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Abstract

Recent studies show that the B-cell lymphoma 2 (BCL-2) inhibitor 
venetoclax is a promising therapeutic drug for acute lymphoblastic 
leukemia (ALL), especially in high-risk subtypes including early 
T-cell precursor (ETP)-ALL, Philadelphia chromosome (Ph)-like 
B-cell ALL, and KMT2A-rearranged leukemia. The preclinical and 
early-phase clinical research shows that venetoclax-based combina-
tions can increase apoptosis and improve response rates when used 
with chemotherapy or hypomethylating agents. The main challenge to 
venetoclax efficacy remains the resistance mechanisms that primarily 
involve myeloid cell leukemia-1 (MCL-1) and BCL-extra large (XL). 
This review provides an overview of the current state of venetoclax 
in ALL by discussing its mechanistic basis and clinical trial results as 
well as safety data and strategies to overcome resistance and enhance 
venetoclax-based treatments.

Keywords: Venetoclax; BCL-2 inhibition; Acute lymphoblastic leu-
kemia; T-cell ALL; B-cell ALL; Apoptosis resistance; Combination 
therapy; Targeted therapy

Introduction

Acute lymphoblastic leukemia (ALL) represents a diverse 
group of hematologic malignancies which develops from im-
mature lymphoid precursors that multiply in bone marrow and 
peripheral blood and other tissues. The two main types of ALL 
are B-cell ALL (B-ALL) and T-cell ALL (T-ALL) which dif-
fer by the cell lineage of leukemic blasts. B-ALL represents 
75-85% of pediatric cases and 60-70% of adult cases [1]. The 
different subtypes of leukemia contain multiple genetic and 
molecular abnormalities which include BCR-ABL1 in Phila-
delphia chromosome (Ph)+ ALL, KMT2A rearrangements and 

ETV6-RUNX1 among others as well as copy number vari-
ations and somatic mutations that affect both prognosis and 
treatment response [2, 3].

T-ALL presents specific challenges because it often devel-
ops from early T-cell precursor (ETP) cells, contains high-risk 
genetic abnormalities, and shows resistance to standard chem-
otherapy treatments [4]. B-ALL contains different subtypes 
which produce distinct treatment outcomes. Patients with 
hyperdiploid or ETV6-RUNX1-positive B-ALL have better 
prognoses, while patients with Ph-like or KMT2A-rearranged 
B-ALL experience worse survival and higher relapse rates [3, 
5].

Risk-adapted therapy has improved survival rates for pedi-
atric patients but relapsed or refractory (R/R) ALL remains a 
major clinical challenge with unfavorable prognoses. The cur-
rent standard salvage treatments produce minimal long-lasting 
responses while patients with multiple relapses or those who 
cannot receive allogeneic hematopoietic cell transplantation 
(allo-HCT) have few available treatment options. The molecu-
lar complexity and clonal evolution of ALL at relapse contrib-
ute to therapeutic resistance [6], underscoring the urgent need 
for novel targeted therapies that can overcome these barriers 
and improve long-term outcomes across ALL subtypes.

Role of B-Cell Lymphoma 2 (BCL-2) in ALL

The process of leukemogenesis and treatment resistance in 
ALL depends on the dysregulation of apoptosis. The BCL-2 
family proteins function as key regulators to control the pro-
cess of mitochondrial outer membrane permeabilization and 
subsequent caspase activation. The therapeutic evasion oc-
curs because of the overexpression of anti-apoptotic members 
BCL-2, myeloid cell leukemia-1 (MCL-1), and BCL-extra 
large (XL) [7, 8] (Fig. 1a).

The expression levels of BCL-2 differ between different 
ALL subtypes. The research by Coustan-Smith et al demon-
strated that B-lineage ALL blasts showed significant elevation 
of BCL-2 expression compared to normal B-cell progenitors 
while surviving better in cytokine-deprived conditions. The 
study by Coustan-Smith et al found that while BCL-2 expres-
sion was elevated in B-lineage ALL blasts compared to nor-
mal B-cell progenitors, its expression was relatively lower in 
leukemias with adverse cytogenetic abnormalities such as the 
Ph, suggesting that BCL-2 overexpression is more common 
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in cytogenetically favorable cases [9]. These findings indicate 
that elevated BCL-2 expression confers a survival advantage 
to leukemic blasts by enhancing resistance to apoptosis in cy-
tokine-deprived conditions; however, this does not universally 
correlate with poor clinical outcomes or treatment resistance.

