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Abstract

Multiple myeloma is an increasingly treatable disease with improved survival, although characterized by multiple subclones
that drive heterogeneity and variable clinical outcomes between patients. A biomarker-driven approach can help to tailor
treatment and improve patient outcomes. Translocation t(11;14), a primary cytogenetic abnormality present in 15-20% of
myeloma patients at diagnosis, is currently the most prominent targetable lesion in myeloma. In the era of induction with
proteasome inhibitors and/or immunomodulatory drugs, t(11;14) has been associated with poorer outcomes compared to
other standard-risk subgroups, with shorter progression-free and overall survival. The presence of t(11;14) in myeloma cells
confers increased dependence on the pro-survival BCL2 protein, thus driving its ability to evade apoptosis, and is the main
biomarker predicting response to BCL2-inhibitors. This review examines the pathogenesis and prognostic significance of
t(11;14) in myeloma and the impact of concurrent high-risk cytogenetics, the mechanism of action of BCL2-inhibitors, cu-
mulative evidence supporting their use, and proposed mechanisms of resistance. The review also presents potential future
directions regarding BCL2-inhibitor-based regimens and how best to position these drugs to optimize patient outcomes.

Introduction

Multiple myeloma (MM) is an incurable hematologic ma-
lignancy. Recent advances, particularly in immune thera-
pies (e.g., bispecific antibody-T cell engagers and chimeric
antigen T-cell receptor therapy) and small molecules (e.g.,
BCL2-inhibitors, cereblon E3 ligase modulators), have
significantly improved progression-free survival (PFS) and
overall survival (0S). However, the treatment of MM re-
mains challenging due to the significant heterogeneity,
with variable treatment responses both between patients
and across successive relapses. This has driven efforts
to identify specific molecular targets in MM to allow for
a biomarker-driven approach to treatment.! Currently, the
only targetable lesion in MM is the t(11;14) translocation.
Although not classified as a high-risk lesion in the Revised
International Staging System (R-ISS)? for MM or the new
International Myeloma Society (IMS) and International My-
eloma Working Group (IMWG) Consensus Genomic Staging of
high-risk MM,? there is growing evidence that patients with
t(11;14) have poorer outcomes compared to standard-risk
patients, with lower response to immunomodulatory drugs

(IMiD), proteasome inhibitors (PI) and novel therapeutics -
representing a population with unmet clinical needs.*® MM
cells with t(11;14) overexpress the pro-survival BCL2 protein,
which makes them particularly susceptible to treatment
with BCL2-inhibitors. This sensitivity has been confirmed in
preclinical models, and demonstrated in clinical practice;®"
however, no BCL2-inhibitors have yet received regulatory
approval for the treatment of myeloma.

This review delves into the prognostic implications of t(11;14)
and the pathogenesis of BCL2 dependence. It also explores
the current evidence supporting BCL2-inhibitor treatment
in this subpopulation of patients as well as potential mech-
anisms of resistance, and in doing so informs our direction
for future development of BCL2-inhibitor-based regimens.

Translocation t(11;14) in multiple
myeloma
Chromosomal abnormalities play a critical role in the clon-

al evolution of plasma cells and drive disease emergence
and progression. Genetic profiling is important in the risk
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stratification and prognostication of MM patients; it in-
forms our treatment algorithm as clinicians and allows
for risk-adapted treatment. Chromosomal abnormalities
in MM are classified into primary or secondary abnormal-
ities. Primary abnormalities, usually translocations, such
as t(4;14), t(11;14), and t(14;16), or trisomies, are present at
diagnosis (i.e., initiating lesions), while secondary abnor-
malities, such as del(17p) and 1q gain/amplification (1g+),
usually occur at disease relapse.

Incidence of t(11;14) in multiple myeloma

Primary aberrant /GH rearrangements occur in 60% of MM,
with t(11;14) being the most common.” Historically, t(11;14)
was thought to occur in only a small subset of patients,
with a quoted incidence of 5% based on conventional
karyotyping. However, conventional karyotyping has lower
sensitivity due to low plasma cell proliferation.’®2° With
the use of interphase and cytoplasmic fluorescence in
situ hybridization (FISH) testing, t(11;14) has been found
to occur in 15-20% of MM patients.?"?2 In primary plasma
cell leukemia, the incidence of t(11;14) is even higher, up to
nearly 50%.2%-25 Higher prevalence of t(11;14) has also been
reported in African-American patients,?®?” although a more
recent large prospective cohort study analyzing data from
the Connect MM Registry demonstrated similar prevalence
of t(11;14) by race.?®

In some laboratories, the standard cytogenetics/FISH panel
does not automatically include t(11;14) testing, resulting in
under-reporting. However, given the known poorer prognosis
of these patients as well as the targetable nature of this
translocation, t(11;14) is now increasingly being incorporated
as part of the diagnostic panel in patients with suspected
MM. While cytogenetics/FISH testing is the standard method
of detection for t(11;14), micro single nucleotide polymor-
phism-array or next-generation sequencing can also be
used, although these tests are not as easily accessible. In
countries in which next-generation sequencing testing is
accessible, this is potentially a more cost-effective method
of biomarker testing.

Pathogenesis of t(11;14) and BCL2-dependence in
multiple myeloma

The survival of MM cells with t(11;14) is driven by their ability
to evade cellular apoptosis. This ability is underpinned by
overexpression of the pro-survival BCL2 protein. To un-
derstand the pathogenesis of t(11;14) MM, we first need to
appreciate the critical role that the BCL2 family of proteins
plays in regulating the intrinsic pathway of apoptosis and
cell survival.

