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abstract

PURPOSE Venetoclax is an oral BCL-2 inhibitor with single-agent activity in patients with relapsed or refractory
multiple myeloma (RRMM) with t(11;14) translocation. Venetoclax efficacy in RRMM may be potentiated
through combination with agents including bortezomib, dexamethasone, and daratumumab.

METHODS This phase I study (NCT03314181) evaluated venetoclax with daratumumab and dexamethasone
(VenDd) in patients with t(11;14) RRMM and VenDd with bortezomib (VenDVd) in cytogenetically unselected
patients with RRMM. Primary objectives included expansion-phase dosing, safety, and overall response rate.
Secondary objectives included further safety analysis, progression-free survival, duration of response, time to
progression, and minimal residual disease negativity.

RESULTS Forty-eight patients were enrolled, 24 each in parts 1 (VenDd) and 2 (VenDVd). There was one dose-
limiting toxicity in part 1 (grade 3 febrile neutropenia, 800 mg VenDd). Common adverse events with VenDd and
VenDVd included diarrhea (63% and 54%) and nausea (50% and 50%); grade $ 3 adverse events were
observed in 88% in the VenDd group and 71% in the VenDVd group. One treatment-emergent death occurred in
part 2 (sepsis) in the context of progressive disease, with no other infection-related deaths on study with medians
of 20.9 and 20.4 months of follow-up in parts 1 and 2, respectively. The overall response rate was 96% with
VenDd (all very good partial response or better [$ VGPR]) and 92%with VenDVd (79%$ VGPR). The 18-month
progression-free survival rate was 90.5% (95% CI, 67.0 to 97.5) with VenDd and 66.7% (95% CI, 42.5 to 82.5)
with VenDVd.

CONCLUSION VenDd and VenDVd produced a high rate of deep and durable responses in patients with RRMM.
These results support continued evaluation of venetoclax with daratumumab regimens to treat RRMM, par-
ticularly in those with t(11;14).
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INTRODUCTION

Multiple myeloma (MM) is a heterogenous plasma cell
dyscrasia that varies in clinical presentation, respon-
siveness to therapy, and underlying cytogenetic abnor-
malities. Despite the introduction of novel therapeutic
options, most patients will relapse and become refractory
to available therapies.1-4 Regimens combining drugs with
synergistic or additive mechanisms of action are key to
controlling MM, which has a high degree of clonal
heterogeneity that contributes to disease progression,
resistance to treatment, and relapse.5-8 To maximize
treatment outcomes, it is critical that patients receive
optimal treatment throughout their disease course;

however, there is currently no guidance on an optimal
choice of therapy for individual patients.

Evasion of apoptosis and resistance to anticancer
drugs in MM can be driven by prosurvival proteins,
including BCL-2, BCL-XL, and MCL-1.9,10 MM cells
have variable dependence on these prosurvival pro-
teins, and cells harboring the t(11;14) translocation
have an increased dependency on BCL-2 for
survival.11-13 Venetoclax is a highly selective, oral BCL-
2 inhibitor that has activity against MM, particularly in
the presence of t(11;14),14 which has been identified
as a predictive biomarker for venetoclax activity.15

Venetoclax activity may be enhanced by combination
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with agents that increase BCL-2 dependency. Bortezomib
and dexamethasone increase sensitivity to venetoclax by
driving BCL-2 dependency through upregulation of NOXA
and shifting BIM loading to BCL-2, respectively.16-18 In phase
I studies, venetoclax monotherapy and venetoclax with
dexamethasone and bortezomib have yielded promising
activity in patients with relapsed or refractory multiple my-
eloma (RRMM) with and without t(11;14).14,19

