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Introduction

-cell acute lymphoblastic leukemia (T-

ALL) is a rare and aggressive type of

hematologic malignancy that impacts

the blood and bone marrow. The primary

hallmark is the atypical proliferation and
accumulation of immature T cells. T-ALL constitutes
roughly 25% of all acute lymphoblastic leukemia cases
and is predominantly observed in children and young
people, peaking in prevalence between the ages of 2 and
5 [1]. T-ALL constitutes approximately 12% to 15% of
all newly diagnosed cases of ALL in pediatrics and is
significant due to its distinct clinical and molecular char-
acteristics. Historically, T-ALL’s prognosis is worse than
B-cell acute lymphoblastic leukemia B-(ALL)’s; how-
ever, new therapeutic developments have progressively
improved event-free survival rates, surpassing 85% in
numerous clinical trials. Moreover, recurrent disease
presents significant treatment challenges, and a limited
number of novel pharmaceuticals have been formulated
for pediatric patients with resistant conditions [2].

At present, the etiology of T-ALL is still unclear. It is
neither communicable nor hereditary; however, specific
genetic alterations, commonly involving NOTCHI and
CDKN24, may be inherited, heightening vulnerability to
T-ALL [3]. Mutations in epigenetic regulators are preva-
lent in T-ALL, complicating the disease’s molecular land-
scape. The prognosis for T-ALL is affected by multiple
factors, including cytogenetics and the existence of central
nervous system (CNS) involvement at diagnosis. About
80% of relapses transpire within two years after diagnosis,
underscoring the disease’s aggressive characteristics [4].

The pathophysiology of T-ALL is intricate, encom-
passing various genetic and molecular processes. Prog-
ress in comprehending these pathways has resulted in the
creation of targeted medicines and immunotherapeutic
approaches, providing optimism for enhanced outcomes
in T-ALL patients. Current research and clinical trials
are investigating novel approaches to treat this disease,
intending to enhance survival rates and quality of life for
individuals afflicted by this aggressive condition [5].

B-cell lymphoma 2 (BCL-2) is a protein that regulates
apoptosis or programmed cell death. BCL-2 is frequently
overexpressed in cancer cells, such as those in T-ALL,
resulting in the survival and proliferation of malignant
cells. Inhibiting BCL-2 with agents such as venetoclax
has demonstrated potential in treating T-ALL by reinstat-
ing apoptosis and triggering cell death in neoplastic cells
[6]. Venetoclax is a highly selective inhibitor of BCL-2,
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sanctioned for the treatment of specific leukemia forms,
including chronic lymphocytic leukemia (CLL) and acute
myeloid leukemia (AML) [7]. Recent studies have estab-
lished the efficacy of venetoclax in treating T-ALL, yield-
ing promising response rates and survival outcomes [8, 9].

Venetoclax has demonstrated encouraging response
rates in preliminary research and clinical trials. Its
therapeutic efficacy is ascribed to its capacity to induce
apoptosis in BCL-2-dependent cells. The combination
of venetoclax with additional medications, such as che-
motherapy or targeted therapies, has enhanced response
rates, particularly in high-risk patient populations. Pre-
liminary studies indicate that venetoclax may prolong
progression-free survival and overall survival in specific
patient groups, especially those with BCL-2 overexpres-
sion and resistance to prior treatments. Nonetheless, its
effectiveness may be affected by further mutations that
provide resistance, and the ideal incorporation of vene-
toclax into current therapy protocols has to be conclu-
sively established [10]. The combination of venetoclax
with other novel agents is currently under investigation.

This article seeks to analyze the impact of venetoclax
on T-ALL, emphasizing the significance of BCL-2 inhi-
bition in enhancing therapy results. This paper aims to
elucidate the mechanisms of BCL-2 inhibition and the
clinical experience with venetoclax in T-ALL, thereby
offering a thorough grasp of this therapeutic strategy’s
possible advantages and drawbacks.

Therapeutic Resistance in T-ALL

The conventional therapy for T-ALL consists of a rig-
orous multi-phase chemotherapy protocol encompassing
induction, consolidation, and maintenance phases, fre-
quently accompanied by CNS prophylaxis (Table 1). De-
spite these intensive therapies, approximately 20%—25%
of patients experience recurrence, and the prognosis for
relapsed T-ALL is typically unfavorable. Notwithstand-
ing considerable progress in treatment, chemotherapy re-
sistance continues to provide a substantial problem in the
management of this disease and directly affects patient
survival rates. Therapeutic resistance refers to the capac-
ity of cancer cells to endure and multiply despite chemo-
therapy, resulting in disease recurrence and diminished
treatment effectiveness [11].

A significant component in treatment resistance in
T-ALL is the presence of genetic abnormalities in es-
sential signaling pathways. Activating mutations in the
NOTCHI gene in over 50% of T-ALL patients might
enhance cell survival and proliferation, augmenting
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Table 1. Common treatment methods for T-ALL
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Treatment Approach

Mechanism of Action

Notes

Chemotherapy

Targeted therapy (e.g. NOTCH1 inhibitors)

Corticosteroids (e.g. prednisone)

Tyrosine kinase inhibitors (e.g. dasatinib)

Immunotherapy (chimeric antigen receptor
T-cell therapy)

Stem cell transplant (allogeneic)

Radiation therapy

Destroys rapidly dividing cells
Targets specific genetic mutations, like NOTCH1,
to block abnormal signaling

Suppresses immune responses and inflamma-
tion

Blocks tyrosine kinase enzymes involved in cell
growth signaling
Uses modified T-cells to attack leukemic cells
Replaces diseased bone marrow with healthy
donor stem cells

Uses high-energy radiation to kill cancer cells in
localized areas

Commonly used protocols include hyper-CVAD
and UKALL

Effective in cases with NOTCH1 mutations

Often part of induction therapy to reduce leuke-

mic burden

Particularly useful in cases with ABL1 and FLT3
mutations

A promising option for relapsed or refractory
T-ALL

Often used after achieving remission through
chemotherapy

Usually reserved for specific sites, such as the
CNS

treatment resistance [12]. Mutations in the PTEN gene,
which negatively regulates the PI3K/AKT pathway, may
also increase cellular resistance to therapy [13]. More-
over, alterations in the expression of apoptosis-related
genes, including the upregulation of antiapoptotic BCL-
2 family proteins, contribute to the resistance of leuke-
mia cells to programmed cell death, hence facilitating
the survival of cancer cells in the presence of chemo-
therapeutic agents [14].

Besides genetic alterations, the tumor microenviron-
ment is another crucial component in treatment resis-
tance. Leukemic cells engaging with stromal cells in the
bone marrow and other protected niches can insulate
themselves from the adverse effects of chemotherapy.
These connections can transmit survival signals to can-
cer cells, enhancing their medication resistance. Further-
more, the microenvironment might directly diminish the
effectiveness of chemotherapeutic agents, resulting in
heightened resistance among cancer cells [13].

A significant challenge in treating T-ALL is the in-
trinsic heterogeneity of cancer cells. The heterogeneity
indicates that distinct cells within a tumor may have
varied responses to different treatments. This cellular
heterogeneity results in the development of therapy-re-
sistant clones capable of repopulating following the first
treatment, leading to disease recurrence. To tackle these
issues, it is imperative to create novel and combinato-
rial therapeutic techniques. BCL-2 inhibitors, such as
venetoclax, are novel strategies for addressing therapy
resistance in T-ALL. These inhibitors can boost the sen-
sitivity of cancer cells to chemotherapeutic agents and
promote cell death by blocking antiapoptotic proteins
[15]. Integrating targeted medicines, such as NOTCH1
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or PI3K/AKT inhibitors, with conventional chemothera-
py is a potential strategy. These techniques target molec-
ular pathways linked to resistance and modify the tumor
microenvironment to enhance therapeutic efficacy [11].
While these techniques necessitate validation and evalu-
ation in clinical research, they have instilled significant
optimism for enhancing treatment results in patients
with therapy-resistant T-ALL.

A comprehensive understanding of therapeutic resis-
tance processes and developing novel and combinatorial
therapy strategies can enhance the therapeutic prognosis
for patients with T-ALL and markedly elevate patient
survival rates.

Importance of BCL-2 Protein in T-ALL

BCL-2 is a crucial regulator of the intrinsic apopto-
sis pathway, significantly influencing cell survival and
death. The inhibition of apoptosis is a fundamental
mechanism of cancer proliferation, with BCL-2 family
members playing a pivotal role in controlling this pro-
cess [16]. Cancer oncogenes are frequently linked to the
aberrant expression of BCL-2 family members. These
proteins, encompassing antiapoptotic and pro-apoptot-
ic components, govern cell destiny through a complex
network of interactions. Antiapoptotic proteins such as
BCL-2, BCL-XL, and MCL-1 obstruct apoptotic signals
and promote cellular survival [6]. The overexpression
of antiapoptotic BCL-2 proteins facilitates the advance-
ment of cancer and confers resistance to therapy.
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Apoptosis is an essential mechanism for preserving
cellular homeostasis and transpires through two primary
pathways: Extrinsic and intrinsic. The BCL-2 protein
family in the intrinsic route comprises pro-apoptotic
and antiapoptotic members that regulate mitochondrial
outer membrane permeability and cytochrome c release,
resulting in cell death [17]. In normal cells, BCL-2 sup-
presses apoptosis by interacting with pro-apoptotic pro-
teins Bax and Bak. Antiapoptotic BCL-2 proteins are
often expressed in numerous hematological malignan-
cies, including T-ALL. This overexpression enables can-
cer cells to circumvent apoptosis and advance tumors,
disrupting the apoptotic machinery and facilitating the
formation and sustenance of the malignant phenotype.
Under typical physiological settings, the equilibrium
between pro and antiapoptotic signals regulates cellular
turnover. In cancer, this equilibrium is frequently dis-
turbed. The heightened expression of antiapoptotic pro-
teins enables malignant cells to endure therapeutic stress
and persist in survival [6].

Research indicates that BCL-2 is significantly ex-
pressed in T-ALL cells, particularly in cases exhibiting
a more aggressive disease progression [18]. Moreover,
BCL-2 has demonstrated interactions with additional
oncogenic proteins, including Notchl and PI3K/AKT,
facilitating the survival and proliferation of T-ALL cells
[19, 20]. In T-ALL, the disruption of apoptotic pathways
is recognized as a significant characteristic. The BCL-
2 protein is crucial in treatment resistance and the ad-
vancement of illness. Increased concentrations of BCL-
2 or other antiapoptotic proteins enable T-ALL cells to
circumvent the detrimental effects of chemotherapeutic
agents, hence sustaining leukemia viability [21].