The BCL2 network consists of three functional subfami-
lies, that is, the anti-apoptotic/pro-survival members (e.g.,
BCL2, MCL1, BCL-XL), pro-apoptotic members (BAX and
BAK), and BH3-only members (e.g., BIM, BID, BAD, NOXA).?®
Anti-apoptotic BCL2-proteins maintain cellular viability
via inhibition of BAX and BAK. In response to physiological
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stressors, expression of BH3-only proteins is increased;
these proteins bind pro-survival BCL2-proteins thus allow-
ing for BAX/BAK-driven apoptosis (Figure 1A). In myeloma
cells, the presence of t(11;14) confers an increased depen-
dence on BCL2, with high levels of expression compared
to the other anti-apoptotic proteins, BCL-XL and MCL1.3°
This dysregulated balance of pro-survival and pro-apop-
totic proteins drives ongoing MM cell survival (Figure 1B).
Our understanding of this mitochondrial pathway of life-
death has led to the development of small molecules that
mimic BH3-only proteins. BH3-mimetics bind tightly to
pro-survival BCL2-proteins, and inhibit their ability to bind
to BAX/BAK (Figure 1C). Cancer cells that are particularly
reliant on BCL2 are highly sensitive to these drugs. Vene-
toclax is a first-in-class oral BCL2-selective BH3-mimetic
that has demonstrated efficacy in the treatment of various
hematologic malignancies such as acute myeloid leuke-
mia and chronic lymphocytic leukemia and has received
approval for the treatment of these conditions.

In the MM space, a preclinical study by Touzeau et al.®° con-
firmed that myeloma cell lines with CCND7 translocation
were the most sensitive to venetoclax, with a high BCL2/
MCL ratio being the most powerful biomarker for predicting
sensitivity to venetoclax. This has successfully translated
into clinical practice with multiple studies demonstrating
the efficacy of venetoclax, as well as second-generation
BCL2-inhibitors, in the treatment of relapsed and/or re-
fractory MM (RRMM) patients with t(11;14).10-1%:31.32

It is important to note, however, that BCL2-protein over-
expression with high BCL2/BCL-XL or BCL2/MCL1 ratio is
not synonymous with the presence of t(11;14). This was
demonstrated by De Ramon et al.** in an analysis of 120
patients with newly diagnosed MM (NDMM) treated on the
PETHEMA/GEM2012 study. Quantification of BCL2-family
protein expression was performed on patient samples
using capillary nanoimmunoassay. While t(11;14) patients
had significantly higher BCL2/BCL-XL ratios compared to
non-t(11;14) patients, some patients with other cytoge-
netic abnormalities expressed a higher ratio compared to
those of the third quartile of the t(11;14) cohort. Certainly,
the efficacy of venetoclax has also been demonstrated in
non-t(11;14) myeloma with high BCL2 expression in both
in vitro and clinical studies.***® This suggests that quanti-
fication of BCL2-protein expression could potentially be a
better and more inclusive biomarker predicting response
to BCL2-inhibitor therapy, rather than relying solely on the
presence of t(11;14). BCL2-protein expression in MM patients
has been analyzed via RNA sequencing, immunohisto-
chemistry, and flow cytometry.®-3¢ There is yet, however,
to be a standardized method of BCL2 quantification, thus
making t(11;14) translocation currently the main biomarker
for response to BCL2-inhibitors.

Prognostic implications of t(11;14) in multiple myeloma
Based on the R-ISS staging system? and the recently pub-
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lished IMS/IMWG Consensus Genomic Staging of high-risk
MM, isolated t(11;14) is still considered a standard-risk le-
sion. However, there is now growing consensus that t(11;14)
does confer inferior prognosis, with poorer outcomes
compared to other standard-risk subgroups.

Several studies have reported on the impact of t(11;14)
on patient outcomes.*#22228 Results of clinical studies
on NDMM patients treated with conventional chemother-
apy concluded t(11;14) to be a neutral genetic lesion.?"??
However, studies in the era of induction with IMiD and/
or Pl demonstrate that patients with t(11;14) and no other
high-risk chromosomal abnormality have shorter PFS, OS
and time to next treatment.*® Table 1 provides a detailed
summary of these studies.

In the largest study to date investigating t(11;14) patients,
Bal et al.* compared a total of 5,581 patients across five
cohorts: del(17p) versus high-risk chromosomal abnormal-
ity versus chromosome 1 abnormality versus t(11;14) with
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no high-risk lesions versus non-t(11;14). This robust study
provided a nuanced analysis not just of the significance
of t(11;14), but also provided insight into its behavior in
the presence of other cytogenetic abnormalities. Patients
with t(11;14) had shorter PFS compared to the non-t(11;14)
group, but longer PFS compared to the other three groups.
There was no difference in PFS or OS between the t(11;14)
and non-t(11;14) group who had combination IMiD and PI
induction. Survival in t(11;14) patients with concomitant
chromosome 1 abnormality was similar. However, patients
with t(11;14) and del(17p) had worse OS compared to patients
with del(17p) without /GH translocations (34 months vs. 47
months, P<0.01), suggestive of a “double-hit” phenome-
non. This is consistent with the findings of a retrospective
study at Mayo Clinic of 795 NDMM patients in whom the
presence of concurrent del(17p) (10.7%) and ISS stage Il
were predictive of reduced OS in the t(11;14) cohort.®

One study in the era of IMiD and/or PI induction found

Table 1. Summary of key studies on t(11;14) in newly diagnosed multiple myeloma.

Results
Studies Cohorts N Study details Main findings
3-year PFS mPFS 3-year OS
Normal CG 869 47% 33 mths 83% Retrsoti%ectlve After ASCT, patients with
Sasaki t(11;14) 27 27% 23 mths 63% o Y- t(11;14) had worse outcomes
etal., HRCA! 97 139, 9.7 mth 349 rgze/?vgztllmtg- than patients with normal CG,
2013* ° -/ mihs ° but better than those with
based or Pl-based HRCA
P<0.00001  P<0.00001 P<0.00001 induction. :
mOS
mPFS MTTNT mOS excluding
del(17p)
t(11;14) 65 23 mths 20.8 mths  74.4 mths | 81.7 mths Patients with t(11;14) had
Non-(11:14) worse outcomes than the
translocaiions 132 19 mths 18.2 mths 49.8 mths  58.2 mths Retrospective no-translocation group, but
study. better outcomes than patients
Lakshman No Induction regimen: with high-risk translocations.
etal,  translocations °°° ~ 283mths - 27mths  103.6 mths 108.3mths |\ p|. 149%;  Del(17p) and ISS stage Ill
2018 Pl-based: 32.6%; predicted worse OS among
IMiD-based: patients with t(11;14).
P<0.01 P=0.01 P<0.01 P<0.01 45.5%. With del(17p), OS was similar
between the t(11;14) and
no-translocation group.
Post-VRd
induction mPFS
2VGPR rate
t(11;14) 122 49.5% 51 mths
Standard risk
(i.e., no Retrospective
Kaufman del(17p), study. Patients with t(11;14) had
et al., t(4;14), 527 76.3% 75 mths All patients poorer outcomes than
20188 t(14;16) or received IMiD+PI standard-risk patients.
complex with VRd.
karyotype)
P<0.001 P<0.001