The emergence of treatment-resistant subclones with
novel genomic alterations or differential oncogenic de-
pendencies is a feature of relapse in MM.20 Elimination of
resistant subclones that may arise because of selective
pressure from venetoclax treatment is necessary for op-
timal treatment outcomes. The CD38 monoclonal anti-
body daratumumab promotes MM cell death through
immune-mediated mechanisms, including complement-
dependent cytotoxicity, antibody-dependent cellular cy-
totoxicity, antibody-dependent cellular phagocytosis with
expansion of clonal effector T cells, and reduction of
regulatory T cells and, therefore, could eliminate emer-
gent resistant subclones.21 Additionally, BCL-2 inhibition
with venetoclax was demonstrated to enhance adaptive
immunity by increasing the proportion of CD41 and
CD81 effector memory cells (TEM and TEMRA) in the
blood of healthy volunteers and in intratumoral xeno-
grafted mice and by augmenting the efficacy of immune
checkpoint blockade.22

This study evaluated venetoclax with daratumumab and
dexamethasone (VenDd) in patients with t(11;14) RRMM
and VenDd with bortezomib (VenDVd) in cytogenetically
unselected patients with RRMM. The current trial exam-
ined the effects of selected therapeutics against defined

molecular targets with the aim of developing a precision
medicine strategy for the treatment of defined RRMM
subgroups.

METHODS

Study Design and Conduct

The phase I portion of this multicenter, dose-escalation and
dose-expansion study enrolled patients in 17 sites in the
United States, Australia, Canada, Denmark, and France
(NCT03314181). VenDd was evaluated in patients with
t(11;14) RRMM in part 1, and VenDVd was evaluated in
cytogenetically unselected patients with RRMM in part 2
(Data Supplement, online only). Dose escalation was based
on a Bayesian optimal interval design, and dose-limiting
toxicities (DLTs) were assessed to identify an optimal
expansion-phase dose. The study was approved by the
Institutional Review Board or Ethics Committee at each
participating center; all patients provided written informed
consent. The study was performed in accordance with the
Declaration of Helsinki and with the current International
Conference on Harmonisation and Good Clinical Practice
guidelines. The data cutoff date was October 16, 2020.

Patients

Both parts enrolled patients age $ 18 years with RRMM
and with documented evidence of progression per Inter-
national Myeloma Working Group (IMWG) criteria23,24

during or after their last treatment regimen. Patients had
an Eastern Cooperative Oncology Group performance
status of # 2, acceptable laboratory parameters, and
measurable disease confirmed by central laboratory at
screening. Patients in part 1 had t(11;14) as determined by

CONTEXT

Key Objective
Venetoclax has shown meaningful clinical activity in relapsed or refractory multiple myeloma (RRMM), particularly in the

presence of t(11;14), which may be enhanced by combination with agents that increase BCL-2 dependency or eliminate
BCL-2–independent subclones. This study evaluated venetoclax with daratumumab and dexamethasone (VenDd) in
patients with t(11;14) RRMM and VenDd with bortezomib (VenDVd) in patients with cytogenetically unselected RRMM.

Knowledge Generated
VenDd and VenDVd demonstrated tolerable safety and very encouraging efficacy in patients with RRMMwith approximately

20 months of follow-up. A notably high rate of deep and durable responses was observed with VenDd in heavily
pretreated patients with t(11;14).

Relevance (S. Lentzsch)
VenDd and VenDVd demonstrated high efficacy in RRMM with t(11;14), highlighting the utility of a biomarker-driven

treatment. Given the data of the BELLINI Trial (Lancet Oncol 21:1630-1642, 2020), randomized clinical trials are needed
to evaluate whether venetoclax combined with daratumumab for RRMM carrying t(11;14) leads to a significantly better
progression-free survival and overall survival but moreover has no detrimental effects on overall survival.*

*Relevance section written by JCO Associate Editor Suzanne Lentzsch, MD, PhD.

Journal of Clinical Oncology 3603

Phase I Study of VenDd and VenDVd in Relapsed or Refractory MM

https://www.clinicaltrials.gov/ct2/show/NCT03314181


fluorescence in situ hybridization (FISH) and must have
received $ 1 prior lines of therapy including a proteasome
inhibitor (PI) and an immunomodulatory imide drug (IMiD).
Patients in part 2 must have received one to three prior
lines of therapy and could not be refractory to PIs. Full
enrollment criteria are listed in the study Protocol (online
only).

