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Proteins in the antiapoptotic B-cell lymphoma 2 (BCL-2) family play a role in the patho-

physiology of multiple myeloma (MM). Venetoclax is a highly selective, potent, oral BCL-2

inhibitor that induces apoptosis of MM cells, and its efficacy may be potentiated through

combination with agents that increase BCL-2 dependency or have complementary mecha-

nisms of action. The safety, tolerability, pharmacokinetics, and antitumor activity of ven-

etoclax in combination with carfilzomib and dexamethasone (VenKd) in adults with

relapsed/refractory MM (RRMM) were investigated in this phase 2 dose-escalation study.

Oral venetoclax (400 or 800 mg) was administered daily in combination with intravenous

carfilzomib (27, 56, or 70 mg/m2) and oral dexamethasone (20 or 40 mg) in 4 dose-finding

cohorts. The expansion cohort received venetoclax 800 mg, carfilzomib 70 mg/m2, and

dexamethasone 40 mg. Forty-nine patients received treatment. Median prior lines of

therapy was 1 (range, 1-3), and median time in the study was 27 months. The most common

treatment-emergent adverse events were diarrhea (65%), fatigue (47%), nausea (47%), and

lymphopenia (35%). Serious adverse events occurred in 26 (53%) patients. Of 3 treatment-

emergent deaths, 1 was considered treatment related. The overall response rate was 80% in

all patients, 92% in patients with t(11;14) (n5 13), and 75% in patients without (n5 36). The

rate of complete response or better was 41%. Median progression-free survival was 22.8

months. Treatment with VenKdwas well tolerated and showed promising response rates in

this RRMM patient population, with greater responses observed in patients with t(11;14).

This trial is registered at www.clinicaltrials.gov as #NCT02899052.

Introduction

Outcomes for patients with multiple myeloma (MM) have improved over the past decade.1,2 However, MM
remains incurable and invariably relapses.3,4 In the relapsed/refractory (RR) setting, MM becomes increas-
ingly aggressive, and remission durations often decrease with each subsequent regimen.1,5-7
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Key Points

� Venetoclax combined
with carfilzomib and
dexamethasone is well
tolerated, and no new
or unexpected safety
signals have been
reported.

� Venetoclax in
combination with
carfilzomib and
dexamethasone shows
antimyeloma activity
and durable response
rates in patients with
RRMM.
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Several therapeutic agents with unique mechanisms of action have
recently been approved for RRMM, including new proteasome inhib-
itors (PIs; ie, carfilzomib, ixazomib), immunomodulatory (IMiD)/cere-
blon-binding drugs (ie, pomalidomide), monoclonal antibodies
(ie, daratumumab, isatuximab, elotuzumab, and belantamab mafodo-
tin), and a selective inhibitor of nuclear export (ie, selinexor).1,4,8

Dysregulation of the intrinsic apoptotic pathway contributes to hema-
tologic malignancy pathogenesis.9 Members of the B-cell lymphoma 2
(BCL-2) protein family function as key regulators of the intrinsic apo-
ptosis pathway.10 Antiapoptotic BCL-2 family proteins, including
BCL-2, myeloid cell leukemia 1 (MCL-1), and BCL-XL, contribute to
development and progression of MM.11 Venetoclax is a highly selec-
tive, potent, oral BCL-2 inhibitor that restores apoptosis by direct,
high-affinity binding to its prosurvival target, BCL-2.12 Venetoclax, as
a monotherapy and in combination studies, has demonstrated mean-
ingful clinical activity in RRMM.13,14 Therapeutic approaches that
combine venetoclax with agents that increase BCL-2 dependency
or have complementary mechanisms of action may further potentiate
therapeutic efficacy in MM.

Notably, the proapoptotic, BH3-only protein NOXA promotes apopto-
sis through direct binding to MCL-1, triggering its proteasomal degra-
dation.15 PIs, including bortezomib and the second-generation
inhibitor carfilzomib, have demonstrated significant activity in
RRMM.1,16 Through a potential class effect, PIs upregulate NOXA
expression, inducing apoptosis of MM cells.17-19 Furthermore, carfilzo-
mib and the glucocorticoid dexamethasone indirectly promote BCL-2
dependency in MM cells by shifting binding of the proapoptotic pro-
tein BIM to BCL-2.18 Dexamethasone additionally decreases BCL-
XL expression.

18

Given promising early clinical data to support the combination of ven-
etoclax with PIs, this phase 2 study was initiated to investigate out-
comes of venetoclax in combination with carfilzomib and
dexamethasone (VenKd) in adults with RRMM.

Methods

Study design

This open-label, multicenter, phase 2, dose-escalation study in adults
with RRMM was conducted at 10 sites. Patients were enrolled from
February 2017 through February 2019 to receive VenKd in 1 of 4
dose-finding cohorts and 1 expansion cohort (supplemental
Figure 1). The protocol and amendments were approved by the insti-
tutional review boards of the participating centers; all patients pro-
vided written informed consent. This study was conducted in
compliance with the International Conference on Harmonization
Good Clinical Practice guidelines and the Declaration of Helsinki.

