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Abstract
Purpose of Review Apoptosis results from the interaction between pro- and anti-apoptotic proteins, mediated by BCL-2 homology 3
(BH3) proteins. B cell lymphoma-2 (BCL-2) is an inhibitor of apoptosis which stabilizes themitochondria, resulting in the prevention
of activation of the pro-apoptotic proteins. In addition, BCL-2 is overexpressed in the leukemic stem cell (LSC) population, and its
inhibition may lead to selective LSC eradication. Herein, we will discuss the mechanism and rationale of BCL-2 inhibition in acute
myeloid leukemia (AML) and myelodysplastic syndromes (MDS) with an overview of the selective BCL-2 inhibitor venetoclax.
Recent Findings Venetoclax has activity against AML and has displayed synergistic activity with hypomethylating agents in the
preclinical setting. In the clinical setting, although it has only modest activity as a single agent in relapsed and refractory AML, in
the older, treatment-naïve population, in combination with either a hypomethylator or low-dose cytarabine, it is well tolerated
with impressive efficacy. In addition, BCL-2 inhibition may also have activity in MDS, and although clinical trials are in their
early phases, this may be an effective strategy in both the up-front and relapsed setting.
Summary BCL-2 inhibition with venetoclax is well tolerated and active in older patients with newly diagnosed AML and in the
relapsed setting has activity that may be improved in combination with other therapies. It may prove to be effective inMDS and is
an exciting treatment strategy for myeloid malignancies.
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Introduction

Myelodysplastic syndromes (MDS) are clonal hematopoietic
stem-cell disorders mostly affecting the elderly (median age at
diagnosis is 70–75 years), characterized by dysplastic morpho-
logical changes, ineffective erythropoiesis, variable propensity
to progress to acute myeloid leukemia (AML), and associated
with recurrent somatic mutations [1–3]. There are no curative
Food and Drug Administration (FDA)-approved drugs, and
patients with MDS have a variable prognosis based on risk
stratification ranging from several years in low-risk patients to
several months in those with high-risk disease [4, 5].

Hematopoietic cell transplantation (HCT) is the only potentially
curative option, but is often not tolerated due to prohibitive
transplant-related side effects or is not feasible due to age or
comorbidities [2].

AML, the most common acute leukemia in adults, is a het-
erogeneous hematopoietic stem-cell disorder which also predom-
inantly affects the elderly (median age at diagnosis of 69 years)
[6], and is characterized by uncontrolled clonal proliferation of
myeloid precursor cells resulting in impaired production of the
normal blood cells; AML is universally fatal if untreated [7].
Older patients withAML aremore likely to have poor prognostic
features, adverse cytogenetics and have a higher chance of hav-
ing AML from an antecedent hematological malignancy—all of
which result in a worse prognosis [7–10]. In addition, patients,
especially the elderly, tolerate induction chemotherapy or HCT
poorly, and in the relapsed/refractory setting, there are limited
effective therapies [7, 9, 10].

Due to the poor outcomes with current standard-of-care
therapies in the majority of patients with AML and higher-
risk MDS, novel approaches to treatment are needed. B cell
lymphoma 2 (BCL-2) family of proteins are overexpressed in
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various malignancies including AML [11] and MDS [12, 13]
and are critical for cell survival; inhibition of BCL-2 protein, a
member of the BCL-2 family of proteins, may be a novel and
effective target for the treatment of these conditions. In addi-
tion, BCL-2 inhibition has activity against the leukemic stem
cell (LSC) population in AML and MDS [12, 14, 15, 16••].
Here, we discuss the mechanism of BCL-2 inhibition, the
rationale for targeting BCL-2 in AML and MDS, and provide
an overview of the potent and selective BCL-2 inhibitor
venetoclax.

BCL-2 Family of Proteins and Apoptosis

BCL-2, a member of the BCL-2 gene family, was first discov-
ered at the t(14;18) breakpoint in follicular lymphoma [17],
resulting in BCL-2 overexpression [17, 18]. BCL-2 has been
shown to be aberrantly overexpressed in nearly all B cell ma-
lignancies, and variably in AML and MDS. [11–13]

The BCL-2 family of proteins consists of more than 20
proteins; based on their function, they can be divided into
three groups [19]:

i. Multi-domain pro-apoptotic proteins—also called the ap-
optotic effectors, this group consists of BCL-2 antagonist/
killer (BAK) and BCL-2 associated X protein (BAX). The
BAK and BAX contain three BCL-2 homology (BH) do-
mains, BH1, BH2, and BH3.