Numerous investigations have demonstrated that BCL-
2 is significantly expressed in specific cases of T-ALL
and correlates with an unfavorable prognosis and an in-
creased likelihood of disease relapse [22]. The upregula-
tion appears to confer a survival advantage to leukemia
cells, enabling them to resist pro-apoptotic signals trig-
gered by chemotherapy. BCL-2’s significance in T-ALL
is underscored by its involvement in treatment resistance
mechanisms. Studies indicate that T-ALL cells with ele-
vated BCL-2 expression demonstrate reduced sensitivity
to apoptosis triggered by chemotherapeutic agents such
as glucocorticoids and anthracyclines. This resistance
is partially attributable to BCL-2’s capacity to suppress
the activation of pro-apoptotic proteins and limit cyto-
chrome c release from mitochondria, interrupting the
apoptotic pathway [23].
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Current effective therapeutic therapies for tumor cells
encompass chemotherapy, targeted therapy, and immuno-
therapy, with apoptosis representing the most significant
form of cell death these agents generate [24]. Dysregu-
lation of Bcl-2 family proteins facilitates oncogenesis.
Following the identification of the Bcl-2 family, there has
been a transformation in the comprehension of their role
in regulating cell survival, especially BCL-2 as an apopto-
sis regulator, which is intrinsically linked to tumor devel-
opment, regression, and resistance to cell death [25].

Currently, three categories of inhibitors specifically tar-
get the BCL-2 family both intracellularly and extracellu-
larly: Antisense oligonucleotide formulations [26], pep-
tide inhibitors [27], and small molecule inhibitors [28].
Small-molecule inhibitors are the most utilized, with
significant scientific importance and promising devel-
opment potential. BCL-2 inhibitors engage with BCL-2
family members to diminish the synthesis of antiapop-
totic proteins, obstruct the tumor cell’s antiapoptotic de-
fense, substitute and liberate pro-apoptotic proteins, pro-
mote apoptosis, and consequently elicit antitumor effects.

Targeting BCL-2

In recent years, targeting BCL-2 proteins has emerged
as a promising therapeutic approach for treating numer-
ous cancer types. Research indicates that BCL-2 and its
family members exhibit aberrant expression in various
malignancies, including acute leukemias, lymphomas,
and solid tumors [29]. In T-ALL, the BCL-2 protein
facilitates the evasion of chemotherapy’s cytotoxic ef-
fects by leukemia cells, with heightened expression
notably observed in T-ALL variants unresponsive to
conventional therapies [30].

Multiple studies underscore the significance of block-
ing BCL-2 proteins in managing T-ALL (Table 2). Re-
search utilizing T-ALL animal models has demonstrated
that inhibiting BCL-2 significantly diminishes tumor
growth and enhances survival rates [31]. These findings
underscore the potential significance of targeted therapy
approaches against BCL-2 in managing T-ALL. Clini-
cal research indicates that combining chemotherapeu-
tic agents with BCL-2 inhibitors may decrease relapse
rates and enhance patient survival. Research has shown
that the inhibition of BCL-2, when used alongside con-
ventional chemotherapy agents, substantially enhances
treatment results for individuals with acute leukemia
[32]. The data demonstrate that targeting BCL-2 can
significantly diminish treatment resistance and enhance
outcomes in resistant tumors.

Res Mol Med, 2023; 11(4):213-226
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Table 2. Studies of using venetoclax alone or combined with other inhibitors

Results Summary

BCL-2 Inhibitor Type Study

This study provides rational combination strategies involving
selective BCL-2 and PI3K/AKT inhibition in B-ALL cell lines.

Their data support the consideration of Venetoclax-based
regimens in pediatric patients with R/R ALL/LBL.

Study showed promising safety and efficacy in relapsed/
refractory T-ALL cases.

Highlighted variability in BCL-2, BCL-2L1, and MCL-1 expres-

sion in T-ALL samples, Investigated mechanisms of resistance
to Venetoclax.

The dual inhibitor of BCL-2/BCL-XL showed effectiveness
against T-ALL by also targeting LCK and ACK1 signaling
pathways.

ABT-199 effectively targeted high BCL-2 expression in human
T-ALL, suggesting therapeutic potential for relapsed cases.

Demonstrate that S55746 is a novel, well-tolerated BH3-
mimetic targeting selectively and potently the BCL-2 protein.

BCL-2 inhibitor and PI3K/AKT pathway

Venetoclax, BCL-2 inhibitor

Lisaftoclax (APG-2575)

BCL-2 selective and potent inhibitor

Combined BCL-2 and PI3K/AKT pathway

inhibition inhibition [11]

Venetoclax for children and adolescents
with acute lymphoblastic leukemia [55]

Novel BCL-2 inhibitor lisaftoclax study [92]

Venetoclax Venetoclax-resistant T-ALL [93]
NWP-0476 Dual targeting with NWP-0476 [94]
ABT-199 ABT-199 study [95]

$55746 study [96]

BCL-2 proteins are also implicated in other malig-
nancies, including non-Hodgkin lymphoma and solid
tumors. Research indicates that elevated BCL-2 expres-
sion in lymphomas correlates with higher resistance to
chemotherapy and radiation [33]. In solid malignancies
such as breast and lung cancer, elevated BCL-2 expres-
sion facilitates disease development and confers resis-
tance to conventional therapies [34].

Tacovelli et al. (2015) found that concurrently target-
ing the BCL-2 and mTOR pathways induces synergistic
apoptosis in resistant acute lymphoblastic leukemia mod-
els, with effective results in ABT-737-resistant samples.
The study highlighted the importance of the MCL-1/
BCL-2 ratio and the role of MCL-1 modulation, although
it did not directly correlate with apoptosis changes [35].

In another study, Chonghaile et al. (2014) found that T-
ALL cell lines and patient samples generally rely on BCL-
XL for survival, except in ETP-ALL cases where BCL-2
is crucial. This dependency influences sensitivity to BH3
mimetics ABT-263 and ABT-199, highlighting BCL-2
as a potential therapeutic target in ETP-ALL [36]. Also,
Tzifi et al. (2012) examined BCL-2 family proteins in
leukemias, emphasizing their role in apoptosis regulation
and potential links to cancer pathophysiology and chemo-
therapy resistance, with ongoing research aimed at un-
derstanding these proteins’ prognostic impacts to develop
new therapies for improved patient survival [37].

The targeting of BCL-2 proteins as a potential thera-
peutic approach in malignancies, especially T-ALL, has
garnered significant interest. Laboratory and clinical re-
search demonstrate that BCL-2 inhibition may mitigate

Res Mol Med, 2023; 11(4):213-226

drug resistance and enhance therapeutic results in sev-
eral malignancies. Nonetheless, additional research and
development are essential to establish more efficacious
treatment techniques with reduced side effects for indi-
viduals with various cancer types.

Considering the function of BCL-2 in treatment resis-
tance, inhibiting this protein has become a promising
therapeutic approach for T-cell T-ALL. BCL-2 inhibitors
are engineered to counteract the antiapoptotic properties
of BCL-2 and reinstate the susceptibility of leukemic
cells to standard treatments. Venetoclax (ABT-199), a
thoroughly researched BCL-2 inhibitor, preferentially
interacts with BCL-2 and promotes apoptosis in malig-
nancies reliant on BCL-2. Venetoclax has demonstrated
efficacy in multiple hematologic malignancies, notably
CLL and AML, especially in instances characterized by
elevated BCL-2 expression [29]. The use of venetoclax
for T-ALL is presently under rigorous evaluation. Initial
findings indicate that combining venetoclax with con-
ventional chemotherapeutic agents may augment thera-
peutic efficacy and surmount drug resistance [38].

Venetoclax, a novel anticancer agent with a targeted
mechanism of action, is utilized in managing many he-
matologic malignancies. This medication has shown to
be very efficacious for CLL and certain lymphomas,
signifying a significant advancement in managing these
conditions. Abbott Laboratories initially investigated the
medication in partnership with Genentech to treat hema-
tologic malignancies. In April 2006, it received approval
in the United States for administration to patients with
CLL, those with deletions on chromosome 17 (17 Del),
and individuals who had previously undergone treat-

—
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ment. The medication exhibits a strong affinity for BCL-
2 and can bind to BCL-XL and BCL-W. Venetoclax
binds to BCL-2, displacing proteins such as Bim, which
results in enhanced membrane permeability, activation
of the apoptosis cascade, and, finally, the apoptosis of
cancer cells [39]. Venetoclax, a potent and selective in-
hibitor of the BCL-2 protein, has demonstrated therapeu-
tic effectiveness in various hematological malignancies.

In contrast to navitoclax, which inhibits BCL-2 and
BCL-XL, venetoclax selectively binds to BCL-2 with
sub-nanomolar affinity, effectively neutralizing it while
exhibiting minimal interaction with BCL-XL. By pre-
serving BCL-XL, venetoclax exerts a negligible effect
on platelet numbers. In preclinical investigations, this
bioavailable oral inhibitor has shown cytotoxic action
against multiple cell lines, including those originating
from ALL, non-Hodgkin’s lymphoma, and AML cell
types. In xenograft models of hematological cancers,
venetoclax demonstrated tumor growth suppression in
a dose-dependent manner. In animals where venetoclax
had poor efficiency as a monotherapy, its effectiveness
was enhanced when administered in conjunction with
other pharmacological agents [40-42].

A comprehensive clinical trial demonstrated that vene-
toclax, as monotherapy or in conjunction with other
agents, significantly diminished tumor burden, enhanc-
ing patient outcomes [43]. In patients with treatment-
resistant lymphomas, venetoclax, particularly in con-
junction with other therapies such as chemotherapy or
monoclonal antibodies, has shown a beneficial effect on
disease management [44]. A recent study demonstrated
that venetoclax may selectively affect treatment-resis-
tant lymphomas and could be a viable choice for pa-
tients who do not respond to conventional therapy [45].
Venetoclax is being investigated as a possible treatment
option for AML, particularly in conjunction with chemo-
therapy. Preliminary findings indicated that venetoclax
could enhance treatment response and serve as a crucial
therapeutic alternative for individuals with AML [46].