Patients

Patients $18 years of age with RRMM were eligible. They had
received 1 to 3 lines of prior therapy, had an Eastern Cooperative
Oncology Group (ECOG) performance status #2, and had measur-
able disease. Patients were not eligible if they were refractory to any
BCL-2 family inhibitor, had grade $3 peripheral neuropathy, or had
significant cardiovascular disease. Patients could be refractory to
PIs but could not have had prior treatment with carfilzomib. Additional
eligibility criteria are in supplemental Methods.

Procedures

Patients received treatment at 1 of 4 dose-finding levels with oral
venetoclax daily (400 or 800 mg), intravenous carfilzomib (27 or
56 mg/m2 on days 1, 2, 8, 9, 15, and 16 administered over
10-30 minutes, or 70 mg/m2 on days 1, 8, and 15 administered
as a 30-minute infusion or per institutional guidelines), and oral
dexamethasone (40 mg on days 1, 8, 15, and 22 or 20 mg on
days 1, 2, 8, 9, 15, 16, 22, and 23) in 28-day cycles (supplemental
Table 1). Venetoclax dose ramp-up was not performed. Carfilzomib
was administered at 20 mg/m2 during the first week and was
increased to the target dose in cycle 1 on day 8. Intravenous admin-
istration of dexamethasone was permitted; patients $75 years of
age could receive 20 mg dexamethasone. Treatment continued
until disease progression or unacceptable toxicity.

Patients who completed $80% of venetoclax and carfilzomib doses
in cycle 1 or experienced a dose-limiting toxicity (DLT) were evaluable
for dose-escalation decisions, which were guided by Bayesian optimal
interval design. DLTs for dose escalation decisions were assessed
during the first cycle (28 days) and could have been attributable to
venetoclax, carfilzomib, or dexamethasone (supplemental Methods).
Adverse events (AEs) that occurred after cycle 1 were evaluated by
the investigator and could be considered dose limiting. Patients
who did not complete $80% of venetoclax and carfilzomib doses in
cycle 1 and did not experience a DLT were evaluated for safety.

Tumor lysis syndrome prophylaxis with oral and intravenous hydration
was initiated in all patients$72 hours before the first dose of veneto-
clax and carfilzomib. Given the BELLINI study (www.clinicaltrials.gov,
#NCT02755597) findings,20 the protocol was amended in March
2019 to implement antibiotic prophylaxis for prevention of grade $3
or serious infections: trimethoprim/sulfamethoxazole (160/800 mg)
or equivalent while receiving treatment and levofloxacin (500 mg daily,
adjusted for renal function) or equivalent for the first 90 days in the
study and after development of grade 4 neutropenia. All patients
received antiviral prophylaxis for prevention of herpes zoster. Patients
who remained in the study beyond cycle 18 could receive venetoclax
monotherapy or continue a combination regimen.

Assessments

Primary outcomes included safety, tolerability, and preliminary effi-
cacy. Safety assessments included the number of patients with
DLTs, AEs, and changes in laboratory results. Treatment-emergent
AEs (TEAEs) were summarized per the Medical Dictionary for Regu-
latory Activities, version 22.1 (http://meddra.org); AEs and laboratory
values were graded per National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events, version 4.03 (https://ctep.cancer.-
gov/protocoldevelopment/electronic_applications/ctc.htm). Prelimi-
nary efficacy was assessed through overall response rate (ORR;
ie, partial response or better) and the rate of very good partial
response (VGPR) or better in all patients and those with t(11;14).
The presence of t(11;14) was determined a priori.

Secondary outcomes included pharmacokinetics (PKs) and sec-
ondary efficacy assessments: progression-free survival (PFS),
time to progression (TTP), duration of response (DOR), and minimal
residual disease (MRD) in all patients and in those with high BCL-2
expression. BCL-2 protein expression was determined by immuno-
histochemical analysis of bone marrow (BM) core biopsy speci-
mens, with high expression defined as $50% of tumor cells
having a cytoplasmic intensity score of $21 on a 0-to-3 scale.
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BCL2 gene expression was determined by quantitative polymerase
chain reaction in BM aspirates after CD138 enrichment, with high
expression (BCL2high) defined by the bootstrapping and

aggregating thresholds from trees analysis used in the BELLINI
study.20 Fluorescence in situ hybridization analysis was performed
on CD138-enriched BM aspirates to assess t(11;14) and known

Table 1. Patient demographics and baseline disease characteristics

Characteristic All patients, N 5 49 t(11;14), n 5 13 Non-t(11;14), n 5 36

Median age (range), y 66 (37-79) 63 (47-75) 68 (37-79)

Race, n (%)

White 39 (80) 10 (77) 29 (81)

Black or African American 10 (20) 3 (23) 7 (19)

ECOG performance status, n (%)

0 15 (31) 4 (31) 11 (31)

1-2 29 (59) 7 (54) 22 (61)

Missing 5 (10) 2 (15) 3 (8)

ISS stage, n (%)

I 18 (37) 8 (62) 10 (28)

II 15 (31) 1 (8) 14 (39)

III 15 (31) 4 (31) 11 (31)

Unknown 1 (2) 0 1 (3)

Cytogenetic status, n (%)

High-risk* 13 (27) 4 (31) 9 (25)