Continued on following page.
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Results
Studies Cohorts N Study details Main findings
mPFS
Del(17p) 544 Patients with t(11;14) had
HRCAT 415 poorer outcomes compared
[Worse PFS compared to t(11;14)] to the non-t(11;14) group, but
Chr(1) 1124 Retrospective better than the group with
abnormality ’ study. HRCA.
_ ) Induction regimen:  No PFS/OS differences
23'2195 al, t(ﬁr’: 4% V\.”t: 589 36.1 mth IMiD+PI: 43.6%; between patients with t(11;14)
”OI Igh-ris -1 mths Pl-based: 28.8%;  or non-t(11;14) with IMiD+P|
eslons IMiD-based: induction.
Non-t(11;14) 2,909 40.1 mths 17.4%. Patients with t(11;14) +
del(17p) had worse OS than
P=0.03 those with del(17p) alone (34
mths vs. 47 mths, P<0.01).
mPFS mOS
t(11;14) 378 34.8 mths 74 mths Multicenter
H(1q- prospective cohort
Gasparetto Non-t(11:14) ' 1,196 35.7 mths /7.3 mths study. t(11;14) was a neutral
etal, Induction regimen:  prognostic factor regardless
2022 _ . IMID+PI: 34.7%; of induction type.
p=0.77 F=0.94 Pl-based: 40%;
IMiD-based: 12.8%.
mPFS1 mPFS2 mOS
t(11;14) 74 22.1 mths 8.2 mths 64.2 mths
Hyperdiploid Retrospective .

_ without 111 27.9mths  19.8 mths 100.9 mths study. No PFS1 difference, but
Lim etal., translocations Induction regimen: PFS2 shorter in the t(11;14)
20237 : : IMiD+PI: 0%;  group than in the hyperdiploid

High-risk IGH 159 267 mths  10.0 mths 59.0 mths Pl-based: 81%; group.
translocations IMiD-based: 14%.
P=0.503 P=0.002 P=0.055

*del(13qg), hypodiploidy, t(4;14), t(14;16), t(14;20), or del(17p); *t(4;14), t(14;16) or t(14;20). PFS: progression-free survival; m: median; OS: overall
survival; CG: cytogenetics; HRCA: high-risk chromosomal abnormalities; mths: months; IMiD: immunomodulatory drug; Pl: proteasome inhib-
itor; ASCT: autologous stem cell transplant; TTNT: time to next treatment; ISS: International Staging System; VRd: bortezomib, lenalidomide
and dexamethasone; VGPR: very good partial response; PFS1: first PFS; PFS2: second PFS.

t(11;14) to be a neutral prognostic factor. The Connect MM
Registry was a large prospective study that showed that
the presence of t(11;14) had no impact on PFS or OS, re-
gardless of the type of induction therapy.?® The authors
concluded that concurrent cytogenetic abnormalities were
more important to consider when evaluating the prognos-
tic impact of t(11;14). It is important to note, however, that
only a third of patients in this study received combination
IMiD and PI induction.

The study that is most applicable to current clinical practice
is a retrospective study by Kaufman et al.? of 1,000 NDMM
patients who all had induction with combination IMiD and
Pl (lenalidomide-bortezomib-dexamethasone). Patients
with t(11;14) had lower rates of very good partial response
or better after induction (49.5% vs. 76.3%, P<0.001), and
shorter median PFS (51 months vs. 75 months, P<0.001)
compared to those with standard-risk cytogenetics. This
difference was even more marked in patients who did not
receive maintenance therapy. The impact of t(11;14) on

outcomes in patients who underwent autologous stem cell
transplant (ASCT) at MD Anderson was evaluated in a ret-
rospective study on which two-thirds of patients received
induction with IMiD and/or PI.* Patients with t(11;14) had
shorter PFS and OS compared to the cohort with normal
cytogenetics, but better outcomes compared to those
with high-risk chromosomal abnormalities. The recently
presented phase Ill MIDAS study evaluated a minimal re-
sidual disease (MRD)-driven consolidation and maintenance
approach following induction of all NDMM patients with
quadruplet therapy of isatuximab, carfilzomib, lenalidomide
and dexamethasone.?® The NDMM patients with t(11;14)
demonstrated lower MRD negativity rates after induction
and consolidation compared to those who did not have
t(11;14), at 40% versus 59% and 63% versus 78%, respectively.
Results from the Mayo Clinic support early ASCT in t(11;14)
patients; patients with t(11;14) had a shorter estimated OS
compared to that of the group without the translocation
(74.4 months vs. 103.6 months, P=0.003), with early ASCT
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demonstrated to improve OS in all cohorts.® In the t(11;14)
cohort, the median OS with early ASCT was 88.4 months,
compared to 58.1 months for those undergoing delayed
ASCT (P=0.002).

Overall, cumulative evidence strongly suggests that t(11;14)
confers a poorer prognosis compared to that of other
standard-risk subgroups. It is also vital to consider coex-
isting cytogenetic lesions when evaluating the prognostic
power of t(11;14), particularly the presence of del(17p) and
1g+. This can help to predict response to therapy both at
diagnosis as well as at relapse. Concurrent del(17p) and/or
1g+ portends poorer outcomes in all MM patients, but also
appears to reduce sensitivity to treatment with BCL2-in-
hibition in t(11;14) patients. In a retrospective study of 232
RRMM patients treated at the Mayo Clinic with veneto-
clax-based regimens, 37/190 (19.5%) and 64/190 (33.7%) of
t(11;14) patients had concurrent del(17p) and 1g+, respec-
tively. The t(11;14) patients with either of these cytogenetic
abnormalities had lower overall response rates (ORR) (57%
vs. 71%, P=0.04) and significantly shorter median PFS (7.7
months vs. 151 months, P=0.013) when compared to those
with no abnormalities.*® The findings of these studies bring
to the forefront the importance of utilizing highly effective
treatments in the treatment of t(11;14) patients early in the
disease course, prior to the development of secondary
cytogenetic lesions that confer an even poorer prognosis.
The question of the optimal BCL2-inhibitor combination
regimen in this subpopulation of patients with t(11;14) and
concurrent high-risk cytogenetics remains unanswered.