The association between BCL-2 protein overexpres-
sion and cancer is established. BCL-2 expression is a
crucial survival factor promoting carcinogenesis and
treatment resistance by preventing cancer cells from
apoptosis. Lymphoid cancers frequently demonstrate
BCL-2 overexpression, rendering BCL-2 inhibitors an
attractive treatment alternative [47-49].

Venetoclax is a pioneering oral and accessible BH-3
mimic developed by reverse design to bind BCL-2,
exhibiting significantly lower affinity for BCL-W and
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BCL-XL, which is essential for platelet survival. Vene-
toclax exhibits a strong affinity for BCL-2, interfering
with cellular communication and triggering a TP53-
independent apoptotic mechanism. This treatment para-
digm has revolutionized CLL therapy and is particularly
interested in other hematological malignancies, includ-
ing non-Hodgkin’s lymphoma, multiple myeloma, and
AML [50-52].

The cytotoxicity of venetoclax in lymphoid cells is
largely contingent upon the activation of BAX and
BAK, owing to its action method. Research with the
pan-caspase inhibitor Z-VAD demonstrated that veneto-
clax-induced cell death is contingent upon caspase acti-
vation. Moreover, Bim seems to be the principal catalyst
of apoptosis triggered by this BH3 mimic, as the cellular
susceptibility to venetoclax was significantly diminished
in Bim-deficient cells. Nonetheless, differing degrees of
resistance attributed to the lack of BIM were noted in
various lymphocyte subsets [53].

The efficacy of venetoclax in pediatric ALL was inves-
tigated owing to its superior tolerability and the sensitiv-
ity of ALL xenografts to BCL-2 inhibition by navitoclax.
A significant association was seen between inadequate
response to venetoclax and BCL-XL expression. In con-
trast to CLL cells, which primarily rely on BCL-2 ex-
pression, most ALL xenografts necessitated concurrent
suppression of both BCL-2 and BCL-XL, elucidating
the varying results observed with venetoclax and navi-
toclax. Xenografts from child acute lymphoblastic leu-
kemia with mixed leukemia were the exception, as vene-
toclax demonstrated effects comparable to navitoclax,
indicating a potentially intriguing category for clinical
trials with venetoclax [54].

Gibson et al. (2022) found that venetoclax, a treatment
for acute lymphoblastic leukemia and lymphoblastic lym-
phoma, was effective in 18 patients aged 22 years. No
deaths occurred within 30 days of treatment initiation, and
complete remission was achieved in 11 patients (61%).
However, three patients reached complete response (CR)
and later relapsed and died, and 9 died. The study sup-
ports using venetoclax-based regimens in pediatric R/R
ALL/LBL patients [55]. Also, Lew et al. (2022) study on
venetoclax and pro-apoptotic targeting in lymphoid ma-
lignancies showed its effectiveness against various B-cell
non-Hodgkin’s lymphomas, acute lymphoblastic leuke-
mia and multiple myeloma. Combining venetoclax with
standard regimens showed promise, but further research
is needed to optimize dosage and timing [56].

Res Mol Med, 2023; 11(4):213-226
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In addition, Tahir et al. studied venetoclax resistance
in seven cell lines, finding increased expression of
antiapoptotic proteins BCL-XL and MCL-1, reduced
expression of pro-apoptotic proteins, and mutations in
the BH3 binding groove, which could interfere with
venetoclax binding [57].

In addition to the primary applications noted, vene-
toclax is under ongoing investigation for the treatment
of several hematological malignancies and certain solid
tumors. Current investigations into novel applications
of venetoclax encompass clinical studies for breast,
prostate, and lung cancers. These investigations may
facilitate novel applications of venetoclax and enhance
therapy results across diverse cancer types [58].

Through ongoing investigations and clinical testing, this
medicine may substantially improve therapeutic outcomes
and diminish side effects in individuals with hematologic
malignancies. Continued research and novel inquiries
may enhance clinical applications and foster the creation
of new therapeutic procedures employing venetoclax.

Combination Therapy With Venetoclax and
Other Treatments

Venetoclax is utilized not only as a monotherapy but
also in conjunction with various classes of agents, includ-
ing DNA-damaging chemotherapeutics, anti-CD20 anti-
bodies (rituximab and obinutuzumab) [59], proteasome
inhibitors (bortezomib and carfilzomib) [60], hypometh-
ylating agents (azacitidine or decitabine) [61], kinase
inhibitors (sunitinib, ibrutinib, idelalisib, dinaciclib, co-
bimetinib) [62], MDM2 inhibitors (idasanutlin) [63], and
inhibitors of antiapoptotic molecules such as BCL-XL
and Mcl-1 [64]. The justification for these combinations
is that, unlike CLL, follicular lymphoma (FL), mantle
cell lymphoma (MCL), and Waldenstrém macroglobu-
linemia—which are marked by elevated levels of BCL-2
and a substantial dependence of malignant cells on this
molecule for survival and resistance—other hematologi-
cal malignancies (such as diffuse large B-cell lymphoma,
ALL, multiple myeloma, AML, and CML) display a
more heterogeneous expression pattern of this antiapop-
totic molecule. Its role in cellular resistance to apoptosis
is not universal [65]. Resistance to venetoclax has been
documented to correlate with the overexpression of BCL-
XL and/or MCL-1. In some instances, simply decreasing
BCL-2 cannot attain significant clinical outcomes [66].
As a result, multiple combinations are being investigated
in different clinical environments, with venetoclax being
combined with agents chosen according to the molecular
pathways disrupted in certain cancers.

Res Mol Med, 2023; 11(4):213-226
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Seyfried et al. (2022) studied the effects of veneto-
clax, S63845, and A-1331852 on pre-B ALL cell lines
and patient-derived cells. Results showed heterogeneous
sensitivity to these inhibitors, with some venetoclax-
resistant leukemias sensitive to selective antagonists of
MCL-1 or BCL-XL. Venetoclax-treated ALL cells rely
on MCL-1 and BCL-XL, suggesting MCL-1 or BCL-
XL are vulnerabilities in BCL-2-inhibited cells. In vivo,
the combined effects of venetoclax and S63845 showed
enhanced antileukemic activity in a patient-derived xe-
nograft preclinical model [64].

Liu et al. (2022) evaluated the effectiveness of com-
bined ibrutinib and venetoclax for first-line treatment of
CLL. The study involved 80 patients who were previ-
ously untreated. Results showed that 56% of patients
achieved undetectable residual disease in the bone mar-
row after 12 cycles and 66% at 24 cycles. Overall, 75%
of patients achieved the best response, with 93% achiev-
ing a three-year progression-free survival [66].

Li et al. (2023) investigated the effects of MCL-1 in-
hibitors and venetoclax on T-ALL cell lines. They iden-
tified two resistant cell lines but found no correlation
between MCL-2 and BCL-2 levels and drug resistance.
The study also found a significant reduction in cell vi-
ability in cells treated with both inhibitors compared to
those treated with only one [67].

Challenges of Venetoclax Therapy and Im-
provement Strategies

The administration of venetoclax encounters obsta-
cles that require continuous investigation and progress.
The formation of drug resistance is a serious challenge
in the usage of venetoclax. Resistance to venetoclax
may develop due to genetic modifications in cancer
cells or by reconfiguring apoptotic signaling pathways
[68]. Alterations in the expression of BCL-2 family
members, including BCL-XL and MCL-1, may result
in resistance to venetoclax. Recent studies indicate that
cancer cells can acquire resistance by enhancing the
synthesis of these proteins or by activating alternate
apoptotic pathways [69].

One of the principal challenges is the up-regulation of
alternative antiapoptotic proteins (intrinsic and acquired
resistance). Venetoclax induces apoptosis in cancer cells
by inhibiting the antiapoptotic protein BCL-2. However,
cancer cells can develop resistance through the up-reg-
ulation of other antiapoptotic proteins, such as MCL-1
and BCL-XL. These proteins can compensate for the in-
hibited BCL-2, thereby safeguarding cancer cells from
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apoptosis even in the presence of Venetoclax. To address
this resistance, research investigates the combination of
venetoclax with MCL-1 or BCL-XL inhibitors. Such
combinations may enhance treatment effectiveness by
mitigating the alterations in BCL-2, and impaired drug
binding is regarded as a significant hurdle in the treat-
ment of venetoclax. Venetoclax must interact with the
active site of the BCL-2 protein to trigger apoptosis. In
certain instances, genetic mutations in BCL-2 induce
structural alterations that hinder the efficient binding of
venetoclax. This leads to diminished medication effica-
cy. These mutations represent acquired resistance mech-
anisms and are commonly detected in patients following
extended treatment durations [70, 71]. The development
of medications that target alternative locations on BCL-2
or distinctly interact with this protein may mitigate this
kind of resistance.

The activation of alternative survival pathways presents
an additional challenge. Cancer cells can evade apopto-
sis triggered by venetoclax by engaging other survival
mechanisms. Signaling pathways such as PI3K/AKT
and NF-«B, which facilitate cancer cell survival and pro-
liferation, may become increasingly active and mitigate
the effects of BCL-2 suppression. These alternative path-
ways serve as supplementary strategies for counteracting
the effects of venetoclax [10, 72]. Combining venetoclax
with inhibitors that target pathways like PI3K or NF-«B
is being investigated as a therapeutic strategy to improve
treatment outcomes.

Another problem is the tumor microenvironment and
cellular interactions; specifically, cancer cells engage
with other cells within the tumor microenvironment, in-
cluding immune and supporting cells. These interactions
may generate survival signals for cancer cells, enabling
them to withstand venetoclax therapy. For instance, stro-
mal cells within the bone marrow can release cytokines
and growth factors that facilitate the evasion of death by
leukemia cells [73]. Targeting the tumor microenviron-
ment and inhibiting these cellular interactions is a pos-
sible strategy to address this issue. Pharmaceuticals that
interfere with these interactions are being studied as pos-
sible supplements to venetoclax treatment.

A further difficulty is the emergence of resistance re-
sulting from alterations in the therapeutic dosing regi-
men or temporary cessation of treatment. Patients may
need to decrease their dosage or suspend treatment due
to adverse effects, allowing cancer cells the chance to
build resistance. This phenomenon is especially seen in
individuals with CLL [74, 75]. Vigilant surveillance of
pharmacological levels and modification of treatment
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regimens according to patient response is essential for
optimal management of this concern.

The resistance mechanisms present considerable ob-
stacles to the application of venetoclax, underscoring
the necessity for combination therapies and innovative
techniques to improve its effectiveness. Current research
seeks to enhance treatment efficacy and mitigate resis-
tance to venetoclax.