Standard risk† 29 (59) 9 (69) 20 (56)

Unknown 7 (14) 0 (0) 7 (19)

Cytogenetic abnormalities, n (%)

t(11;14) 13 (27) 13 (100) 0

t(4;14) 2 (4) 0 2 (6)

t(14;16) 2 (4) 0 2 (6)

del(17p) 10 (20) 4 (31) 6 (17)

1q21 gain ($3 copies) 21 (43) 5 (39) 16 (44)

Hyperdiploid 11 (22) 2 (15) 9 (25)

Median time from diagnosis to treatment (range), months 37.4 (2.4-195.6) 37.7 (4.9-126.7) 34.7 (2.4-195.6)

Median no. of prior lines of therapy (range) 1 (1-3) 1 (1-2) 1 (1-3)

Refractory to last prior therapy, n (%) 42 (86) 9 (69) 33 (92)

Prior stem cell transplantation, n (%) 25 (51) 3 (23) 22 (61)

Prior exposure to PI, n (%) 47 (96) 12 (92) 35 (97)

Refractory to PI 28 (57) 9 (69) 19 (53)

Prior exposure to IMiD, n (%) 44 (90) 10 (77) 34 (94)

Refractory to IMiD 35 (71) 9 (69) 26 (72)

Prior exposure to PI1IMiD, n (%) 42 (86) 9 (69) 33 (92)

Double refractory 22 (45) 6 (46) 16 (44)

BCL-2 expression (IHC), n/n (%)‡

High 26/28 (93) 7/7 (100) 19/21 (90)

Low 2/28 (7) 0 2/21 (10)

BCL2 expression (qPCR), n/n (%)§

High 22/39 (56) 8/9 (89) 14/30 (47)

Low 17/39 (44) 1/9 (11) 16/30 (53)

IHC, immunohistochemistry; IMiD, immunomodulatory drug; qPCR, quantitative polymerase chain reaction.
*t(4;14), t(14;16), or del(17p).
†No high-risk cytogenetics present.
‡Baseline BM core biopsy samples from 28 patients were evaluable for BCL-2 protein expression by IHC. High expression was defined as $50% of tumor cells with a cytoplasmic intensity

score of $21 on a 0 to 31 intensity scale. Percentages exclude patients with missing data.
§Baseline BM aspirate samples from 39 patients were evaluable for BCL2 gene expression by qPCR. High expression was defined as previously described.20 Percentages exclude patients

with missing data.
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prognostic cytogenetic markers in MM. MRD was assessed in BM
aspirates by next-generation sequencing (supplemental Methods).
Patients with missing or unevaluable MRD status were considered
MRD1 according to international harmonization.21

Blood samples for PK assays were collected at specified time points
(supplemental Methods). Plasma concentrations were determined by
using liquid–liquid extraction and liquid chromatography with tandem
mass spectrometric detection.22

Statistical analyses

The data cutoff date was 14 February 2020. Safety, PK, and efficacy
analyses included all patients who received $1 dose of any of the
study drugs. Patients were required to have $1 postdose PK result
for inclusion in PK analyses. Continuous demographic data were sum-
marized, and frequencies and percentages were computed for cate-
gorical data. Plasma concentrations and PK parameter values of
venetoclax and carfilzomib were tabulated for each patient and dose
combination, and summary statistics were computed for each sam-
pling time and parameter. PK parameters were estimated using the

noncompartmental methods in Phoenix WinNonlin, version 6.4 (Cer-
tara USA, Inc, Princeton, NJ).

TEAEs were defined as those with onset on or after the first dose of
study drug until 30 days after the last date of venetoclax administration.
Serious AEs were defined as AEs that were life-threatening; resulted in
death, congenital abnormality, or persistent or significant disability or
incapacity; or requiredmedical or surgical intervention to prevent serious
outcome. Clinical responses were defined according to International
Myeloma Working Group criteria,23,24 per investigator assessment,
and confirmed by consecutive assessment. The ORR, $VGPR rate,
and CR or better ($CR) rate were calculated; the 95% confidence
interval (CI) was calculated by the Clopper-Pearson method. Time-to-
event end points, PFS, and DOR were censored at last adequate dis-
ease assessment for patients without events. Time-to-event end points
were analyzed using Kaplan-Meier product-limit methodology, and
median time-to-event and corresponding 95% CIs were estimated.

For exploratory subgroup analyses, the rates of ORR,$VGPR,$CR,
and MRD negativity (,1025) were compared between biomarker
subgroups. P-values were calculated with a 2-sample proportion
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Figure 1. Plasma concentration-time profiles. Venetoclax (A) and carfilzomib (B).
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test with Yates continuity correction, and 95% CIs were calculated
using the Clopper-Pearson method. HR and 95% CIs of PFS and
DOR were estimated with a Cox proportional hazards model that
included biomarker subgroups including t(11;14) vs non-t(11;14),
BCL2high vs BCL2low gene expression, MRD-positive vs MRD-
negative, and PI refractory vs IMiD refractory vs double refractory.
Median survival time and corresponding 95% CIs for each subgroup
were estimated by using the Kaplan-Meier product-limit method.