ii. Multi-domain anti-apoptotic proteins—also called the
pro-survival proteins, this group inhibits apoptosis. They
include BCL-2, BCL-X large (BCLXL), BCL-2-like pro-
tein 10 (BCLB), BCL-2-like protein 2 (BCLW), myeloid
cell leukemia sequence 1 (MCL1), and BCL-2- related
protein (BFL1). They contain four BH domains, BH1,
BH2, BH3, and BH4.

iii. BH3-only proteins—these are important for interaction
between the pro- and anti-apoptotic BCL-2 proteins and
play an important role in apoptosis. The group includes
proteins like PUMA, BIM, tBID, NOXA, and BAD.

Apoptosis, a type I programmed cell death, is recog-
nized to play an important role in maintaining tissue
homeostasis in normal cells, while neoplastic cells are
characterized by the ability to avert apoptosis [20].
Apoptosis can be triggered by two pathways (see
Fig. 1), the extrinsic (extracellular or death receptor)
pathway and the intrinsic (intracellular or mitochondrial)
pathway [21–23]. The extrinsic pathway is triggered
when a member of the tumor necrosis factor superfamily
(death-inducing ligand), bind to the cell surface (death)
receptors, resulting in the activation of the caspase cas-
cade via the formation of an intracellular death-inducing
signaling complex (DISC), leading to cell death. [22–24].
The intrinsic pathway, triggered by cellular stress (e.g.,

growth factor deprivation, DNA damage, oxidative
stress), is controlled by members of the BCL-2 protein
family [21, 23].

Apoptosis occurs due to an interaction between the multi-
domain anti-apoptotic proteins and the pro-apoptotic proteins
via the BH3-only proteins which mediate their interaction by
either inhibiting the anti-apoptotic proteins or directly activat-
ing the pro-apoptotic proteins, BAX and BAK [19]. BCL-2
dysregulation results in the overexpression of the anti-
apoptotic BCL-2 protein, leading to an alteration in the equi-
librium between pro- and anti-apoptotic members of the BCL-
2 family [19, 25]. When the pathway is activated, the BH3-
only proteins inhibit the anti-apoptotic proteins BCL-2, BCL-
XL, MCL1, and BCLW, and activate the pro-apoptotic pro-
teins BAK and BAX, resulting in the release of mitochondrial
cytochrome-c. This causes activation of caspase 9, leading to
activation of procaspase 3 and procaspase 7, resulting in cell
death [19, 25].

BCL-2 is an inhibitor of apoptosis [26], and stabilizes the
mitochondria, leading to the prevention of activation of the
pro-apoptotic proteins [27]. Overexpression of BCL-2 pro-
motes tumorigenesis by inhibiting cell death rather than by
promoting cell proliferation, a mechanism distinct from sev-
eral other previously identified oncogenes [19, 28].

Rationale of BCL-2 Inhibition in AML

As discussed, the roles of the BCL-2 family of proteins in
apoptosis and oncogenesis have been studied extensively.
The known function of BH3 proteins in promoting apoptosis
with resultant leukemic cell death [19, 25] was the basis for
the initial development of BCL-2 inhibitors as a potential
therapy in patients with AML.

Despite advances in treatments for other hematologi-
cal malignancies, the standard of care therapy of inten-
sive chemotherapy for AML patients has remained un-
changed for over 40 years, without significant improve-
ments in outcomes. The high risk of relapse after stan-
dard cytotoxic chemotherapy is at least partially due to
the persistence of the “rare and quiescent” [29] LSCs
that resist such treatments [29–31]. Therefore, specifical-
ly targeting the LSC population is a potential treatment
approach for patients with AML.

