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Abstract
Resistance to apoptosis is one of the hallmarks of cancer and members of the B-cell lymphoma 2 (BCL-2) family of proteins are
central regulators of apoptosis. Many cancers become resistant to chemotherapy and apoptosis by up-regulating BCL-2 and other
family members, making these proteins attractive targets for cancer therapy. Venetoclax is an orally administered, small-molecule
apoptosis stimulant that targets BCL-2 proteins by acting as a BCL-2 homology domain 3 (BH3) mimetic. The drug is approved
in the USA and EU as a monotherapy for the for the treatment of certain patients with chronic lymphocytic leukemia (CLL) and is
in phase III clinical development for multiple myeloma (MM), and in phase II or I/II clinical trials for acute myeloid leukemia,
and several B-cell malignancies, including diffuse large B-cell lymphoma, Waldenstrom's macroglobulinaemia, follicular lym-
phoma, and mantle-cell lymphoma.

1 The Role of the BCL-2 Pathway
in Hematologic Malignancies

Resistance to apoptosis is one of the hallmarks of cancer cell
biology and contributes to chemotherapy resistance. The rel-
evance of B-cell lymphoma 2 (BCL-2) proteins in cell death
and survival has been well described and includes both
external and internally initiated pathways of cell death. In fact,

the BCL-2 protein, encoded on chromosome 18, was the first
anti-apoptotic protein described and was discovered as a chro-
mosomal fusion product with the immunoglobulin heavy
chain machinery, t(14;18) in follicular lymphoma (FL) in
1985 [1]. Since then, our understanding of the BCL-2 gene
family has evolved and more than 20 proteins that impact the
balance between cell survival and death have been described.

While the extrinsic pathway of apoptosis is "switched on"
with the binding of ligands to cell-surface death receptors, the
intrinsic pathway of apoptosis is initiated by various different
stimuli, including DNA damage and oxidative stress. The
BCL-2 family proteins help facilitate the intrinsic pathway
of apoptosis by causing mitochondrial depolarization and ul-
timately caspase-mediated cell death. BCL-2 family proteins
are divided into three categories, based on both structure and
function (Fig. 1). The anti-apoptotic proteins BCL-2, BCL-
XL, myeloid cell leukemia 1 (MCL-1), BCL-W, and A1 con-
tain four conserved BCL-2 homology (BH) domains and are
antagonistic to pro-apoptotic BCL-2 family proteins. The lat-
ter share a BH3 structural homology, and are therefore referred
to as BH3-only proteins, which include BID, BIM, BAD,
PUMA, and NOXA. The cell death mediators, BCL-2 antag-
onist killer (BAK) and BCL-2-associated X protein (BAX),
are inhibited by the binding of anti-apoptotic BCL-2 family
proteins and can be directly activated or sensitized by the
interaction of other BCL-2 family members.

While the t(14;18) is a hallmark of FL, it is also found in a
proportion of diffuse large B-cell lymphoma (DLBCL) cases.
Both the activated B-cell subtype (ABC) and germinal center
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(GC) subtype DLBCL can show BCL-2 overexpression,
though the mechanism by which this occurs differs in each.
The t(14;18) only occurs in the GC subtype and often this is
the cause of BCL-2 overexpression, whereas in the ABC sub-
type, BCL-2 overexpression may be the result of transcrip-
tional activation, including NFκB effects, or copy number
gains. Through either overexpression or dysregulation of
BCL-2, there is a net increase in its anti-apoptotic functions,
resulting in resistance to apoptosis. The role of BCL-2-related
chemotherapy resistance has been described across the spec-
trum of hematologic malignancies including MM,
myelodysplastic syndrome (MDS), acute myeloid leukemia
(AML), acute lymphoid leukemia (ALL), DLBCL, mantle
cell lymphoma (MCL), FL, and notably chronic lymphoid
leukemia (CLL), which has demonstrated remarkable sensi-
tivity to BCL-2 antagonists. Despite the high rate of BCL-2
overexpression in FL, there has not been a proportionate effi-
cacy with single-agent BCL-2 inhibitors.

Herein, we review the development of BCL-2 inhibitors in
hematologic malignancies, with an emphasis in the successes
achieved in CLL and B-cell lymphomas.

2 BCL-2 Inhibition in CLL

CLL cells effectively evade apoptosis by overproduction of
BCL-2. In CLL cells, pro-apoptotic BCL-2 family proteins
such as BIM are sequestered by binding to BCL-2 [3]. Due
to the high expression of BIM, CLL cells are thought to be
Bprimed^ for apoptosis by BCL-2 inhibitor proteins. Small
molecule inhibitors of BCL-2 can displace BIM from the
BH3-binding pocket of BCL-2, allowing BIM to activate
BAX and thereby inducemitochondrial membrane permeabil-
ity and cell death.

