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Abstract
Due to their key role in the pathogenesis of cancer through the regulation of apoptosis, the B-cell leukemia/lymphoma-2 
(BCL-2) family proteins have been an attractive target for cancer therapy for the past decades. Throughout the years, many 
Bcl-2 family inhibitors have been developed, with Venetoclax being now successfully used in treating hematological malig-
nancies. Although their effectiveness in the treatment of solid tumors is yet to be established, some preclinical evidence 
indicates their possible clinical application. This review aims to summarize current data from completed clinical trials that 
used Bcl-2 protein family inhibitors as monotherapy or in combination with other agents for the treatment of solid malignan-
cies. We managed to include clinical trials of various phases which analyze the pharmacokinetics and pharmacodynamics 
of the drugs, as well as the effectiveness and adverse effects. Active and recruiting clinical trials are also briefly presented 
and future prospects and challenges are discussed.
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Introduction

Cancer is defined by unregulated cell division and growth. 
The main pathogenetic mechanisms leading to carcinogen-
esis include mutations in oncogenes or tumor-suppressor 
genes, epigenetic or chromosomal alterations and envi-
ronmental stress, often resulting in the evasion of apopto-
sis [1, 2]. Apoptosis is a type of programmed cell death 
as a response to physiological processes, abnormal stimuli 
or cellular stress and, therefore, prevents a defective cell 
from evolving to cancer [3]. It occurs through two different 
pathways; the intrinsic, which is triggered by the release of 
apoptogenic factors in the mitochondria, and the extrinsic, 
which is activated upon ligation of specific death receptors 
at the plasma membrane [3, 4].

One of the main regulators of the intrinsic pathway is 
the B-cell leukemia/lymphoma-2 (Bcl-2), a family of reg-
ulatory proteins, which can be subclassified into different 
groups based on their morphology and Bcl-2 homology 

(BH) domain (Fig.  1). The BH3-only proteins activate 
BAX and BAK, which then form pores in the outer mito-
chondrial membrane, leading to the release of cytochrome 
c. This process initiates the caspase cascade pathway and 
eventually the apoptosis of the cell. The main action of the 
anti-apoptotic proteins is the inhibition of BAX, BAK and 
BH3-only proteins and therefore the apoptotic process [5, 
6], (Fig. 2, Fig. 3).

It has been observed that in many types of cancer there 
is an up-regulation of anti-apoptotic proteins and a down-
regulation of pro-apoptotic members of the Bcl-2 family 
[7]. The malignancies that were firstassociated with Bcl-2 
overexpression were Chronic Lymphocytic Leukemia (CLL) 
and B-cell Lymphoma, hence the name Bcl-2 (B-cell leu-
kemia/lymphoma-2 protein) [8]. Subsequently, researchers 
have been focusing on developing drugs that target the anti-
apoptotic proteins, as an alternative approach to anticancer 
therapeutics. Many Bcl-2 protein family inhibitors have 
been developed over the past years, including venetoclax 
(ABT-199), navitoclax (ABT-263), obatoclax (GX15-070), 
oblimersen sodium (G3139), etc., and are mostly used in 
leukemia, lymphomas, and other hematological malignan-
cies [9]. In particular, venetoclax was proved to be a major 
breakthrough in treating drug-resistant CLL, as it induces 
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Fig. 1  Illustration of Bcl-2 family of proteins which are classified 
based on morphology and Bcl-2 homology. The anti-apoptotic pro-
teins possess four bcl-2 homology domains. The pro-apoptotic pro-

teins contain three to four domains and the BH-3 only proteins pos-
sess only BH3 domains

Fig. 2  A model of the intrinsic pathway of apoptosis initiated by cytotoxic stimuli. The Bcl-2 family proteins exert their anti-apoptotic effect by 
inhibiting BAX, BAK and BH3-only proteins



1556 Clinical and Translational Oncology (2023) 25:1554–1578

1 3

the intrinsic apoptotic cascade independently of TP53 
expression [10].

Despite major breakthroughs in hematological neo-
plasms, the effectiveness of these drugs in solid tumors is 
still under investigation. Several clinical trials have been 
conducted regarding the role of different Bcl-2 protein fam-
ily inhibitors in solid malignancies. In this narrative review 
we sought to provide an update on the available evidence 
from clinical trials of Bcl-2 inhibitors in solid malignancies 
and to briefly state the limitations, challenges and future 
goals of this anticancer approach.