Treatments and Assessments

For dose escalation, patients received venetoclax once daily
at 400 mg. Upon determination of acceptable safety after
cycle 1, additional patients were enrolled to receive once-
daily 800mg venetoclax. VenDd was administered in 28-day
cycles. Daratumumab was initially given intravenously (IV;
16 mg/kg) but the Protocol was later amended to deliver
daratumumab subcutaneously (SC; 1,800 mg). Dar-
atumumab was given weekly for the first two cycles, every
2 weeks for cycles 3-6, then every 4 weeks thereafter.
Dexamethasone was given at 40mgweekly; dose reductions
to 20 mg were allowed for those who were underweight
or $ 75 years old. Dexamethasone was administered IV for
the first dose and IV or orally for subsequent doses. VenDVd
was administered in 21-day cycles for cycles 1-8 and 28-day
cycles thereafter. Daratumumab was given as above weekly
for the first three cycles, every 3 weeks for cycles 4-8, and
every 4 weeks thereafter. Dexamethasone was given at
20 mg on days 1, 2, 4, 5, 8, 9, 11, 12, and 15 of cycles 1-3;
days 1, 2, 4, 5, 8, 9, 11, and 12 of cycles 4-8; and 40 mg
weekly thereafter. Bortezomib was administered at 1.3 mg/
m2 SC (preferred) or IV on days 1, 4, 8, and 11 of cycles 1-8
(Data Supplement). Per Protocol amendment, antibiotic
prophylaxis was mandated for patients receiving venetoclax
with bortezomib. For all other patients, anti-infective pro-
phylaxis and granulocyte colony-stimulating factor were
recommended per institutional guidelines; granulocyte
colony-stimulating factor could not be used during cycle 1.
Patients could receive immunoglobulin replacement therapy
per institutional guidelines. See the Data Supplement for
details of anti-infective prophylaxis.

FISH analysis at screening was performed on CD138-
enriched bone marrow aspirates to assess t(11;14) and
known prognostic cytogenetic markers in MM. High-risk
cytogenetics was defined as the presence of t(4;14), t(14;
16), or del(17p). The threshold for determining positivity by
FISH per central laboratory testing was based on the ana-
lytical cutoff determined for each probe (t(11;14),$ 2%; t(4;
14),$ 3%; t(14;16),$ 4%; and del(17p),$ 9%). DLTs for
dose finding were determined during cycle 1; adverse events
(AEs) occurring following cycle 1 may also be considered
DLTs (Protocol). Survival information (alive or deceased; if
deceased, the date and cause of death) was collected every
12 weeks6 2 weeks until death, loss of follow-up, withdrawn
consent, a time period of 18 months after the study’s last
patient’s first dose, or study termination. Disease assess-
ments were performed per IMWG criteria23,24 within 7 days of
day 1, cycle 1, and day 1 of all cycles thereafter. Minimal

residual disease (MRD) was assessed in bone marrow as-
pirates by next-generation sequencing in patients at the time
of suspected complete response (CR) or stringent CR (sCR),
and at 6- and 12-month postconfirmation of CR or sCR.
Patients with missing or unevaluable MRD status were
considered MRD-positive. Blood samples for venetoclax
pharmacokinetics in dose escalation were collected predose,
and 2, 4, 8, and 24 hours postdose on day 2 of cycle 1 and on
day 1 of cycle 2. Additional predose blood samples were
collected on day 1 of cycles 3, 7, and 12.

Outcomes

The primary objectives were to evaluate the safety and
tolerability of VenDd and VenDVd during dose escalation,
determine the expansion-phase dose, and further evaluate
the safety and preliminary efficacy during dose expansion.
Efficacy end points included response rates (overall re-
sponse rate [ORR defined as$ partial response], very good
partial response or better [$ VGPR], and CR or better
[$ CR]) per IMWG criteria,23,24 progression-free survival
(PFS), time to progression (TTP), time to response (TTR),
duration of response (DOR), andMRD-negative rate (1025).
Exploratory analyses of MRD negativity at 1024 and 1026

thresholds were also performed. Venetoclax pharmacoki-
netics was a secondary objective.