Functionally, BCL-2 inhibitors are BH3 mimetics. Several
small molecule inhibitors of BCL-2 have been developed and
although they demonstrated activity in CLL cell lines, there were
significant limitations preventing clinical utility of the early
agents. ABT-737, the first anti-BCL-2 agent that was developed
by Abbott, was found to inhibit BCL-2, BCL-XL, and BCL-W
[4]. Cancer cell lines and xenograft models of lymphoma dem-
onstrated regression and death when exposed to ABT-737 [5].
ABT-737 is not an orally bioavailable compound and its further
development was limited by unfavorable pharmacologic proper-
ties. Subsequently, ABT-263 or navitoclax, which is orally bio-
available, demonstrated significant activity in early phase clinical
trials; however, off-target binding to BCL-XL, which is highly
expressed in platelet precursors, was the putative cause of throm-
bocytopenia, a significant dose-limiting toxicity [6, 7].

Obatoclax was a pan-BCL-2 inhibitor in development by
Teva. There was no significant single-agent activity in hema-
tologic malignancies and combined with a toxicity profile that
included dizziness, somnolence, and ataxia, the development
of the non-specific BCL-2 agent was halted [8].

Oblimersen is an anti-sense RNA that targets the start co-
don of BCL-2 mRNA. This was a promising therapy for B-
cell malignancies and melanoma, but due to the lack of robust
efficacy in either disease, FDA approval was not obtained, and
drug development has stagnated.

The third compound in Abbott’s series of BCL-2 inhibitors,
venetoclax (Venclexta™, formerly ABT-199, GDC-0199) is
orally bioavailable and selectively binds BCL-2 with a more
than 100–fold higher affinity compared to other BCL-2 family
members, such as BCL-XL, thereby resulting in an improved
toxicity profile. Venetoclax is the first BCL-2 inhibitor to be
FDA-approved and impressive responses have been seen in
some hematologic malignancies thus far, prompting further
evaluations with combination strategies.

Pro-survival: BCL-2, BCL-XL, BCL-W, A1, MCL-1, BCL-B

Apoptosis Effectors: BAX and BAK 

Apoptosis Sensi�zers   : BIM, BID, PUMA, NOXA, BAD, 
BMF, HRK, BIK 

a

b

Fig. 1 The BCL-2 protein family
[2]. a Pro-survival or
anti-apoptotic proteins have 4
BCL-2 homology (BH) domains.
The apoptosis sensitizers are
BH3-only proteins. b Apoptosis
sensitizers bind to the
hydrophobic groove of
pro-survival proteins and are
sequestered. When BH3
mimetics, such as venetoclax bind
to BCL-2, BIM is displaced and
can then interact with the
mitochondrial membrane,
activating caspase release and cell
death.
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Venetoclax is approved by the FDA for CLL patients that
harbor a del(17p) and have received at least one prior therapy.
The European approval is for the treatment of CLL in the
presence of del(17p) or TP53 mutation in adult patients who
are unsuitable for or have failed a B-cell receptor pathway
inhibitor, and for the treatment of CLL in the absence of
del(17p) or TP53 mutation patients who have failed both
chemoimmunotherapy and a B-cell receptor pathway
inhibitor.

The loss of functional p53, which is harbored on the short
arm of chromosome 17, results in chemo-refractory CLL, with
poor prognosis and shortened response durations to novel
agents such as ibrutinib or idelalisib. The finding of del(17p)
or TP53 loss of function mutations, precludes use of chemo-
therapy and in the relapsed setting, represents a high unmet
need in CLL. The FDA-approved indications for venetoclax
are expected to eventually include all relapsed CLL patients.
The current National Comprehensive Cancer Network
(NCCN) guidelines for CLL recommend venetoclax use for
treatment of all CLL patients with relapsed/refractory (RR)
disease, regardless of 17p status and with or without rituximab
[9]. Therefore, the agent is being used in clinical practice,
beyond the scope of the narrower FDA-supported label.
Currently, single-agent venetoclax is offered as an indefinite
therapeutic to RR CLL patients; however, combinations with
targeted therapies and immunotherapies have resulted in
higher rates of minimal residual disease (MRD) clearance
and offer the possibility of finite therapy. Thus far, only the
combination of rituximab and venetoclax has been reported in
a phase III evaluation, the MURANO trial, supporting its use
in the RR setting, as a truncated treatment strategy. The main
clinical concerns with venetoclax administration include tu-
mor lysis syndrome (TLS) risk and hematologic toxicities.

Herein, we review the results of single-agent venetoclax
trials and novel combination strategies with venetoclax.

2.1 Venetoclax in CLL Monotherapy

Chemo-immunotherapy had been the mainstay of CLL treat-
ment for decades. Recently, the introduction of several small
molecule inhibitors has resulted in a paradigm shift in the
treatment of many CLL patients. Chemo-immunotherapy is
still considered to be the optimal approach for younger fit
patients, who do not harbor del(17p), and who have no other
negative prognostic markers that would portend short re-
sponse durations, such as seen in IgVH unmutated CLL pa-
tients, who should not receive fludarabine, cyclophospha-
mide, and rituximab (FCR). With the introduction of B-cell
receptor (BCR) kinase inhibitors, ibrutinib and idelalisib, the
treatment landscape for patients with RR CLL, as well as for
first-line treatment of patients with del(17p) has been trans-
formed. Nevertheless, resistance as well as intolerance to the
side effects of these therapies is proving to be a rising

challenge. There is a growing need for alternative agents with
non-redundant mechanisms of action.