It has been demonstrated that high levels of BCL-2 are
expressed in LSCs [16••]. BCL-2 inhibition may modulate
mitochondrial activity, leading to the selective eradication of
the LSC population [16••]. In addition, in AML, BCL-2 over-
expression can lead to therapeutic resistance [32], and predicts
for worse responses to chemotherapy [11, 33]. These findings
suggest that BCL-2 inhibition may specifically target LSCs,
and BCL-2 inhibitors may represent a novel therapeutic ap-
proach for patients with AML.
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Inhibition of BCL-2 in the Pre-Venetoclax Era

In preclinical studies, it was shown that downregulation of BCL-
2 by an antisense oligodeoxynucleotide (BCL-2-AS) led to the
selective inhibition of leukemic cells by apoptosis and
established the preclinical foundation supporting the potential
role of BCL-2 inhibitors in AML [34]. Based on this work, a
BCL-2 antisense oligonucleotide, oblimersen (G3139), was
combined with chemotherapy to treat relapsed/refractory AML
in various studies (Table 1) [35–38]. In a phase 1 study which
included 17 patients with relapsed/refractory AML, oblimersen
in combination with FLAG (fludarabine, cytarabine, and
ganulocyte colony-stimulating factor) showed an overall re-
sponse rate (ORR) of 41% [35]. In another phase 1 study of
untreated older (≥ 60 years) AML patients, oblimersen showed

an encouragingORR of 48%; responses were durable, with 50%
of patients who achieved complete remission remaining disease
free at a median follow-up time of 12.6 months [36]. However,
in a phase 3 trial of induction chemotherapy with or without
oblimersen in newly diagnosed AML patients (CALGB
10201), oblimersen did not show a benefit with respect to com-
plete response (CR), overall survival (OS), and event free-
survival (EFS) rates [38].

Obatoclax, a BH3-mimetic and pan-BCL-2 inhibitor,
showed limited clinical activity as a single agent (Table 1) in
patients with relapsed or untreated AML [39, 40] andMDS [13,
39]. In a phase 1 clinical trial in patients with hematological
malignancies including AML (n = 25) and MDS (n = 14), the
best responses were hematological improvement in one AML
and three MDS patients [39]. In a follow-up phase 1/2 clinical

Fig. 1 The apoptotic pathways. The extrinsic apoptotic pathway is
triggered by the binding of death receptor to the death receptor ligand
which activates caspases cascade. The activated caspases-8 and -10 in
turn activate effector caspases-3 and -7 leading to apoptosis. The
intrinsic apoptotic pathway is triggered when cellular stress leads to
BH3-only protein activation which in turn leads to activation of BAX
and BAK resulting in mitochondrial outer membrane permeabilization

(MOMP) causing release of cytochrome-c and SMAC (second
mitochondria-derived activator of caspase). Cytochrome-c causes
apoptosome-mediated activation of caspase-9 which in turn activates
caspase-3 and -7, leading to apoptosis. SMAC blocks the caspase
inhibitor, XIAP (X-linked inhibitor of apoptosis protein) and facilitates
apoptosis. Caspase-8 cleavage of the BID enables interaction between the
extrinsic and intrinsic pathways
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trial of elderly (≥ 70 years) AML patients, there were no objec-
tive responses [40].

ABT-737 and ABT-263 (navitoclax), BH3 mimetic agents
that inhibit both BCL-2 and BCL-XL, were also studied in
preclinical and clinical settings [41–45]. However, they were
noted to have a dose-dependent severe thrombocytopenia due
to the on-target inhibition of BCL-XL, limiting their clinical
utility in patients with AML or MDS.

Venetoclax and Other BCL-2 Family Protein
Modulation in AML

Following the experience with ABT-737 and navitoclax, it
was hypothesized that a more selective BCL-2 inhibitor would
be able to alleviate the dose-limiting side effects while main-
taining efficacy; this led to the development of the first highly
selective and potent BCL-2 inhibitor, ABT-199 (venetoclax).

The first effort to study venetoclax in AML was as a single
agent in the relapsed/refractory setting. When studied in a
phase 2, single-arm study, venetoclax had an ORR of 19%
[46]. Those with isocitrate dehydrogenase (IDH 1/2) muta-
tions showed better CR rates (4/12, 33%) substantiating pre-
clinical data that AML with IDH1/2 mutations are sensitive to
BCL-2 inhibition and may activate apoptosis at a lower
threshold [47].

If a major mechanism of action of venetoclax in AML is
through inhibition of LSCs, the modest response rate observed
in the relapsed/refractory study and subsequently observed
when used off label in various combinations [48] might be
explained by the impact of chemotherapy on LSCs. Ho et al.
reported the characteristics of LSCs in vivo at the time of

diagnosis compared with relapse after exposure to induction
chemotherapy; this revealed significant increases in LSC fre-
quency and heterogeneity [49•], suggesting LSC-directed
therapies might be more effective in the up-front treatment
setting (Fig. 2).