Statistical and Pharmacokinetic Analyses

This was a hypothesis-generating study, and the sample size
was determined on the basis of safety assessments. If the
true AE rate is 10%, then there is a 92.8% chance of ob-
serving at least 1 AE with enrollment of 25 patients in each of
the two parts. The primary efficacy end points for parts 1 and
2 were ORR, $ VGPR rate, and $ CR rate. Response rates
were summarized using descriptive statistics with point
estimates. Patients were evaluable for disease assessment
from the first dose of study treatment until disease pro-
gression, start of a new MM therapy, or death, whichever
occurred first. Descriptive statistics for PFS, TTP, TTR, DOR,
and overall survival (OS) were summarized with 95% CIs
using Kaplan-Meier methodology. Patients were evaluable
for time-to-event end points from the first dose of study
treatment until the occurrence of disease progression or
death, whichever occurred first. Censoring was conducted
per the statistical analysis plan for the study. Treatment-
emergent adverse events (TEAEs), defined as occurring
within 30 days following cessation of treatment, were
summarized using the Medical Dictionary for Regulatory
Activities and graded by severity per the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.03. All patients who received at least one dose of
study treatment were included in safety and efficacy ana-
lyses. Pharmacokinetic parameters were determined using
noncompartmental methods, including maximum observed
plasma concentration (Cmax), time to Cmax (peak time, Tmax),
and area under the plasma concentration-time curve over a
24-hour dose interval (AUC24).
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RESULTS

Patient Demographics, Baseline Characteristics,

and Disposition

Forty-eight patients were enrolled between April 17, 2018,
and March 14, 2019, including 24 patients with t(11;14)
RRMM in part 1 (VenDd) and 24 cytogenetically unselected
patients with RRMM in part 2 (VenDVd). In part 1, patients
had a median age of 63 years (range, 51-76), 14 patients
(58%) had International Staging System stage II or III disease,
and patients had received a median of 2.5 (range, 1-8) prior
lines of therapy (Table 1). In part 2, patients had amedian age

of 64 years (range, 41-80), 14 patients (58%) had Interna-
tional Staging System stage II or III disease, and patients had
received a median of 1 (range, 1-3) prior line of therapy.

In part 1, 11 patients were enrolled in the dose-escalation
cohort, and five received 400 mg venetoclax. Nine patients
were enrolled in the dose-escalation cohort in part 2, and 4
received 400 mg venetoclax. The expansion-phase dose of
venetoclax in both parts was 800 mg. The median time on
study was 20.9 months (range, 19.2-30.0) in part 1 and
20.4 months (range, 6.3-25.7) in part 2 (Data Supplement).
Eight patients in part 1 (33%) and six in part 2 (25%) had
venetoclax dose reductions because of AEs (Data Supple-
ment). Six patients (25%) in part 1 discontinued venetoclax,
and the reasons included AEs (n5 1, melanoma), withdrawn
consent (n 5 2), progressive disease (n 5 2), and opting for
autologous transplantation (n 5 1). In part 2, 12 patients
(50%) discontinued venetoclax, and the reasons included
AEs (n 5 3, one instance each of knee pain, cognitive dis-
turbance, and treatment-related nausea and abdominal pain),
withdrawn consent (n5 2), and progressive disease (n5 7).

Safety

Themost common TEAEs were fatigue, diarrhea, nausea, and
insomnia (Table 2). Grade$ 3 TEAEs occurred in 21 patients
(88%) treated with VenDd and 17 patients (71%) treated with
VenDVd; the most common were hypertension and insomnia
with VenDd and VenDVd, respectively (Table 2). There were
no reports of tumor lysis syndrome. One DLT was observed,
grade 3 febrile neutropenia, which resolved within 4 days of
onset (800mg VenDd). Grade$ 3 neutropenia was observed
in five patients (21%) treated with VenDd and one patient
(4%) treated with VenDVd. Peripheral neuropathy occurred in
one patient (4%) treated with VenDd and 10 patients (42%)
treated with VenDVd. Twenty-three patients (96%) in the
VenDd arm and 15 patients (63%) in the VenDVd arm ex-
perienced an infection, with grade$ 3 infections in six (25%)
and five patients (21%), respectively. The most common
infection was upper respiratory tract infection in nine patients
(38%) treatedwith VenDd and five patients (21%) treatedwith
VenDVd, although all but one (VenDVd arm) were grade 1 or 2
(Data Supplement). Serious TEAEs occurred in 13 patients
(54%) and eight patients (33%) treated with VenDd and
VenDVd, respectively (Data Supplement). No deaths were
reported with VenDd. There was one treatment-emergent
death in a patient with t(11;14) treated with 400 mg
VenDVd who died from sepsis while in hospice care 3 weeks
after discontinuing treatment because of disease progression
and therefore was not treatment-related.