Clinical investigation of bcl‑2 inhibitors 
in solid tumor treatment

Oblimersen sodium (G3139)

Oblimersen sodium is an antisense oligonucleotide com-
pound which targets the first 6 codons of the human Bcl-2 
mRNA sequence, leading to degeneration of the Bcl-2 
mRNA and decreased Bcl-2 protein production. It is the first 
oligonucleotide known to have an antisense effect on Bcl-2 
protein translation [11]. Although it has not been approved 
by the Food and drug administration (FDA), many clini-
cal trials suggest that oblimersen enhances the efficacy of 
cytotoxic chemotherapy especially for the treatment of CLL, 

multiple myeloma, malignant melanoma, and non-small cell 
lung cancer (NSCLC) [12]. Specifically for solid tumors, we 
found 16 completed clinical trials that evaluate the thera-
peutic potential of oblimersen in combination with other 
cytotoxic agents (Table 1).

In a phase I dose-escalation, multicenter study in 2000 
oblimersen sodium was combined with irinotecan in patients 
with metastatic colorectal carcinoma to assess the pharma-
cokinetic behavior and the Bcl-2 protein inhibition in periph-
eral blood mononuclear cells (PBMCs), since preclinical 
studies have detected Bcl-2 overexpression in colorectal car-
cinoma specimens compared to normal colonic epithelium 
[13–15]. The co-administration of oblimersen and irinotecan 
was found to be well tolerated and moderately effective at 
the recommended phase II dose (RP2D). In a higher dose 
almost 50% of patients exhibited severe (grade 3–4) neu-
tropenia. A decrease in Bcl-2 protein levels in PBMCs was 
also observed. In conclusion, these results suggest that the 
addition of oblimersen may increase the chemotherapeutic 
cytotoxicity of irinotecan, but further testing with rand-
omized trials is needed to evaluate the real efficacy of this 
combination treatment [16].

It is suggested that chemoresistance in metastatic mela-
noma can be attributed to high antiapoptotic activity by the 
Bcl-2 protein family. Under these circumstances, a rand-
omized phase III trial was conducted in 2000 to compare 
the effectiveness of dacarbazine with or without oblimersen 

Fig. 3  Brief overview of a BH3 mimetic route of action in order to initiate the apoptotic cascade through BAX and BAK (pro-apoptotic proteins) 
oligomerization
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in advanced malignant melanoma. The overall survival (OS) 
time was not improved in the arm who received combined 
therapy, but the progression-free survival (PFS) time was 
significantly increased [17, 18]. No difference in treatment 
outcomes was observed in patients with elevated serum lac-
tate dehydrogenase (LDH), suggesting that LDH can be used 
as a biomarker for adverse prognosis. Overall, this study 
indicates that oblimersen sodium can enhance the efficacy 
of dacarbazine in patients with advanced melanoma with 
normal baseline LDH levels [18].

Another randomized, phase II study in 2004 assessed the 
antitumor activity and safety of oblimersen sodium when 
administered before docetaxel versus docetaxel alone among 
patients with castration-resistant prostate cancer (CRPC). 
It has been found that Bcl-2 is upregulated in prostate can-
cer cells, leading to androgen independence and subsequent 
chemoresistance to docetaxel [19, 20]. Therefore, the addi-
tion of a Bcl-2 inhibitor could possibly enhance the sensi-
tivity of CRPC cells to docetaxel. The results though failed 
to show a prostate-specific antigen (PSA) response greater 
than 30% or a major toxic event rate less than 45% in the 
oblimersen-docetaxel group. The combination treatment was 
also associated with a higher incidence of fatigue, mucositis, 
and thrombocytopenia. This study highlights the possibility 
of improved outcomes if the target group was more specific, 
as observed in the study above which proved that the popula-
tion with normal LDH levels exhibited better response [21].

Although some studies exhibited a synergistic effect 
between oblimersen and specific chemotherapeutic agents, 
the results were not significant enough to continue exam-
ining this drug. The fact that the last study of oblimersen 
sodium in solid tumors we managed to find was more than 
a decade ago shows that this Bcl-2 inhibitor is probably no 
longer used in clinical trials.

