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B-cell lymphoma 2 (BCL2) is a key protein regulator of apoptosis. It is variably highly expressed in many hematological

malignancies, providing protection from cell death induced by oncogenic and external stresses. Venetoclax is the first

selective BCL2 inhibitor, and the first of a new class of anticancer drug (BH3-mimetics) to be approved for routine clinical

practice, currently in chronic lymphocytic leukemia (CLL) and acute myeloid leukemia (AML). To help understand the

potential and limitations of this therapy, this brief reviewwill touch on the history of development of venetoclax, dissect its

mechanism of action, and summarize critical evidence for its approved use in the management of patients with CLL and

AML. Itwill also consider recentdata onmechanisms of resistance andexplore concepts pertinent to its future development

based on key lessons learned to date.

LEARNING OBJECTIVES

• Understand how venetoclax inhibits BCL2 to trigger apoptosis of CLL and AML cells and other blood cancers and

how resistance can develop

• Understand the results of pivotal trials in CLL and AML and how tailored venetoclax combinations may prove

effective in other diseases

Introduction: the discovery of BCL2 and its function

B-cell lymphoma 2 (BCL2) was the name given to a gene of

unknown function discovered as the anonymous partner of

the immunoglobulin heavy chain locus in the typical

translocation seen in follicular lymphoma: t(14;18).1 How it

was oncogenic remained a puzzle, until it was revealed that

rather than promoting proliferation, the BCL2 protein ac-

ted to protect cells from apoptosis when overexpressed.2-4

BCL2 was the first mammalian gene product associated

with apoptosis, and recognition of its function led to an

explosion of research into apoptosis and subsequently

recognition that evasion of cell death is a hallmark of

cancer. Avoidance of apoptosis is a prominent feature of

many hematological malignancies.

We now recognize a large family of BCL2-related pro-

teins, all operating by nonenzymatic protein:protein inter-

actions to regulate the intrinsic ormitochondrial pathway to

apoptosis, some protecting against apoptosis and some

promoting it.5 In the prosurvival subfamily, MCL1, BCLxL

(BCL2L1), BCL2A1 andBCLB, likeBCL2, inhibit the initiation of

apoptosis. Through direct binding they hold in check the 2

key cell death effector proteins, BAX and BAK, which when

activated congregate on the outer membrane of the

mitochondria and create pores which permeabilize and

depolarize the organelle, releasing cytochrome C and ac-

tivating caspases that execute the destruction of cells in a

manner we recognize as apoptosis.5,6 BCL2 and other

prosurvival proteins are naturally antagonized by the pro-

apoptotic BH3-only protein subfamily comprising BIM, BID,

NOXA, PUMA, BAD, HRK, BMF, and BIK. Although BIM, PUMA

andBID canbind and neutralize the function of all prosurvival

proteins, BAD only binds and inhibits BCL2, BCLxL and

BCLW, and NOXA preferentially inhibits MCL1 and BCL2A1.7

The balance of activity between prosurvival proteins

and BH3-only proapoptotic proteins determines whether a

cell will live or undergo apoptosis, and collectively they

serve to integrate the diverse extracellular and intracellular

signals promoting either survival (eg, growth factors, nu-

trients) or death induced by stress (eg, oncogenic/

proliferative, DNA damage, etc). This balance is deregulated

inmany hematological malignancies by altered expression of
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BCL2 (or related proteins) or loss of BH3-only proteins or effector

proteins.6 The various genetic mechanisms by which these

abnormalities can occur are summarized elsewhere,8 but it is

important to realize that high-level expression of prosurvival

proteins can be an epigenetically regulated adaptive response to

cellular stress. By way of general summary, malignant cells with

upregulated BCL2 are being protected from undergoing apo-

ptosis despite cellular stresses which would kill their normal

counterpart cells. As described by Letai, these malignant cells are

“primed for death,”6 and in theory should be highly susceptible to

loss of BCL2’s protective function.