Efficacy

The median study follow-up time was approximately
21 months (range, 19-30) for patients treated with VenDd
and approximately 21.5 months (range, 19-26) for patients
treated with VenDVd. Twenty-three patients (96%; 95% CI,
78.9 to 99.9) treated with VenDd and 22 patients (92%;
95% CI, 73.0 to 99.0) treated with VenDVd achieved a

TABLE 1. Patient Demographics and Baseline Characteristics

Characteristic

Part 1
t(11;14) VenDd

(n 5 24)

Part 2
VenDVd
(n 5 24)

Median age, years (range) 63 (51-76) 64 (41-80)

ECOG performance status, No. (%)

0 13 (54) 16 (67)

1 11 (46) 7 (29)

2 0 1 (4)

ISS stage, No. (%)

I 7 (29) 9 (38)

II and III 14 (58) 14 (58)

Not evaluable or unknown 3 (13) 1 (4)

Cytogenetic abnormalities,a No. (%)

t(11;14) 24 (100) 6 (25)

t(4;14) 0 (0) 0 (0)

t(14;16) 0 (0) 1 (4)

del(17p) 1 (4) 3 (13)

gain(1q) ($ 3 copies) 9 (38) 1 (4)

Hyperdiploidb 3 (13) 2 (8)

High riskc 1 (4) 4 (17)

No. of prior lines of therapy, median (range) 2.5 (1-8) 1 (1-3)

Prior autologous stem-cell transplantation,
No. (%)

15 (63) 12 (50)

Prior PI, No. (%) 24 (100) 22 (92)

Refractory to prior PI 11 (46) 0 (0)

Prior IMiD, No. (%) 24 (100) 17 (71)

Refractory to prior IMiD 17 (71) 8 (33)

Prior PI plus IMiD, No. (%) 24 (100) 15 (63)

Refractory to prior PI plus IMiD 10 (42) 0 (0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; FISH, fluorescence
in situ hybridization; IMiD, immunomodulatory imide drug; ISS, International
Staging System; PI, proteasome inhibitor; VenDd, venetoclax 1 daratumumab
1 dexamethasone; VenDVd, venetoclax 1 daratumumab 1 bortezomib 1

dexamethasone.
aCytogenetic assessments performed by FISH.
bGain in chromosome 5, 9, or 15.
cHigh-risk cytogenetics was defined as the presence of t(4;14), t(14;16), or 17p

deletion.
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TABLE 2. Most Common Any Grade and Grade 3 and 4 TEAEs

TEAEs by Preferred Term

Part 1
t(11;14) VenDd

(n 5 24)

Part 2
VenDVd
(n 5 24)

Any Grade Grade ‡ 3 Any Grade Grade ‡ 3

Any TEAE, No. (%) 24 (100) 21 (88) 24 (100) 17 (71)

Nonhematologic TEAEs,a No. (%)

Fatigue 17 (71) 2 (8) 6 (25) 1 (4)

Diarrhea 15 (63) 2 (8) 13 (54) 2 (8)

Nausea 12 (50) 1 (4) 12 (50) 0 (0)

Insomnia 10 (42) 1 (4) 13 (54) 6 (25)

Cough 9 (38) 0 (0) 3 (13) 0 (0)

Arthralgia 7 (29) 0 (0) 6 (25) 1 (4)

Dyspnea 7 (29) 1 (4) 5 (21) 0 (0)

Hypertension 8 (33) 4 (17) 2 (8) 0 (0)

Back pain 5 (21) 0 (0) 3 (13) 0 (0)