Obatoclax mesylate (GX15‑070)

Unlike other more selective Bcl-2 inhibitors, obatoclax is 
considered a pan-Bcl-2 inhibitor, meaning that it targets 
all anti-apoptotic Bcl-2 family proteins [22]. Thanks to its 
ability to inhibit MCL-1, obatoclax was expected to have a 
promising antitumor effect on solid malignancies, especially 
in small-cell lung cancer (SCLC) where overexpression of 
MCL-1 is considered to cause insensitivity to other more 
selective Bcl-2 inhibitors [23]. In our study, we assessed five 
completed clinical trials which had used obatoclax mesylate 
in the presence of other agents for the treatment of solid 
cancers (Table 1).

In 2006, an open-label, phase I/II study was conducted 
in patients with NSCLC that relapsed after first-line plati-
num-based treatment. NSCLC cells are known to overex-
press Bcl-2 antiapoptotic proteins [24], so the addition of a 
Bcl-2 inhibitor was expected to improve tumor sensitivity 

to taxanes. Obatoclax mesylate was combined with standard 
second-line NSCLC drug, docetaxel, to evaluate the toler-
ability and tumor response. Among the most common toxici-
ties were neutropenia, as frequently observed with docetaxel, 
and transient neurologic side-effects, which is consistent 
with the findings of other clinical trials of obatoclax. No 
significant response rate was observed and thus, this study 
does not support further evaluation of the combination treat-
ment in such patients [25].

In 2007, an open-label, single-arm phase II study evalu-
ated the efficacy of combining topotecan with obatoclax 
mesylate in patients with relapsed SCLC. Topoisomerase 
inhibitors, like topotecan, trigger apoptosis by causing DNA 
damage to cancer cells. Antiapoptotic agents like the Bcl-2 
family proteins can hinder this mechanism and lead to treat-
ment resistance. Considering the above, a Bcl-2 inhibitor 
was expected to increase the chemotherapeutic effect. How-
ever, the addition of obatoclax did not manage to exceed the 
response rate of topotecan monotherapy in these patients. 
The most common adverse effects were neurologic, includ-
ing ataxia and somnolence, lasting no more than 2 h. Hema-
tologic toxicities were relatively infrequent, but more severe 
and required blood and platelet transfusion. Even so, it is 
worth mentioning that topotecan alone has a response rate 
as low as 7–10% in patients with platinum-refractory SCLC 
and, considering the small number of patients enrolled, it 
was not expected to observe a significantly higher efficacy 
[26].

In a more extended, randomized, phase II study in 2008 
obatoclax mesylate was added to carboplatin/etoposide 
chemotherapy as first-line treatment in patients with exten-
sive-stage SCLC. As expected, transient neurologic and psy-
chiatric adverse effects were present in the obatoclax + car-
boplatin/etoposide arm, but no treatment discontinuation 
was needed. Unfortunately, the addition of obatoclax did not 
prove to significantly increase objective response rate [27].

In conclusion, obatoclax mesylate was not reported to add 
to the efficacy of other cytotoxic agents, neither in previ-
ously untreated nor in platinum-resistant lung cancer. To our 
knowledge, there are currently no recruiting clinical trials of 
obatoclax mesylate in patients with solid tumors.

Navitoclax (ABT‑263)

Navitoclax is one of the Bcl-2 family protein inhibitors 
which shows a high affinity to Bcl-2, Bcl-W and Bcl-xL 
antiapoptotic proteins. Early preclinical studies indicate that 
navitoclax alone is potent to cause suppression in tumors 
that rely on the overexpression of antiapoptotic Bcl-2 pro-
teins for their survival, such as SCLC, acute lymphocytic 
leukemia (ALL) and fibrotic diseases [28]. In this review we 
examined a total of 12 completed clinical trials of navitoclax 
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alone or with the presence of other drugs in solid tumor 
treatment (Table 1).

