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Abstract

Venetoclax (Ven) is a selective small-molecule inhibitor of BCL-2 that exhibits anti-

tumoral activity against MM cells with t(11;14) translocation. We evaluated the safety

and efficacy of Ven and dexamethasone (VenDex) combination in patients with t(11;14)

positive relapsed/refractory (R/R) multiple myeloma (MM). This open-label, multicenter

study had two distinct phases (phase one [P1], phase two [P2]). Patients in both phases

received VenDex (oral Ven 800 mg/day + oral Dex 40 mg [20 mg for patients ≥75 years]

on days 1, 8, and 15, per 21–day cycle). The primary objective of the P1 VenDex cohort

was to assess safety and pharmacokinetics. Phase two further evaluated efficacy with

objective response rate (ORR) and very good partial response or better. Correlative stud-

ies explored baseline BCL2 (BCL-2) and BCL2L1 (BCL-XL) gene expression, cytogenetics,

and recurrent somatic mutations in MM. Twenty and 31 patients in P1 and P2 with t

(11;14) positive translocation received VenDex. P1/P2 patients had received a median of

3/5 lines of prior therapy, and 20%/87% were refractory to daratumumab. Predominant

grade 3/4 hematological adverse events (AEs) with ≥10% occurrence included

lymphopenia (20%/19%), neutropenia (15%/7%), thrombocytopenia (10%/10%), and

anemia (5%/16%). At a median follow-up of 12.3/9.2 months, ORR was 60%/48%. The

duration of response estimate at 12 months was 50%/61%, and the median time to pro-

gression was 12.4/10.8 months. In biomarker evaluable patients, response to VenDex

was independent of concurrent del(17p) or gain(1q) and mutations in key oncogenic sig-

naling pathways, including MAPK and NF-kB. VenDex demonstrated efficacy and man-

ageable safety in heavily-pre-treated patients with t(11;14) R/R MM.

1 | INTRODUCTION

Multiple myeloma (MM) is an incurable disease that is heterogeneous

in clinical presentation, responsiveness to therapy, and long-term

survival, including variations in the underlying chromosomal abnormal-

ities.1 Recent advances in treatment including the development of

proteasome inhibitors (PI), immunomodulatory drugs (IMiD), and

monoclonal antibodies have contributed to improved overall and
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event-free survival periods; however, patients eventually relapse and

become increasingly refractory to currently available therapies

resulting in successively shorter remissions.2-6

The BCL-2 family of proteins is essential in the regulation of apo-

ptosis and cell survival. BCL-2, MCL-1, and BCL-XL are anti-apoptotic

proteins of the BCL-2 family that promote MM cell survival. MM is

heterogeneous with respect to BCL-2 family dependency, with some

cases being more dependent on MCL-1 over BCL-2 and vice versa.7

Thus, t (11;14) is the most common chromosome translocation in MM

with an occurrence rate of 15% – 20%.8,9 Studies in human myeloma

cell lines have demonstrated that the presence of t(11;14) is predic-

tive of BCL-2 dependency.10,11 Venetoclax (Ven) is a potent, selective,

orally bioavailable inhibitor of BCL-2. Selective targeting of BCL-2

with Ven has shown promising antitumor activity in several hemato-

logic malignancies, including chronic lymphocytic leukemia, acute

myeloid leukemia, and non-Hodgkin lymphomas. in vitro data showed

a high sensitivity to Ven in human myeloma cell lines and primary MM

samples that were positive for the t(11;14) translocation.12 Addition-

ally, the sensitivity to BCL-2 inhibition in the t(11;14) subset was asso-

ciated with higher expression of BCL-2 than MCL-1 or BCL-XL.
7,11

We have previously shown that Ven demonstrated promising

single-agent activity in patients with t(11;14) positive relapsed/refrac-

tory (R/R) MM, with 40% objective response rate (ORR) and 27%

achieving at least a very good partial response or better (≥VGPR).13

Response to Ven monotherapy also correlated with a higher BCL2:

BCL2L1 gene expression ratio, indicating BCL2L1 (BCL-XL) may be a

key resistance factor to broader Ven activity within the t(11;14) sub-

group.13 Preclinical studies in MM cell lines and primary patient sam-

ples have demonstrated that dexamethasone (Dex) used in

combination with Ven can significantly increase cell death compared

to Ven alone.14 Treatment of MM cells with Dex increases expression

of BCL-2 as well as pro-apoptotic proteins BIM and PUMA while

decreasing the expression of BCL-XL.
14-19 Thus, Dex is hypothesized

to induce “BCL-2 priming”, a state where BCL-2 maintains cell sur-

vival by sequestering high levels of BIM, providing a rationale for use

as a combination agent with Ven in MM.14

Here, we report the efficacy and safety of the VenDex combina-

tion from a phase 1/2 study as a therapeutic approach to improve

clinical outcomes in patients with t(11;14) R/R MM. Outcomes by

baseline BCL2 and BCL2L1 gene expression, cytogenetic abnormalities

concurrent with t(11;14), and somatic mutations recurrent in MM

were also explored.