Targeted therapy in the treatment of
t(11;14) multiple myeloma

Currently, translocation t(11;14) is the only targetable lesion
in MM. Given this, as well as the fact that patients with this
translocation have worse outcomes compared to those
with standard-risk MM, the use of BCL2-inhibition as a
preferred therapeutic strategy in this cohort of patients
is of particular interest. To date, no BCL2-inhibitors have
received regulatory approval for the treatment of MM. De-
spite the fact that BCL2-inhibitors are not yet licensed, the
current international recommendation for t(11;14) patients
with relapsed disease is to use a BCL2-inhibitor-based
regimen, where accessible.**2

Venetoclax

A BCL2-inhibitor was first investigated for use in MM in a
phase | study in which RRMM patients were treated with
venetoclax monotherapy at doses up to 1,200 mg daily.® The
ORR was 21% (14/66) in all patients, with a higher ORR of
40% (12/30) demonstrated in the subset with t(11;14). The
t(11;14) subgroup was heavily pre-treated with a median
of five prior lines of therapy (range, 1-10); 77% of patients
were lenalidomide-refractory and 67% were double-class
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refractory to two classes of drugs.

A subsequent phase I/Il study by Kaufman et al." investi-
gated the combination of venetoclax and dexamethasone
specifically in RRMM patients with t(11;14). The phase Il
portion of this study included 31 patients who had received
a median of five (range, 2-12) prior lines of therapy, with
the majority of patients being refractory to IMiD, Pl and/or
daratumumab. Doublet therapy produced an encouraging
ORR of 48%, with 36% of patients achieving a very good
partial response or better. The median time to progression
was 10.8 months. Exploratory studies also confirmed that
higher BCL2 levels were seen in patients who achieved
a partial response or better, consistent with our under-
standing of the mechanism of action of BCL2-inhibitors in
t(11;14) MM. The positive results of this study also support
in vitro findings by Matulis et al.*® regarding the synergistic
effect of venetoclax and dexamethasone. In MM cell lines,
dexamethasone shifts BIM binding towards BCL2, resulting
in increased sensitivity to venetoclax and hence increased
cell death.

Clinical studies on venetoclax combination treatments

A number of studies have since explored the use of vene-
toclax and dexamethasone in combination with other stan-
dard-of-care drugs, including bortezomib, daratumumab
and carfilzomib, with clinical evidence of synergism.>6:34
These studies are summarized in Table 2.

The phase Il BELLINI study investigated the addition of
venetoclax to bortezomib and dexamethasone in RRMM
patients who had been treated with one to three prior
lines of therapy.?'*3444 This study included both non-t(11;14)
(N=256) and t(11;14) patients (N=35), and demonstrated
significant improvement in PFS across all patients with
venetoclax versus placebo plus bortezomib and dexameth-
asone (median PFS 23.4 months vs. 11.4 months; hazard
ratio [HR]=0.58). The positive effect of venetoclax on pa-
tient outcomes was particularly evident in the subgroup of
patients with t(11;14) and/or high BCL2 expression.*® Inter-
estingly, of the patients who were t(11;14)-positive, 45.7%
(16/35) did not have high BCL2 expression. A total of 98
patients had high BCL2 expression, of whom the majority
(80.6%; 79/98) did not have t(11;14). In the t(11;14) cohort,
the median PFS was 36.8 months in the venetoclax arm
versus 9.3 months in the placebo arm (HR=0.17). Similarly,
the patients with high BCL2 expression had significantly
longer PFS with the addition of venetoclax (30.1 months
vs. 9.9 months; HR=0.36). In the recently published final
survival results, at a median follow-up of 45.6 months, OS
in the t(11;14) subgroup was not reached in either treat-
ment group.** Conversely, OS was in favor of the placebo
group in the subgroup without t(11;14) and with low BCL2
expression (median OS 46.1 months with venetoclax vs. not
reached with placebo; HR=1.38). Another critical finding of
the BELLINI study was that of increased rates of grade =23
infections in the venetoclax group, with an increased pro-
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Table 2. Summary of published studies on BCL2-inhibitor-based regimens in patients with relapsed and/or refractory multiple
myeloma.

Study Regimen N of patients Efficacy results in t(11;14) patients? Safety results across all patients

Neutropenia: 18% (=G3: 10%)

Kaufman et al., Thrombocytopenia: 18% (=G3: 10%)

All with t(11;14)

2021" Ven 800 mg + Phase | = 20 Phase I: ORR 60% Diarrhea: 35%
Dex Phase Il = 31 Phase II: ORR 48% Nausea: 28%
Phase I/l RTI: 30%
Sepsis: 8%
Total = 291 , AE for VenVd vs. Vd:
. Median follow-up: 45.6 mths o
t(11;14) =35 . _ . =>G3 Neutropenia: 31% vs. 8%
gggar etal, Non-t(11;14) =256 ~ MFF>:3638 mtgi O"g'o%f1’;‘ths (HR=0-17:" .3 Thrombocytopenia: 26% vs. 40%
Ven 800 mg + ' >G3 Infections: 42% vs. 29%

(BELLINI)213.34.44 mOS: NR (NE-NE) vs. NR (43.6 mths-NE)