In 2007, a non-randomized Phase I study was conducted 
to evaluate tolerability, pharmacokinetics, and efficacy of 
navitoclax in SCLC and other solid tumors. Overall, navito-
clax was well tolerated with most of treatment-related toxici-
ties being grade 1–2. All patients experienced thrombocyto-
penia, a known adverse event of drugs that inhibit Bcl-xL, 
which was dose-dependent and manageable. This study also 
indicates that in some cases of SCLC, MCL-1 rather than 
Bcl-2/Bcl-xL is responsible for evading apoptosis. This 
might explain why these tumors show insensitivity to navi-
toclax and other Βcl-2/Bcl-xL inhibitors. Combination of 
navitoclax and other drugs that downregulate the expres-
sion of MCL-1 could subsequently have promising results in 
these tumors [23]. Phase II included the evaluation of safety 
at the RP2D, as well as the preliminary efficacy of navito-
clax in patients with recurrent SCLC. The results were dis-
appointing, as limited antitumor activity was achieved and 
thus, the majority of the patients discontinued treatment due 
to disease progression. Once again, the study recommends 
that future studies should focus on combination therapy [29].

In a prospective, multicenter Phase II study in 2015 navi-
toclax was tested as a single agent on women with heavily 
pretreated, platinum-resistant ovarian cancer (MONAVI-
GINECO study), since a promising antitumor effect on 
chemo-resistant ovarian cancer cells was demonstrated 
during preclinical trials. Thrombocytopenia was the main 
side-effect, but it was reversible with no significant bleed-
ing or toxicity-related deaths. Unfortunately, navitoclax in 
monotherapy exhibited no significant antitumor activity. No 
correlation between the expression of the pro-apoptotic BIM 
and the anti-apoptotic MCL-1 with disease progression was 
observed from the analysis of tumor biopsies [30].

In the same year, another Phase Ib study evaluated the 
safety and feasibility of navitoclax in combination with osi-
mertinib among patients with epidermal growth factor recep-
tor (EGFR)-mutant NSCLC who had exhibited resistance to 
prior tyrosine kinase inhibitor (TKI) exposure. Preclinical 
studies had shown that increased apoptotic activity signifi-
cantly enhances the anti-tumor effect of a third generation 
TKI, possibly resulting in stronger and more long-lasting 
tumor regression in clinical models. Early thrombocytope-
nia was, as expected, the major adverse effect. However, 
this time the combination treatment not only proved to be 
safe, but also demonstrated clinical efficacy. It is indicated 
that further investigation of Bcl-2 inhibition and osimertinib 
combination is needed to validate these outcomes [31].

A low platelet count was reported as the principal side-
effect in almost all clinical trials of navitoclax in monother-
apy or in combination treatment. This is a result of navi-
toclax directly inducing the apoptotic death of platelets, 
as it inhibits their main anti-apoptotic factor, Bcl-xL [32]. 

Although in such cases thrombocytopenia occurrence was 
transient and well-tolerated, new and improved Bcl-2 fam-
ily protein inhibitors needed to be developed to limit this 
toxicity.

Palcitoclax (APG‑1252)

Palcitoclax is a highly potent Bcl-2 family protein antago-
nist and, like navitoclax, targets mainly the Bcl-2 and Bcl-
xL antiapoptotic proteins. It was developed in an effort to 
reduce on-target platelet toxicity while maintaining high 
anticancer activity. Preclinical studies have shown that pal-
citoclax can achieve tumor suppression in multiple xeno-
graft models, including ALL, SCLC, colorectal and breast 
cancer [33, 34]. We examined 1 clinical trial of palcitoclax 
in solid tumors which was completed with available results 
(Table 1).

In 2017 the first in-human phase I study of palcitoclax 
was conducted to evaluate the safety, pharmacokinetics, 
and efficacy of the drug among US patients with metastatic 
SCLC or other solid malignancies [34]. Although palcitoclax 
was safe at doses lower than dose-limiting toxicity (DLT), 
with a relatively tolerable platelet toxicity, the supporting 
evidence is limited and further investigation is necessary to 
establish their possible antitumor effect.