Adverse effects linked to venetoclax are a significant
obstacle in therapy. Frequent adverse consequences
encompass infections resulting from diminished white
blood cell counts, hematological illnesses such as ane-
mia, and gastrointestinal complications. Moreover, the
incidence of tumor lysis syndrome (TLS), especially
at elevated dosages and in individuals with significant
tumor burden, might result in severe consequences ne-
cessitating vigilant monitoring and suitable management
[76]. Combination therapy with venetoclax is presently
under investigation as a viable approach for specific
malignancies. The coordination and accurate dosing of
various combinations provide a considerable barrier. The
concomitant use of venetoclax with other pharmacologi-
cal agents, such as chemotherapy or monoclonal anti-
bodies, may result in drug interactions and heightened
adverse effects. Establishing the optimal dosage and
addressing side effects in these combination medicines
necessitates a comprehensive investigation [77].

Recent studies have concentrated on enhancing the ef-
fectiveness and minimizing the adverse effects of vene-
toclax. A notable advancement is the formulation of
combination treatment strategies using venetoclax with
additional pharmaceuticals. Clinical investigations have
shown that the combination of venetoclax with other
anticancer drugs can enhance treatment efficacy and
diminish the occurrence of side effects [78]. Research
increasingly focuses on identifying and targeting novel
molecular mechanisms to overcome medication resis-
tance. The integration of venetoclax with medicines
targeting alternative BCL-2 family proteins, namely
BCL-XL and MCL-1, has surfaced as a novel approach.
Moreover, developing biomarkers that predict response
to venetoclax therapy may facilitate the personalization
of treatment and enhance therapeutic outcomes [79].
Improvements in the surveillance and management of
adverse effects are also essential. The establishment of
exact guidelines for the prevention and management of
TLS and associated adverse effects, particularly in pa-
tients with significant tumor loads, has enhanced thera-
peutic outcomes [80].

Res Mol Med, 2023; 11(4):213-226
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Venetoclax Safety Profile

Venetoclax possesses a safety profile that underscores
many possible concerns. The focused action on the
BCL-2 protein offers therapeutic benefits while also
raising safety concerns. TLS arises when tumor cells are
swiftly eradicated, releasing their intracellular constitu-
ents into the bloodstream [81]. Patients may exhibit hy-
peruricemia, hyperkalemia, hyperphosphatemia, and hy-
pocalcemia, accompanied by symptoms such as nausea,
vomiting, muscle cramps, seizures, and arrhythmias.
Risk classification is essential to avert TLS, and patients
identified as high-risk may necessitate pre-treatment hy-
dration and electrolyte surveillance [82]. Hematologic
toxicities encompass neutropenia, thrombocytopenia,
anemia, and gastrointestinal adverse effects such as
nausea, vomiting, diarrhea, and constipation. Support-
ive care utilizing antiemetics or antidiarrheals is gen-
erally implemented to mitigate these side effects [83].
Prolonged use of venetoclax poses long-term hazards,
including the potential development of secondary malig-
nancies, as BCL-2 inhibition may increase the likelihood
of new cancer formation in patients [84]. The cardiovas-
cular effects indicate a risk of arrhythmias in patients
administered venetoclax, particularly in individuals
with pre-existing cardiac problems. Consistent cardiac
monitoring is recommended, particularly for high-risk
patients [85].

Comparative Safety With Other Therapies

Venetoclax’s safety profile is contrasted with conven-
tional chemotherapy, which frequently induces myelo-
suppression, resulting in neutropenia, thrombocyto-
penia, and anemia. These therapies elevate the risk of
infections and necessitate rigorous care. Chemotherapy
induces significant gastrointestinal damage, necessitat-
ing antiemetic treatments and nutritional assistance.
Chimeric antigen receptor T-cell treatment is associated
with cytokine release syndrome, which may induce sig-
nificant systemic inflammatory reactions and prolonged
consequences [86]. Neurotoxic consequences, including
disorientation, seizures, and encephalopathy, may result
in enduring difficulties. Hematological consequences
may manifest, with certain individuals enduring extend-
ed cytopenias. Monoclonal antibodies, such as blinatu-
momab, are associated with immune-related adverse ef-
fects, albeit of lesser severity [87-96]. Myelosuppression
is lower than with conventional chemotherapy but still
significant, and regular monitoring is essential to man-
age any hematological toxicities.

Res Mol Med, 2023; 11(4):213-226
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Conclusion

T-ALL is a challenging type of leukemia with abnor-
mal and aggressive T-cell proliferation and resistance to
conventional treatments. Venetoclax, a novel therapeutic
option targeting the BCL-2 protein, has shown potential
in treating T-ALL by decreasing cancer cell survival. By
inducing programmed cell death in cancer cells, veneto-
clax can reduce tumor burden and improve clinical out-
comes. However, venetoclax faces challenges like drug
resistance from alterations in other BCL-2 family pro-
teins or alternative apoptotic pathways. Side effects also
pose challenges, especially in patients with high tumor
burdens and high doses. Low white blood cell counts
and other hematological disorders may require support-
ive and preventive measures.

Venetoclax, when used in combination with other
treatments, can improve treatment responses and extend
survival in patients with T-ALL. However, it faces chal-
lenges like drug resistance, which may arise from BCL-2
protein modifications or alternative apoptotic pathways.
Further research is needed to understand resistance
mechanisms and develop new therapeutic options. Ad-
verse effects, such as TLS, necessitate strict monitoring
and management. Supportive and preventive interven-
tions may also be needed.

Recent breakthroughs in clinical and laboratory re-
search illustrate the significant potential of venetoclax in
treating T-ALL and other hematological malignancies.
Current investigations aim to improve the effective-
ness and reduce the adverse effects of this medication.
Venetoclax, when utilized alongside chemotherapy and
monoclonal antibodies, has demonstrated encouraging
outcomes, especially in combination regimens.

In summary, venetoclax, a targeted medication, has
significantly progressed in treating hematological malig-
nancies, particularly T-ALL. However, issues like drug
resistance and adverse effects persist. Advancements
in understanding resistance mechanisms, refining treat-
ment strategies, and mitigating side effects suggest a
promising future for venetoclax, with ongoing research
promising improved outcomes and reduced side effects.



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

Tari K, et al

Ethical Considerations
Compliance with ethical guidelines

There were no ethical considerations to be considered
in this research.

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors contribution's

All authors contributed equally to the conception and
design of the study, data collection and analysis, inter-
ception of the results and drafting of the manuscript.
Each author approved the final version of the manuscript
for submission.

Conflict of interest

The authors declared no conflict of interest.

References

[1] Puckett Y, Chan O. Acute lymphocytic leukemia. Treasure
Island: StatPearls; 2017. [Link]

[2] Vora A, Goulden N, Wade R, Mitchell C, Hancock J, Hough
R, et al. Treatment reduction for children and young adults
with low-risk acute lymphoblastic leukaemia defined by
minimal residual disease (UKALL 2003): A randomised con-
trolled trial. Lancet Oncol. 2013; 14(3):199-209. [DOI:10.1016/
S51470-2045(12)70600-9] [PMID]

[3] Karrman K, Johansson B. Pediatric T-cell acute lymphoblas-
tic leukemia. Genes Chromosomes Cancer. 2017; 56(2):89-
116. [DOI:10.1002/ gec.22416] [PMID]

[4] Fattizzo B, Rosa ], Giannotta JA, Baldini L, Fracchiolla NS.
The physiopathology of t- cell acute lymphoblastic leuke-
mia: Focus on molecular aspects. Front Oncol. 2020; 10:273.
[DOI:10.3389/ fonc.2020.00273] [PMID] [PMCID]

[5] Tari K, Yarahmadi R, Tabatabaei A, Ahmadi L, Atashi
A, Shahjahani M, et al. The role of BCR-ABL P190 in di-
agnosis and prognosis of aLL patients. 2016; 1(3):118-28.
[DOI:10.22037/ amls.v1i3.11827]

[6] Adams JM, Cory S. The Bcl-2 apoptotic switch in cancer
development and therapy. Oncogene. 2007; 26(9):1324-37.
[DOI:10.1038/sj.onc.1210220] [PMID] [PMCID]

[7] Juarez-Salcedo LM, Desai V, Dalia S. Venetoclax: Evidence
to date and clinical potential. Drugs Context. 2019; 8:212574.
[DOI:10.7573 / dic.212574] [PMID] [PMCID]

Research in Molecular Medicine

[8] Tari K, Nasimian A, Kazi JU, Abroun S. Venetoclax drug
increases the apoptosis of T and B acute lymphoblastic
leukemia cells by reducing the expression of BCL-2. Int ]
Mol Cell Med. 2023; 12(3):229-41. [DOI:10.22088/IJ]MCM.
BUMS.12.3.229] [PMID]

[9] Richard-Carpentier G, Jabbour E, Short NJ, Rausch CR, Sa-
voy JM, Bose P, et al. Clinical experience with venetoclax
combined with chemotherapy for relapsed or refractory T-
cell acute lymphoblastic leukemia. Clin Lymphoma Myelo-
ma Leuk. 2020; 20(4):212-8. [DOI:10.1016/j.cIm1.2019.09.608]
[PMID]

[10] Pham LV, Huang S, Zhang H, Zhang J, Bell T, Zhou S, et
al. Strategic therapeutic targeting to overcome venetoclax
resistance in aggressive B-cell lymphomas. Clin Cancer Res.
2018; 24(16):3967-80. [DOI:10.1158/1078-0432.CCR-17-3004]
[PMID]

[11] Follini E, Marchesini M, Roti G. Strategies to overcome re-
sistance mechanisms in T-cell acute lymphoblastic leukemia.
Int J Mol Sci. 2019; 20(12):3021. [DOI:10.3390/ {jms20123021]
[PMID] [PMCID]

[12] Weng AP, Ferrando AA, Lee W, Morris JP 4th, Silver-
man LB, Sanchez-Irizarry C, et al. Activating mutations of
NOTCHI in human T cell acute lymphoblastic leukemia. Sci-
ence. 2004; 306(5694):269-71. [DOI:10.1126/ science.1102160]
[PMID]

[13] Ferrando AA, Look AT. Clinical implications of recur-
ring chromosomal and associated molecular abnormalities
in acute lymphoblastic leukemia. Semin Hematol. 2000;
37(4):381-95. [DOI:10.1016,/S0037-1963(00)90018-0] [PMID]