The study by Tzifi et al provided extensive evidence about 
BCL-2 family members in leukemia through their description 
of how BCL-2, MCL-1, BAX, and BH3-only proteins BID 
and NOXA work together in a delicate balance. The network’s 
dysregulation leads to disease progression through impaired 
apoptosis especially when BCL-2 becomes abnormally over-
expressed [10].

Introduction to Venetoclax

The potent oral drug venetoclax functions as a small-mol-
ecule inhibitor which specifically targets anti-apoptotic pro-
tein (BCL-2), to regulate the intrinsic mitochondrial apoptosis 
pathway (Fig. 1b). The mechanism of venetoclax mimics BH3-
only protein activity to remove BIM and other pro-apoptotic 
molecules from BCL-2 which enables apoptosis in cancer cells 
that rely on BCL-2 for survival. The US FDA has approved 
venetoclax for chronic lymphocytic leukemia (CLL) patients 
with 17p deletion and for elderly or unfit acute myelocytic 
leukemia (AML) patients who receive it with hypomethylat-
ing agents (HMAs) or low-dose cytarabine, thus transforming 
treatment approaches for hematologic malignancies [11, 12]. 
The increasing interest in using venetoclax for ALL treatment 
stems from BCL-2 overexpression in specific ALL subgroups 
including early precursor B-ALL and myeloid-lymphoid leu-
kemia (MLL)/KMT2A rearrangement cases. The therapeutic 
potential of venetoclax in ALL models has been demonstrated 

through preclinical studies, yet its clinical effectiveness re-
mains limited because MCL-1 and BCL-XL expression com-
pensates for its effects, thus requiring the development of ra-
tional combination strategies to enhance its clinical application 
in this context [7, 9].

Preclinical Evidence Supporting Venetoclax in 
ALL

Research conducted before clinical trials demonstrated that 
specific cases of ALL including ETP-ALL and high-risk B-
ALL depend on BCL-2 survival mechanisms which makes 
them vulnerable to venetoclax treatment. ETP-ALL represents 
a distinct biological T-ALL subtype which shows high BCL-2 
expression levels together with low BIM and BAX pro-apop-
totic protein amounts, thus creating a therapeutic opportunity 
[13]. Xenograft and cell line experiments demonstrated that 
venetoclax specifically kills ETP-ALL blasts because of their 
apoptotic weakness [14]. The B-ALL subtypes that have MLL/
KMT2A rearrangements or early progenitor immunopheno-
types express elevated BCL-2 levels and show sensitivity to 
venetoclax treatment in both laboratory and animal studies [9].

Venetoclax demonstrates enhanced antileukemic effects 
when used in combination with other cytotoxic drugs. The 
combination of homoharringtonine (a translation inhibitor) 
with venetoclax led to substantial apoptosis in B-ALL models 
through MCL-1 downregulation which acts as a main resist-
ance factor to venetoclax [15]. The combination of venetoclax 
with asparaginase produced enhanced apoptosis through dual 
mechanisms where venetoclax blocked BCL-2 while aspara-
ginase reduced MCL-1 by depleting glutamine and asparagine 
which are essential for MCL-1 translation and stability [16]. 

Figure 1. Mechanism of venetoclax-induced apoptosis in ALL. (a) ALL cells express elevated levels of anti-apoptotic BCL-2 
family proteins (BCL-2, MCL-1, and BCL-XL) which prevent mitochondrial outer membrane permeabilization (MOMP) and trap 
pro-apoptotic proteins (BAX and BAK) to stop caspase activation and apoptosis. (b) Venetoclax specifically targets BCL-2 to 
enable apoptotic signaling through MOMP and caspase activation. The compensatory increase of MCL-1 and BCL-XL proteins 
helps to preserve anti-apoptotic signaling which leads to venetoclax resistance. ALL: acute lymphoblastic leukemia; BCL-2: B-cell 
lymphoma 2; MCL-1: myeloid cell leukemia-1; XL: extra large.
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These findings supported using venetoclax as part of multi-
agent clinical trial regimens especially for treating high-risk or 
R/R ALL patients.