BCL-2 is overexpressed in CLL as a result of hypomethy-
lation of the BCL-2 gene. Furthermore, negative regulators of
BCL-2 expression, miRNA-15 and miRNA-16, which are
encoded on 13q14, are deleted in a majority of CLL [10].

The initial venetoclax studies in CLL were conducted in
patients with RR disease and there were some instances of
rapid debulking and resultant TLS, causing the death of some
patients. Due to these unforeseen events, the dosing schedule
of the drug was changed, significantly mitigating the risk of
clinical TLS. The phase I study of 56 patients with RR CLL
and SLL was a dose escalation study followed by an expan-
sion cohort of 60 patients that demonstrated impressive re-
sponse rates in patients with chemo-refractory disease, regard-
less of the presence of del(17p) [11]. In the dose-escalation
phase, there were 10/56 patients with TLS and 3/56 patients
that developed clinical TLS, with 2 requiring dialysis for renal
failure and 1 resultant death. Protocol modifications were
made, incorporating a slower dose ramp-up to the goal dose
of 400 mg. This prevented clinical TLS events in the expan-
sion cohort. However, due to the risk of TLS, the package
insert for venetoclax includes a risk stratification schema for
TLS and management suggestions, based on the presence of a
relatively high circulating lymphocyte count (>25,000) or the
presence of bulky nodal disease (>5 cm). The maximum tol-
erated dose (MTD) was not reached in this study and the 15-
month progression-free survival (PFS) estimate was 69%with
an objective response rate (ORR) of 79% (92/116), including
20% complete responses (CRs). Of these, eight patients (5%)
had no detectable MRD. The median PFS in patients with
del(17p) was 16 months. Of the 41 patients who progressed
while on treatment, there were 14 patients who had a Richter
transformation (RT). The most common grade 3-4 adverse
events (AEs) included neutropenia (41%), anemia (12%),
and thrombocytopenia (12%).

Another phase II evaluation of 107 CLL patients with RR
disease and del(17p) demonstrated a similarly impressive
ORR of 85% at a median follow-up of 12 months with 8
patients (8%) achieving a CR [12]. The median PFS was not
reached at the 12-months median follow-up time. TP53 mu-
tations were detected in 60/107 patients (72%). The dose
ramp-up to 400 mg was conducted over 4–5 weeks and no
clinical TLS occurred. The most common grade 3-4 AEs re-
ported included neutropenia (40%), anemia (18%), thrombo-
cytopenia (15%), and infection (20%). Autoimmune hemolyt-
ic anemia was seen in 7% of patients and the mechanism of
this toxicity is not well understood. Laboratory TLS occurred
in five patients. Of the 107 patients treated, 37 discontinued
therapy, with 22 patients having progression of disease, in-
cluding 11 RT. There were a total of 14 deaths as a result of
disease progression and 4 were non-treatment-related. These
results, published by Stilgenbauer et al., led to the accelerated
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approval of venetoclax for patients with RR CLL and harbor-
ing del(17p). The presence of del(17p) is relatively uncom-
mon, varying from 7% to as high as 30–50% in patients with
multiple relapsed disease [13, 14].

With the recent introduction of several novel therapies in
the CLL armamentarium, the question of how to best se-
quence these therapies arises. Jones et al. [15] presented their
results of venetoclax therapy in patients with CLL who re-
lapsed or were refractory to treatment with either ibrutinib or
idelalisib. There were 39 patients refractory to ibrutinib who
were treated with venetoclax for a median of 13 months and
showed an impressive ORR of 70% in this small cohort. There
were 21 patients with prior idelalisib therapy treated for a
median duration of 9 months, and these patients had an
ORR of 48%, as assessed by an independent review commit-
tee (IRC). While there were very few CRs seen, there were
also very few progressions. This trial suggests that the se-
quencing of targeted therapies is safe and treatment with
venetoclax after progression on other small molecule inhibi-
tors is a feasible and effective option.

A notable outcome in the results seen in venetoclax trials is
the finding of MRD negativity in a proportion of patients who
also achieve a CR. The utility of MRD negativity to predict
long-term outcome following chemo-immunotherapy has
been well-described [16]. The eradication of all detectable
clones with the use of small molecule inhibitors is uncommon.
Currently, most small molecule inhibitors are dosed indefinite-
ly, as long as responses continue to be seen and toxicities are
not prohibitive, with re-emergence of disease off therapy. The
depth of response achieved with venetoclax and the durability
of the response with combination therapies (see below) raises
the possibility that truncated therapy may be feasible in some
patients and the duration of PFS prolonged. Consensus defi-
nitions of MRD are lacking. Methodologies (PCR vs. flow
cytometry), thresholds of detection, and even assignment of
MRD to patients who have less than a CR make interpretation
across studies challenging.