[14] Pocock R, Farah N, Richardson SE, Mansour MR. Cur-
rent and emerging therapeutic approaches for T-cell acute
lymphoblastic leukaemia. Br ] Haematol. 2021; 194(1):28-43.
[DOI:10.1111/bjh.17310] [PMID]

[15] Shahar N, Larisch S. Inhibiting the inhibitors: Target-
ing anti-apoptotic proteins in cancer and therapy resist-
ance. Drug Resist Updat. 2020; 52:100712. [DOI:10.1016/j.
drup.2020.100712] [PMID]

[16] Siddiqui WA, Ahad A, Ahsan H. The mystery of BCL2
family: Bcl-2 proteins and apoptosis: an update. Arch Toxi-
col. 2015; 89(3):289-317. [DOI:10.1007/s00204-014-1448-7]
[PMID]

[17] Wei JX, Konopleva MJFiH. Bcl-2 inhibition in the treat-
ment of hematologic malignancies. Front Hematol. 2023;
2:1307661. [DOI:10.3389/ frhem.2023.1307661]

[18] Peirs S, Matthijssens F, Goossens S, Van de Walle I, Ruggero
K, de Bock CE, et al. ABT-199 mediated inhibition of BCL-2
as a novel therapeutic strategy in T-cell acute lymphoblas-
tic leukemia. Blood. 2014; 124(25):3738-47. [DOI:10.1182/
blood-2014-05-574566] [PMID]

[19] Lonetti A, Cappellini A, Bertaina A, Locatelli F, Pession A,
Buontempo F, et al. Improving nelarabine efficacy in T cell
acute lymphoblastic leukemia by targeting aberrant PI3K/
AKT/mTOR signaling pathway. ] Hematol Oncol. 2016;
9(1):114. [DOI:10.1186/ s13045-016-0344-4] [PMID] [PMCID]

[20] Zou], Li P, LuF, Liu N, Dai ], Ye]J, et al. Notch1 is required
for hypoxia-induced proliferation, invasion and chemore-
sistance of T-cell acute lymphoblastic leukemia cells. ] He-
matol Oncol. 2013; 6:3. [DOI:10.1186/1756-8722-6-3] [PMID]
[PMCID]

Res Mol Med, 2023; 11(4):213-226



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.ncbi.nlm.nih.gov/books/NBK459149/
https://doi.org/10.1016/S1470-2045(12)70600-9
https://doi.org/10.1016/S1470-2045(12)70600-9
https://www.ncbi.nlm.nih.gov/pubmed/23395119
https://doi.org/10.1002/gcc.22416
https://www.ncbi.nlm.nih.gov/pubmed/27636224
https://doi.org/10.3389/fonc.2020.00273
https://www.ncbi.nlm.nih.gov/pubmed/32185137
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7059203
https://journals.sbmu.ac.ir/medlab/article/view/11827
https://doi.org/10.1038/sj.onc.1210220
https://www.ncbi.nlm.nih.gov/pubmed/17322918
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2930981
https://doi.org/10.7573/dic.212574
https://www.ncbi.nlm.nih.gov/pubmed/31645879
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788387
https://ijmcmed.org/article-1-2253-en.html
https://www.ncbi.nlm.nih.gov/pubmed/32035785
https://doi.org/10.1016/j.clml.2019.09.608
https://www.ncbi.nlm.nih.gov/pubmed/32035785
https://doi.org/10.1158/1078-0432.CCR-17-3004
https://www.ncbi.nlm.nih.gov/pubmed/29666304
https://doi.org/10.3390/ijms20123021
https://www.ncbi.nlm.nih.gov/pubmed/31226848
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6627878
https://doi.org/10.1126/science.1102160
https://www.ncbi.nlm.nih.gov/pubmed/15472075
https://doi.org/10.1016/S0037-1963(00)90018-0
https://www.ncbi.nlm.nih.gov/pubmed/11071360
https://doi.org/10.1111/bjh.17310
https://www.ncbi.nlm.nih.gov/pubmed/33942287
https://doi.org/10.1016/j.drup.2020.100712
https://doi.org/10.1016/j.drup.2020.100712
https://www.ncbi.nlm.nih.gov/pubmed/32599435
https://doi.org/10.1007/s00204-014-1448-7
https://www.ncbi.nlm.nih.gov/pubmed/25618543
https://doi.org/10.3389/frhem.2023.1307661
https://doi.org/10.1182/blood-2014-05-574566
https://doi.org/10.1182/blood-2014-05-574566
https://www.ncbi.nlm.nih.gov/pubmed/25301704
https://doi.org/10.1186/s13045-016-0344-4
https://www.ncbi.nlm.nih.gov/pubmed/27776559
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5075755
https://doi.org/10.1186/1756-8722-6-3
https://www.ncbi.nlm.nih.gov/pubmed/23289374
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3544631

Treatment Efficacy of Venetoclax in T-ALL

[21] Kabelitz D, Pohl T, Pechhold K. Activation-induced cell
death (apoptosis) of mature peripheral T lymphocytes.
Immunol Today. 1993; 14(7):338-9. [DOI:10.1016/0167-
5699(93)90231-9] [PMID]

[22] Liu L, Cheng X, Yang H, Lian S, Jiang Y, Liang J, et al.
BCL-2 expression promotes immunosuppression in chronic
lymphocytic leukemia by enhancing regulatory T cell dif-
ferentiation and cytotoxic T cell exhaustion. Mol Cancer.
2022; 21(1):59. [DOI:10.1186/512943-022-01516-w] [PMID]
[PMCID]

[23] Cory S, Adams JM. The Bcl2 family: Regulators of the cel-
lular life-or-death switch. Nat Rev Cancer. 2002; 2(9):647-56.
[DOI:10.1038/nrc883] [PMID]

[24] Vanneman M, Dranoff G. Combining immunotherapy
and targeted therapies in cancer treatment. Nat Rev Cancer.
2012; 12(4):237-51. [DOI:10.1038 /nrc3237] [PMID] [PMCID]

[25] Alam M, Ali S, Mohammad T, Hasan GM, Yadav DK,
Hassan MI. B cell lymphoma 2: A potential therapeutic
target for cancer therapy. Int ] Mol Sci. 2021; 22(19):10442.
[DOI:10.3390/ijms221910442] [PMID] [PMCID]

[26] Qian S, Wei Z, Yang W, Huang ], Yang Y, Wang J. The role
of BCL-2 family proteins in regulating apoptosis and can-
cer therapy. Front Oncol. 2022; 12:985363. [DOI:10.3389/
fonc.2022.985363] [PMID] [PMCID]

[27] Reddy CN, Sankararamakrishnan R. Designing BH3-
mimetic peptide inhibitors for the viral Bcl-2 homologues
A179L and BHRF1: Importance of long-range electrostatic in-
teractions. ACS Omega. 2021; 6(41):26976-89. [DOI:10.1021/
acsomega.1c03385] [PMID] [PMCID]

[28] Wang S, Yang D, Lippman ME. Targeting Bcl-2 and Bcl-
XL with nonpeptidic small-molecule antagonists. Semin
Oncol. 2003; 30(5 Suppl 16):133-42. [DOI:10.1053 /j.seminon-
€01.2003.08.015] [PMID]

[29] Stilgenbauer S, Eichhorst B, Schetelig ], Coutre S, Seymour
JF, Munir T, et al. Venetoclax in relapsed or refractory chron-
ic lymphocytic leukaemia with 17p deletion: A multicentre,
open-label, phase 2 study. Lancet Oncol. 2016; 17(6):768-78.
[DOI:10.1016/51470-2045(16)30019-5] [PMID]

[30] Budd RC. Activation-induced cell death. Curr Opin Immu-
nol. 2001; 13(3):356-62. [DOI:10.1016/50952-7915(00)00227-
2] [PMID]

[31] Yip KW, Reed JC. Bcl-2 family proteins and cancer. On-
cogene. 2008; 27(50):6398-406. [DOI:10.1038/0nc.2008.307]
[PMID]

[32] Perini GF, Ribeiro GN, Pinto Neto JV, Campos LT, Hamer-
schlak N. BCL-2 as therapeutic target for hematological ma-
lignancies. ] Hematol Oncol. 2018; 11(1):65. [DOI:10.1186/
s13045-018-0608-2] [PMID] [PMCID]

[33] Reed JC, Miyashita T, Krajewski S, Takayama S, Aime-Sem-
pe C Kitada S, et al. Bcl-2 family proteins and the regulation
of programmed cell death in leukemia and lymphoma. Can-
cer Treat Res. 1996; 84:31-72. [DOI:10.1007 /978-1-4613-1261-
1_3] [PMID]

[34] Ploumaki I, Triantafyllou E, Koumprentziotis 1A, Karampi-
nos K, Drougkas K, Karavolias I, et al. Bcl-2 pathway inhibi-
tion in solid tumors: A review of clinical trials. Clin Transl
Oncol. 2023; 25(6):1554-78. [DOI:10.1007 /s12094-022-03070-
9] [PMID] [PMCID]

Res Mol Med, 2023; 11(4):213-226

Research in Molecular Medicine

[35] Tacovelli S, Ricciardi MR, Allegretti M, Mirabilii S, Lic-
chetta R, Bergamo P, et al. Co-targeting of Bcl-2 and mTOR
pathway triggers synergistic apoptosis in BH3 mimetics
resistant acute lymphoblastic leukemia. Oncotarget. 2015;
6(31):32089-103. [DOI:10.18632/ oncotarget.5156] [PMID]
[PMCID]

[36] Chonghaile TN, Roderick JE, Glenfield C, Ryan J, Sallan SE,
Silverman LB, et al. Maturation stage of T-cell acute lymph-
oblastic leukemia determines BCL-2 versus BCL-XL de-
pendence and sensitivity to ABT-199. Cancer Discov. 2014;
4(9):1074-87. [DOI:10.1158/2159-8290.CD-14-0353] [PMID]
[PMCID]

[37] Tzifi F, Economopoulou C, Gourgiotis D, Ardavanis A, Pa-
pageorgiou S, Scorilas A. The role of BCL2 family of apop-
tosis regulator proteins in acute and chronic leukemias. Adv
Hematol. 2012; 2012:524308. [DOI:10.1155/2012/524308]
[PMID] [PMCID]