Clinical Studies of Venetoclax-Based Combina-
tions in ALL

Earlier studies

The first clinical evidence of venetoclax effectiveness in T-
ALL and ETP-ALL patients emerged from two elderly pa-
tients who achieved morphologic remission while one pa-
tient became minimal residual disease (MRD) negative but 
the other patient relapsed after an initial response [14]. A 
phase I study was designed subsequently to evaluate vene-
toclax at 600 mg per day in combination with mini-hyper-
CVD (dose-reduced hyperfractionated cyclophosphamide, 
vincristine, dexamethasone, alternating with methotrexate 
and cytarabine; anthracycline omitted) for older adults who 
had untreated or R/R Ph-negative ALL. The study involved 
10 untreated patients with a median age of 65 who achieved 
a complete remission (CR) rate of 90% and all patients be-
came MRD negative with no relapses during 11.3 months of 
follow-up; the R/R group achieved a complete remission or 
complete remission with incomplete platelet recovery (CR/
CRp) rate of 37.5% with tolerable side effects [17]. The phase 
II trial used venetoclax in combination with mini-hyper-CVD 
to treat 23 patients who were either newly diagnosed or had 
R/R disease. The study produced CR rates of 75% in frontline 
patients and 65% in evaluable R/R patients who had adverse 
cytogenetics and previous allo-HCT or immunotherapy expe-
rience. The study demonstrated both long-lasting remission 
and successful transplant preparation [18]. The retrospective 
study evaluated 13 R/R T-ALL patients who achieved 60% 
marrow remission and 30% full hematologic recovery despite 
their high-risk features and previous treatments. The treat-
ment involved administering venetoclax at 200 mg/day for 21 
days together with hyper-CVAD (a hyperfractionated chemo-
therapy regimen alternating cyclophosphamide, vincristine, 
doxorubicin, and dexamethasone with high-dose methotrex-
ate and cytarabine) or nelarabine; the median overall survival 
(OS) and RFS reached 7.7 and 4.0 months, respectively [19]. 
Another retrospective analysis evaluated the safety and effi-
cacy of venetoclax in 18 pediatric/young adult patients with 
R/R ALL or lymphoblastic lymphoma (LBL) showed a 61% 
CR rate and 9.14-month median OS. The treatment of vene-
toclax proved to be safe for patients while myelosuppression 
emerged as the primary adverse effect [20]. The EA9152 
phase I trial administered venetoclax to 18 adult patients with 
R/R ALL/LBL who received liposomal vincristine (L-VCR). 
The trial established 600 mg venetoclax as the maximum tol-
erated dose while achieving CR in 22% of patients includ-
ing MRD-negative cases with acceptable safety results [21]. 
Separately, a phase I trial of venetoclax plus low-dose navi-
toclax and chemotherapy in 47 pediatric/adult R/R ALL/LBL 
patients showed a 60% CR rate. Responses were observed re-
gardless of prior allo-HCT or immunotherapy, with delayed 

hematopoietic recovery as the main toxicity [22]. A summary 
of those studies is shown in Table 1 [17-28].

Venetoclax plus low-intensity chemotherapy

The clinical application of venetoclax in ALL has been stud-
ied further in R/R settings by combining it with low-intensity 
chemotherapy. Phase 1/2 trial studied the combination of mini-
hyper-CVD chemotherapy with venetoclax in adults with R/R 
ALL. The regimen demonstrated promising activity, achieving 
a composite CR and CR with incomplete hematologic recov-
ery (CRi) rate of 57%, with 45% of responders attaining MRD 
negativity. The trial enrolled heavily pretreated patients, with 
over half having undergone prior allo-HCT, and many with 
prior exposure to inotuzumab ozogamicin, blinatumomab, or 
chimeric antigen receptor (CAR) T-cell therapy. The treatment 
was generally well tolerated, with infections being the most 
common grade ≥ 3 adverse event. Median OS was 7.1 months, 
and the 1-year OS was 29% [23]. These findings support the 
incorporation of venetoclax into low-intensity regimens as a 
viable therapeutic strategy in R/R ALL and warrant further 
validation in randomized trials.