2.2 Venetoclax in CLL Combinations

The addition of rituximab to venetoclax showed synergy in
preclinical models and led to the evaluation of the combina-
tion in early phase clinical studies, with the goal of deepening
the responses seen with single-agent venetoclax. The first
published results of a combination study of venetoclax were
those of a phase Ib trial with rituximab in 49 patients with a
median follow-up of 28 months [17]. Rituximab was given
monthly for six cycles and venetoclax was administered as a
ramp-up over 4 weeks and then given daily. The MTD of
venetoclax was not reached and the phase 2 dose was deter-
mined as 400 mg. The ORR was 86 % (42/49) with an im-
pressive CR rate achieved in 51% (25/49) of patients. There
was a negative bone marrow MRD in 80% of those who

achieved a CR (20/25). Clinical TLS occurred in two patients,
resulting in one patient death. With protocol amendments,
slower dose ramp-up of venetoclax, and enhancing TLS mon-
itoring and prophylaxic measures, there were no further clin-
ical TLS events. The AE profile of the combination was sim-
ilar to that seen with single-agent venetoclax and overall was
deemed to be safe. There were 11 patients who had progres-
sion while on therapy and 5 of these represented an RT. PET/
CT scans were not performed as a part of mandatory evalua-
tion for the trial and all of the RT patients progressed within 9
months on study. The deep responses seen with the combina-
tion supported ongoing studies.

There have been a number of combination studies with
immunotherapy and chemo-immunotherapies with early re-
sults presented at national meetings (Table 1). The CLL14
study is a phase III, German-led trial comparing venetoclax/
obinutuzumab with venetoclax/chlorambucil in previously
untreated CLL patients with a coexisting medical conditions
score (CIRS) score ≥6.[24] . Obinutuzumab was administered
for 6 cycles and venetoclax was given for 12 cycles. The ORR
at 3 months after therapy completion was 100% (11/11) with
CRs having been achieved in 78% (7/12) of patients. At final
staging, five of seven available bonemarrow aspirates showed
clearance ofMRD. There were two laboratory TLS events and
no clinical TLS. The combination was found to be well-toler-
ated. This phase III study has completed accrual, and the high-
ly anticipated full results are pending.

Stilgenbauer et al. reported their interim results of a phase
Ib combination of bendamustine/rituximab or bendamustine/
obinutuzumab with venetoclax in untreated as well as RR
CLL patients [22]. Fifty-five patients were treated and no
DLT or TLS were reported in this study. At early time points,
the vast majority of patients had demonstrated responses and
the safely profiles of the chemo-immunotherapy arms were
comparable. After 6 months of combination therapy, RR pa-
tients may continue single-agent venetoclax until unaccept-
able toxicity or disease progression, and treatment-naïve pa-
tients can have one year of venetoclax in total.

The combination of venetoclax and obinutuzumab in 32
treatment-naïve patients was also presented at American
Society of Hematology (ASH) 2017 [25]. Patients received a
6-month treatment course with the combination, followed by
6 months of single-agent venetoclax. There were two dosing
schemas, with venetoclax preceding obinutuzumab in one
schema and in the second, obinutuzumab was introduced be-
fore venetoclax. Continued therapy with venetoclax was of-
fered to patients who achieved a PR or had detectable MRD.
The median time on study was 11.3 (10–23) mos. All patients
cleared MRD from the peripheral blood and 14/32 cleared
MRD from the bone marrow (62.5%). The MRD negativity
rate is impressive and, at a minimum, appears to be non-
inferior to chemotherapy-containing regimens. A phase III
study is planned based on these results.
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More recently, at the 2017 ASH meeting in Atlanta, the
much-anticipated results of the phase III MURANO trial were
presented [18]. This was a randomized trial comparing the
combination of bendamustine with rituximab (BR) to
venetoclax and rituximab (VR), and represents the first results
of a head-to-head comparison of a standard chemotherapy
regimen with a regimen containing targeted agents in CLL.
A total of 398 patients who had been treated with one to three
lines of prior therapies were enrolled and randomized 1:1 to
either VR or BR (194 VR and 195 BR). The VR regimen
included rituximab given at 375 mg/m2 for the first dose and
then 500 mg/m2 monthly for a total of 6 cycles, and
venetoclax, ramped up over either 4 or 5 weeks, to a goal of
400 mg daily and continued for 2 years for responders. The
BR regimen included bendamustine at 70 mg/m2 given on
days 1 and 2 and with rituximab, as described with VR.
Importantly, patients were stratified according to del(17p) sta-
tus and responsiveness to prior therapy. The primary endpoint
was investigator-assessed PFS, which was found to be supe-
rior for VR vs. BR (HR 0.17, 95% CI 0.11–0.25, P < 0.0001;
median not reached vs. 17.0 mo). CRs were achieved in a
larger proportion of patients treated with VR versus BR as
assessed by investigators (26.8 versus 8.2%, P < 0.0001).
Key toxicities included a low frequency of TLS events, espe-
cially in patients treated with VR. There was one clinical TLS
event seen in each of the two arms. There were higher rates of
grade 3-4 neutropenia in the VR arm, though no increased
rates of grade 3-4 infection. TheMURANO trial demonstrated
impressive responses in RR CLL, including MRD negativity,
echoing results previously seen in phase I and II studies of
single-agent venetoclax. The finding of p53 derangements
would be another predictor of inferior responses to chemo-
immunotherapies and, despite this, a significant proportion
of patients (48 and 51 for VR and BR, respectively) harbored
this poor prognostic feature and were treated with BR.
Nevertheless, the significant degree of MRD clearance with
the VR regimen was impressive and the results support the
combination of venetoclax with rituximab as a therapeutic
option for some patients with highly refractory CLL. It is
noteworthy that the investigator assessment of CRs (negative
CT and negative bone marrow) vastly differed from the inde-
pendent review assessments of CR, with the IRC finding
much fewer CRs achieved due to differences in CT scan in-
terpretation. After the initial 6 months of treatment, the PFS
curves for the 2 regimens began to separate greatly and the
PFS of VR-treated patients at 24 months remains over 80%.
Truncated therapy with venetoclax is not a standard for R/R
CLL patients, though the combination with rituximab may be
very effective for selected patients. Once patients stopped
venetoclax therapy, there was a sustained benefit reflected in
the majority of patients who remained on study, with only a
slight decrement from the responses achieved while on treat-
ment. Because this was an abstract presentation, some very