Targeting BCL2 with the BH3-mimetic, venetoclax

BH3-mimetics are a new class of anticancer drug that mimic the

actions of BH3-only proteins in that they bind to prosurvival

proteins like BCL2 in the same way (indeed the same groove)

and inhibit BCL2’s ability to bind BAX or BAK.9As BCL2 also exists

bound to native BH3-only proteins, BH3-mimetics can also

displace these endogenous activators of apoptosis. Venetoclax

is a BCL2-selective BH3-mimetic and its addition to BCL2-over-

expressing cancer cells in vitro potently triggers apoptosis10

(Figure 1).

Extensive preclinical and in vivo patient data confirm that the

principle mechanism by which venetoclax kills malignant blood

cells is by induction of apoptosis.10,11 Killing is absolutely de-

pendent on BAX/BAK and formost susceptible cells is very rapid

in onset,12 with permeabilization of the mitochondria occurring

withinminutes and deathwithin hours, including in patients.10,11,13

In some less susceptible cells, mitochondrial permeabilization

induced by venetoclax is insufficient to directly generate suffi-

cient caspase activation for apoptosis, but disruption of mito-

chondrial energy production can prove lethal to vulnerable cells

(eg, some AMLs)14-16 and release of mitochondrial DNA can

trigger an antiviral like cell death response in others.17

Figure 1. The mechanism of action of venetoclax, a BH3-mimetic that is a highly selective inhibitor of BCL2. The diagram illustrates

in cartoon form how the small molecule venetoclax acts intracellularly in a BCL2-overexpressing leukemic cell to initiate apoptosis by

mimicking the action of the endogenous antagonists of BCL2, the BH3-only proteins. Heightened expression of BCL2 protects

leukemia cells from apoptosis by inhibiting activation of BAX and BAK, even when normally lethal cellular stresses induce prodeath

BH3-only proteins such as BIM and NOXA. Venetoclax interacts with BCL2 selectively in the BH3-binding groove to directly and

indirectly (via release of BIM) relieve repression of BAX/BAK which homodimerize or heterodimerize to permeabilize mitochondria,10

unleashing apoptosis through release of cytochrome C and subsequent caspase activation, which demolishes cellular organelles and

the nuclear structures.5 Release of cytochrome C and caspase activation are generally considered the point of no return for cells. In

some cells, apoptosis is not immediately fully established, but downstream effects such as disruption to oxidative phosphorylation14,16

or release of mitochondrial DNA17 amplify cellular stresses and complete commitment to apoptosis. Modified from Anderson et al56

with permission.
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Whether an individual cancer cell lives or dies after ven-

etoclax therapy depends on the general dependence on BCL2 of

that cell type (high for mature B lymphocytes, low for macro-

phages),18 the cell-intrinsic oncogenic stresses (high for Myc-

driven, lower for kinase-driven tumors),19 the microenvironment

in which the cell resides,20 and the presence of other stressors

(eg, additional therapy, such as DNA-damaging agents).10 Con-

sequently, different hematological malignancies display varying

susceptibility to BCL2 inhibition in preclinical testing (reviewed

elsewhere).8

The current sum of preclinical and clinical data suggests that

as a highly specific therapy, we should think of venetoclax as an

agent that directly hits the “bullseye” (the Achilles’ heel of the

cancer) only in instances where direct inhibition of BCL2 rapidly

induces cell death in the majority of cells (Figure 2A). In other cell

types, this drug also hits the “target,” but in a different way, with

direct inhibition of BCL2 immediately setting off a wave of sec-

ondary consequences that encompass the “bullseye” and cause

cell death (Figure 2B). This may be via triggering secondary

inhibition of other prosurvival proteins (eg, MCL1, BCLxL)

through displacement of previously bound BIM from BCL2, or

reduction in oxidative phosphorylation by permeabilized mito-

chondria in AML, etc. For some diseases, such as AML, there will

be heterogeneity in how cell populations respond, reflecting

how BCL2-dependent individual cells are, and this will vary

between patients depending on the genetic and epigenetic

makeup of the cancer. The more cells that are impacted in

“hammer-strike” fashion rather than an “arrow to the bullseye”

fashion, the more important concomitant therapy will be to

achieve a high degree of cell killing.