Venetoclax with HMAs

Research findings show that venetoclax works well when used 
with HMAs including azacitidine or decitabine to treat R/R 
T-ALL patients who have few available treatment choices. 
Farhadfar et al published a 2021 study about a patient with re-
lapsed early T-cell ALL with high-risk features including TP53 
loss and poor chemotherapy response. The patient received 
venetoclax and decitabine following an allo-HCT. The patient 
achieved MRD-negative CR after one cycle of treatment but 
died from infectious complications [29]. The 2023 Chinese 
multicenter phase 2 trial used venetoclax in combination with 
azacitidine to treat 18 patients who had R/R T-ALL or T-LBL. 
The research study achieved an 88.9% overall response rate 
and MRD-negative CR in a subset of patients while patients 
survived for 24.1 months on average. The treatment allowed 
two-thirds of patients to undergo allo-HCT while hematologic 
toxicities occurred frequently but the regimen remained toler-
able without treatment-related deaths [24].

A study by Agrawal et al evaluated the effectiveness of 
HMAs with venetoclax as salvage treatment for adults with 
R/R ETP-ALL through a case series. Three out of five patients 
(60%) reached CR and two of them received successful allo-
HCT treatment. The responders reached MRD-negative sta-
tus while the treatment with azacitidine or decitabine showed 
similar toxicity patterns to AML therapy [25]. The study by 
Jin et al (2025) presented a new triplet therapy consisting of 
venetoclax, chidamide (a selective histone deacetylase inhibi-
tor), and azacitidine (VCA) for a patient with relapsed B-ALL 
who had the high-risk MLL-AF4 fusion and extramedullary 
relapse after transplant. The patient achieved CR after the first 
cycle and received successful CD19 CAR T-cell therapy. The 
case demonstrates how these combination therapies including 
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HMA-venetoclax doublets and VCA triplet regimens function 
as effective bridging treatments for high-risk ALL subtypes 
through BCL-2 inhibition and epigenetic modulation and de-
methylation synergies [30].

Venetoclax in pediatric and adolescent/young adult (AYA) 
populations

Research studies conducted recently have expanded the use of 
venetoclax for treating R/R ALL in pediatric and AYA popula-
tions. A phase 1 open-label multicenter study assessed veneto-
clax safety and effectiveness when used with chemotherapy in 
pediatric and AYA patients younger than 25 who had R/R ALL. 
The study included 31 patients who received either venetoclax 
alone (n = 1), venetoclax with dexamethasone vincristine and/
or pegasparaginase (VXL; n = 20) or venetoclax with cytara-
bine etoposide and/or pegasparaginase (n = 10). The treatment 
showed good tolerance from patients with febrile neutropenia 
being the most common grade 3/4 treatment-emergent adverse 
event (55%). A fatal adverse event possibly linked to vene-
toclax occurred in one patient. The overall response rate was 
42%, with all responders achieving CR or CRi. The responses 

were observed in biomarker-evaluable patients regardless of 
the genetic alterations and BCL-2 family dependencies [26]. 
These results indicate that venetoclax in combination with 
VXL-based or cytarabine-based regimens represents a tol-
erable and promising salvage option for pediatric and AYA 
patients with R/R ALL. A recent longitudinal update from 
a phase 2 trial by Ravandi et al evaluated the integration of 
venetoclax into a frontline T-ALL/T-LBL regimen combining 
hyper-CVAD, nelarabine, and pegylated asparaginase. Among 
145 adult patients with newly diagnosed or minimally treated 
T-ALL/LBL, 46 received venetoclax during induction and 
consolidation phases. At a median follow-up of 24.4 months, 
patients in the venetoclax cohort achieved superior 2-year pro-
gression-free survival (PFS) of 87.9% versus 64.1% (P = 0.03) 
and duration of response (DOR) of 93.6% versus 69.2% (P = 
0.005), compared to the original cohort. The 2-year OS was 
also higher (87.8% vs. 73.9%), although this did not reach sta-
tistical significance (P = 0.16). Venetoclax addition was well 
tolerated, with febrile neutropenia being the most common 
serious adverse event (60%) [27]. These findings support the 
potential of venetoclax to enhance the durability of response 
and long-term outcomes when incorporated into frontline mul-
ti-agent regimens for T-ALL/LBL.