important details regarding CR/MRD were not presented, but
will be highly anticipated in a full manuscript. The time to
MRD negativity in the experimental arm and the ability of
MRD to predict sustained control will be highly relevant for
understanding which patients may have a planned treatment-
free interval and which will require ongoing daily venetoclax
treatment. In addition to p53 dysfunction, key disease fea-
tures, such as complex karyotype and molecular alternations
in NOTCH 1 and SF3B, amongst others, may be very impor-
tant predictors of success with abbreviated therapy. In current
practice, ibrutinib, an oral BTK inhibitor, is used most fre-
quently by US practitioners to treat R/R CLL, with venetoclax
often considered after ibrutinib failure. The sequencing of
therapy may shift towards earlier VR usage, with the potential
to offer truncated therapy, with FDA approval of venetoclax
for all RR CLL patients. The results thus far support the use of
VR for RR CLL patients regardless of 17p deletion.

A dual targeted therapy combination of ibrutinib and
venetoclax has shown promising results in early evaluations.
The CLARITY Study was designed as a feasibility study to
determine the safety and efficacy of the combination of
ibrutinib and venetoclax in RR CLL [19]. Higher-risk patients
were considered for enrollment and included patients who
relapsed within 3 years of treatment with FCR or BR, 20%
had del(17p), 25% had del(11q), and 74% had unmutated VH
genes. Fifty patients were enrolled in the study. The median
age at enrolment was 64 years. Bulky disease (lymph nodes ≥
5 cm) was reported in 8% of patients. After an 8-week lead-in
of ibrutinib monotherapy (420 mg/day), venetoclax dosing
was ramped up, from a starting dose of 10 mg/day, with week-
ly escalations to a final dose of 400 mg/day. The primary
endpoint of the study was MRD clearance. Venetoclax and
ibrutinib were stopped at 14 months, if bone marrow biopsy
at 8 months was MRD-negative, and at 26 months if MRD
negativity was achieved by month 14 of treatment. Ibrutinib
monotherapy then continued if there was MRD positivity at
26 months. A single case of TLS, managed by delaying
venetoclax, was seen as increasing phosphate and creatinine
at a venetoclax dose of 200 mg. The venetoclax dose was
rapidly re-escalated with no further event. Thirty-eight pa-
tients reached month 8 of therapy and all showed a response
(100% ORR), with 39% (15/38) achieving a CR and 8%
(3/38) achieving a complete remission with incomplete bone
marrow recovery (CRi). Of patients receiving prior FCR or
BR, all patients showed a response (100% ORR), with 53%
(9/17) achieving a CR and 12% (2/17) achieving a CRi.
Thirty-eight patients had MRD determinations at 8 months,
having received venetoclax and ibrutinib for 6 months: 84%
(32/38) of patients showed no morphological evidence of
CLL in marrow biopsy; 37% (16/38) and 32% (12/38) of
patients achieved MRD negativity in peripheral blood and
the bone marrow, respectively. Based on these data, the UK
phase III FLAIR trial has been modified to include the
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combination of ibrutinib and venetoclax in front-line CLL.
Other arms include ibrutinib alone and FCR in patients with
previously untreated CLL.

Another evaluation of the combination of ibrutinib and
venetoclax in both treatment-naïve (cohort 1) and RR (cohort
2) patients showed similarly promising results [20]. The pri-
mary endpoint was achievement of CR. Treatment-naïve pa-
tients were required to have one negative prognostic feature,
including del(17p), mutated TP53, del(11q), unmutated
IGHV, or ≥65 yrs. Ibrutinib was given for 3 months, followed
by the addition of venetoclax for a 2-year interval. Ibrutinib
could then be continued indefinitely. The median follow-up
time at reporting was 7.5 (0.6–12.1) months. Of 16 patients
who received at least 3 months of combination therapy, there
were 9 CR/CRi and 7 PRs. The most common reasons for
dose reductions were neutropenia and 24% of patients re-
quired a dose reduction in ibrutinib and 18% in venetoclax
dosage.