Venetoclax and CLL

BCL2 is highly expressed in all CLL cells in all patients, and the

great majority of CLL cells appear dependent on BCL2 for

survival.10,12,21 Consistent with this, venetoclax is effective as

monotherapy in ∼75% to 80% of patients with relapsed CLL, and

complete remission (CR; including CR with incomplete recovery

[CRi]) can be expected in 15% to 20% of patients13,22 (Table 1). The

rate of response, including CR, is independent of genetic subtypes,

but the negative prognostic genetic markers del17p, TP53 muta-

tions, and NOTCH1 mutations are associated with less durable re-

sponses in multivariable analyses.23 Achieving CR and/or having

undetectable minimal residual disease (uMRD; <10�4) in the pe-

ripheral blood (PB; achieved in 30% of patients) or bone mar-

row (BM) is associated with prolonged remissions.23,24 Venetoclax

monotherapy is approved therapy for relapsed del17p CLL in many

jurisdictions.

No randomized trials have been performed to determine

whether addition of rituximab or other anti-CD20 antibodies

increases response rate or durability of response. Nevertheless,

rates of CR (51%) and uMRD (57% in BM) appeared higher in the

first early phase combination trial with rituximab.25 This com-

bination trial also provided evidence that indefinite continuous

daily venetoclax therapy was not required in CLL, with highly

durable remissions continuing in patients who ceased in either

CR or uMRD response.26 These 2 characteristics led to the use of

limited-duration combination venetoclax-anti-CD20 regimens in

pivotal trials. Combination therapy with rituximab in the re-

lapsed setting andwith obinutuzumab in the frontline setting are

associated with high rates of CR (27% and 50%, respectively)

and PB uMRD (62% and 76%, respectively) at the end of com-

bination therapy.27,28

In randomized trials (Table 2), venetoclax-rituximab proved

superior to bendamustine-rituximab for patients with relapsed

CLL in terms of efficacy (progression-free survival [PFS] and

overall survival) and toxicity (febrile neutropenia)27; and venetoclax-

obinutuzumabproved superior to chlorambucil-obinutuzumab for

treatment-naive older patients with comorbidities in terms of

Figure 2. Schema for understanding variability in susceptibility of hematological malignancies to BCL2 inhibition. Venetoclax is a

highly targeted therapy, binding almost exclusively to BCL2 when used in clinically achievable concentrations. (A) An illustration of

the concept that venetoclax can hit the “bullseye” in malignancies such as CLL. In cells with invariably high expression of BCL2 and

relatively minor expression of other prosurvival proteins, inhibition of BCL2 is sufficient to trigger apoptosis reliably in a high

proportion of cells.10,11 Such cells can be considered BCL2-dependent, and we recognize these diseases clinically through their high

rate of response and complete response to venetoclax monotherapy.13,24 (B) An illustration of the more common scenario, in which

BCL2 is a targetworth hitting, but inhibition of BCL2 directly is insufficient to “hit the bullseye.”Cell killing by venetoclax is dependent

on a wave of secondary events including secondary inhibition of other prosurvival proteins by displaced BH3-only proteins,8,57,58 or

mitochondrial depolarization14,16 (see main text on this page). Such cells are not strictly BCL2-dependent. Additional stressors are

likely to be required to maximize apoptosis and achieve high response rates in diseases in which the majority of cells are affected in

this manner. Diseases such as AML and some lymphomas typically have a mix of malignant cells, some displaying susceptibility akin to

panel A; others are vulnerable only through the secondary wave effect shown in panel B.
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Table 1. Summary of indicative mature clinical trial data for venetoclax in hematological malignancies