Vd vs. Vd Biomarker subsets: Pneumonia: 31% vs. 21%
BCL2 high = 98 ElR=ES S0 A7) Fatigue: 33% vs. 32%
Phase Il i In BCL2-high subset: mPFS 30.1 mths vs. . )
t(11;14) and/or BCL2 9.9 mths (HR=0.36: P=0.00014) Diarrhea: 60% vs. 50%
high = 114 ' o ’ Constipation: 36% vs. 31%
Part 1:
ORR 95.8% AE for VenDVd
Part 1: Ven Part 1: N=24; all with =VGPR 95.8% Neutropenia: 17% (=G3 4%)
Bahlis et al., (400 mg or t(11;14) 24m PFS: 90.8% Thrombocytopenia: 21% (=G3 17%)
20211 800 mg) + Dd Fatigue: 25%
Part 2: N=24 Part 2: Diarrhea: 54%
Phase | Part 2: t(11;14) =6 ORR: 91.7% Nausea 50%
VenDVd Non-t(11;14) =18 =VGPR: 79.1% Upper RTI: 21%
24-mth PFS: not reported for t(11;14) Pneumonia: 4%
patients (66.7% for all patients)
Neutropenia: 22% (=G3 12%)
Thrombocytopenia: 31% (=G3 8%)
Costa et al., _ ORR: 92% Diarrhea: 65% (=G3 10%)
202115 ngo(g?ggr)“g t (1T$T$'4)‘=4?3 >VGPR: 85% Nausea: 47% (=G3 4%)
Kd Non-t(,11 14) = 36 Median duration of response: not reached Upper RTI: 39% (=G3 0%)
Phase Il ’ (at a median follow-up of 27 mths) Sinusitis: 20% (=G3 0%)
Pneumonia: 18% (=G3 12%)
Influenza: 16% (=G3 6%)
Gasparettzo et Total = 8 Study terminated early due to concerns
al., 2021° Ven 400 mg + ) regarding AE. Decision to pursue . )
PomDex t(11:14) =3 biomarker-driven strategy. All patients had a Neutropenia Gi3/4: 75%

Non-t(11;14) =5

Phase |l >G3 adverse event, mainly neutropenia.
ORR: 96% vs. 65% 70
Bahiis etal, o400 m All with t(11;14) >VGPR: 93% vs. 39% >G3¢]EJ§LV§23‘_"1 079,
2023 9 Ven (400 mg)Dd = 26 33-month PFS: 73.4% vs. 38.8% . P SR
or 800 mg) + v . - hoo o . >G3 thrombocytopenia: 3.6%
en (800 mg)Dd =29 MRD-negative rates: 38% vs. 8% (consistent . o o
Dd vs. DVd : : . . =>G3 infections: 34.5%
Phase I/l DVd = 26 across subgroups including lenalidomide ~G3 diarrhea: 7.8%
refractory status and high-risk CG) = e
Mateos et al., ORR: 62% vs. 35% (P<0.001) ZG;Eeﬁ:g/e:n?aG_X; o
2023 Ven 800 mg + All with t(11;14) mPFS: 9.9 mths vs. 5.8 mths (P=0.237) ~G3 thrombocpto eﬁia' 1°3°/
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Constipation: 16.7%
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tNote that some studies included all-comers, i.e., both patients with t(11;14) and without t(11;14). The efficacy data presented in this table are
only those reported for the cohorts of patients with t(11;14). Ven: venetoclax; Dex: dexamethasone; ORR: overall response rate; 2G3: grade 3,
4 or 5 adverse event as per the Common Terminology Criteria for Adverse Events; RTI: respiratory tract infection; Vd: bortezomib and dexa-
methasone; BCL2 high: high expression of BCL2; PFS: progression-free survival; HR: hazard ratio; OS: overall survival; NR: not reached; NE:
not estimable; AE: adverse events; Dd: daratumumab and dexamethasone; DVd: daratumumab, bortezomib and dexamethasone; VGPR: very
good partial response; Kd: carfilzomib and dexamethasone; PomDex: pomalidomide and dexamethasone.

portion of infection-related deaths. In the subgroup with
t(11;14) and/or high BCL2 expression, this was in keeping
with longer duration of venetoclax exposure, and rates were
within the expected range for the RRMM setting. Howev-
er, in the non-t(11;14) and low BCL2 expression subgroup,
higher infection rates were seen despite the patients being
on treatment with venetoclax for a shorter time than on
placebo; this was likely secondary to suboptimal disease
control in these patients, together with venetoclax-induced
immunosuppression. The BELLINI study concluded an over-
all favorable benefit-risk profile of venetoclax in patients
with t(11;14) and/or high BCL2 expression.** These results
have been crucial in informing the landscape of future
studies on BCL2-inhibitors and the importance of a bio-
marker-driven approach in the selection of patients. They
also highlight the importance of adequate anti-microbial
prophylaxis when using BCL2-inhibitor-based regimens to
reduce the risk of serious infections.

A recently published update of a phase I/Il study com-
paring venetoclax versus bortezomib in combination with
daratumumab and dexamethasone in 80 patients with
t(11;14) who had been treated with one or more prior lines
of therapy again demonstrated a significantly higher ORR
(96.4% vs. 65.4%) with the use of venetoclax.” Responses
were also significantly deeper in the venetoclax, daratu-
mumab, dexamethasone arm with MRD-negativity rates of
38% versus 8% in the arm treated with bortezomib, daratu-
mumab, and dexamethasone. This finding was consistent
across all key subgroups of patients including those with
high-risk cytogenetics and lenalidomide-refractory status.
This translated into longer PFS in the venetoclax cohort
with a 33-month PFS rate of 73.4% in the venetoclax, da-
ratumumab, and dexamethasone cohort, versus 38.8% in
the cohort treated with bortezomib, daratumumab, and
dexamethasone.

The CANOVA study, designed to be a phase Ill registration
level study, compared venetoclax and dexamethasone
versus pomalidomide and dexamethasone in 263 patients
with t(11;14)-positive RRMM who had received two or more
prior lines of therapy. In the first read-out of this study, the
venetoclax and dexamethasone combination was associ-
ated with a higher ORR of 63% versus 35% among patients
treated with pomalidomide and dexamethasone (P<0.001).%¢
However, while PFS was longer in the venetoclax and dexa-
methasone arm (9.9 months vs. 5.8 months), this did not
reach statistical significance and the study did not meet
its primary endpoint. This was likely due to informative
censoring.”” On reviewing the data, investigators found that

21 patients in the pomalidomide and dexamethasone arm,
versus four patients in the venetoclax and dexamethasone
arm, discontinued treatment for reasons other than dis-
ease progression or adverse events; these patients were
censored in the primary PFS analysis. In the post-hoc PFS
analysis, in which censored patients were included and
in which the start of a new anti-myeloma therapy was
accounted for as an event, investigators demonstrated a
significantly longer PFS of 9.4 months versus 4.0 months
for venetoclax and dexamethasone versus pomalidomide
and dexamethasone (HR=0.651, P=0.003). The findings of
the CANOVA study emphasize the importance of ensuring
a study is sufficiently powered to account for informed
censorship.