[38] Velentza L, Wickstrom M, Kogner P, Ohlsson C, Zaman F,
Savendahl L. Pharmacological inhibition of BCL-2 with the
FDA-approved drug venetoclax impairs longitudinal bone
growth. Sci Rep. 2023; 13(1):8054. [DOI:10.1038 /s41598-023-
34965-4] [PMID] [PMCID]

[39] Deeks ED. Venetoclax: First global approval. Drugs. 2016;
76(9):979-87. [DOI:10.1007 / $40265-016-0596-x] [PMID]

[40] Petros AM, Medek A, Nettesheim DG, Kim DH, Yoon
HS, Swift K, et al. Solution structure of the antiapoptotic
protein bcl-2. Proc Natl Acad Sci USA. 2001; 98(6):3012-7.
[DOI:10.1073 / pnas.041619798] [PMID] [PMCID]

[41] Souers AJ, Leverson JD, Boghaert ER, Ackler SL, Catron
ND, Chen J, et al. ABT-199, a potent and selective BCL-2 in-
hibitor, achieves antitumor activity while sparing platelets.
Nat Med. 2013; 19(2):202-8. [DOI:10.1038 /nm.3048]

[42] Cang S, Iragavarapu C, Savooji J, Song Y, Liu D. ABT-199
(venetoclax) and BCL-2 inhibitors in clinical development. |
Hematol Oncol. 2015; 8:129. [DOI:10.1186/s13045-015-0224-
3] [PMID] [PMCID]

[43] Freise K], Jones AK, Eckert D, Mensing S, Wong SL, Hum-
erickhouse RA, et al. Impact of venetoclax exposure on clini-
cal efficacy and safety in patients with relapsed or refractory
chronic lymphocytic leukemia. Clin Pharmacokinet. 2017;
56(5):515-23. [DOI:10.1007 /540262-016-0453-9] [PMID]

[44] Piccini M, Mannelli F, Coltro G. The role of venetoclax in
relapsed/refractory acute myeloid leukemia: Past, pre-
sent, and future directions. Bioengineering. 2023; 10(5):591.
[DOI:10.3390/ bioengineering10050591] [PMID] [PMCID]

[45] Nachmias B, Aumann S, Haran A, Schimmer AD. Vene-
toclax resistance in acute myeloid leukaemia-clinical and
biological insights. Br ] Haematol. 2024; 204(4):1146-58.
[DOI:10.1111/bjh.19314] [PMID]

[46] Pollyea DA, Amaya M, Strati P, Konopleva MY. Vene-
toclax for AML: Changing the treatment paradigm. Blood
Adv. 2019, 3(24):4326-35. [DOI:10.1182/bloodadvanc-
€s.2019000937] [PMID] [PMCID]

[47] Green DR, Walczak H. Apoptosis therapy: Driving can-
cers down the road to ruin. Nat Med. 2013; 19(2):131-3.
[DOI:10.1038/nm.3076] [PMID]



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1016/0167-5699(93)90231-9
https://doi.org/10.1016/0167-5699(93)90231-9
https://www.ncbi.nlm.nih.gov/pubmed/8363721
https://doi.org/10.1186/s12943-022-01516-w
https://www.ncbi.nlm.nih.gov/pubmed/35193595
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8862474
https://doi.org/10.1038/nrc883
https://www.ncbi.nlm.nih.gov/pubmed/12209154
https://doi.org/10.1038/nrc3237
https://www.ncbi.nlm.nih.gov/pubmed/22437869
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3967236
https://doi.org/10.3390/ijms221910442
https://www.ncbi.nlm.nih.gov/pubmed/34638779
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8509036
https://doi.org/10.3389/fonc.2022.985363
https://doi.org/10.3389/fonc.2022.985363
https://www.ncbi.nlm.nih.gov/pubmed/36313628
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9597512
https://doi.org/10.1021/acsomega.1c03385
https://doi.org/10.1021/acsomega.1c03385
https://www.ncbi.nlm.nih.gov/pubmed/34693118
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8529603
https://doi.org/10.1053/j.seminoncol.2003.08.015
https://doi.org/10.1053/j.seminoncol.2003.08.015
https://www.ncbi.nlm.nih.gov/pubmed/14613034
https://doi.org/10.1016/S1470-2045(16)30019-5
https://www.ncbi.nlm.nih.gov/pubmed/27178240
https://doi.org/10.1016/S0952-7915(00)00227-2
https://doi.org/10.1016/S0952-7915(00)00227-2
https://www.ncbi.nlm.nih.gov/pubmed/11406369
https://doi.org/10.1038/onc.2008.307
https://www.ncbi.nlm.nih.gov/pubmed/18955968
https://doi.org/10.1186/s13045-018-0608-2
https://doi.org/10.1186/s13045-018-0608-2
https://www.ncbi.nlm.nih.gov/pubmed/29747654
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5946445
https://doi.org/10.1007/978-1-4613-1261-1_3
https://doi.org/10.1007/978-1-4613-1261-1_3
https://www.ncbi.nlm.nih.gov/pubmed/8724625
https://doi.org/10.1007/s12094-022-03070-9
https://doi.org/10.1007/s12094-022-03070-9
https://www.ncbi.nlm.nih.gov/pubmed/36639602
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10203027
https://doi.org/10.18632/oncotarget.5156
https://www.ncbi.nlm.nih.gov/pubmed/26392332
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4741661
https://doi.org/10.1158/2159-8290.CD-14-0353
https://www.ncbi.nlm.nih.gov/pubmed/24994123
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4154982
https://doi.org/10.1155/2012/524308
https://www.ncbi.nlm.nih.gov/pubmed/21941553
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3173728
https://doi.org/10.1038/s41598-023-34965-4
https://doi.org/10.1038/s41598-023-34965-4
https://www.ncbi.nlm.nih.gov/pubmed/37198212
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10192431
https://doi.org/10.1007/s40265-016-0596-x
https://www.ncbi.nlm.nih.gov/pubmed/27260335
https://doi.org/10.1073/pnas.041619798
https://www.ncbi.nlm.nih.gov/pubmed/11248023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC30598
https://www.nature.com/articles/nm.3048
https://doi.org/10.1186/s13045-015-0224-3
https://doi.org/10.1186/s13045-015-0224-3
https://www.ncbi.nlm.nih.gov/pubmed/26589495
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4654800
https://doi.org/10.1007/s40262-016-0453-9
https://www.ncbi.nlm.nih.gov/pubmed/27638334
https://doi.org/10.3390/bioengineering10050591
https://www.ncbi.nlm.nih.gov/pubmed/37237661
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10215478
https://doi.org/10.1111/bjh.19314
https://www.ncbi.nlm.nih.gov/pubmed/38296617
https://doi.org/10.1182/bloodadvances.2019000937
https://doi.org/10.1182/bloodadvances.2019000937
https://www.ncbi.nlm.nih.gov/pubmed/31869416
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6929394
https://doi.org/10.1038/nm.3076
https://www.ncbi.nlm.nih.gov/pubmed/23389605

Tari K, et al

[48] Letai AG. Diagnosing and exploiting cancer's addiction
to blocks in apoptosis. Nat Rev Cancer. 2008; 8(2):121-32.
[DOI:10.1038 /nrc2297] [PMID]

[49] Lessene G, Czabotar PE, Colman PM. BCL-2 family an-
tagonists for cancer therapy. Nat Rev Drug Discov. 2008;
7(12):989-1000. [DOI:10.1038/nrd2658] [PMID]

[50] Konopleva M, Contractor R, Tsao T, Samudio I, Ruvolo
PP, Kitada S, et al. Mechanisms of apoptosis sensitivity and
resistance to the BH3 mimetic ABT-737 in acute myeloid
leukemia. Cancer Cell. 2006; 10(5):375-88. [DOI:10.1016/j.
ccr.2006.10.006] [PMID]

[51] Tse C, Shoemaker AR, Adickes J, Anderson MG, Chen
J, Jin S, et al. ABT-263: A potent and orally bioavail-
able Bcl-2 family inhibitor. Cancer Res. 2008; 68(9):3421-8.
[DOI:10.1158,/0008-5472.CAN-07-5836] [PMID]

[52] Konopleva M, Watt ], Contractor R, Tsao T, Harris D, Es-
trov Z, et al. Mechanisms of antileukemic activity of the nov-
el Bcl-2 homology domain-3 mimetic GX15-070 (obatoclax).
Cancer Res. 2008; 68(9):3413-20. [DOI:10.1158/0008-5472.
CAN-07-1919] [PMID] [PMCID]

[53] Khaw SL, Mérino D, Anderson MA, Glaser SP, Bouillet P,
Roberts AW, et al. Both leukaemic and normal peripheral B
lymphoid cells are highly sensitive to the selective pharma-
cological inhibition of prosurvival Bcl-2 with ABT-199. Leu-
kemia. 2014; 28(6):1207-15. [DOI:10.1038 /leu.2014.1] [PMID]

[54] Khaw SL, Suryani S, Evans K, Richmond J, Robbins A,
Kurmasheva RT, et al. Venetoclax responses of pediat-
ric ALL xenografts reveal sensitivity of MLL-rearranged
leukemia. Blood. 2016; 128(10):1382-95. [DOI:10.1182/
blood-2016-03-707414] [PMID] [PMCID]

[55] Gibson A, Trabal A, McCall D, Khazal S, Toepfer L, Bell
DH, et al. Venetoclax for children and adolescents with acute
lymphoblastic leukemia and lymphoblastic lymphoma.
Cancers. 2021; 14(1):150. [DOI:10.3390/cancers14010150]
[PMID] [PMCID]

[56] Lew TE, Seymour JF. Clinical experiences with venetoclax
and other pro-apoptotic agents in lymphoid malignancies:
Lessons from monotherapy and chemotherapy combina-
tion. ] Hematol Oncol. 2022; 15(1):75. [DOI:10.1186/s13045-
022-01295-3] [PMID] [PMCID]

[57] Tahir SK, Smith ML, Hessler P, Rapp LR, Idler KB, Park
CH, et al. Potential mechanisms of resistance to venetoclax
and strategies to circumvent it. BMC Cancer. 2017; 17(1):399.
[DOI:10.1186/s12885-017-3383-5] [PMID] [PMCID]

[58] Goldsmith KC, Verschuur A, Morgenstern DA, van Ei-
jkelenburg N, Federico SM, Fraser C, et al. The first report of
pediatric patients with solid tumors treated with venetoclax.
American Society of Clinical Oncology; 2020; 38(15):10524.
[DOI:10.1200/JCO.2020.38.15_suppl.10524]