Dizziness 6 (25) 0 (0) 3 (13) 0 (0)

Headache 5 (21) 0 (0) 3 (13) 0 (0)

Influenza-like illness 5 (21) 0 (0) 1 (4) 0 (0)

Pain in extremity 5 (21) 0 (0) 2 (8) 0 (0)

Pyrexia 5 (21) 0 (0) 4 (17) 1 (4)

Decreased appetite 4 (17) 0 (0) 2 (8) 0 (0)

Hypokalemia 4 (17) 2 (8) 5 (21) 1 (4)

Infusion-related reaction 4 (17) 0 (0) 9 (38) 0 (0)

Rhinorrhea 4 (17) 0 (0) 2 (8) 0 (0)

Vomiting 4 (17) 0 (0) 2 (8) 0 (0)

Constipation 3 (13) 0 (0) 10 (42) 1 (4)

Edema peripheral 4 (17) 0 (0) 4 (17) 0 (0)

Abdominal distension 2 (8) 0 (0) 4 (17) 0 (0)

Dyspepsia 2 (8) 0 (0) 5 (21) 0 (0)

Myalgia 1 (4) 0 (0) 5 (21) 0 (0)

Neuropathy peripheral 1 (4) 0 (0) 10 (42) 1 (4)

Dry skin 0 (0) 0 (0) 4 (17) 0 (0)

Dysgeusia 0 (0) 0 (0) 4 (17) 0 (0)

Peripheral sensory neuropathy 0 (0) 0 (0) 6 (25) 1 (4)

Rash 0 (0) 0 (0) 5 (21) 1 (4)

Infection-related TEAEs,b No. (%)

Upper respiratory tract infection 9 (38) 0 (0) 5 (21) 1 (4)

Nasopharyngitis 4 (17) 0 (0) 4 (17) 0 (0)

Pneumonia 4 (17) 1 (4) 1 (4) 1 (4)

Bronchitis 2 (8) 0 (0) 2 (8) 0 (0)

Influenza 2 (8) 0 (0) 2 (8) 0 (0)

Oral candidiasis 2 (8) 0 (0) 0 (0) 0 (0)

Rhinovirus infection 2 (8) 1 (4) 1 (4) 0 (0)

Sinusitis 3 (13) 1 (4) 0 (0) 0 (0)

Urinary tract infection 3 (13) 0 (0) 0 (0) 0 (0)

Folliculitis 1 (4) 0 (0) 3 (13) 0 (0)

(continued on following page)
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confirmed response, with a $ CR rate of 58% (14 of 24;
95% CI, 36.6 to 77.9) and 46% (11 of 24; 95% CI, 25.6 to
67.2), respectively (Fig 1A). All patients had a $ 50% re-
duction in serumM-protein levels (Fig 2) with$ VGPR rates
of 96% (95% CI, 78.9 to 99.9) with VenDd and 79% (95%
CI, 57.8 to 92.9) with VenDVd. Two patients had uncon-
firmed responses but discontinued before responses could
be confirmed; one in the VenDd group withdrew consent
with an unconfirmed VGPR and one in the VenDVd group
discontinued because of grade 2 nausea with an uncon-
firmed partial response. One additional patient treated with
VenDVd withdrew consent before response assessments
were conducted. Thirty-three percent of patients treated
with VenDd and 21% treated with VenDVd achieved an
MRD-negative (, 10-5) response (Fig 1B). In those who
achieved$ CR, 8 of 14 (57%) in the VenDd arm and 5 of 11
(45%) in the VenDVd arm had MRD negativity (, 10-5), and
of those, 36% and 36%, respectively, maintained MRD-
negative (, 10-5) responses for more than 6 months (Data
Supplement). The median TTR was 1 month with VenDd
and 0.7 months with VenDVd (Fig 3). Median DOR was not
reached (NR) in both arms; the 18-month estimated DOR
was 90.5% (95% CI, 67.0 to 97.5) with VenDd and 70%
(95% CI, 45.1 to 85.3) with VenDVd (Data Supplement).
Median PFS was NR in both arms (Figs 4A and 4B). The
18-month estimated PFS was 90.5% (95% CI, 67.0 to 97.5)
with VenDd and 66.7% (95% CI, 42.5 to 82.5) with VenDVd.
The 18-month TTP rate was 90.5% (95% CI, 67.0 to 97.5)
with VenDd and 66.7% (95% CI, 42.5 to 82.5) with VenDVd.
Overall survival was NR in both parts (Figs 4C and 4D).