Monotherapy Combination

Phase

Response rate,
%

Median PFS, mo Partner drug(s) Phase

Response rate, %

Median PFS, mo†Overall CR* Overall CR*

CLL

Relapsed/refractory

113 79 20 25 + Rituximab 1b25,26 86 51 80% @ 2 y
56% @ 5 y

222,24 79 16 27 + Rituximab 327,59 92 27 85% @ 2 y
71% @ 3 y

+ Ibrutinib 229 89 51 100% @ 1 y

First-line + Obinutuzumab
+ Ibrutinib

328

230

84.7
NR

49.5
74‡

88% @ 2 y
98% @ 1 y

AML

Relapsed/refractory

1b31 38 19 2§ + Aza/Decitabine 235 64 51 9||

236 50 22.5 ?

First-line

(Elderly and/or unsuitable for
standard induction)

+ Aza/Decitabine 1b/234 62 60 11§

+ Azacitidine 338 338 66 (61-72) 10 (8-12)¶

+ Low-dose Ara-C 1b/233

337
64
NA

62
48 (39-56)

13.2
4.7¶

(Fit, unsuitable for
standard induction)

+ Ara-C/Idarubicin 1b41 72 13.5||

Lymphoma (relapsed)

Follicular

142 38 14 11 + Bendamustine/
Rituximab

1b60 75 38 NR @ 24 mo

Mantle cell

142 75 21 14 + Ibrutinib 246,61 75 71 29

Diffuse large B cell

142 18 12 1 + Bendamustine/
Rituximab

1b60 41 14 4

Myeloma (relapsed)

All

143 21 7 3# + Bortezomib/
Dexamethasone

1b49

350,62
67
84

20
29

9.5
23

t(11;14) 40 14 7# + Bortezomib/
Dexamethasone

1b49

350,62
78
95

NA
55

NA
NR @ 29 mo

Initial phase 1 and phase 2 trials and all phase 3 trials formally reported to date for CLL and AML are included here, but the table is incomplete for recent
combination phase 1b and phase 2 trials in myeloma, lymphoma, and other malignancies. The first early phase combination trials have been selected to
provide the most simple indirect comparisons with monotherapy activity.
Ara-C, cytosine arabinoside; Aza/Decitabine, azacitidine or decitabine; NA, not reported; NR, not reached; PFS, progression-free survival.
*CR indicates complete response (and/or CR with incomplete count recovery) as assessed by investigators as best response during trial.

†Where median PFS not reached, estimate at specific time point is provided.
‡CR by intention to treat at time of reporting when many patients had not completed planned therapy.
§Duration of response.
||Leukemia-free survival for CR achievers.
¶Event-free survival reported.
#Time to progression.
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PFS, with similar toxicity.28 These 2 regimens are approved in

many jurisdictions as a standard of care.

In ongoing trials, venetoclax is being combinedwith ibrutinib

and other BTK inhibitors, with and without anti-CD20monoclonal

antibodies. Preliminary data with ibrutinib-venetoclax combina-

tions indicate high rates of CR (51% to 74%; Table 1) and PB uMRD

(53% in the relapsed29 and 61% in the frontline settings30) after ∼1

year of combined therapy, but efficacy and safety relative to

currently approved regimens is unknown at this point.

A key unresolved question relates to the optimal duration of

treatment with venetoclax, and whether this should be a fixed

duration of therapy as currently approved or whether it should

be informed by response assessment (ie, adaptive to depth and

speed of response, with slow and incomplete responders re-

ceiving more prolonged therapy, and rapid responders less).

Related to this is whether the use of time-limited therapy will

reduce the emergence of resistant clones at progression,

thereby enabling effective reuse of venetoclax-based regimens

when progression occurs off therapy.