Table 1.  Published Experiences of Venetoclax in ALL

Population Intervention Primary outcome
Older adults with untreated or 
R/R Ph-negative ALL [17]

Venetoclax + mini-hyper-CVD (phase I) ORR 100% (untreated), CR/CRp 37.5% (R/R)

Newly diagnosed or R/R Ph-
negative ALL or LBL [18]

Venetoclax + mini-hyper-CVD (phase II) CR 75% (frontline), 65% response (R/R)

R/R T-ALL (n = 13) [19] Venetoclax + various chemo regimens 60% BM remission, OS 7.7 months
Pediatric and AYA with R/R 
ALL/LBL (n = 18) [20]

Venetoclax + various chemo CR 61%, OS 9.14 months

Adults with R/R ALL/
LBL (n = 18) [21]

Venetoclax + liposomal vincristine (phase I) CR 22%, MRD-neg in two patients

Pediatric and adult with R/R 
ALL or LBL (n = 47) [22]

Venetoclax + low-dose navitoclax 
+ chemo (phase I)

CR 60%, 28% bridged to allo-HCT/CAR-T

Adults with R/R ALL [23] Venetoclax + mini-hyper-CVD (phase 1/2) CR/CRi 57%, MRD-neg 45%
R/R T-ALL or T-LBL (n = 18) [24] Venetoclax + azacitidine (phase II) ORR 88.9%, OS 24.1 months
R/R ETP-ALL (n = 5) [25] Venetoclax + azacitidine/

decitabine (case series)
CR 60%, MRD-neg 100%

Pediatric/AYA with R/R 
ALL (n = 31) [26]

Venetoclax + VXL/cytarabine 
regimens (phase I)

ORR 42%, all CR/CRi

Frontline T-ALL or T-LBL [27] Venetoclax + hyper-CVAD, nelarabine, 
and pegylated asparaginase

PFS 87.9%, OS 87.8%

Ph-neg B-ALL, 50% Ph-
like (n = 24) [28]

Venetoclax + CALGB 10403 (prospective) CR/CRi 96%, MRD-neg 91%

ALL: acute lymphoblastic leukemia; allo-HCT: allogeneic hematopoietic cell transplantation; AYA: adolescent/young adult; BM: bone marrow; CAR-T: 
chimeric antigen receptor T-cell; CR/CRp: complete remission or complete remission with incomplete platelet recovery; ETP: early T-cell precursor; 
hyper-CVAD: a hyperfractionated chemotherapy regimen alternating cyclophosphamide, vincristine, doxorubicin, and dexamethasone with high-
dose methotrexate and cytarabine; LBL: lymphoblastic lymphoma; mini-hyper-CVD: dose-reduced hyperfractionated cyclophosphamide, vincristine, 
dexamethasone, alternating with methotrexate and cytarabine; anthracycline omitted; MRD: minimal residual disease; ORR: overall response rate; 
OS: overall survival; PFS: progression-free survival; Ph: Philadelphia chromosome; R/R: relapsed or refractory; VXL: venetoclax with dexametha-
sone vincristine and/or pegasparaginase.
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Venetoclax in Ph-like B-ALL subtypes