Results

Patients

A total of 49 patients were enrolled, including 20 patients in the 4
dose-finding cohorts and 29 in the expansion cohort (supplemental
Figure 1). Most patients received carfilzomib 70 mg/m2 (n 5 35;
71%), with fewer patients treated with 56 mg/m2 (n 5 7; 14%)
or 27 mg/m2 (n 5 7; 14%). The majority of patients received
800 mg venetoclax (n 5 45; 92%); only 4 (8%) patients received
400 mg venetoclax. The median age was 66 years (range, 37-79),
39 (80%) patients were White, 29 (59%) had ECOG performance
status of 1 or 2, 30 (61%) had International Staging System (ISS)
stage II or III disease, and all had received a median of 1 (range, 1-3)
prior line of therapy (Table 1). Most patients had prior exposure to a
PI (n5 47; 96%), IMiD (n5 44; 90%), or both (n5 42; 86%). One
patient had prior exposure to an anti-CD38 monoclonal antibody.
Forty-two (86%) patients were refractory to the last prior therapy,
with 28 (57%), 35 (71%), and 22 (45%) patients refractory to a
PI, IMiD, or both, respectively. Thirteen (27%) patients had high-
risk cytogenetic status, defined as the presence of t(4;14),
t(14;16), or del(17p). The t(11;14) translocation was detected in
13 (27%) patients, and baseline disease characteristics were gen-
erally similar, irrespective of t(11;14) status, although fewer patients
with t(11;14) had ISS stage II or III disease vs those without
t(11;14) (38% vs 69%). Baseline BM core biopsy samples from

28 patients were evaluable for BCL-2 protein expression; 26
(93%) had high protein expression ($50% tumor cells with $21
staining intensity). Baseline BM aspirate samples from 39 patients
were evaluable for determining BCL2 gene expression. A broad
range of BCL2 gene expression (range 22DCt, 0.0-2.3) was
observed, which generally correlated with BCL-2 protein expres-
sion (supplemental Figure 2).

Patients’ median time on study was 27.0 months (range, 11.4-36.5;
supplemental Table 2). As of the data cutoff, study treatment was
ongoing in 13 (27%) patients. Of 36 patients who withdrew, the pri-
mary reasons for discontinuation were progressive disease (n 5 18;
37%), withdrawal of consent (6; 12%), an AE (4; 8%), physician’s
decision (3; 6%), death (3; 6%), lack of efficacy (1; 2%), and other
(1; 2%). The median duration of venetoclax and carfilzomib exposure
was 9.2 months (range, 0.3-36.5) and 8.6 months (range, 0.5-18.0),
respectively. Dose reductions and interruptions are summarized in
supplemental Table 3.

PK

Venetoclax and carfilzomib PK profiles are shown in Figure 1. PK
parameters are summarized by dose cohort in Table 2. Peak veneto-
clax concentrations were attained 4 to 6 hours after the dose was
administered, whereas carfilzomib concentrations peaked at 0.4 to
1.3 hours after. Venetoclax half-life could not be estimated because
of the limited sampling after the time to maximum observed plasma
concentration was reached. Carfilzomib half-life was ,1 hour. Vene-
toclax exposures when coadministered with carfilzomib were compa-
rable to venetoclax exposures when coadministered with
bortezomib.14,25 Carfilzomib exposure at the 27 mg/m2 dose in com-
bination with venetoclax was similar to those in previous reports, but
exposure was lower than previously described at the 70 mg/m2

dose.26,27

Table 2. Venetoclax and carfilzomib PK parameters in the plasma

Cohort 1 Cohort 2 Cohort 3 Cohort 4

Venetoclax 400 mg1 Venetoclax 800 mg1 Venetoclax 800 mg1 Venetoclax 800 mg1
carfilzomib 27 mg/m

21 carfilzomib 27 mg/m21 carfilzomib 70 mg/m21 carfilzomib 56 mg/m21

dexamethasone 40 mg dexamethasone 40 mg dexamethasone 40 mg dexamethasone 40 mg

C1D1, n 5 4 C1D15, n 5 4 C1D1, n 5 2* C1D15, n 5 3 C1D1, n 5 6 C1D15, n 5 6 C1D1, n 5 3 C1D15, n 5 3

Venetoclax PK parameters

Tmax, h† 6.0 (4.0, 8.0) 4.0 (4.0, 6.0) 6.0, 24.0 6.0 (6.0, 8.0) 6.0 (6.0, 6.0) 6.0 (6.0, 8.0) 6.0 (4.0, 6.0) 6.0 (4.0, 6.0)

Cmax, mg/mL 1.57 (1.58, 9) 2.18 (2.47, 57) 0.505, 1.23 2.05 (2.59, 86) 0.915 (1.13, 68) 2.29 (2.69, 51) 1.42 (1.85, 88) 2.85 (2.94, 28)

AUC24, mg 3 h per mL 19.9 (19.9, 9) 30.2 (33.1, 54) 9.34, 16.7 31.7 (39.9, 86) 14.2 (15.2, 44)‡ 33.0 (39.3, 49) 20.8 (24.9, 77) 50.9 (52.5, 30)