Interim results of the combination of ibrutinib and
venetoclax, with the monoclonal antibody obinutuzumab,
were presented [28]. Venetoclax was administered in a 3 + 3
dose escalation and there were no DLTs encountered; there-
fore, 400 mg of venetoclax was concluded to be the appropri-
ate dose in this combination. While this was a small study,
there was one patient who had a CR that also had negative
MRD, an encouraging outcome for two small molecule inhib-
itors that have demonstrated synergy in preclinical models and
clinical evaluations thus far [29, 30].

The schema for an innovative trial incorporating a mainte-
nance stratification based onMRD after induction was recent-
ly presented [21]. In this ongoing phase Ib/II study, patients
with high risk by fluorescence in situ hybridization (FISH) are
treated with 6 months of an induction strategy with ibrutinib,
rituximab, and prednisone. With the finding of MRD nega-
tively after induction, patients can go on to receive ibrutinib
maintenance and those with a detectable CLL clone will be
treated with ibrutinib and venetoclax.

Overall, combination strategies had similar toxicity profiles
as comparedwith single-agent venetoclax, with higher rates of
MRD negativity reported, supporting continued efforts at
combining therapies with a goal of finite-duration treatment.

3 Venetoclax in Non-Hodgkin Lymphoma

While venetoclax has demonstrated exceptional efficacy in
CLL, there has been variable activity across other subtypes
of non-Hodgkin lymphoma (NHL, Table 2). As previously
discussed, the majority (85%) of FL harbor the t(14;18),
which results in overexpression of BCL-2. Neither protein
expression nor the presence of the BCL-2 translocation has
been shown to be a biomarker of sensitivity to venetoclax.
This speaks to the complex interplay of other BH3 family

members, including MCL1, which may be a dominant anti-
apoptotic protein in some hematologic malignancies.

The M12-175 phase I study evaluated 106 patients with a
range of NHLs, including FL, DLBCL, MCL, and RT [31].
The overall response rate was 44%, with significant variability
in sensitivities by subtype, as follows: MCL, 75%; FL, 38%;
DLBCL, 18%, and estimated median PFS in months, by sub-
type:MCL 14; FL 11; DLBCL 1. The PFS for all patients (N =
106) in the study was estimated to be 6 months (95% CI, 4 to
10 mos). The majority of patients were deemed Bhigh
expressers^ of BCL-2, which was defined as >50% expres-
sion of immunohistochemistry (IHC) 2+ or 3+. The level of
BCL-2 expression by IHC was not predictive of response or
TLS risk, again demonstrating that the balance between pro-
apoptotic and anti-apoptotic factors is complex and not simply
reflected in the amount of BCL-2 detected across histologies.
The responses seen in MCL patients were among the highest
and parallel the high responses seen with the first-in-class
BTK inhibitor, ibrutinib, in MCL [34]. Venetoclax adminis-
tration was felt to be safe, with few laboratory TLS events and
no clinical TLS seen. Of five DLBCL patients with sufficient
tissue specimens for molecular analysis, four patients had GC
and one had the ABC subtype.

The CAVALLI study is a phase I evaluation of venetoclax/
chemo-immunotherapy combinations, including venetoclax +
R-CHOP and venetoclax + G-CHOP [33]. Patients with ≤1
prior therapies across subtypes of NHL were included. While
R-CHOP or G-CHOP were given for six cycles, venetoclax
was administered discontinuously over eight cycles. The rec-
ommended phase 2 dose (RP2D) for venetoclax + R-CHOP
was reported as 800 mg on days 4–10 of cycle 1 and days 1–
10 of cycles 2 through 8. Based on the results of the trial, a
phase 2 evaluation in frontline DLBCL is ongoing. For the
combination of venetoclax + G-CHOP, dose finding was on-
going due to thrombocytopenia. ^Double expressers^ are de-
fined by co-expression ofMYC and BCL-2 or BCL-6 proteins
by IHC. Of the 8 DLBCL patients that were double ex-
pressers, the ORR was 7/8 (87.5%) and progression occurred
in 1/8 (12.5%). The median follow-up for patients who
achieved at least a CR or PR at the end of treatment was 11
months.

BDouble-hit^ and Btriple-hit^ lymphomas are characterized
by the presence of a myc translocation in combination with
either a bcl2 or bcl6 translocation and define a more aggres-
sive DLBCL subtype with high rates of relapse. These sub-
types are described in the 2016 World Health Organization
(WHO) document as a new classification of Bhigh grade B-
cell lymphoma with translocations involving myc and BCL-2
or BCL-6^ [35]. Cases of DLBCL with high expression of
MYC and BCL-2 define another subtype, Bdouble expresser^,
which bears an intermediate prognosis between Bdouble hit^
and DLBCL. There are ongoing evaluations of venetoclax with
chemoimmunotherapy including R-CHOP and R-EPOCH for
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patients with DLBCL, who are double hit and double
expressers, including an ongoing phase I ALLIANCE study
with dose-adjusted R-EPOCH and venetoclax dosed at
800 mg daily. Additionally, the combination of venetoclax with
dose-adjusted R-EPOCH is being evaluated in patients with
Richter syndrome, which represents a highly chemo-
refractory DLBCL that has transformed from CLL.