Second-generation BCL2-inhibitors

Despite the preliminary results of the CANOVA study, current
cumulative evidence, including that of real-world data,*4°
remains in strong support of the use of BCL2-inhibitors in
the treatment of t(11;14) MM patients. Second-generation
BCL2-inhibitors are now being explored.

Early data on sonrotoclax, a second-generation BH3-mimet-
ic that binds and inhibits BCL2 with a potency more than
10 times that of venetoclax, has shown promising efficacy
in the relapsed/refractory setting.*® At a recommended
phase Il dose of 640 mg daily and in combination with
dexamethasone, sonrotoclax has been found to be safe and
tolerable and able to induce deep responses with ORR of
80.6% and a rate of very good partial response or better of
55.6% in heavily pre-treated patients (median prior lines of
therapy, 3; range, 1-12).52%° This study is ongoing, with son-
rotoclax currently being investigated in combination with
other standard-of-care drugs including daratumumab and
carfilzomib. ABBV-453 (surzetoclax) is another highly potent
second-generation BCL2-inhibitor that has demonstrated
high affinity and selectivity for BCL2 over BCL-XL and MCL1
with superior activity in xenograft models compared to
other BCL2-inhibitors,’" and is currently being investigated
in combination with dexamethasone, daratumumab and
lenalidomide. Table 3 summarizes ongoing clinical trials of
venetoclax and second-generation BCL2-inhibitors.

Safety profile of BCL2-inhibitors

BCL2-inhibitors are also tolerable with an acceptable safety
profile. The most common grade 3 or 4 hematologic adverse
events observed are neutropenia and thrombocytopenia.
Careful study design and risk management should be consid-
ered when combining BCL2-inhibitors with drugs that have
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Table 3. Current ongoing recruiting clinical trials with BCL2-inhibitor based regimens.

BCL2-inhibitor Phase of study Patient population Regimens Clinical Trial ID
Phase b/l t(11;14) RRMM Venetoclax + Iberdomide + Dexamethasone ACTRN12622001158752
Venetoclax + Daratumumab + Dexamethasone
) Venetoclax + Lenalidomide + Dexamethasone
t(11;14) NDMM (TIE) Venetoclax + Daratumumab + Lenalidomide +
Phase | Dexamethasone NCT06042725
Venetoclax + Lenalidomide + Dexamethasone
Venetocl t(11;14) RRMM Venetoclax + Daratumumab + Lenalidomide +
enetociax Dexamethasone
Phase Il t(11;14) RRMM Venetoclax + Selinexor + Dexamethasone NCT05530421
Phase | t(11;14) RRMM Venetoclax + Tocilizumab NCT05391750
Phase Il t(11;14) RRMM Venetoclax + Isatuximab + Dexamethasone NCT06115135
Phase I/l t(11:14) RRMM Venetoclax + Belantamab mafadotin +/- NCT05853965
Dexamethasone
Sonrotoclax monotherapy
Sonrotoclax + Dexamethasone
Sonrotoclax Phase Ib/Il t(11;14) RRMM Sonrotoclax + Carfilzomib + Dexamethasone NCT04973605
Sonrotoclax + Daratumumab + Dexamethasone
Sonrotoclax + Pomalidomide + Dexamethasone
Surzetoclax monotherapy
. ) Surzetoclax + Dexamethasone
Phase | R;“él/l\grvggltéuijﬁ ) Surzetoclax + Daratumumab + Dexamethasone NCT05308654
Surzetoclax 9 Surzetoclax + Daratumumab + Lenalidomide +
(ABBV-453) Dexamethasone
RRMM with t(11;14) Surzetoclax monotherapy
Phase I/l and/or BCL2 high Surzetoclax + Daratumumab + Dexamethasone NCT06953960
RRMM with or without Lisaftoclax monotherapy
Fiese Lall t(11;14) Lisaftoclax + Lenalidomide + Dexamethasone MevLErsi
Lisaftoclax P S — - -
(APG-2575) . . isaftoclax + Pomalidomide + Dexamethasone
Phase Ib/l | "IMM with or without % 0010w + Daratumumab + Lenalidomide + NCT04942067

t(11;14)

Dexamethasone

ID: identity; RRMM: relapsed and/or refractory multiple myeloma; NDMM: newly diagnosed multiple myeloma; TIE: transplant ineligible; BCL2

high: high expression of BCL2.

overlapping hematologic toxicities. A phase Il study investi-
gating venetoclax with pomalidomide and dexamethasone
was terminated early because all patients experienced a
grade >3 adverse event, most commonly neutropenia (75%;
6/8 patients).®? However, only three out of eight patients in
this study had t(11;14). This study again highlights the im-
portance of a biomarker-driven approach. There is currently
an active study investigating a novel combination of vene-
toclax with iberdomide (cereblon E3 ligase modulator) and
dexamethasone, specifically in t(11;14) patients with one to
two prior lines of therapy (ACTRN12622001158752).

Common non-hematologic adverse events include infec-
tions and gastrointestinal symptoms, particularly diarrhea.®
As highlighted in the BELLINI study, infections remain one
of the most serious non-hematologic adverse events with
the use of BCL2-inhibitors.** In a recently published re-
al-world retrospective analysis of t(11;14) RRMM patients
from nine French centers treated with venetoclax-based

therapies (N=46), there was a 24% incidence of grade =3
infections.*® Of the 18 patients who died, two did so of in-
fections. The majority of patients were reported to be on
prophylaxis against Pneumocystis jirovecii pneumonia and
herpes simplex virus (95% and 96%, respectively), while
only 11% received immunoglobulin replacement therapy.
Encouragingly, early data from studies on sonrotoclax 640
mg and dexamethasone have shown lower rates of severe
infections; rates of grade 3/4 neutropenia and grade 3/4
infections were only 14% and 11%, respectively.325°

Mechanisms of resistance to BCL2-
inhibitors
Our understanding of the mechanisms of resistance to

BCL2-inhibitors in MM remains limited, and much of our
current knowledge is that gained from work done in acute
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myeloid leukemia and lymphoid malignancies.**%¢ Acquired
resistance has been reported to occur secondary to over-
expression of non-BCL2 anti-apoptotic proteins (MCL1 and
BCL-XL),>"-%® acquired mutations in BCL2,%-%* and alterations
in mitochondrial metabolism®* (Figure 1D).