Carfilzomib PK parameters n 5 4 n 5 3 n 5 3 n 5 3 n 5 5 n 5 6 n 5 3 n 5 3

Tmax, h† 0.58 (0.57, 0.70) 0.57 (0.55, 0.62) 0.58 (0.52, 0.58) 0.67 (0.58, 0.70) 0.55 (0.52, 0.75) 0.55 (0.27, 0.92) 0.52 (0.50, 0.53) 0.50 (0.50, 0.53)

Cmax, ng/mL 135 (384, 87) 501 (574, 67) 351 (368, 34) 455 (483, 42) 519 (661, 62) 852 (982, 50) 263 (377, 95) 429 (600, 97)

AUCinf, ng 3 h per mL 72.1 (166, 85) 212 (241, 65) 146 (155, 37) 209 (224, 47) 241 (294, 61) 381 (401, 29) 121 (160, 84) 247 (314, 89)

t1/2, h§ 0.67 (0.3) 0.75 (0.4) 0.55 (0.1) 0.63 (0.1) 0.58 (0.2) 0.98 (0.3) 0.70 (0.6) 0.83 (0.5)

Data are reported as geometric mean (arithmetic mean, %CV) unless otherwise specified.
AUC24, area under the plasma concentration-time curve over a 24-hour dose interval; AUCinf, AUC from time 0 to infinity; C1D1: cycle 1, day 1; C1D15: cycle 1, day 15; Cmax, maximum

observed plasma concentration; CV, coefficient of variation; t1/2, terminal elimination half-life; Tmax, time to Cmax.
*n 5 2; presented as individual values.
†Median (minimum, maximum).
‡n 5 4.
§Harmonic mean (pseudo standard deviation).
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Safety

No patients in any dose-finding cohort experienced DLTs. The study
doses of carfilzomib 70 mg/m2 on days 1, 8, and 15; venetoclax
800 mg daily; and dexamethasone 40 mg on days 1, 8, 15, and 22
were selected for further evaluation in an expansion cohort of 29
patients. This carfilzomib dose regimen was selected, in part, based
on findings from the CHAMPION-1 study27 and to provide conve-
nience of administration.

All patients experienced $1 TEAE (Table 3). The most common non-
hematologic TEAEs were diarrhea (65%), fatigue (47%), and nausea
(47%); the most prevalent hematologic TEAEs were lymphopenia
(35%) and thrombocytopenia (31%). Grade 3 or 4 TEAEs were
observed in 45 (92%) patients (Table 3). The most common grade 3
and 4 nonhematologic TEAEs were hypertension (16%) and pneumo-
nia (12%); the most prevalent hematologic TEAEs were lymphopenia
(31%), leukopenia (12%), and neutropenia (12%). Serious TEAEs
occurred in 26 (53%) patients; of those, pneumonia (7; 14%), influenza

(3; 6%), acute kidney injury (2; 4%), congestive cardiac failure (2; 4%),
and hypoxia (2; 4%) occurred in $1 patient. The most common any-
grade infections included upper respiratory tract infection (39%), sinus-
itis (20%), pneumonia (18%), and influenza (16%; supplemental Table
4). Pneumonia (12%) and influenza (6%) were among the most com-
mon grade 3 and 4 infections. Of the 4 (8%) patients who withdrew
from the study because of TEAEs, only 1 had an infection (influenza).
Other reasons included diverticulitis, non-ST–elevated myocardial
infarction with unstable angina, and decreased ejection fraction (n 5
1 each). Grade 3 and 4 cardiac disorders occurred in 4 (8%) patients,
and the only event reported in $1 patient was congestive cardiac fail-
ure (2; 4%). No grade 5 cardiovascular TEAEs occurred. One patient
with t(11;14) and 60% BM infiltration at screening experienced clinical
tumor lysis syndrome on cycle 1 day 2 after treatment with venetoclax
800 mg and carfilzomib 20 mg/m2. The patient was hospitalized and
received hydration and allopurinol. Elevations in aspartate aminotrans-
ferase, lactate dehydrogenase, uric acid, and creatinine normalized,
and treatment resumed 4 days later.

Patients at risk
All patients

Patients at risk
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Figure 2. Progression-free survival. All patients (A) and patients by t(11;14) status (B).

12 OCTOBER 2021 • VOLUME 5, NUMBER 19 PHASE 2 STUDY OF VenKd IN RELAPSED/REFRACTORY MM 3753



Five deaths occurred (supplemental Results). Two grade 5 infections
occurred: non–treatment-emergent pulmonary aspergillosis in a
patient with t(11;14) and treatment-emergent influenza B in a patient
without t(11;14). Two additional treatment-emergent deaths were
reported: 1 of respiratory arrest and 1 of unexplained cause, with rea-
sonable possibility of being carfilzomib-related. Last, a patient died of

non–treatment-emergent disease progression that occurred $30
days after the last dose of the study treatment.