Preclinical data suggests the potential for synergistic activ-
ity between venetoclax and backbone therapies [50–52], and
these combinations are being explored, mostly in the up-front
treatment setting. When combined with either azacitidine or
decitabine in the front-line setting in older (≥ 60 years) AML
patients unsuitable for standard induction chemotherapy
(NCT02203773), venetoclax was well tolerated with a report-
ed complete-response/complete response with incomplete he-
matologic recovery (CR/CRi) rate of 61% [53•]. Updated re-
sults of the trial from 145 patients were reported at the 2017
American Society of Hematology annual meeting [54] and
were consistent with the published data from the dose
escalation/ expansion study [53•]. The CR + CRi + partial
response (PR) rate was 67% (97/145), and the ORR was
83% (120/145) [54]. At a median time on study of 7 months
(range < 1 to 27 months), the median OS was 17.5 months
(95% CI, 12.3—upper limit not reached). Subgroup analysis
by cytogenetic risk showed that patients with intermediate-
risk AML achieved a CR/CRi rate of 74%, whereas the re-
sponse rate in the poor-risk group was 60%. Patients with
secondary AML achieved a 67% CR + CRi + PR and those
with IDH1/2, FLT3, and TP53 mutations achieved CR/CRi
rates of 68, 64, and 56%, respectively [54]. These results are
very promising with better response rates than historically
seen with conventional chemotherapy in this population
[55], particularly in those with adverse disease biology. This

Table 1 Pre-venetoclax BCL-2 inhibitor clinical trials in AML and MDS

Drug Mechanism Clinical Setting Response References

Oblimersen Antisense
oligonucleotide

Phase 1: relapsed/refractory
AML combined with
FLAG

7/17 CR + CRi + MLFS Marcucci et al. Blood 2003
[35]

Phase 1: older untreated AML
combined with 7 + 3

14/29 CR Marcucci et al. JCO 2005 [36]

Phase 2: older relapsed AML
combined with
gemtuzumab

12/48 CR + CRp Moore et al. Leukemia
Research 2006 [37]

Phase 3: randomized study of
chemotherapy ± oblimersen
for untreated elderly AML

No difference in CR or
OS for experimental
arm

Marcucci et al. ASCO
presentation 2007 [38]

Obatoclax BH3 mimetic; pan
BCL-2 inhibitor

Phase 1: single agent;
refractory AML/MDS

1/25 AML (CR)
3/14 MDS (HI)

Schimmer et al. Clin Cancer
Res 2008 [39]

Phase 2: single agent;
untreated MDS

2/24 (HI) Arellano et al. Clin Lymph
Myel Leuk 2014 [13]

Phase 1/2: single agent; older
untreated AML

0/18 responses Schimmer et al. PLOS ONE
2014 [40]

Abbreviations: AML, acute myeloid leukemia; FLAG, fludarabine, cytarabine, and ganulocyte colony-stimulating factor; CR, complete response; CRi,
complete response with incomplete hematologic recovery;MLFS, morphologic leukemia-free state;CRp, complete response without recovery of platelet
count; MDS, myelodysplstic syndrome; HI, hematologic improvement
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combination is being studied in a phase 3 trial comparing
venetoclax plus azacitadine with azacitadine alone in AML
patients not eligible for standard induction chemotherapy
(NCT02993523). Low-dose cytarabine (LDAC) has also been
explored as a backbone therapy with venetoclax in the same
population [56]. This combination similarly resulted in a CR/
CRi rate of 62% and a median OS of 11.4 months (95% CI,
5.7–15.7). Patients with DNMT3A, FLT3-ITD, and SRSF2
mutations had CR/CRi rates of ≥ 75%, whereas those with
TP53 mutations had the CR/CRi rates of 44%. Notably, in
contrast to the hypomethylator backbone study, the LDAC
study allowed patients who had received a prior
hypomethylator for MDS, suggesting that this population
was perhaps more challenging to treat. Venetoclax combined
with LDAC versus LDAC alone is currently being studied in
an ongoing phase 3 trial (NCT03069352).