The survival of leukemic cells depends heavily on BCL-2 
overexpression especially in the high-risk Ph-like ALL sub-
type. In a prospective study, 24 Ph-negative B-ALL patients 
received venetoclax at 400 mg daily for 14 days during induc-
tion and consolidation therapy with the CALGB 10403 pediat-
ric-inspired chemotherapy regimen. The research included pa-
tients aged 31 years on average (range, 18 - 53) with Hispanic 
patients making up 92% of the total population. Twelve pa-
tients (50%) had Ph-like ALL. The regimen showed favorable 
safety profile with no dose-limiting toxicities observed dur-
ing the phase 1 portion. The treatment resulted in CR or CRi 
in 96% (23/24) of patients after induction therapy and MRD 
negativity (< 0.01%) was achieved by 91% (20/22) of patients 
who received consolidation therapy. The Ph-like ALL patients 
reached MRD-negative CR/CRi status in 11 out of 12 cases 
while one patient maintained low-level MRD at 0.01%. The 
Ph-like ALL cases demonstrated higher BCL-2 dependency at 
baseline compared to non-Ph-like ALL patients, although the 
difference did not reach statistical significance (P = 0.06) [28]. 
The research indicates that venetoclax improves Ph-like ALL 
remission depth when used with pediatric-inspired regimens, 
thus supporting its potential use as a frontline treatment for this 
high-risk population.

Mechanisms of Resistance and Strategies to 
Overcome Them

The primary cause of venetoclax resistance in ALL stems 
from anti-apoptotic protein heterogeneity especially within 
the BCL-2 family. While venetoclax sensitivity in B-ALL is 
largely driven by BCL-2 overexpression, resistance commonly 
emerges through adaptive upregulation of alternative anti-ap-
optotic proteins such as MCL-1 or BCL-XL, which seques-
ter pro-apoptotic mediators like BIM and BAX. In contrast, 
T-ALL, particularly mature subtypes, exhibits constitutively 
high BCL-XL expression and shows limited dependence on 
BCL-2, rendering single-agent venetoclax less effective. 
Only ETP-ALL demonstrates meaningful BCL-2 depend-
ence. These lineage-specific apoptotic profiles underscore the 
need for rational, subtype-specific combinations, such as dual 
BCL-2/BCL-XL inhibition, to overcome resistance and opti-
mize therapeutic outcomes [7, 31, 32]. The main mechanism 
behind this resistance involves the elevation of alternative 
anti-apoptotic proteins like MCL-1 and BCL-XL which form 
complexes with BIM and BAX, thus avoiding BCL-2 inhibi-
tion [31]. ALL subtypes including T-ALL show dependency 
on both BCL-2 and BCL-XL or may shift toward BCL-XL or 
MCL-1 dependence when their disease progresses. The dy-
namic modulation of survival proteins allows leukemia cells to 
escape apoptosis, so they can survive beyond the effectiveness 
of venetoclax monotherapy. The mature T-ALL group dem-
onstrates higher BCL-XL expression which makes them less 
responsive to venetoclax treatment. BCL-XL expression el-
evates in Ph-like B-ALL through JAK-STAT signaling which 
makes it harder to treat these cases, because it enhances resist-

ance to BCL-2 inhibitors. The shift in apoptotic dependencies 
has been validated by BH3 profiling and gene activity analyses 
which shows that dual inhibition of BCL-2 and BCL-XL is es-
sential to overcome resistance and achieve effective apoptosis 
in refractory ALL subtypes [32].

The development of various logical combination ap-
proaches was proposed for overcoming these resistance mech-
anisms. The therapeutic potential of combining venetoclax 
with AZD0466 which is a novel dendrimer-conjugated dual 
BCL2/BCL-XL inhibitor derived from AZD4320 was assessed 
in preclinical research. The research found that B-ALL sam-
ples displayed elevated BCL2 protein levels which resulted in 
higher sensitivity to venetoclax and AZD4320 treatment. The 
T-ALL samples showed increased BCL-XL protein expression 
which led to better responses when treated with dual BCL2/
BCL-XL blockade. The results from BH3 profiling demon-
strated that BCL2 was the primary apoptotic pathway in B-
ALL but T-ALL required simultaneous activation of BCL2 and 
BCL-XL for apoptosis. The in vivo studies demonstrated that 
AZD0466 reduced tumor growth and enhanced survival rates 
in T-ALL mouse models but venetoclax failed to deliver com-
parable therapeutic effects [32]. The research demonstrates 
that dual BCL2/BCL-XL inhibition provides better outcomes 
in T-ALL which supports further development of AZD0466 as 
a therapeutic candidate for ALL treatment.

