cell homeostasis 
and ROS levels in response to various toxic insults, including gluta-
thione (GSH) and catalase (CAT), was observed compared with the 
control group. These data support the hypothesis that VTX treatment 
induces an imbalance between ROS production and antioxidant ca-
pacity, promoting oxidative damage in cardiac cells and causing car-
diotoxicity [9].

Inflammation
Excessive cellular stress, alterations in intracellular redox bal-

ance, and increased oxidant species lead to myocardial tissue damage 
and inflammation [25]. According to Al-Asmari et al, gene and protein 
expression of several markers related to inflammation and oxidative 
stress were analysed. The results showed that cytokine gene expres-
sion levels for IFN-γ and TGF-β were increased in both the high- and 
low-dose VTX treatment groups relative to the control group, with 
a dose-dependent relationship. High-dose VTX treatment also in-
creased the inflammatory protein NF-κB p65, the pro-inflammatory 
cytokine TNF-α and the inflammatory cytokine IL-6 [9]. This suggests 
that high levels of Venetoclax therefore lead to the production of in-
flammatory proteins in the heart, causing cardiac damage

Apoptosis
Numerous studies have linked myocardial dysfunction and toxic-

ity to apoptosis. BH3-only proteins can induce apoptosis in response 
to significant stress, such as genetic damage [26]. As mentioned 
above, venetoclax is a BH3-mimetic protein that regulates apoptosis, 
inhibiting BCL-2, an anti-apoptotic protein that prevents cell death, 
promoting apoptosis of cancer cells in AML patients. In particular, 
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elevated levels of BCL-2 can neutralise BH3-only proteins, allowing 
cells to escape apoptosis [27]. In the clinical setting, venetoclax has 
been associated with cardiomyopathy and arrhythmias [28]. Investi-
gators, including AlAsmari et al, have suggested that VTX treatment 
may cause cardiac toxicity, possibly due to Bcl-2 inhibition, which can 
induce apoptosis in multiple organs, including the heart. Subsequent-
ly, Al-Asmari et al. measured gene and protein expression of apoptotic 
markers to investigate apoptosis induction in cardiac tissue. After 21 
days of VTX treatment, gene expression of Bax (an apoptosis regulator 
also known as “bcl2 like protein 4”) along with a significant reduction 
in Bcl-2 gene and protein expression were found in the VTX-treated 
group [25]. In particular, high-dose VTX treatment led to a significant 
increase in cleaved caspase-3 protein levels, which are known to be 
responsible for biochemical changes in apoptosis. Consequently, the 
induction of apoptotic markers can lead to cardiotoxicity [29].

Cardiac Damage
Cardiac enzymes, such as creatine kinase-MB (CK-MB) and car-

diac troponin I (cTn-I), in combination with histopathological exam-
ination of cardiomyocytes, serve as pivotal markers for identifying 
cardiotoxic effects associated with anticancer drugs [30]. Changes 
in the levels of these enzymes indicate an early response to cardiac 
damage caused by toxic substances [31]. In the prospective experi-
mental study conducted by Al-Asmari et al., in addition to assessing 
oxidative damage in cardiac cells, serum levels of CK-MB and cTn-I 
were analysed. Rats were divided into two groups and subjected to 
21 days of VTX treatment at different drug doses to assess potential 
cardiac damage. The results showed increased levels of both enzymes 
compared to the control group, which had received no treatment. His-
topathological observations on the Venetoclax-treated group revealed 
a nuclear enlargement of cardiac cells. In addition, the production of 
a chronic inflammatory response and a dose-dependent increase in 
cardiac myocyte size confirmed the structural and functional damage 
to the heart in VTX-treated patients.

A retrospective analysis in a clinical study by [32] investigated 
venetoclax’s cardiotoxic effects, focusing on serum cardiac toxicity 
markers in 55 adult patients undergoing treatment. The research 
specifically examined cardiac troponin T (TnT) levels, a marker of 
heart muscle damage, in relation to venetoclax dosage and patient 
outcomes. The researchers measured TnT levels before, during, and 
after therapy, along with venetoclax serum levels (quantified via mass 
spectrometry-high- performance liquid chromatography). Statistical 
analyses, including Wilcoxon signed-rank tests and mixed-effects re-
gression models, were employed to evaluate changes in TnT, its cor-
relation with venetoclax dose, and the impact of creatinine levels. The 
study revealed a significant increase in TnT during venetoclax treat-
ment, indicating a potential risk of cardiac injury associated with the 
drug [32].

Discussion
This review was conducted via an accurate retrospective analysis 

of literature from the PubMed scientific database. The time range de-
fined in the bibliographical sources was set from 2020 to 2025. The 
inclusion criteria used to select the sources were as follow:

1.	 In vitro studies.

2.	 Clinical studies.

3.	 Articles referring to the mechanism of action of Venetoclax, 
to explore its potential cardiotoxicity profile in patients with 
AML.

4.	 Studies reporting cardiac events associated with Venetoclax 
in combination with HMA in the treatment of AML.

5.	 Studies that were not case reports.

Studies that met the inclusion criteria were submitted for data ex-
traction. Numerous studies have reported the potentially cardiotox-
ic effect induced by VTX. Major adverse cardiac events (MACE) have 
been reported, including new-onset heart failure (HF), acute myocar-
dial infarction and new-onset atrial fibrillation (AF). An in vivo study, 
conducted by Brock et al. from 2025, found a significant increase in 
cardiac troponin during Venetoclax treatment, indicating a potential 
risk of cardiac damage associated with the drug. Moreover, Isla M. 
Johnson et al through a retrospective analysis on patients with AML 
found that forty-eight cardiac events were documented in 34 patients. 
These events had a significant impact on therapy for AML, resulting 
in therapy discontinuation and the need of hospitalization. Further-
more, intensive care admissions and cardiac management treatment 
were included [24].

Conclusion
To conclude, venetoclax is emerging as a promising novel agent 

with significant efficacy in the treatment of acute myeloid leukaemia. 
However, through mechanisms such as apoptosis, oxidative stress 
and inflammation, it may induce cardiotoxic effects such as acute 
myocardial infarction and new-onset atrial fibrillation. The potential 
cardiotoxicity associated with high doses or prolonged use of Veneto-
clax represents a significant challenge in cancer therapy. This issue is 
critical in cancer therapy as it may lead to delays or discontinuation 
of chemotherapy, ultimately affecting patient mortality. It is there-
fore crucial to evaluate the cardiotoxicity profile of compounds such 
as Venetoclax in order to develop effective, tailored oncological regi-
mens that also manage side effects and protect cardiac function.
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