BR is considered to be a standard chemo-immunotherapy
backbone for patients with indolent lymphomas, including
patients with FL. Patients often relapse after chemo-
immunotherapy regimens and those patients who relapse
within 2 years have a particularly poor overall survival [36].
Given the overexpression of BCL-2 in FL, and activity of the
agent in this disease subtype, there is a rationale to combine a
BCL-2 inhibitor with chemo-immunotherapy strategies.
Interim results of the CONTRALTO study, a randomized
study comparing a chemoimmunotherapy combination arm
with a chemotherapy-free arm in patients with relapsed/
refractory FL, were presented at ASH 2016 [32]. Patients in
the chemotherapy-containing arm were randomized to BR
versus BR plus venetoclax. There were a total of 164 patients
enrolled and the primary endpoint was CR by PET/CT scan.
There were 53 patients in the chemotherapy-free arm of
venetoclax plus rituximab and 111 patients treated with a
chemotherapy-containing regimen including 51 in the
venetoclax-plus-BR arm and 51 with BR alone. There were
nine patients enrolled in a run-in phase. Reponses in the com-
bination venetoclax-with-chemotherapy arm were slightly
better (ORR 68%, CR 50%) as compared with BR alone
(ORR 64%, CR 41%), and far exceeded VR alone (ORR
33%, CR 14%), albeit at the cost of greater toxicity. There
were five deaths in the study, with four occurring in a
venetoclax-containing arm (colitis, pulmonary hemorrhage,
pneumonia, and PD) and one death due to PD in the BR arm.

Given the improved responses seenwith a combination of a
bendamustine-containing backbone with venetoclax, the

Eastern Cooperative Oncology Group (ECOG) Lymphoma
Working Group is conducting a phase II study across 10 aca-
demic centers evaluating the combination of venetoclax with
bendamustine and obinutuzumab in patients with untreated
FL. Following a 6-month induction with V+B+O, patients
will be stratified to one of two maintenance arms depending
on their response. Those who achieve a CR will have a 2-year
maintenance with O planned and those who have a PR or SD
will have dual-therapy maintenance with V+O.

MCL represents 6% of all NHL histologies and has a high-
ly variable clinical course, with some younger patients
benefiting from high-dose chemotherapy and transplant and
other MCL patients managed with low-dose strategies, with
no impact on survival, similar to an indolent lymphoma. There
has been impressive single-agent activity seen in RR MCL
patients, as previously outlined, and evaluation of combina-
tion strategies suggests similarly high response rates. Synergy
between 2 targeted agents was seen in a phase 2 combination
of venetoclax + ibrutinib in 23 RRMCL cases, with 560mg of
ibrutinib introduced for 4 weeks of therapy, followed by ramp-
up of venetoclax to the daily dose of 400 mg [37]. One third of
the patients had failed prior autologous stem cell transplant. At
16 weeks, the ORR was 71%, with 63% having achieved a
CR. The combination was well-tolerated and the most com-
mon adverse events were fatigue, diarrhea, and nausea. This is
a combination that will likely be evaluated in phase III studies.

4 Venetoclax in Myeloid Malignancies

A third of acute myeloid leukemia (AML) patients over the
age of 75 receive palliative strategies due to co-morbidities
that would prohibit intensive strategies in the setting of highly
resistant disease after relapse [38]. The development and in-
troduction of novel therapies with improved toxicity profiles
in this patient population represents a high unmet need. With

Table 2. Venetoclax in NHL

Study and phase Intervention arms Cohorts Outcomes Negative MRD Common grade 3-4 AEs

Davids et al.
(I) [31]

V MCL (n = 28)
FL (n = 29)
DLBCL (n = 34)
RT (n = 7)
WM (n = 4)
MZL (n = 3)

ORR/CR/DOR: MCL
(75%/21%/14mo)

FL (38%/14%/11 mo)
DLBCL (18%/ 12%/1 mo)
RT (43%/0%/NR)
WM (100%/0%/11–41 mo)
MZL (67%/0%/2–23 mo)

NR Anemia (15%), neutropenia (11%)

Zinzani et al.
(II) [32]

53: VR, 51: V
+ BR, 51: BR

RR FL VR:ORR 33%; CR 14%.
V+BR:ORR 68%; CR 50%.
BR: ORR 64%; CR41% CR

NR Diarrhea (37%), neutropenia (29%),
nausea (25%), fatigue (25%),
and IRR (25%).

Zelenetz et al.
(I) [33]

V + R-CHOP,
V + G-CHOP

TN + RR:
FL, DLBCL,

MZL, composite
lymphoma, other

V + R-CHOP: CR 12/21;
PR 3/21

V + G-CHOP: CR 13/21;
PR 4/21

NR Neutropenia (46%), febrile neutropenia
(29%), and thrombocytopenia
(TCP, 21%).
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the successful development of targeted therapies in the treat-
ment of lymphoid malignancies, there has been cross-
pollination into therapeutic strategies for myeloid diseases,
for which clinical trials offer the best strategy in the relapsed
setting. The administration of single-agent venetoclax in re-
lapsed AML and MDS has resulted in clinical responses in
some patients. In a single-arm phase II study, single-agent
venetoclax was administered to 32 patients with RR AML,
and the ORR was 19% [39]. A biomarker for response to
therapy, a BCL-2 sensitivity index was calculated retrospec-
tively, defined as the ratio of BCL-2-to-BCL-XL and patients
with a higher ratio had more durable responses to therapy as
compared with those who had lower sensitivity scores.