AT‑101 (R‑(‑)‑gossypol acetic acid)

Gossypol, a complex compound, naturally produced by cot-
ton plants,  was first discovered in the 1950s in China, as 
cooking with crude cottonseed was found to cause infertility 
in men [35, 36]. The gossypol (-)-enantiomer, known as gos-
sypol acetic acid or AT-101, is the more biologically active 
form and it effectively induces the mitochondrial apoptotic 
pathway by downregulating the anti-apoptotic Bcl-2 pro-
teins, including Bcl-2, Bcl-xL, Mcl-1, and Bcl-w [37, 38]. 
Except for the Bcl-2 inhibition pathway, AT-101 seems to 
play a significant role in the regulation of other cell signaling 
pathways by inhibiting vascular endothelial growth factor 
(VEGF)-mediated angiogenesis and Apurinic/apyrimidinic 
endodeoxyribonuclease 1 (APE1) [39, 40]. In our study, we 
summarized the outcomes of 14 completed clinical trials in 
which AT-101 was used to treat patients with solid cancers 
[Table 1].

In 2007 a double- blind, multicenter, randomized phase II 
study was conducted to evaluate the efficacy and tolerabil-
ity of AT-101 in combination with docetaxel for the treat-
ment of relapsed NSCLC. In preclinical prostate and lung 
cancer models, docetaxel and AT-101 were found to have a 
synergistic or even additive effect. However, in this clinical 
trial the combination treatment did not achieve an improved 
PFS. The adverse effects in the docetaxel + AT-101 arm were 
generally the same as in the docetaxel + placebo arm, with 
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the exception of headache, which was significantly more fre-
quent in the docetaxel + AT-101 group (11.3% compared to 
0%). An increase in median OS by 1.9 months was reported 
in the AT-101 group, but it did not meet statistical signifi-
cance [41].

Another randomized, double-blind, placebo-controlled, 
phase II study also in 2007 compared the potency of AT-101 
in combination with docetaxel and prednisone (ADP arm) 
versus docetaxel and prednisone plus placebo (placebo-DP 
arm) in patients with chemotherapy-naïve metastatic hor-
mone refractory prostate cancer. The ADP arm was asso-
ciated with an increased incidence in cardiac and hemato-
logic adverse events, as well as pulmonary embolism and 
peripheral neuropathy. Efficacy endpoints (especially OS 
and ≥ 50% PSA decline) were found to be increased in the 
subgroup of high-risk patients of the ADP arm, suggest-
ing that Bcl-2 family protein expression may play a more 
significant role in such patients. However, no statistically 
significant difference in OS or PFS was observed between 
the two arms [42].

In 2012 a new therapeutic approach to advanced laryngeal 
cancer was tested with the combination of platinum, doc-
etaxel and AT-101 in a randomized, phase II study. While 
adverse effects were overall more manageable, AT-101 did 
not improve disease response [43].

In a recent study with both preclinical and clinical aspects 
among patients with gastroesophageal cancer the combina-
tion of AT-101 with docetaxel, fluorouracil, and radiation 
exhibited surprisingly encouraging results, suggesting that 
the proapoptotic effect of AT-101 successfully overcomes 
the antiapoptotic pathways of gastroesophageal cancer stem 
cells [44]. However, more randomized, placebo-controlled 
clinical trials are needed to further investigate and confirm 
these results.

In conclusion, AT-101 was well-tolerated in all combina-
tion treatments, but in most studies improvement in primary 
endpoints did not reach statistical significance.

Venetoclax (ABT‑199)

In an effort to limit the adverse hematological toxicities of 
navitoclax, a new highly selective Bcl-2 inhibitor was intro-
duced. Unlike other Bcl-2 inhibitors, which target more than 
one anti-apoptotic proteins, venetoclax is a selective inhibi-
tor of the Bcl-2 protein and was first FDA approved in 2016 
for the treatment of CLL, especially with 17p deletion [45]. 
It is now considered a novel drug for not only CLL, but 
also acute myeloid leukemia (AML) and small lymphocytic 
lymphoma, and it has exhibited promising results in other 
blood cancers, such as multiple myeloma [46]. However, the 
therapeutic potential of venetoclax in solid tumors is still 
under clinical evaluation. We assessed 2 completed clinical 

trials examining the use of venetoclax in different types of 
solid cancers with the one having available results (Table 1).