Efficacy

The ORR ($PR) was 80% (95% CI, 66-90), the $VGPR rate was
65% (95% CI, 50-78), the $CR rate was 41% (95% CI, 27-56),
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and the MRD negativity (,1025) rate was 12% among all patients
(Table 4). With a median follow-up of 27 months (range, 11.4-
36.5), 19 patients experienced PFS events including 14 with disease
progression and 5 deaths. Median PFS was 22.8 months (95% CI,
12.4-not estimable [NE]) for all patients (Figure 2A), with the esti-
mated 2-year PFS rate of 50% (95% CI, 29-68). A trend toward
improved PFS was observed among patients who becameMRD neg-
ative vs those who did not (hazards ratio [HR], 0.21; 95% CI, 0.03-
1.62;P5 .101). Median time to first responsewas 1.8months (range,
0.9-14.3). Median TTPwas 24.6months (95%CI, 12.9-NE), with esti-
mated 2-year TTP rate of 56% (95% CI, 33-74). Median DOR was
19.7 months (95% CI, 13.1-NE; Table 4; supplemental Figure 3).
Best response, time on study, and status (ie, refractory, sensitive,
and naïve) to prior therapy (ie, PIs, IMiDs, daratumumab, and chemo-
therapy) are shown for all patients in Figure 3.

Patients with t(11;14) and without achieved ORRs of 92% (95%
CI, 62-100) and 75% (95%CI, 58-87), respectively,$VGPR rates
of 85% (95% CI, 54-97) and 58% (95% CI, 41-74), $CR rates of
54% (95% CI, 26-80) and 36% (95% CI, 21-54), and MRD neg-
ativity (,1025) rates of 15% (95% CI, 2.7-46.3) and 11% (95%
CI, 3.6-27.0; Table 4). Generally, greater ORRs were observed
in patients with t(11;14) vs without, irrespective of ISS stage,
although the limited sample size precludes meaningful conclusions
(supplemental Table 5). In patients with t(11;14) and those with-
out, median PFS was 24.8 months (95% CI, 8.1-NE) and 22.8
months (95% CI, 9.5-NE), respectively (Figure 2A). The median
time to first response was 1.9 months (range, 1.0-13.8) in patients
with t(11;14) and 1.7 months (range, 0.9-14.3) in patients without.
Median TTP was not reached (95% CI, 12.4-NE) in the t(11;14)
subgroup but was 22.8 months (95% CI, 9.5-NE) in the non-
t(11;14) subgroup, with estimated 2-year TTP rates of 79%
(95% CI, 37-95) and 44% (95% CI, 15-69), respectively. Median
DOR was not reached in patients with t(11;14) and was 16.4
months (95% CI, 9.2-NE) in patients without (Table 4; supplemen-
tal Figure 3). Of the 5 t(11;14) patients who remained on study for
.24 months, all achieved a best response of $CR and 4 had
ongoing responses as of data cutoff (Figure 3).

BCL2 gene expression was defined as high in 22 patients. Higher
ORR, $VGPR rate, and MRD negativity rate were observed in
BCL2high patients compared with those of BCL2low patients
(Table 4). In BCL2high and BCL2low patients, median PFS was
24.7 months (95% CI, 9.0-NE) and 22.8 months (95% CI, 3.7-NE),
respectively. Furthermore, 27 patients had t(11;14) or BCL2high

gene expression (n 5 1 with t(11;14) only; n 5 4 with t(11;14)
who were not evaluable for BCL2; n 5 14 with BCL2high only; n 5

8 with both t(11;14) and BCL2high). In this combined subgroup,
ORR was 85% (95% CI, 65.4-95.1), $VGPR rate was 78% (95%
CI, 57.3-90.6), $CR rate was 41% (95% CI, 23.0-61.0), and MRD
negativity (,1025) rate was 15% (95% CI, 4.9-34.6). The median
PFS was 24.7 months (95% CI, 12.4-NE).

Patients who were PI, IMiD, or double refractory achieved comparable
ORRs,$VGPR rates,$CR rates, and MRD negativity (,1025) rates
(Table 4).

Discussion

Therapeutic advances in RRMM have been paralleled by advances in
molecular technologies that have increased understanding of MM ini-
tiation and progression.28 Clinical heterogeneity in MM can be attrib-
uted, in part, to the molecular variation evidenced among patients,
which results in variable outcomes.29,30 Consequently, patient out-
comes may be enhanced through biomarker-driven, personalized
treatment strategies.28,30 In MM, BCL-2 dependency varies between
patients.31,32 Patients with t(11;14) are characterized by greater BCL-
2 expression vs other subgroups, resulting in increased BCL-2 depen-
dency and therefore sensitivity to venetoclax.31-33 Preferential BCL-2
dependency and BCL-2 family member expression among patients
with MM may represent an avenue for personalized medicine. Thera-
peutic efficacy of venetoclax in RRMM may be potentiated though
treatment strategies that combine venetoclax with other agents that
increase BCL-2 dependency. One combinatorial approach was inves-
tigated in this phase 2 study with the triplet combination of VenKd for
adults with RRMM.