The upregulation of MCL1 is a key mechanism of resistance
that has been identified. In the presence of BCL2-inhibitors,
increased MCL1 sequesters BH3-only proteins that have
been released from BCL2, thus preserving mitochondrial
metabolism and cell survival. In acute myeloid leukemia and
lymphoid cell lines, concurrent treatment with MCL1-inhi-
bition resulted in restoration of venetoclax sensitivity.>-¢° In
myeloma, upregulation of non-BCL2 anti-apoptotic proteins
has been linked to copy number amplification of 1921 and
changes in the bone marrow microenvironment.®®-¢® Human
myeloma cell lines with co-expression of BCL2 and BCL-XL
have been shown to be resistant to venetoclax, but sen-
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sitive to a BCL-XL-selective inhibitor. In xenograft models,
co-expression of BCL2 and MCL1 also resulted in venetoclax
resistance; this was circumvented by co-treatment with
bortezomib, as the latter upregulates the pro-apoptotic
factor NOXA, which functions to neutralize MCL1.%¢

BCL2 BH3-binding groove mutations, such as Gly101Vval and
Asp104Tyr, reduce the affinity of BCL2-inhibitors and are
also a recognized mechanism of resistance.®™%® In chronic
lymphocytic leukemia cells, Gly101Val has been demon-
strated to reduce the affinity of venetoclax to BCL2 by
approximately 180-fold, thus preventing the displacement
of BIM/BAX from BCL2.5

The pathogenesis of acquired resistance to BCL2-inhibi-
tors is complex and diverse. It is also likely that there are
independent mechanisms at play in individual malignant
subclones.5* This is particularly pertinent in MM given that
this is an intrinsically heterogeneous disease with multiple

(1 4) m){e!oma cell Myeloma cell
" TSN survival
BH3 N
Overexpression of ™
BCL2 protein
H relative to MCL1

and BCL-XL

TS_MCL1 BCLXL
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BH3-min;)e't’ivo

'... 0
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Figure 1. BCL2 protein family-driven regulation of cellular survival and apoptosis: dysregulation in t(11;14) myeloma cells, mech-
anism of action of BH3-mimetics and potential mechanisms of resistance. (A) Regulation of the intrinsic apoptotic pathway by
the BCL2 family of proteins in normal cells. In response to physiological stressors, expression of BH3-only proteins is increased.
These proteins bind and inhibit pro-survival BCL2 proteins, thus allowing for BAX/BAK-driven apoptosis. (B) The presence of
t(11;14) in myeloma cells confers an increased dependence on BCL2, with high levels of expression compared to the other an-
ti-apoptotic proteins, BCL-XL and MCLI1. This dysregulated balance of pro-survival and pro-apoptotic proteins drives ongoing
survival of multiple myeloma cells. (C) Venetoclax is a first-in-class oral BCL2-selective BH3-mimetic that binds tightly to pro-sur-
vival BCL2 proteins and inhibits their ability to bind to BAX/BAK, thus allowing cellular apoptosis. (D) Acquired resistance has
been reported to occur secondary to (a) upregulation of non-BCL2 anti-apoptotic proteins (MCL1 and BCL-XL), (b) acquired BCL2
BH3-binding groove mutations, and (c) alterations in mitochondrial metabolism. Figure created in BioRender.com.
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subclones. More work is required to understand resistance
to BCL2-inhibitors in MM, to allow for mechanistically ra-
tional combination treatments and/or the development of
new drugs that can overcome resistance.

Future of BCL2-inhibitor therapy in
t(11;14) multiple myeloma

As we work towards regulatory approval of BCL2-inhibitors,
there are many ongoing key questions to be addressed
by future clinical studies. These include incorporation of
BCL2-inhibitors into induction therapy for NDMM t(11;14)
patients, examination of the role of BCL2-inhibitors in
the era of T-cell engager therapies, establishment of a
standardized and accessible method of BCL2-protein
quantification, and further investigation of mechanisms
of resistance to BCL2-inhibitors in MM.

All patients should be screened for t(11;14) at diagnosis,
to enable early access to BCL2-inhibitor-based com-
bination treatment, before the disease becomes more
resistant via the acquisition of high-risk secondary mu-
tations at relapse, such as del(17p) and 1g9+.° Indeed, a
recent meta-analysis by Xu et al.>®* demonstrated high-
er response rates to venetoclax in patients who were
less heavily pre-treated. Considering this, and the fact
that t(11;14) is associated with suboptimal responses to
IMiD- and Pl-based induction therapies (as outlined in
Table 1), BCL2-inhibitor combination treatments warrant
investigation in the newly diagnosed setting. Such stud-
ies should also include patients with primary plasma
cell leukemia, in whom t(11;14) occurs in nearly 50% of
cases and prognosis remains dismal.?*?® Patients with
t(11;14) may benefit from a different treatment approach,
including incorporating a BCL2-inhibitor at the outset.
This strategy is rational, as t(11;14) is present in all sub-
clones, and early intervention with a BCL2-inhibitor could
effectively target the entire myeloma clone population.
Currently, there is a phase | study testing the safety
and efficacy of combination venetoclax with lenalido-
mide-dexamethasone, daratumumab-dexamethasone,
and daratumumab-lenalidomide-dexamethasone in NDMM
transplant-ineligible patients with t(11;14) (NCT06042725),
but not in transplant-eligible patients. The incorporation
of BCL2-inhibition into the induction phase, as well its
role in maintenance after ASCT with or without lenalid-
omide, would be an area of interest for future studies.
Perhaps the most exciting key area for exploration is the
role and sequencing of BCL2-inhibitor therapy in the era
of T-cell engager therapies (e.g., bispecific or trispecific
antibodies, chimeric antigen receptor [CAR] T-cell thera-
py). The significant impact the latter has had on patients’
survival raises the all-important question of whether
patients with t(11;14) should preferentially receive vene-
toclax-based treatments or T-cell engagers. While this