In 2018 a randomized, phase II study (VERONICA) 
compared the efficacy of venetoclax in combination with 
fulvestrant compared with fulvestrant alone in women with 
estrogen receptor (ER)-positive, HER2-negative, locally 
advanced or Metastatic Breast Cancer (MBC) who expe-
rienced disease recurrence or progression during or after 
treatment with CDK4/6i therapy. Preclinical studies support 
that Bcl-2 is overexpressed in approximately 85% of pri-
mary ER-positive breast cancer cases, so the inhibition of 
the antiapoptotic protein could enhance the therapeutic effect 
of endocrine therapy with fulvestrant in such patients. How-
ever, the clinical benefit rate and the PFS were not signifi-
cantly improved in the venetoclax + fulvestrant arm. More 
serious (grade 3–4) adverse events were also observed in the 
combination treatment [47]. As of October 2020, partici-
pants in the venetoclax + fulvestrant arm have all discontin-
ued venetoclax treatment and have continued on fulvestrant 
treatment alone [48].

LP‑118

LP-118 is an oral selective Bcl-2/Bcl-xL inhibitor and it is 
the newest of all drugs we have included in this study. Its 
special feature is that its anti Bcl-xL activity is adjusted to 
the minimum so that the risk of thrombocytopenia is limited 
[49]. We report only one recruiting clinical trial of LP-118 as 
a single agent in patients with lymphoma or solid tumors and 
the results are expected in the forthcoming years (Table 2).

Interpretation and discussion

As noted earlier, Bcl-2 inhibitors have proven their effective-
ness in treating hematological malignancies through multi-
ple preclinical and clinical studies for many years now. Their 
crucial role in evading apoptosis still renders them as one 
of the most promising targets for cancer treatment. Early 
data from preclinical studies have supported that some Bcl-2 
family proteins are overexpressed in many solid tumors too, 
raising a big question; are Bcl-2 inhibitors as effective in 
solid tumors as in hematological? To answer this question, 
we examined a great number of clinical trials using the Bcl-2 
inhibitors oblimersen sodium, obatoclax mesylate, navito-
clax, palcitoclax, AT-101, venetoclax and LP-118. The most 
frequently utilized approach seems to be the co-administra-
tion of a Bcl-2 inhibitor with other anticancer agents, such 
as but not limited to conventional chemotherapy.

Oblimersen sodium and obatoclax mesylate did not man-
age to demonstrate statistically significant clinical efficacy 
in any case of solid malignancies. Further investigation is 
not suggested, and we report no recruiting clinical trials of 
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these agents. AT-101 was found to successfully target cancer 
stem cells of gastroesophageal cancer in one clinical trial 
[44] but failed to prove significant antitumor effect in all 
other trials. Navitoclax was mainly tested in lung cancer 
and was expected to sufficiently increase apoptotic activity 
and chemosensitivity, as demonstrated in preclinical studies. 
Unfortunately, so far only one study has managed to prove 
statistically significant antitumor response [31]. Regarding 
palcitoclax, we cannot reach any conclusions based on one 
completed trial. Nevertheless, the first results as a monother-
apy in metastatic SCLC were promising and further inves-
tigation is warranted [34]. Venetoclax is a newly developed 
drug and, therefore, little research is still conducted concern-
ing solid malignancies. Many clinical trials are currently 
evaluating the efficacy of adding venetoclax to other agents 

in many types of solid tumors, such as CRPC, breast cancer 
and neuroblastoma.

In terms of overall safety and toxicity, the adverse events 
that occurred could be explained by both the co-admin-
istered agent and the Bcl-2 inhibitor itself. More specifi-
cally, common toxicities included severe neutropenia and 
thrombocytopenia (grade 3 and 4), anemia, lymphopenia, 
fatigue, diarrhea, vomiting, hepatic and metabolic distur-
bances. However, few instances of serious adverse events 
such as myocardial infarction and pulmonary embolism 
were recorded. Neurologic adverse events were reported 
only in groups receiving palcitoclax, but were transient 
and did not require any intervention. Thrombocytopenia 
was more prominent with navitoclax and was attributed to 
direct inhibition of Bcl-xL. Results from most randomized 

Table 2  Active and recruiting clinical trials using Bcl-2 inhibitors in solid tumor treatment