Table 3. Summary of TEAEs

TEAE by preferred term*

All patients n (%) (N 5 49)

Any grade Grade $3

Any TEAE 49 (100) 45 (92)

Nonhematologic TEAEs

Diarrhea 32 (65) 5 (10)

Fatigue 23 (47) 3 (6)

Nausea 23 (47) 2 (4)

Upper respiratory tract infection 19 (39) 0

Dyspnea 17 (35) 3 (6)

Insomnia 17 (35) 5 (10)

Cough 16 (33) 0

Vomiting 14 (29) 3 (6)

Hypertension 13 (27) 8 (16)

Dyspepsia 12 (24) 0

Edema peripheral 12 (24) 0

Headache 10 (20) 0

Hypocalcemia 10 (20) 0

Hypokalemia 10 (20) 1 (2)

Sinusitis 10 (20) 0

Abdominal pain 9 (18) 0

Hypophosphatemia 9 (18) 5 (10)

Pneumonia 9 (18) 6 (12)

Hyperglycemia 8 (16) 3 (6)

Hypomagnesemia 8 (16) 0

Influenza 8 (16) 3 (6)

Hematologic TEAEs

Lymphopenia† 17 (35) 15 (31)

Thrombocytopenia‡ 15 (31) 4 (8)

Neutropenia§ 11 (22) 6 (12)

Leukopeniajj 11 (22) 6 (12)

Anemia 9 (18) 4 (8)

*TEAEs presented are those occurring in $15% of patients for any grade or in $10% of
patients for grades 3 and 4.
†Includes decreased lymphocyte count.
‡Includes decreased platelet count.
§Includes decreased neutrophil count.
jjIncludes decreased white blood cell count.
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To our knowledge, ours is the first study to date to use this combina-
tion. No unexpected changes in PK parameters were observed, and
the maximum tolerated dose was not reached. This regimen was
well tolerated, and no new or unexpected safety signals were
reported. In the BELLINI study, a randomized, double-blind, phase 3
study of venetoclax plus bortezomib/dexamethasone vs placebo
plus bortezomib/dexamethasone, higher rates of death and
infection-related death were observed in the venetoclax with bortezo-
mib/dexamethasone arm, and increased mortality was observed in
patients without t(11;14) and with low BCL2 expression.20 Given
the BELLINI findings, antibiotic prophylaxis was implemented in our
study in March 2019, at which time enrollment for dose-escalation
had ended and was ongoing for expansion. Notably, rates of infection
in this study (supplemental Table 4) were similar to those observed in
patients treated with venetoclax monotherapy.13 No differences were
noted with respect to treatment-emergent deaths in patients, based
on t(11;14) status or BCL2 expression.

The safety profile observed in this study was generally consistent with
that observed in clinical studies of patients with RRMM treated with
carfilzomib monotherapy, in combination with dexamethasone, and
the triplet combination of carfilzomib, dexamethasone, and daratumu-
mab.16,26,27,34-37 Similar rates of infection were observed in this study
compared with those of carfilzomib combination therapies.16,27,34,35

The safety profile of carfilzomib differs from that of its first-
generation predecessor, bortezomib, particularly with respect to car-
diovascular AEs.36,38 Rates of grade $3 cardiac failure were similar
in this study vs carfilzomib combination studies.16,27,34,39 Although
rates of cytopenia were higher vs carfilzomib combination

studies,16,27,34,35 this finding was not unexpected, given the veneto-
clax AE profile.13,20 Collectively, these findings suggest that, apart
from the expected slight increase in cytopenias given the venetoclax
profile, the addition of venetoclax to carfilzomib and dexamethasone
may not result in added toxicity.

The study combination demonstrated promising, durable response
rates, including MRD negativity, in a refractory patient population.
Nearly all patients had received prior treatment with PI, IMiD, or
both, and 57%, 71%, and 45% of patients, respectively, were refrac-
tory to these agents. Only 1 patient had prior exposure to daratumu-
mab, which was not unexpected. Patients who were PI, IMiD, or
double refractory achieved ORR, $VGPR rates, and $CR rates
that were similar to those observed in all patients. Further, the sensi-
tivity of MM cells to venetoclax has been shown to correlate closely
with the presence of the t(11;14) translocation,40 which increases
the dependency of malignant cells on BCL-2 for survival.13,40 In pre-
vious venetoclax monotherapy and combination therapy studies,
improved responses to venetoclax were observed in patients with
t(11;14) RRMM.13,14,20 Accordingly, in this study, patients with
t(11;14) received the most benefit (although the sample size of this
subgroup was limited), and of note, a greater proportion of patients
with t(11;14) harbored concurrent high-risk cytogenetic abnormalities,
including del(17p). Recently, Black or African American patients with
t(11;14) MMwere shown to have inferior outcomes vsWhite patients
with t(11;14) MM.41-43 Notably, Black patients with MM are less likely
to receive triplet therapies or frontline stem cell transplantation,43 the
latter of which improves survival in patients with t(11;14).42 The limited
number of Black or African American patients enrolled in this study, of

Table 4. Response rates and MRD negativity rates in all patients and key patient subgroups

Characteristic

All patients

(N 5 49) t(11;14) (n 5 13)

Non-t(11;14)

(n 5 36)

BCL2 gene expression Prior therapy

High (n 5 22) Low (n 5 17) PI refractory (n 5 28)

IMiD refractory

(n 5 35)

PI and IMiD

refractory

(n 5 22)

ORR ($PR) 39 (80) 12 (92) 27 (75) 19 (86) 11 (65) 24 (86) 29 (81) 18 (82)