The dual inhibitor navitoclax demonstrates therapeutic 
potential by extending anti-apoptotic blockade through simul-
taneous targeting of BCL-2 and BCL-XL to overcome resist-
ance [8]. Clinical studies demonstrate that venetoclax becomes 
more effective when combined with chemotherapy and p53-
activating agents like MDM2 inhibitors which leads to better 
apoptotic priming and treatment duration [13]. The effective-
ness of venetoclax in ALL treatment depends on both dynamic 
apoptotic profiling and individualized combination therapy ap-
proaches to overcome drug resistance.

Safety and Tolerability

Venetoclax-based ALL treatments show an acceptable safety 
profile but specific adverse events occur frequently during 
combination therapy. The most frequent adverse events re-
ported in clinical trials were hematologic toxicities includ-
ing neutropenia, thrombocytopenia, and anemia with febrile 
neutropenia being the most serious complication [12, 26]. The 
risk of infections including bacterial, viral, and fungal types 
increases when patients experience prolonged neutropenia, so 
healthcare providers must provide strict supportive care. The 
reported non-hematologic toxicities included nausea and di-
arrhea together with transaminitis but these side effects were 
generally mild to moderate in severity [26].

The management of these toxicities requires both preven-
tive supportive care and continuous clinical observation. The 
assessment of baseline risk together with regular complete 
blood counts becomes vital during the first cycles of therapy. 
The use of prophylactic antimicrobials should be considered 
for patients at high risk and granulocyte colony-stimulating 
factor (G-CSF) support can be given to patients who need help 
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managing neutropenia. The initiation phase of venetoclax treat-
ment requires careful dose escalation to minimize tumor lysis 
syndrome (TLS) risk particularly in patients with high disease 
burden; TLS prophylaxis should include aggressive hydration 
and uric acid-lowering agents and close metabolic monitoring 
[33]. Treatment interruptions or dose reductions should be im-
plemented when patients experience prolonged cytopenias or 
grade ≥ 3 toxicities. The administration of venetoclax becomes 
safe for pediatric and adult ALL patients through appropriate 
precautions and supportive care measures.

Future Directions and Ongoing Trials

The clinical application of venetoclax in ALL continues to 
evolve, with multiple ongoing trials investigating its integra-
tion into frontline and salvage regimens across diverse ALL 
subtypes. Several phase 1/2 studies are currently evaluating 
venetoclax in combination with novel agents such as MDM2 

inhibitors, JAK inhibitors, and monoclonal antibodies (e.g., 
blinatumomab or inotuzumab ozogamicin), particularly in 
high-risk phenotypes like Ph-like B-ALL, KMT2A-rearranged 
ALL, and ETP-ALL (Tables 2 and 3). These studies aim to 
identify synergistic partners that enhance venetoclax’s efficacy 
while preserving tolerability, especially in R/R settings or for 
patients ineligible for intensive chemotherapy.

In parallel, there is growing recognition of the need for 
robust biomarkers to predict response to venetoclax and guide 
rational patient selection. Dynamic BH3 profiling has emerged 
as a functional assay capable of assessing BCL-2 dependence 
and forecasting treatment sensitivity [34]. Additionally, base-
line expression levels of BCL-2 family proteins [35], muta-
tional landscapes (e.g., TP53, NRAS, NOTCH1) [36, 37], and 
MRD kinetics [38] are under investigation as potential predic-
tive and prognostic indicators. Integration of such biomark-
ers into trial design may enable personalized therapy, optimize 
combination strategies, and identify mechanisms of primary 
or acquired resistance. As the field advances, the success of 

Table 2.  Ongoing Phase I Venetoclax-Based Trials in ALL

Study number Population Intervention Primary outcome
NCT06082934 Newly diagnosed Ph+ ALL Olverembatinib plus venetoclax 

and dexamethasone (OVD)
Efficacy and safety of the OVD 
chemotherapy-free regimen in Ph+ ALL