[59] Salvaris R, Opat S. An update of venetoclax and obinu-
tuzumab in chronic lymphocytic leukemia. Future Oncol.
2021; 17(4):371-87. [DOI:10.2217 / fon-2020-0640] [PMID]

[60] Ambrosio FA, Costa G, Gallo Cantafio ME, Torcasio R,
Trapasso F, Alcaro S, et al. Natural agents as novel poten-
tial source of proteasome inhibitors with anti-tumor activ-
ity: Focus on multiple myeloma. Molecules. 2023; 28(3):1438.
[DOI:10.3390/ molecules28031438] [PMID] [PMCID]

Research in Molecular Medicine

[61] Saliba AN, John AJ, Kaufmann SH. Resistance to veneto-
clax and hypomethylating agents in acute myeloid leuke-
mia. Cancer Drug Resist. 2021; 4(1):125-42. [DOI:10.20517/
cdr.2020.95] [PMID] [PMCID]

[62] Oppermann S, Ylanko ], Shi Y, Hariharan S, Oakes CC,
Brauer PM, et al. High-content screening identifies kinase
inhibitors that overcome venetoclax resistance in acti-
vated CLL cells. Blood. 2016; 128(7):934-47. [DOI:10.1182/
blood-2015-12-687814] [PMID] [PMCID]

[63] Seipel K, Marques MAT, Sidler C, Mueller BU, Pabst T.
The cellular p53 inhibitor MDM2 and the growth factor re-
ceptor FLT3 as biomarkers for treatment responses to the
MDM2-inhibitor idasanutlin and the MEK1 inhibitor cobi-
metinib in acute myeloid leukemia. Cancers. 2018; 10(6):170.
[DOI:10.3390/ cancers10060170] [PMID] [PMCID]

[64] Seyfried F, Stirnweifs FU, Niedermayer A, Enzenmiiller S,
Horl RL, Miinch V, et al. Synergistic activity of combined
inhibition of anti-apoptotic molecules in B-cell precursor
ALL. Leukemia. 2022; 36(4):901-12. [DOI:10.1038/s41375-
021-01502-z] [PMID] [PMCID]

[65] Prabhu VV, Talekar MK, Lulla AR, Kline CLB, Zhou L, Hall
J, et al. Single agent and synergistic combinatorial efficacy of
first-in-class small molecule imipridone ONC201 in hemato-
logical malignancies. Cell Cycle. 2018; 17(4):468-78. [DOI:10.
1080/15384101.2017.1403689] [PMID] [PMCID]

[66] Liu J, Chen Y, Yu L, Yang L. Mechanisms of venetoclax
resistance and solutions. Front Oncol. 2022; 12:1005659.
[DOI:10.3389/ fonc.2022.1005659] [PMID] [PMCID]

[67] Li Y, Lee HH, Jiang VC, Che Y, MclIntosh J, Jordan A, et
al. Potentiation of apoptosis in drug-resistant mantle cell
Iymphoma cells by MCL-1 inhibitor involves downregula-
tion of inhibitor of apoptosis proteins. Cell Death Dis. 2023;
14(11):714. [DOI:10.1038 /541419-023-06233-w] [PMID] [PM-
CID]

[68] Xu Y, Ye H. Progress in understanding the mechanisms
of resistance to BCL-2 inhibitors. Exp Hematol Oncol. 2022;
11(1):31. [DOI10.1186/540164-022-00283-0] [PMID] [PM-
CID]

[69] Punnoose EA, Leverson JD, Peale F, Boghaert ER, Belmont
LD, Tan N, et al. Expression profile of BCL-2, BCL-XL, and
MCL-1 predicts pharmacological response to the BCL-2 se-
lective antagonist venetoclax in multiple myeloma models.
Mol Cancer Ther. 2016; 15(5):1132-44. [DOI:10.1158/1535-
7163.MCT-15-0730] [PMID]

[70] Birkinshaw RW, Gong JN, Luo CS, Lio D, White CA, An-
derson MA, et al. Structures of BCL-2 in complex with vene-
toclax reveal the molecular basis of resistance mutations.
Nat Commun. 2019; 10(1):2385. [DOI:10.1038/s41467-019-
10363-1] [PMID] [PMCID]

[71] Moujalled DM, Brown FC, Chua CC, Dengler MA, Pomilio
G, Anstee NS, et al. Acquired mutations in BAX confer re-
sistance to BH3-mimetic therapy in acute myeloid leukemia.
Blood. 2023; 141(6):634-44. [DOI:10.1182/blood.2022016090]
[PMID] [PMCID]

[72] Manni S, Pesavento M, Spinello Z, Saggin L, Arjomand A,
Fregnani A, et al. Protein kinase CK2 represents a new tar-
get to boost ibrutinib and venetoclax induced cytotoxicity in
mantle cell lymphoma. Front Cell Dev Biol. 2022; 10:935023.
[DOI:10.3389/ fcell.2022.935023] [PMID] [PMCID]

Res Mol Med, 2023; 11(4):213-226



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1038/nrc2297
https://www.ncbi.nlm.nih.gov/pubmed/18202696
https://doi.org/10.1038/nrd2658
https://www.ncbi.nlm.nih.gov/pubmed/19043450
https://doi.org/10.1016/j.ccr.2006.10.006
https://doi.org/10.1016/j.ccr.2006.10.006
https://www.ncbi.nlm.nih.gov/pubmed/17097560
https://doi.org/10.1158/0008-5472.CAN-07-5836
https://www.ncbi.nlm.nih.gov/pubmed/18451170
https://doi.org/10.1158/0008-5472.CAN-07-1919
https://doi.org/10.1158/0008-5472.CAN-07-1919
https://www.ncbi.nlm.nih.gov/pubmed/18451169
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4096127
https://doi.org/10.1038/leu.2014.1
https://www.ncbi.nlm.nih.gov/pubmed/24402163
https://doi.org/10.1182/blood-2016-03-707414
https://doi.org/10.1182/blood-2016-03-707414
https://www.ncbi.nlm.nih.gov/pubmed/27343252
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5016707
https://doi.org/10.3390/cancers14010150
https://www.ncbi.nlm.nih.gov/pubmed/35008312
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8750927
https://doi.org/10.1186/s13045-022-01295-3
https://doi.org/10.1186/s13045-022-01295-3
https://www.ncbi.nlm.nih.gov/pubmed/35659041
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9164485
https://doi.org/10.1186/s12885-017-3383-5
https://www.ncbi.nlm.nih.gov/pubmed/28578655
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5457565
https://doi.org/10.1200/JCO.2020.38.15_suppl.10524
https://doi.org/10.2217/fon-2020-0640
https://www.ncbi.nlm.nih.gov/pubmed/33064021
https://doi.org/10.3390/molecules28031438
https://www.ncbi.nlm.nih.gov/pubmed/36771100
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9919276
https://doi.org/10.20517/cdr.2020.95
https://doi.org/10.20517/cdr.2020.95
https://www.ncbi.nlm.nih.gov/pubmed/33796823
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8011583
https://doi.org/10.1182/blood-2015-12-687814
https://doi.org/10.1182/blood-2015-12-687814
https://www.ncbi.nlm.nih.gov/pubmed/27297795
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5000578
https://doi.org/10.3390/cancers10060170
https://www.ncbi.nlm.nih.gov/pubmed/29857559
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6025168
https://doi.org/10.1038/s41375-021-01502-z
https://doi.org/10.1038/s41375-021-01502-z
https://www.ncbi.nlm.nih.gov/pubmed/35031695
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8979822
https://doi.org/10.1080/15384101.2017.1403689
https://doi.org/10.1080/15384101.2017.1403689
https://www.ncbi.nlm.nih.gov/pubmed/29157092
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5927637
https://doi.org/10.3389/fonc.2022.1005659
https://www.ncbi.nlm.nih.gov/pubmed/36313732
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9597307
https://doi.org/10.1038/s41419-023-06233-w
https://www.ncbi.nlm.nih.gov/pubmed/37919300
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10622549
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10622549
https://doi.org/10.1186/s40164-022-00283-0
https://www.ncbi.nlm.nih.gov/pubmed/35598030
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124382
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9124382
https://doi.org/10.1158/1535-7163.MCT-15-0730
https://doi.org/10.1158/1535-7163.MCT-15-0730
https://www.ncbi.nlm.nih.gov/pubmed/26939706
https://doi.org/10.1038/s41467-019-10363-1
https://doi.org/10.1038/s41467-019-10363-1
https://www.ncbi.nlm.nih.gov/pubmed/31160589
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6547681
https://doi.org/10.1182/blood.2022016090
https://www.ncbi.nlm.nih.gov/pubmed/36219880
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10651776
https://doi.org/10.3389/fcell.2022.935023
https://www.ncbi.nlm.nih.gov/pubmed/36035991
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9403710

Treatment Efficacy of Venetoclax in T-ALL

[73] Al-Kharboosh R, ReFaey K, Lara-Velazquez M, Grewal SS,
Imitola J, Quifiones-Hinojosa A. Inflammatory mediators in
glioma microenvironment play a dual role in gliomagenesis
and mesenchymal stem cell homing: Implication for cellu-
lar therapy. Mayo Clin Proc Innov Qual Outcomes. 2020;
4(4):443-59. [DOI:10.1016/j.mayocpiqo.2020.04.006] [PMID]
[PMCID]

[74] Hou JZ, Ryan K, Du S, Fang B, Marks S, Page R, et al. Real-
world ibrutinib dose reductions, holds and discontinua-
tions in chronic lymphocytic leukemia. Future Oncol. 2021;
17(35):4959-69. [DOI:10.2217/ fon-2021-0964] [PMID]

[75] Montoya S, Thompson MC. Non-covalent bruton's tyros-
ine kinase inhibitors in the treatment of chronic lymphocytic
leukemia. Cancers. 2023; 15(14):3648. [DOI:10.3390/ can-
cers15143648] [PMID] [PMCID]

[76] Cheson BD, Heitner Enschede S, Cerri E, Desai M, Potluri
J, Lamanna N, et al. Tumor lysis syndrome in chronic lym-
phocytic leukemia with novel targeted agents. Oncologist.
2017; 22(11):1283-91. [DOI:10.1634/ theoncologist.2017-0055]
[PMID] [PMCID]

[77] Lovell AR, Sawyers ], Bose P. An update on the efficacy of
Venetoclax for chronic lymphocytic leukemia. Expert Opin
Pharmacother. 2023; 24(11):1307-16. [DOI:10.1080/ 14656566.
2023.2218545] [PMID] [PMCID]