S. Sim et al.

would largely be dependent on access in many countries,
sequencing remains a salient consideration. Evidence
on the outcomes of t(11;14) patients treated with T-cell
engagers is sparse, and future studies should report
specifically on this when analyzing the impact of cyto-
genetics/FISH on treatment efficacy and patient survival.
Certainly, the prospect of combining BCL2-inhibitors and
a T-cell engager therapy is attractive, not just as target-
ed therapy in t(11;14) MM, but also due to its potential
synergism. Venetoclax has been shown in pre-clinical
studies to have immunomodulatory effects; in a study of
samples from patients with chronic lymphocytic leuke-
mia, flow cytometry analysis demonstrated less T-helper
and T-cytotoxic T-cell exhaustion following venetoclax
treatment.®® This positive impact of BCL2-inhibitors on
T-cell fitness can be harnessed to boost the efficacy of
T-cell engagers, and raises interesting opportunities in
terms of treatment sequencing. Potential regimens include
utilizing BCL2-inhibitors as bridging therapy prior to CAR
T-cell therapy or as maintenance treatment following
CAR T-cell therapy. BCL2-inhibitors could also be used
to limit exposure to bispecific/trispecific antibodies, and
therefore minimize long-term side-effects. For example,
one could consider a fixed duration of treatment with a
bispecific/trispecific antibody followed by maintenance
treatment with a BCL2-inhibitor, or even an alternating
BCL2-inhibitor/T-cell engager therapy regimen to min-
imize T-cell exhaustion over time and reduce the risk
of resistance. A clear area of unmet need is also in pa-
tients with concurrent t(11;14) and del(17p) and/or 1g+.
Currently, the literature remains sparse in terms of the
best BCL2-inhibitor-based treatment combination in
this high-risk population. In this cohort, the concept of
combining BCL2-inhibitors and T-cell engager therapy is
an attractive one.

Certainly, for a BCL2-inhibitor/T-cell engager combination
to be feasible, it is also vital to consider the overlapping
and cumulative infection risk of these two agents. Studies
should be designed with this in mind. Indeed, stringent
anti-infective prophylactic strategies are crucial in any
BCL2-inhibitor regimen and should be initiated from the
start. These include prophylaxis against shingles (e.g.,
valaciclovir) for all patients, and against Pneumocystis
Jirovecii pneumonia (e.g., trimethoprim/sulfamethoxaz-
ole), especially in heavily pre-treated patients. Adequate
use of filgrastim for the treatment and/or prophylaxis of
neutropenia as well as early immunoglobulin replacement
therapy for hypogammaglobulinemia are also strongly
encouraged. Future studies should also consider incorpo-
rating response-adapted therapy. A MRD-adapted strategy
in which patients with sustained MRD-negativity could
cease therapy would certainly be beneficial to minimize
toxicities, particularly the risk of infection that comes
with prolonged exposure to BCL2-inhibitors as reported
in the BELLINI study.**
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While t(11;14) remains the main current biomarker for
response to BCL2-inhibitor therapy, it is arguably an
oversimplified method of patient selection. High BCL2/
BCL-XL and BCL2/MCLI1 ratios are certainly not exclusive
to the t(11;14) cohort.’” There is a need for more data on
the efficacy of BCL2-inhibitors in patients without t(11;14)
who have high expression of BCL2, who may indeed
be missing out on an effective treatment option. This
must start firstly with standardization of techniques of
BCL2-protein quantification, including the determination
of the optimal cut-off that defines high expression of
BCL2 in relation to sensitivity to BCL2-inhibitor treatment.
Considering the variability of BCL2-protein expression
even within the t(11;14) cohort,® this may also help to
stratify t(11;14) patients who have low BCL2 expression
in whom BCL2-inhibition may not in fact be the optimal
option, with preference for alternative treatment regi-
mens instead.

Ongoing work is also required to better understand the
diverse mechanisms of resistance to BCL2-inhibitors in
myeloma cell lines. It is vital that rational BCL2-inhib-
itor-based treatment regimens take into consideration
potential mechanisms of drug resistance (Figure 1D),
and should include combination therapies, such as MCL1
and BCL-XL inhibitors, in order to empirically circum-
vent pathways that can promote escape from targeted
BCL2-inhibition.

In order to further our understanding of how best to place
BCL2-inhibitors in the current treatment landscape and
also to pave the way for regulatory approval, future clinical
trials of BCL2-inhibitors in t(11;14) MM should be carefully
designed to ensure that they are sufficiently powered, with
a clinically relevant control arm, vigilant consideration
of overlapping toxicities when used in combination with
other anti-myeloma drugs, and with clinically meaningful
correlative studies incorporated at the outset. Given the
20% incidence of t(11;14) MM, large cooperative multicenter
studies are preferred to facilitate robust and timely pa-
tient recruitment in a rapidly moving field.
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Conclusion

Translocation t(11;14) is a key biomarker for predicting
response to BCL2-inhibitors in MM, and its identification
is becoming increasingly important with the advent of
BCL2-targeted therapies. As a primary cytogenetic lesion,
t(11;14) not only predicts sensitivity to BCL2-inhibition but
also correlates with suboptimal responses to IMiD/Pl-based
induction therapy. This defines a population with an unmet
clinical need, one that may benefit from the incorporation
of BCL2-inhibitors early in the treatment course, rather
than reserving these drugs for the relapsed/refractory set-
ting. Further investigation is required to study the utility
of BCL2-inhibition in upfront treatment of NDMM patients,
examine BCL2-inhibitor combinations that can overcome
additional high-risk chromosomal abnormalities that are
present at either diagnosis or relapse, and explore the
role and placement of BCL2-inhibitors in the era of T-cell
engager therapies. While BCL2-inhibitors are yet to receive
regulatory approval, they are the treatment of choice in
t(11;14) MM.
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