Venetoclax and AML

BCL2 is variably expressed in AML, and only a minority of patient

samples show marked sensitivity in vitro.31,32 Consistent with

this, single agent activity is evident in patients. In the phase 1

monotherapy trial in relapsed disease a minority demonstrated

major reductions in blasts, and only 19% achieved CR/CRi.31

Even then the median duration of response was short (Table

1). These data reflect that inhibition of BCL2 in AML results in a

“hammer-strike” effect, with BCL2 being a significant target,

but not a bullseye. Consequently, combination therapy is es-

sential. The first partners evaluated in trials were low-dose cy-

tosine arabinoside (LoDAC)33 and the hypomethylating agents

azacytidine and decitabine34 (Table 1). In relapsed AML, the

CR/CRi rate appears higher with these combinations than with

monotherapy,35,36 but how much each drug is contributing and

whether the antileukemic effects are subadditive, additive, or

synergistic is unknown.

Not surprisingly, response rates in frontline therapy with the

combinations are higher, with CR/CRi rates of 48% to 66%

observed.33,34 There is little evidence for benefit in patients with

AML who do not achieve CR. These venetoclax-combination

regimens received provisional US Food and Drug Administration

(FDA) approval as frontline treatments of elderly or unfit patients

on the basis of early phase trial data, and placebo-controlled

phase 3 trial data have just been reported in 2020 (Table 2).

With extended follow-up, the addition of venetoclax to Lo-

DAC in patients with primary or secondary AML (20% pretreated

with hypomethylating agents) and aged >75 years or unfit for

intensive induction therapy modestly improved overall survival

and event-free survival (EFS; HR 0.7 and 0.58, respectively).37 CR

rates were substantially higher with the venetoclax combination

across prognostic categories (cytogenetic risk groups, primary

or secondary, prior hypomethylating therapy, selected driver

mutations) and similar magnitudes of relative survival benefit

seen for the whole population were suggested in an under-

powered exploratory analysis.

Table 2. Key results of randomized trials related to FDA-approved indications

Treatment

Durability of benefit Overall survival Toxicity

PFS/EFS* HR P HR P

Nausea,
%

≥G3 febrile
neutropenia, %

Pneumonia,
%

Discontinued
due to AE, %

CLL-relapsed27,59

Ven-Ritux 71% @ 3 y 0.16 <.001 88% @
3 y

0.50 (.3-.85) .009 21 3.6 8.2 17

Ben-Ritux 15% @ 3 y 80% @
3 y

34 9.6 8.0 16

CLL–first-line28

Ven-Obin 88%@2 y 0.35 <.001 92% @
2 y

1.24 (.64-2.4) .52 19 17.5 4.7 22†

Chl-Obin 64%@ 2 y 93% @
2 y

22 15.0 4.2 23†

AML first-line (including
sAML pretreated with
HMA)37

Ven-LoDAC 4.7* 0.58 .002 8.4 0.70 (.50-.99) .04 42 32 13 9

Pbo-LoDAC 2.0* 4.1 31 29 10 9

AML–first-line (no prior
HMA)38

Ven-Aza 9.8* <.001 14.7 0.66 (.52-.85) <.001 44 30 16 NR

Pbo-Aza 7.0* 9.6 35 10 22 NR

≥G3, grade 3 or higher; AE, adverse event; Aza, azacytidine; Ben, bendamustine; Chl, chlorambucil; EFS, event-free survival; FDA, US Food and Drug
Administration; HMA, hypomethylating agent therapy; HR, hazard ratio; LoDAC, low-dose cytosine arabinoside; NR, not reported; Obin, obinutuzumab;
Pbo, placebo; PFS, progression-free survival; Ritux, rituximab; sAML, secondary AML; Ven, venetoclax.
*EFS for AML.
†All cause discontinuation excluding PD.
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Addition of venetoclax to azacytidine in similar patients, but

excluding those previously receiving hypomethylating agents

for preceding myelodysplasia, also improved overall survival

(HR, 0.66) and EFS.38 In both trials, improvement in median

overall survival was 4 to 5 months, with no plateau evident on

survival curves and the majority of patients dying within 2 years.