NCT03319901 ALL (newly diagnosed or R/R Mini-hyper-CVD plus venetoclax Efficacy and safety of the combination in ALL
NCT05182385 R/R B-ALL Blinatumomab + venetoclax Feasibility, safety, tolerability and 

maximum tolerated dose of venetoclax
NCT05016947 R/R B-ALL (Ph- and Ph+) Venetoclax + dexamethasone 

+ inotuzumab ozogamicin
Safety and efficacy and maximum 
tolerated dose of venetoclax

NCT04988555 ALL/AML (R/R) Enzomenib, azoles, venetoclax, 
gilteritinib, azacitidine

A phase 1/2 dose escalation/dose 
expansion study of enzomenib

NCT04872790 Ph+ ALL (newly diagnosed or R/R) Dasatinib, venetoclax This phase Ib trial studies the 
effects of venetoclax

ALL: acute lymphoblastic leukemia; AML: acute myelocytic leukemia; Mini-hyper-CVD: dose-reduced hyperfractionated cyclophosphamide, vincris-
tine, dexamethasone, alternating with methotrexate and cytarabine; anthracycline omitted; Ph: Philadelphia chromosome; R/R: relapsed or refractory.

Table 3.  Ongoing Phase II Venetoclax-Based Clinical Trials

Study number Population Primary outcome
NCT06578546 Newly diagnosed Ph+ ALL Chemotherapy-free regimen of venetoclax, azacitidine plus orebatinib (VAO regimen)
NCT05376111 Newly diagnosed T-ALL Study of venetoclax combined with azacitidine regimen
NCT06393985 Ph-negative B-ALL Decitabine, venetoclax, and blinatumomab for maintenance following HSCT
NCT06754267 Ph+ B-ALL Venetoclax combined with olverembatinib and prednisone
NCT06082934 Ph+ ALL (newly diagnosed) Olverembatinib plus venetoclax and dexamethasone
NCT05660473 ALL (AYA, newly diagnosed) Pediatric-inspired regimen combined with venetoclax
NCT05594784 Ph+ ALL (newly diagnosed) Olverembatinib combined with reduced-intensity chemotherapy and venetoclax
NCT03319901 R/R ALL (older patients) Venetoclax and chemotherapy as frontline therapy
NCT05182385 R/R ALL Venetoclax in addition to blinatumomab
NCT06554626 B-ALL Blinatumomab plus venetoclax sequenced with inotuzumab ozogamicin
NCT06742515 B-ALL Blinatumomab plus reduced-dose chemotherapy
NCT05576532 R/R T-ALL Venetoclax plus IM2

ALL: acute lymphoblastic leukemia; AYA: adolescent/young adult; HSCT: hematopoietic stem cell transplantation; Ph: Philadelphia chromosome.
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venetoclax in ALL will likely depend on a precision medicine 
framework that aligns targeted therapy with molecular and 
functional disease profiling.

Conclusions

The therapeutic agent venetoclax shows promise for treating 
ALL by combining with other cytotoxic, targeted or epigenetic 
therapies. The preclinical and early clinical data show that cer-
tain ALL subtypes including ETP-ALL, Ph-like B-ALL, and 
KMT2A-rearranged B-ALL require BCL-2 for survival, thus 
making them susceptible to venetoclax-based treatments. The 
combination of venetoclax with low-intensity chemotherapy 
and HMAs and pediatric-inspired regimens has shown promis-
ing results in clinical trials with high MRD negativity rates and 
acceptable safety profiles.

The clinical data support the use of venetoclax in current 
treatment approaches especially for R/R patients and those who 
cannot receive intensive chemotherapy. The drug shows poten-
tial for frontline use in high-risk genetic subgroups but requires 
ongoing prospective validation to confirm its effectiveness.

However, several questions remain. The mechanisms of re-
sistance need better characterization especially the upregulation 
of MCL-1 and BCL-XL to develop rational combination and 
sequencing strategies. The development of reliable biomarkers 
is essential to select patients and deliver personalized treatment.

Research should concentrate on improving combination 
regimens and studying venetoclax with immunotherapy and 
implementing functional assays like BH3 profiling into stand-
ard clinical practice. The implementation of these efforts will 
help venetoclax establish new therapeutic benchmarks for 
pediatric and adult ALL patients.
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