[78] Milnerowicz S, Maszewska ], Skowera P, Stelmach M,
Lejman M. AML under the scope: Current strategies and
treatment involving FLT3 inhibitors and venetoclax-based
regimens. Int ] Mol Sci. 2023; 24(21):15849. [DOI:10.3390/
ijms242115849] [PMID] [PMCID]

[79] D'Aguanno S, Del Bufalo D. Inhibition of anti-apoptotic
Bcl-2 proteins in preclinical and clinical studies: Current
overview in cancer. Cells. 2020; 9(5):1287. [DOI:10.3390/
cells9051287] [PMID] [PMCID]

[80] Gobbo M, Joy J, Guedes H, Shazib MA, Anderson C, Ab-
dalla-Aslan R, et al. Emerging pharmacotherapy trends in
preventing and managing oral mucositis induced by chemo-
radiotherapy and targeted agents. Expert Opin Pharmaco-
ther. 2024; 25(6):727-42. [DOI:10.1080/14656566.2024.235445
1] [PMID]

[81] Gribben JG. Practical management of tumour lysis syn-
drome in venetoclax-treated patients with chronic lym-
phocytic leukaemia. Br ] Haematol. 2020; 188(6):844-51.
[DOI:10.1111/ bjh.16345] [PMID] [PMCID]

[82] Fischer K, Al-Sawaf O, Hallek M. Preventing and moni-
toring for tumor lysis syndrome and other toxicities of
venetoclax during treatment of chronic lymphocytic leuke-
mia. Hematology Am Soc Hematol Educ Program. 2020;
2020(1):357-362. [DOI:10.1182/hematology.2020000120]
[PMID] [PMCID]

[83] Li Q Cheng L, Shen K, Jin H, Li H, Cheng Y, et al. Effi-
cacy and safety of Bcl-2 inhibitor venetoclax in hematologi-
cal malignancy: A systematic review and meta-analysis of
clinical trials. Front Pharmacol. 2019; 10:697. [DOI:10.3389/
fphar.2019.00697] [PMID] [PMCID]

[84] Zhu S, Liu ], Kang R, Yang M, Tang D. Targeting NF-«xB-
dependent alkaliptosis for the treatment of venetoclax-re-
sistant acute myeloid leukemia cells. Biochem Biophys Res
Commun. 2021; 562:55-61. [DOI:10.1016/j.bbrc.2021.05.049]
[PMID]

Res Mol Med, 2023; 11(4):213-226

Research in Molecular Medicine

[85] Torres Cruz L, Pulipaka SP, Anthony N, Liu J, Barkhodar-
ian M, Al Awwa A, et al. A rare case of severe hypokalemia
and hypomagnesemia due to venetoclax and polypharmacy
leading to life-threatening cardiac arrhythmias. Case Rep
Oncol. 2023; 16(1):1390-4. [DOI:10.1159,/000534135] [PMID]
[PMCID]

[86] Wudhikarn K, Soh SY, Huang H, Perales MA. Toxicity Of
Chimeric Antigen Receptor T cells and its management.
Blood Cell Ther. 2021; 4(Spec Edition):S1-7. [DOI:10.31547/
bet-2021-011] [PMID]

[87] Hays P. Clinical development and therapeutic applications
of bispecific antibodies for hematologic malignancies. Can-
cer Treat Res. 2022; 183:287-315. [DOI:10.1007/978-3-030-
96376-7_11] [PMID]

[88] Tran T, Krause J. Early T-cell precursor acute lymphoblastic
leukemia with KRAS and DNMT3A mutations and unex-
pected monosomy 7. Proc. 2018; 31(4):511-3. [DOI:10.1080/0
8998280.2018.1479579] [PMID] [PMCID]

[89] Xu J, Dong X, Huang DCS, Xu P, Zhao Q, Chen B. Cur-
rent advances and future strategies for BCL-2 inhibitors:
Potent weapons against cancers. Cancers. 2023; 15(20):4957.
[DOI:10.3390/ cancers15204957] [PMID] [PMCID]

[90] Sarapura Martinez VJ, Buonincontro B, Cassarino C, Ber-
natowiez J, Colado A, Cordini G, et al. Venetoclax resistance
induced by activated T cells can be counteracted by sphingo-
sine kinase inhibitors in chronic lymphocytic leukemia. Front
Oncol. 2023; 13:1143881. [DOI:10.3389/fonc.2023.1143881]
[PMID] [PMCID]

[91] Buza V, Rajagopalan B, Curtis AB. Cancer treatment-in-
duced arrhythmias: focus on chemotherapy and targeted
therapies. Circ Arrhythm Electrophysiol. 2017; 10(8):e005443.
[DOI:10.1161/ CIRCEP.117.005443] [PMID]

[92] Ailawadhi S, Chen Z, Huang B, Paulus A, Collins MC, Fu
LT, et al. Novel BCL-2 inhibitor lisaftoclax in relapsed or
refractory chronic lymphocytic leukemia and other hema-
tologic malignancies: First-in-human open-label trial. Clin
Cancer Res. 2023; 29(13):2385-93. [DOI:10.1158/1078-0432.
CCR-22-3321] [PMID] [PMCID]

[93] Shah K, Al Ashiri L, Nasimian A, Ahmed M, Kazi JU. Vene-
toclax-resistant T-ALL cells display distinct cancer stem cell
signatures and enrichment of cytokine signaling. Int ] Mol
Sci. 2023; 24(5):5004. [DOI:10.3390/ijms24055004] [PMID]
[PMCID]

[94] Saygin C, Giordano G, Shimamoto K, Eisfelder B, Thom-
as-Toth A, Venkataraman G, et al. Dual targeting of apop-
totic and signaling pathways in T-lineage acute lympho-
blastic leukemia. Clin Cancer Res. 2023; 29(16):3151-61.
[DOI:10.1158/1078-0432.CCR-23-0415] [PMID] [PMCID]

[95] Di Grande A, Peirs S, Donovan PD, Van Trimpont M,
Morscio ], Lintermans B, et al. The spleen as a sanctuary site
for residual leukemic cells following ABT-199 monotherapy
in ETP-ALL. Blood Adv. 2021; 5(7):1963-76. [DOI:10.1182/
bloodadvances.2021004177] [PMID] [PMCID]

[96] Casara P, Davidson J, Claperon A, Le Toumelin-Braizat
G, Vogler M, Bruno A, et al. S55746 is a novel orally active
BCL-2 selective and potent inhibitor that impairs hema-
tological tumor growth. Oncotarget. 2018; 9(28):20075-88.
[DOI:10.18632/ oncotarget.24744] [PMID] [PMCID]



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1016/j.mayocpiqo.2020.04.006
https://www.ncbi.nlm.nih.gov/pubmed/32793872
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7411162
https://doi.org/10.2217/fon-2021-0964
https://www.ncbi.nlm.nih.gov/pubmed/34783255
https://doi.org/10.3390/cancers15143648
https://doi.org/10.3390/cancers15143648
https://www.ncbi.nlm.nih.gov/pubmed/37509309
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10377484
https://doi.org/10.1634/theoncologist.2017-0055
https://www.ncbi.nlm.nih.gov/pubmed/28851760
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5679833
https://doi.org/10.1080/14656566.2023.2218545
https://doi.org/10.1080/14656566.2023.2218545
https://www.ncbi.nlm.nih.gov/pubmed/37226798
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11253904
https://doi.org/10.3390/ijms242115849
https://doi.org/10.3390/ijms242115849
https://www.ncbi.nlm.nih.gov/pubmed/37958832
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10647248
https://doi.org/10.3390/cells9051287
https://doi.org/10.3390/cells9051287
https://www.ncbi.nlm.nih.gov/pubmed/32455818
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7291206
https://doi.org/10.1080/14656566.2024.2354451
https://doi.org/10.1080/14656566.2024.2354451
https://www.ncbi.nlm.nih.gov/pubmed/38808634
https://doi.org/10.1111/bjh.16345
https://www.ncbi.nlm.nih.gov/pubmed/31858596
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7154710
https://doi.org/10.1182/hematology.2020000120
https://www.ncbi.nlm.nih.gov/pubmed/33275717
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7727567
https://doi.org/10.3389/fphar.2019.00697
https://doi.org/10.3389/fphar.2019.00697
https://www.ncbi.nlm.nih.gov/pubmed/31293422
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6598635
https://doi.org/10.1016/j.bbrc.2021.05.049
https://www.ncbi.nlm.nih.gov/pubmed/34034094
https://doi.org/10.1159/000534135
https://www.ncbi.nlm.nih.gov/pubmed/38028575
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10645436
https://bct.apbmt.org/articles/bct-2021-011/
https://pubmed.ncbi.nlm.nih.gov/36713468/
https://doi.org/10.1007/978-3-030-96376-7_11
https://doi.org/10.1007/978-3-030-96376-7_11
https://www.ncbi.nlm.nih.gov/pubmed/35551665
https://doi.org/10.1080/08998280.2018.1479579
https://doi.org/10.1080/08998280.2018.1479579
https://www.ncbi.nlm.nih.gov/pubmed/30948995
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6413970
https://doi.org/10.3390/cancers15204957
https://www.ncbi.nlm.nih.gov/pubmed/37894324
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10605442
https://doi.org/10.3389/fonc.2023.1143881
https://www.ncbi.nlm.nih.gov/pubmed/37020867
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10067719
https://doi.org/10.1161/CIRCEP.117.005443
https://www.ncbi.nlm.nih.gov/pubmed/28798022
https://doi.org/10.1158/1078-0432.CCR-22-3321
https://doi.org/10.1158/1078-0432.CCR-22-3321
https://www.ncbi.nlm.nih.gov/pubmed/37074726
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10330157
https://doi.org/10.3390/ijms24055004
https://www.ncbi.nlm.nih.gov/pubmed/36902436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10003524
https://doi.org/10.1158/1078-0432.CCR-23-0415
https://www.ncbi.nlm.nih.gov/pubmed/37363966
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10425730
https://doi.org/10.1182/bloodadvances.2021004177
https://doi.org/10.1182/bloodadvances.2021004177
https://www.ncbi.nlm.nih.gov/pubmed/33830207
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8045507
https://doi.org/10.18632/oncotarget.24744
https://www.ncbi.nlm.nih.gov/pubmed/29732004
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5929447

This Page Intentionally Left Blank