In both treatment-naive and relapsed settings, well-established

prognostic factors appear to still be relevant with venetoclax-

based therapy. Lowest survival is still seen in high-risk cyto-

genetic subgroups andwhere TP53mutations are detected, and

more favorable outcomes in intermediate cytogenetic risk AML

with either NPM1 or IDH1/2 mutations.39,40 Mature follow-up and

meta-analyses will be required to determine if any genetic

marker is a true response-modifier that can be used to refine

clinical decision-making.

A key question being addressed by several trials is whether

venetoclax could have a role in treatment of patients fit for

induction chemotherapy. Given that venetoclax induces selec-

tive killing of granulocytic progenitor cells in vitro and neu-

tropenia in vivo, substantial additional bone marrow toxicity is

anticipated, and scheduling issues are not yet resolved. Initial

publications are expected during 2020, with an early trial in-

dicating that venetoclax 600 mg per day for 14 days can be

safely added to a 5+2 cytosine arabinoside/idarubicin regimen

and achieve high CR rates in a mixed population of patients

>60 years41 (Table 1).

BCL2 inhibition in other hematological malignancies

Currently, venetoclax is being evaluated in >230 clinical trials in a

wide rangeof hematologicalmalignancies. Venetoclax has shown

clinically meaningful single agent activity in selected lympho-

mas,42 multiple myeloma,43 blastic plasmacytoid dendritic cell

neoplasm,44 and T-cell prolymphocytic leukemia.45 It is also being

evaluated in myelodysplasia using AML-style combinations and in

relapsed acute lymphoblastic leukemia. Table 1 summarizes some

illustrative published results for lymphoma and myeloma.

Mantle cell lymphoma is susceptible to single-agent BCL2

inhibition, with a 75% response rate in the relapse/refractory

setting and durable responses particularly in the 21% achieving

CR.42 Combination with ibrutinib appears additive at least, with

PET-negative complete responses observed in >70% of patients,

including 67% with uMRD, and in 50% of patients with TP53-

aberrant disease.46 At 30 months, 74% of responders remain

relapse-free, and indefinite therapy is not necessarily required.

Randomized trials are now comparing venetoclax-BTK inhibitor

combinations with BTK inhibitor monotherapy.

Follicular lymphoma stands out as a disease with high and

uniform expression of BCL2, yet onlymodest response rateswith

Figure 3. The anticancer effect of venetoclax theoretically can be enhanced through rational combination with other targeted

therapies. This cartoon builds on the illustration of the mechanism of action of venetoclax in Figure 1 to highlight opportunities for

enhancing apoptosis. A major avenue for amplifying the proapoptotic signal is to reduce the expression or activity of other pro-

survival BCL2-like proteins (eg, MCL1 or BCLxL; red box, top center). This can be achieved directly by adding selective inhibitors of

these proteins. Examples where this has been demonstrated preclinically32,54,63 and are being explored in clinical trials include AML,

ALL, and mantle cell lymphoma. Reduction in prosurvival protein function can also be achieved indirectly via induction of their

natural antagonists (eg, NOXA which antagonizes MLC1 and BCL2A1) by enhancing activity of the TP53 pathway through DNA

damage or inhibition of MDM264 (red box, right side). These strategies are being explored clinically in lymphomas and AML.