In part 2, six patients had t(11;14) RRMM, and five (83%)
responded to VenDVd. Of the 18 patients who did not have
t(11;14), 17 (94%) responded to VenDVd. One patient had
gain(1q) and responded to VenDVd. All four patients with
high-risk cytogenetics [three with del(17p); one with t(14;
16)] responded to VenDVd. In part 1, nine patients had
gain(1q), and eight (89%) responded to VenDd. One pa-
tient had high-risk cytogenetics [del(17p)] and responded
to VenDd.

Pharmacokinetics

Concentration versus time profiles for VenDd and VenDVd and
venetoclax parameter estimates are provided in the Data
Supplement. Venetoclax half-life could not be estimated be-
cause of limited sampling after Tmax. In VenDd and VenDVd
dose escalation, the estimated pharmacokinetic parame-
ters for venetoclax were consistent with those reported in
literature,14,19 indicating that daratumumab with or without
bortezomib did not affect venetoclax pharmacokinetics.

DISCUSSION

In this study, treatment with VenDd and VenDVd resulted in
notable efficacy and acceptable safety in patients with t(11;14)
RRMM and cytogenetically unselected RRMM, respectively.
Although differences in the study population and treatment
schedule between the VenDd andVenDVd armsprevent direct
comparisons of the two arms, neither combination had new
safety signals, and the addition of daratumumab to 800 mg
oral daily venetoclax did not appear to alter the known safety
profiles of venetoclax or daratumumab combinations.

Daratumumab with or without bortezomib did not affect the
pharmacokinetics of venetoclax, and the most common
AEs were mild gastrointestinal events and fatigue, con-
sistent with the reported safety profile of venetoclax mon-
otherapy.14 Despite the potential for increased hematologic
toxicity on the basis of the safety profiles of daratumumab
monotherapy and combinations,25-27 most hematologic AEs
were mild with the exception of a 21% rate of grade $ 3
neutropenia in patients treated with VenDd. The rates of
cytopenias reported in this study were consistent with those
reported with other novel agents under study for MM.28 The
rates of hypertension, fatigue, and grade $ 3 neutropenia
appeared to be higher with VenDd; however, the small
number of patients in each arm clouds the ability to in-
terpret these differences. There was a higher rate of pe-
ripheral neuropathy (mostly grade 1 or 2) with VenDVd,
consistent with the addition of bortezomib. Increased rates
of infections have been observed with the addition of

TABLE 2. Most Common Any Grade and Grade 3 and 4 TEAEs (continued)

TEAEs by Preferred Term

Part 1
t(11;14) VenDd

(n 5 24)

Part 2
VenDVd
(n 5 24)

Any Grade Grade ‡ 3 Any Grade Grade ‡ 3

Hematologic TEAEs,b No. (%)

Neutropenia 7 (29) 5 (21) 4 (17) 1 (4)

Anemia 2 (8) 1 (4) 3 (13) 1 (4)

Thrombocytopenia 1 (4) 0 (0) 5 (21) 4 (17)

Lymphopenia 4 (17) 2 (8) 5 (21) 3 (13)

Abbreviations: TEAE, treatment-emergent adverse event; VenDd, venetoclax1 daratumumab1 dexamethasone; VenDVd, venetoclax1 daratumumab1

bortezomib 1 dexamethasone.
aOccurring at any grade in $ 15% of patients in either cohort.
bOccurring at any grade in $8% of patients in either cohort.
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daratumumab to standard regimens in the multiple
trials.26,27,29,30 The rate of grade $ 3 infections observed in
this study (part 1, 25%; part 2, 21%) was similar to other
studies with daratumumab.27,29 An increased rate of fatal
infections was observed in patients treated with VenVd in
the phase III BELLINI trial.31 Consequently, a Protocol
amendment mandated antibiotic prophylaxis for patients
receiving bortezomib in this study.