Preclinical study in venetoclax-resistant AML cell lines sug-
gested that venetoclax decreased the association of BIM (a pro-
apoptotic protein) with BCL-2 and increased the association of
BIM with MCL-1 (pro-survival protein), leading to the stabili-
zation of MCL-1 and resistance to venetoclax [57]. In such
resistant cells, venetoclax showed no effect on intrinsic apopto-
sis, suggesting an altered balance of BCL-2 family members
led to venetoclax resistance [57]. Based on this observation,
inhibition of MCL-1 was suggested as a way to improve re-
sponses to venetoclax and/or overcome resistance. Multiple
avenues to inhibit MCL-1 are being explored including: (1)
small molecules (AMG 176 [Amgen], NCT02675452;
S64315 [Servier] NCT02979366; AZD5991 [AstraZeneca],
NCT03218683), (2) BH3mimetics [58], (3) therapies that have
off-target MCL-1 inhibition, such as the cyclin-dependent ki-
nase-9 (CDK9) inhibitor alvocidib (Tolero), which via inhibi-
tion of CDK9 downregulates MCL1, leading to cell death in
MCL-1 dependent AML [59], and (4) other indirect methods
via concomitant inhibition of MDM2 and MEK [60, 61].

Venetocalx as a single agent in the relapsed/ refractory
AML population appears to be more active than other less
selective BH3 mimetic agents that target BCL-2 [38, 40].
The explanation for this observation is not necessarily obvious
given the hypothesis that MCL-1 and BCL-XL upregulation
may provide a mechanism of resistance to venetoclax [62].
However, decreased toxicity form more selective BCL-2 inhi-
bition could partially explain this observation and an im-
proved understanding of the mechanism of venetocalx in
AML may help better understand this finding.

BCL-2 Inhibition and Potential Role of Venetoclax
in MDS

In MDS, cytopenias coexist with bone marrows that typically
show hypercellularity, an incongruence that has been attributed
to apoptosis leading to ineffective erythropoiesis. [63, 64] In
high-risk MDS patients, there is higher BCL-2 expression com-
pared to low-riskMDS, suggesting that MDS acquires apoptotic
resistance as the disease progresses, [64, 65] an observation also
supported by a significant decrease in the ratio of pro-apoptotic
versus anti-apoptotic BCL-2 family proteins at disease progres-
sion [66]. Furthermore, in a preclinical study, inhibition of BCL-
2 has been shown to be specifically toxic to the MDS stem cells
from high-risk MDS patients [12]. These findings support the
use of BCL-2 inhibitors in MDS (Table 1). However, in the
clinical setting, obatoclax, a pan-BCL-2 inhibitor, was largely
ineffective, with hematological improvement seen in only 3 of
14 MDS patients in the phase 1 setting [39]. When studied as a
first-line treatment inMDS patients in a phase 2 study, obatocalx
again showed a response rate of only 8% [13]. It may be that just
as venetoclax outperformed its less specific BCL-2 family pro-
tein inhibitors in AML, the same will be seen in MDS. These
studies are ongoing (Table 2), with venetoclax being studied in
combination with azacitidine as a front-line therapy in higher-

Increased LSC 
heterogeneity

Diagnosis
Induction

Chemotherapy
Clinical

Remission Relapse

Tumor
burden

Time

Induction
Chemotherapy

LSC
number

LSC
heterogeneity

Relapse
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LSC 
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Fig. 2 Impact of intensive chemotherapy on acute myeloid leukemia
(AML) that eventually relapses: With induction chemotherapy, although
there is initial decrease in leukemia stem cells (LSCs), at the time of
relapse, the quantity and diversity of LSCs increases supporting the

hypothesis that intensive induction chemotherapy subsequently results
worsening of AML (Figure adopted with permission, courtesy of
Shanshan Pei, PhD)
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riskMDS patients in a phase 1 study (NCT02942290), as well as
in higher-risk MDS patients as a single agent or in combination
with azacitidine (NCT02966782).

Future Directions

Some believe venetoclax may be beneficial when combined
with intensive chemotherapy regimens in the untreated setting,
and those studies are planned or ongoing (NCT03214562).

FLT3-ITD activation may mediate resistance to venetoclax
[67], providing a mechanistic rationale for combining
venetoclax with FLT-3 inhibitors in FLT-3 positive patients.
Telomerase is known to be overexpressed in AML cells and its
inhibition may target LSCs; [68] the telomerase inhibitor
imetelstat in combination with venetoclax enhanced apoptosis
in vitro and increased survival in vivo in AML [69], establish-
ing a rationale for combination studies in the future.
Glasdegib, an inhibitor of Smoothened in the Hedghehog

Table 2 Clinical trials of venetoclax alone or in combination in adult patients with AML and MDS

NCT Identification
no.