Preclinical evidence further indicates that killing can be augmented through direct targeting of mitochondrial structures and

functions, such as energy production (red box, left side). This has been demonstrated particularly, but not only, in AML.15,16 A partial

explanation of the enhanced efficacy of the azacitidine-venetoclax combination in AML includes disruption to energy meta-

bolism.65 The cartoon also depicts how combinatorial approaches can both amplify the proapoptotic effect upstream of BAX/BAK

and also reduce the threshold for mitochondrial vulnerability to BAX/BAK activation. To maximize the therapeutic index for any of

these combination approaches, each will need to be tailored to the specific vulnerabilities of individual diseases, and biomarkers

may prove advantageous in this regard.
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venetoclax alone.42 This paradox remains to be resolved. Ex-

perience with venetoclax monotherapy in DLBCL was sobering,

and the limited responses could not be associated with any

specific pattern of BCL2 expression.42 In both these lymphoma

types, combinations with DNA-damaging regimens and non–

DNA-damaging regimens are being explored.

Multiple myeloma commonly expresses BCL2 at high, but

variable, levels, as do normal plasma cells. However, responses

tomonotherapy are largely restricted to patientswith the t(11;14)

subclass,43 as predicted preclinically,47,48where BCL2 expression

is highest. In some non-t(11;14) myeloma with high BCL2/BCL2L1

(BCL-xL) expression ratios, responses can also be seen. Re-

sponse rates and CR rates are higher when venetoclax is used in

combination.49However, the therapeutic index of the venetoclax-

bortezomib-dexamethasone combination in unselected patients

with myeloma is problematic. Preliminary presentations of the

randomized trial indicate increased antimyeloma activity but

excess toxicity in patients whose myeloma lacks t(11;14) or high

BCL2/BCL2L1 expression ratio.50

Lessons from clinical experience with venetoclax to date

As the first approved drug in this new class of anticancer therapy,

experience with venetoclax has provided several key lessons that

should help inform its ongoing development and that of future

BH3-mimetics, for example, MCL1 inhibitors. First, because of its

mechanismof action, venetoclax is a cytotoxic that kills vulnerable

cells quickly,10-12 with responses occur rapidly, typically with the

first cycle.13,31 Second, durable benefit is predominantly seen in

patients achieving CR, as seen in CLL,13,23 AML31,33 and sensitive

lymphomas.42 Further inCLL, themost durable remissions are seen

in patients who achieve MRD-negative remissions.23,24 Third, to

achieve maximal tumor reduction, combination therapy is nec-

essary. To date, venetoclax has been shown to be tolerable when

combined with many different classes of drugs.

Fourth, among sensitive tumors, secondary clinical resistance

may occur due to genetic or epigenetic changes in apoptosis

regulators or by the acquisition of constitutive growth factor

signaling. Changes that affect regulators of the intrinsic pathway

to apoptosis have emerged as important in several lymphoid

malignancies. Mutations in BCL2 that encode proteins that

maintain prosurvival function but have reduced (up to 180-fold)

binding to venetoclax are prominent as a cause of late CLL

relapse in long term venetoclax-treated patients.51 The most

common is G101V, but several others have been described.52,53

MCL1 overexpression related to focal amplifications on chro-

mosome 1q are also seen,16 as is upregulation of BCL-xL in CLL51

and in mantle cell lymphoma.54 Importantly, each of these changes

can co-occur in independent clones in the same patient. Data to

date on secondary resistance in AML indicate that outgrowth of

FLT3-ITD or RAS-MAPK pathway mutant subclones is common.39,40

Again, parallel emergence of clones with distinct mechanisms of

resistance is observed in individual patients. Polyclonal heteroge-

neity is the norm for venetoclax-resistance, consistent with pat-

terns now emerging for other highly targeted agents.55

Finally, more translational research is urgently needed. Val-

idated biomarkers are required to better select patients for

venetoclax-based therapy in diseases where targeting BCL2 is

not an “arrow through the bullseye.” Similarly, rigorous pre-

clinical experiments are required to guide improvement in overall

response rates and length of remissions in AML, lymphomas and

myeloma. Figure 3 provides suggestions as to how adding

targeted agents should amplify the apoptotic effect of BCL2

inhibition, based on recent insights into biology and mecha-

nisms of resistance. It may be that we are just at the beginning

of our understanding of how best to use BCL2 inhibitors like

venetoclax.
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