In the BELLINI trial, the rate of treatment-emergent deaths
was higher in patients treated with VenVd after 19 months of
follow-up; however, most of the treatment-emergent deaths
occurred early in the trial, with 77%occurring within 6months
of beginning study drug treatment.31 After approximately
21months of follow-up in this study, there was one treatment-
emergent death in a patient who initially responded to
VenDVd and then discontinued treatment because of disease
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progression and died of sepsis while in hospice care. Im-
portantly, no other deaths were observed in the current trial.

The addition of daratumumab to PI- or IMiD-containing
regimens in the CASTOR, POLLUX, and CANDOR trials
resulted in improved responses (ORRs, 83%-93%) and
improved PFS outcomes (12-month PFS rates, 60%-
80%).26,27,29 In this study, the addition of daratumumab to
venetoclax-based regimens resulted in deep and durable
responses, with ORRs of more than 90% and high rates
of $ VGPR (96% with VenDd). MRD negativity (, 1025)
rates with VenDd (33%) and VenDVd (21%) compared
favorably with those observed with daratumumab combi-
nations in the CASTOR (11%), POLLUX (30%), and
CANDOR (14%) trials.26,32,33 At 18months, 91% of patients
treated with VenDd and 70% treated with VenDVd main-
tained their responses. These responses compare favorably
with previous studies of daratumumab monotherapy (ORR
31%-36%),34,35 venetoclax monotherapy (ORR 21%),14

DVd (ORR 83%),27 and venetoclax with dexamethasone
(ORR 48%-60%).36 Notable efficacy was observed with

VenDd among heavily pretreated patients with t(11;14) in
which 42% were refractory to both IMiDs and PIs, with an
18-month PFS rate of 91%. Comparable efficacy was
observed with VenDVd, with durable responses and an 18-
month PFS estimate of 67%, which compares favorably
with the 12-month PFS reported for DVd.27 The rate, depth,
and durability of the responses observed in this study
support an additive, possibly synergistic, effect when
daratumumab is added to venetoclax combinations, war-
ranting further investigation in larger trials in BCL-2–de-
pendent MM.

The presence of t(11;14) has been linked to increased
BCL-2 dependency and improved responses to venetoclax-
based therapy.11-14,18,37-39 In patients with t(11;14) RRMM
in the BELLINI trial (n5 35) with 18.7 months of follow-up,
VenVd prolonged PFS (median NR v 9.5 months) and
improved response rates (ORR 90% v 46%) compared with
Vd, without the increase in mortality observed in patients
without t(11;14).31 Notably, despite a small number of
patients with t(11;14) and differences in the daratumumab
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and dexamethasone treatment schedule in the VenDVd
arm, patients with t(11;14) responded similarly to either
VenDd or VenDVd. Both produced deep and durable re-
missions in these patients, including those with concurrent
high-risk cytogenetics. Response rates in patients with t(11;
14) RRMM in this trial appeared to be improved over those
previously reported in similar populations treated with
venetoclax monotherapy or combinations.14,31,36,40 The
presence of t(11;14) has recently been identified as a
predictive biomarker of venetoclax activity.15 With no ap-
parent added benefit of bortezomib and a higher rate of
neuropathy, these findings support further study of a
personalized approach using VenDd to treat patients with
t(11;14) RRMM.

In summary, VenDd and VenDVd produced high, durable
responses and encouraging PFS in patients with RRMM,
with no new safety signals. No treatment-related deaths
were observed in this study; however, safety will be further
evaluated in the ongoing portion of this study. Given the
high response rate and MRD negativity associated with
VenDd in patients with t(11;14) RRMM, the phase II portion
of this study will enroll patients with t(11;14) RRMM to a
randomized, open-label expansion cohort that will evaluate
VenDd with a DVd control arm to contextualize safety re-
sults, which could inform the design of a future phase III
trial. The results of this study support further exploration of
targeting BCL-2 with venetoclax in combination with anti-
CD38 immune therapy to treat t(11;14) RRMM.
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