Phase Condition Study

AML

NCT02391480 Phase 1 AML
Other hematological and solid

tumor malignancies

A study evaluating the safety and pharmacokinetics of ABBV-075 in Subjects
with cancer

Experimental arm includes ABBV-075 and venetoclax combination

NCT03236857 Phase 1 r/r AML
Other hematological and solid

tumor malignancies

A study of the safety and pharmacokinetics of venetoclax in pediatric and
young adult patients with relapsed or refractory malignancies

NCT02287233 Phase 1 Treatment-naïve AML A study evaluating venetoclax in combination with low-dose cytarabine in
treatment-naïve subjects with acute myelogenous leukemia

NCT02203773 Phase 1b Treatment-naïve AML Phase 1b acute myelogenous leukemia study with ABT-199 + decitabine or
azacitidine (Chemo Combo)

NCT02942290 Phase 1 Treatment-naïve MDS A study evaluating venetoclax in combination with azacitidine inn subjects
with treatment-naïve higher-risk myelodysplastic syndromes

NCT02966782 Phase 1 High-risk MDS Study evaluating venetoclax alone and in combination with azacitidine in
subjects with higher-risk myelodysplastic syndromes after hypomethylating
agent-failure

NCT02670044 Phase 1/2 r/r AML A study of venetoclax in combination with cobimetinib and venetoclax in
combination with idasanutlin in patients aged ≥ 60 years with relapsed or
refractory acute myeloid leukemia who are not eligible for cytotoxic therapy

NCT03214562 Phase 1/2 AML
Other hematological malignancies

Study of the BCL-2 Inhibitor Venetoclax in Combination With Standard
Intensive Acute Myeloid Leukemia Induction/Consolidation Therapy With
FLAG-IDA in Patients With Newly Diagnosed or Relapsed/Refractory
AML

NCT01994837 Phase 2 r/r AML Venetoclax in a dose ramp-up schedule

NCT02265731 Phase 2 AML
Other hematological malignancies

Study evaluating venetoclax in subjects with hematological malignancies

NCT03069352 Phase 3 Treatment-naïve AML A study of venetoclax in combination with low-dose cytarabineversus
low-dose cytarabine alone in treatment-naïve patients with acute myeloid
leukemia who are ineligible for intensive chemotherapy

NCT02993523 Phase 3 Treatment-naïve AML A study of venetoclax in combination with azacitidine versus azacitidine in
treatment-naïve subjects with acute myeloid leukemia who are ineligible for
standard induction therapy

NCT03123029 AML
Other hematological malignancies

Expanded access to venetoclax

MDS

NCT02942290 Phase 1 Treatment-naïve MDS A study evaluating venetoclax in combination with azacitidine in subjects with
treatment-naïve higher-risk myelodysplastic syndromes

NCT02966782 Phase 1 High-risk MDS Study evaluating venetoclax alone and in combination with azacitidine in
subjects with higher-risk myelodysplastic syndromes after hypomethylating
agent-failure

Data collected from www.clinicaltrials.gov

Abbreviations: NCT, National Clinical Trial; AML, acute myeloid leukemia; r/r, relapsed or refractory; FLAG, fludarabine, cytarabine, ganulocyte
colony-stimulating factor; MDS, myelodysplastic syndrome
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signaling pathway, was recently studied in combination with
venetoclax [70], suggesting this may be of benefit. Recently,
mononuclear cells obtained from patients with AML were
evaluated for sensitivity to drug combinations that target
non-overlapping biological pathways. Several combinations
of kinase inhibitors with venetoclax were noted to be effective
and such novel combination therapies could be avenues for
future clinical trials [71•].

Finally, BCL-2 inhibitors other than ventetoclax are being
developed. The small molecule BCL-2 inhibitor S055746 is cur-
rently being studied in phase 1 clinical trial (NCT02920541),
and PNT2258, which causes BCL-2 targeted DNA damage
[72], warrant further study in myeloid malignancies.

Conclusions

BCL-2 inhibits apoptosis leading to disease progression and
chemotherapy resistance in AML and its inhibitor, venetoclax,
modulates mitochondrial activity leading to apoptotic cell
death. Venetoclax has a better tolerability profile than tradi-
tional chemotherapy, allowing for the treatment of elderly or
frail individuals. Various venetoclax combination studies are
either ongoing, planned, or have sound mechanistic basis with
the potential to advance the therapeutic landscape for AML.
BCL-2 inhibition also has promising activity in MDS and is
being explored in clinical trials.
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