$VGPR 32 (65) 11 (85) 21 (58) 17 (77) 8 (47) 20 (71) 23 (64) 15 (68)

$CR 20 (41) 7 (54) 13 (36) 9 (41) 8 (47) 13 (46) 15 (42) 10 (45)

Best overall

response

sCR 7 (14) 2 (15) 5 (14) 2 (9) 5 (29) 5 (18) 6 (17) 4 (18)

CR 13 (27) 5 (38) 8 (22) 7 (32) 3 (18) 8 (29) 9 (25) 6 (27)

VGPR 12 (24) 4 (31) 8 (22) 8 (36) 0 7 (25) 8 (22) 5 (23)

PR 7 (14) 1 (8) 6 (17) 2 (9) 3 (18) 4 (14) 6 (17) 3 (14)

MR 1 (2) 1 (8) 0 0 0 0 1 (3) 0

SD 5 (10) 0 5 (14) 2 (9) 3 (18) 2 (7) 3 (8) 2 (9)

PD 0 0 0 0 0 0 0 0

Not evaluable 4 (8) 0 4 (11) 1 (5) 3 (18) 2 (7) 3 (8) 2 (9)

MRD

,1024 9 (18) 4 (31) 5 (14) 7 (32) 2 (12) 6 (21) 7 (20) 5 (23)

,1025 6 (12) 2 (15) 4 (11) 4 (18) 2 (12) 3 (11) 4 (11) 2 (9)

,1026 2 (4) 1 (8) 1 (3) 2 (9) 0 1 (4) 1 (3) 1 (5)

Median DOR
(95% CI), mo

19.7 (13.1-NE) NR (9.6-NE) 16.4 (9.2-NE) 23.8 (19.8-NE) 16.4 (13.2-NE) 19.7 (9.2-NE) 16.4 (9.6-NE) NR (9.2-NE)

Data are expressed as the number (percentage of study group), unless otherwise specified.
BCL2, B-cell lymphoma 2 gene; MR, minimal response; NR, not reached; PD, progressive disease; PR, partial response; sCR, stringent CR; SD, stable disease.
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which only 3 had t(11;14), precludes assessment of outcomes by
race and supports the observed underrepresentation of racial minori-
ties in cancer trials in general.44,45

Further, patients with high vs low BCL2 gene expression and patients
with t(11;14) and/orBCL2high gene expression vs all patients showed
greater benefit in ORR and $VGPR rate. These findings are sup-
ported by the BELLINI study, where patients with t(11;14) and/or
BCL2high gene expression had a more favorable risk-benefit profile
compared with patients with non-t(11;14) and BCL2low gene expres-
sion.20 Collectively, these data suggest that a biomarker-driven
approach may be appropriate for venetoclax in MM.

Although this study was limited by lack of a randomized design and not-
withstanding limitations inherent with cross-trial comparisons, the
observed responses compare favorably with those reported in clinical
studies of pomalidomide with bortezomib, carfilzomib with dexametha-
sone, or the triplet combination of carfilzomib, dexamethasone, and dar-
atumumab.16,20,27,34,35,46 The patient population in this study was
generally similar to that treated with pomalidomide, bortezomib, and
dexamethasone in OPTIMISMM, a randomized phase 3 study, with a
few exceptions.46 Specifically, more patients with ISS stage II or III dis-
ease were enrolled in this study than in OPTIMISMM (61% vs 47%),
had been exposed to fewer prior lines of therapy (median 1 vs 2), and
had substantially more PI refractory patients (57% vs 13%).46 Whereas
ORRs were similar in this study vs OPTIMISMM (80% vs 82%), a
greater proportion of patients achieved $CR (41% vs 16%) and PFS
was doubled (22.8 months vs 11.2 months), despite enrollment of �4
times greater PI-refractory patients in our study.46 Responses also com-
pare favorably with those of randomized clinical studies of carfilzomib
combination therapies that included patients refractory to PIs or
IMiDs.16,27,34,35ORRwas similar in this study vs carfilzomib combination
studies16,27,34,35 (80% vs 63% to 84%), but$CR rate (41% vs 7% to
29%) and median PFS were greater (22.8 months vs 11.2-18.7
months). Notably, because this was a dose-escalation study, some
patients may have received suboptimal doses of carfilzomib and veneto-
clax. Nevertheless, the durable responses reported herein warrant fur-
ther investigation in prospective clinical studies.

In summary, the combination of VenKd was well tolerated and had
promising efficacy in patients with RRMM, many of whom had prior
exposure to PIs and/or IMiDs, irrespective of t(11;14) status. These
findings support the use of venetoclax in novel combinations for
RRMM. The strong preliminary responses observed in patients with
t(11;14) highlight the utility of venetoclax as a biomarker-driven treat-
ment of this patient population. To further evaluate study combination
in this key patient subgroup, the study plans to call for enrollment of
�65 patients with t(11;14) in an expansion cohort. Patients will be

randomly assigned to VenKd vs carfilzomib and dexamethasone.
The expansion cohort may deepen understanding of the utility of ven-
etoclax as a biomarker-driven therapy in patients with t(11;14) RRMM.
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