The comb ina t i on o f vene t o c l ax w i t h e i t h e r
hypomethylating agents (HMAs) or low-dose cytarabine
was evaluated in 43 RR AML patients [40]. There were ob-
jective responses observed in 9 (21%) patients and 2 had CRs
and 3 CRis, with a median survival of 3 months. An open-
label phase IB evaluation of venetoclax with decitabine or
azacitadine in previously untreated patients with AML, over
the age of 65, showed impressive responses [41]. Thirty-five
of 67 (61%) patients achieved a CR or CRi and the recommend-
ed phase 2 venetoclax dose of 400 mg or 800 mg, interrupted, is
being evaluated in phase II studies, with both hypomethylating
agents. Given the early efficacy signals in AML, the FDA has
granted venetoclax a break-through designation, for use in
combination with hypomethylating agents in patients deemed
ineligible for more intensive treatment strategies.

5 Venetoclax in Multiple Myeloma

MM is characterized by a relapsing course that necessitates
introduction of novel therapies with alternative mechanisms
of action. Venetoclax has demonstrated activity in early-phase
studies and appears to have efficacy in MM that harbors
t(11;14), thought to be due to the relatively higher expression
of BCL-2, compared with BCL-XL or MCL-1 [42, 43].
Kumar et al. evaluated venetoclax up to doses of 1200 mg in
previously treatedMMpatients, who had received amedian of
5 prior therapies, and reported on the safety and tolerability of

the relatively higher dose [43]. The observation that higher
MCL-1 expression leads to treatment resistance and correlates
with reduced efficacy of venetoclax prompted combination
studies with bortezomib, which has been shown to reduce
MCL-1 levels in xenograft models of MM [44]. In a phase I
study of the combination of bortezomib with venetoclax and
dexamethasone, in 66 patients treated with a median of 3 prior
therapies, the ORR was 44/66 (67%), with 42% having
achieved a very good partial response, or better (≥VGPR)
[45]. In patients who were not refractory to bortezomib, the
ORR was 97% and 73% ≥VGPR. There was a correlation
between bcl2 gene expression and efficacy of the combina-
tion, with anORR of 94% and 59% in high expressers and low
expressers, respectively. These impressive results have led to a
phase III trial of the triplet regimen in MM. Evaluation of
combination strategies in MM are ongoing and with the rec-
ognition of biomarkers predicting response to the BCL-2 in-
hibitor, it may be possible to select MM patients who are
likely to benefit from these strategies.

6 Next-Generation BCL-2 inhibitors

With BH3mimetic profiling of hematologic malignancies it has
been increasingly apparent that resistance to specific BCL-2
inhibitors may be due to the dominant effects of other BH3
protein members. Given the marked success of venetoclax in
some hematologic subtypes, there has been a strong impetus to
develop BCL-2 inhibitors with greater activity and agents that
target more than one contributor to apoptosis resistance. The
agents outlined in Table 3 highlight some of the compounds in
development in hematologic and solid malignancies.

7 Conclusions

Venetoclax has been the first highly successful BCL-2 inhib-
itor to be used as a cancer therapeutic and has paved the way
for other inhibitors of BCL-2 family proteins, as well as com-
bination strategies with both novel agents and traditional che-
motherapy. Thus far, impressive activity has been

Table 3. Next-generation BH3
mimetics Agent Development Mechanism Disease

APG-1252 Phase I BCL-2 , BCL-XL, BCL-W Preclinical activity in SCLC,
colon, breast, ALL

NU-0129 Phase I Spherical nucleic acids/nanoparticle
RNAs targeting BCL-2-like protein
12 (BCL2L12)

Glioblastoma

S-055746 Phase I

Phase II

BCL-2, MCL1 AML, MDS

DLBCL

BDA-366 Pre-clinical BCL-2/BH4 domain antagonist N/A
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demonstrated in CLL,MCL, andMM, with less robust single-
agent activity seen in FL and DLBCL. The reliance on BCL-2
for survival has been demonstrated across hematologic malig-
nancies, including highly treatment-refractory diseases such
as AML. The variability in responses to venetoclax across
malignancies underscores the relevance of biomarkers for sen-
sitivity to BCL-2 inhibition, and investigation of the complex
interplay of BCL-2 proteins in evasion of cell death.
BDynamic BH3 profiling^ (DBP) is one potential method of
interrogation of apoptotic pathways in living patients’ cells,
and may yield valuable insight into the mechanisms by which
malignant cells are resistant to specific inhibitors of BCL-2,
despite overexpression of the BCL-2 protein [46]. Very well
tolerated overall, venetoclax has some important safety con-
cerns; however, with appropriate risk stratification and man-
agement, TLS risk can be reduced. Demonstration of MRD
negativity is one of the most promising aspects of therapy with
the BCL-2 inhibitor in CLL and raises expectations for highly
effective, truncated strategies, heralding a shift away from
indefinite treatment with targeted agents in some patients.
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