MTD maximum tolerated dose, AE adverse event, RR response rate, ORR overall response rate, PFS progression-free survival, HCC hepatocel-
lular carcinoma, AJCC American joint committee on cancer, SCLC small-cell lung cancer, RP2D recommended phase 2 dose, CR complete 
response, DLT dose-limiting toxicity

Drug Target NCT Trial design Solid tumor description Primary outcome

APG-1252 (Palcitoclax) Bcl-2, Bcl-xL, Bcl-w 04893759 Open label, single group 
assignment phase I study

Neuroendocrine tumors MTD
Safety profile

ABT-263 (Navitoclax) Bcl-2, Bcl-xL and Bcl-w 02079740 Open label, phase II STUDY Metastatic Malignant Solid 
Neoplasm, Refractory 
Malignant Solid Neoplasm, 
Unresectable Malignant 
Solid Neoplasm

AE
RR
PFS

ABT-263 (Navitoclax) Bcl-2, Bcl-xL and Bcl-w 02143401 Open label, phase I study Metastatic Malignant Solid 
Neoplasm, Recurrent HCC, 
Recurrent Malignant Solid 
Neoplasm, Refractory 
Malignant Neoplasm, Stage 
IV HCC AJCC v7, Unre-
sectable Solid Neoplasm

MTD
AE

ABT-263 (Navitoclax) Bcl-2, Bcl-xL and Bcl-w 03366103 Open label phase I/IIa study SCLC and other solid tumors AE
ORR

ABT-263 (Navitoclax) Bcl-2, Bcl-xL and Bcl-w 01989585 Randomized, parallel assign-
ment, open label phase I/
II study

BRAF mutant melanoma and 
other solid tumors

RP2D
CR
Maximal degree 

of tumor 
regression

ABT-199
(Venetoclax)

Bcl-2 03900884 Open-label, phase Ib study Breast neoplasm female MTD
DLT

ABT-199
(Venetoclax)

Bcl-2 03751436 Open-label phase Ib/II Metastatic castrate resistant 
prostate cancer

MTD
RP2D
PFS

ABT-199
(Venetoclax)

Bcl-2 03236857 Open-label, phase I Neuroblastoma and other 
relapsed or refractory 
malignancies

AE
DLT
RP2D
Cmax, Tmax

ABT-199 (Venetoclax) Bcl-2 04553692 Open-label, phase I Relapsed and/or refractory 
solid cancers

AE
RP2D

LP-118 tablet BCL-2/BCL-XL 05025358 Open-label, phase I Solid tumor, Lymphoma, 
B-Cell

MTD
AE
RP2D
Cmax, Tmax
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trials exhibited a higher incidence of hematologic toxici-
ties among patients receiving combination treatment com-
pared to conventional chemotherapy. Although these adverse 
events were manageable, it is suggested that the addition of 
Bcl-2 inhibitors to chemotherapeutic agents can aggravate 
the hematologic toxicities.

The main hindrance in evaluating the efficacy of these 
drugs was the limited number of participants, which pre-
disposes to statistical errors, while a non-negligible number 
of patients had other comorbidities that could potentially 
aggravate the rate and severity of occurring adverse events. 
It is also worth mentioning that most trials were completed 
10 or more years ago. Since then, patient care has evolved 
substantially and a variety of new chemotherapeutic agents 
has been released. These observations emphasize the neces-
sity for renewed and more extended randomized clinical tri-
als with stricter eligibility criteria regarding patients’ health 
status, as a means of objectively identifying clinical efficacy 
and safety issues.

Conclusion

To our knowledge, this is the most recent review to sum-
marize clinical trials of Bcl-2 inhibitors on solid tumors. It 
is evident that Bcl-2 inhibitors do not seem to be as efficient 
against solid tumors as they are against hematological can-
cers, when used as single agents. However, in combination 
with other anticancer drugs they are likely to enhance their 
antitumor effect while maintaining a good safety profile. We 
also highlight the importance of further preclinical research 
which may pave the way for new, more potent combinations 
of Bcl-2 inhibitors with other targeted agents. Currently 10 
clinical trials are recruiting with their primary endpoints 
being the assessment of maximum tolerated dose, safety 
and adverse events, pharmacokinetic, pharmacodynamic 
parameters and effectiveness (Table 2). Their results are 
anticipated in the forthcoming years and should add useful 
information in our arsenal against cancer.
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