2 | METHODS

2.1 | Study design

This open-label phase 1/2 study (NCT01794520) had two distinct

phases; phase one and phase two (Figure S1). Phase one included

dose-escalation, safety expansion, and a VenDex combination. The

primary objectives of phase one were to assess the safety profile,

characterize pharmacokinetics (PK), determine the dosing schedule,

the maximum tolerated dose, and the recommended phase two dose

of venetoclax monotherapy when administered in patients with R/R

MM. In addition, the safety and PK profiles of t(11;14) positive

patients treated with VenDex was also evaluated. The secondary

objectives were to evaluate the preliminary efficacy of Ven mon-

otherapy or VenDex on ORR, time to response (TTR), time to disease

progression (TTP), and duration of response (DoR). Patients discon-

tinued the study treatment if they had disease progression, toxicity or

intolerability, and were followed for safety through the treatment-

emergent period (ie, 30 days after the discontinuation of study drug).

Here, we present data from patients with t (11;14) positive R/R MM

from the safety-expansion cohort who received VenDex.

Phase two was an expansion cohort of the VenDex combination

that further evaluated the efficacy of the combination in R/R patients

with t(11;14) positive MM. The primary objectives evaluated were

ORR and a very good partial response or better (≥VGPR). Secondary

objectives included safety, progression-free survival (PFS), TTR, TTP,

DoR, and overall survival (OS). Patients discontinued treatment upon

disease progression and were then followed for OS. Patients who dis-

continued study treatment for reasons other than disease progression

were monitored for disease progression and followed for OS.

The data cut-off for this publication was September 2, 2019. The

trial was conducted under the International Conference on Harmoni-

zation Good Clinical Practice guidelines and according to the Declara-

tion of Helsinki. A local institutional review board or ethics committee

approved the study at each site. All patients provided written

informed consent before participation.

2.2 | Patient enrollment and treatment

Detailed eligibility criteria were previously published.13 In brief, eligi-

ble patients were adults with R/R MM ≥18 years of age. In addition,

patients included in the phase one VenDex combination cohort were t

(11;14) positive as determined by the fluorescence in-situ hybridiza-

tion (FISH) assay per central laboratory and had received at least one

prior treatment with a PI and an IMiD, and had an Eastern Co-

operative Oncology Group (ECOG) score ≤ 1.

Patients enrolled in the phase two VenDex cohort had t(11;14)

positive MM as determined by the FISH assay per central laboratory

testing or were enrolled at the discretion of the investigator if the

FISH assays were performed at a local laboratory. The patients have

had received at least two prior lines of therapy, including a PI, IMiD,

daratumumab, and glucocorticoids, with evidence of disease progres-

sion on or within 60 days of the last dose of the most recent line of

treatment based on the International Myeloma Working Group

(IMWG) criteria. For all patients enrolled in the United States,

daratumumab combination therapy was required as one of the prior

lines of therapy. For patients enrolled outside the United States,

either daratumumab monotherapy (restricted to 20% of total enrolled

patients) or combination therapy was acceptable.

In both phases, patients received VenDex combination with daily

oral doses of Ven 800 mg and Dex 40 mg on days 1, 8, and 15 of each
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21– day cycle. Patients above 75 years of age started Dex at a

20 mg dose.13 The optimal dose of 800 mg of Ven was selected

based on an exploratory exposure-response analyses based on PK,

best IMWG responses in t(11;14) positive patients, and safety (≥

grade three anemia, thrombocytopenia, and neutropenia). This anal-

ysis also found that increasing the Ven dose to 1200 mg may

increase the response rates marginally; however, the reduced dose

intensities at 1200 mg resulted in more inter-patient Ven exposure

variability and indicated reduced compliance at the highest doses.

This suggested that a higher dose of Ven was sub-optimal for long-

term therapy.

2.3 | Study assessments

2.3.1 | Safety

Assessments were conducted throughout the study. Adverse events

(AEs) were graded according to the National Cancer Institute Com-

mon Terminology Criteria for Adverse Events (version 4.0).20

2.3.2 | Efficacy

In phase one, the efficacy of VenDex was assessed as the ORR,

TTP, and DoR based on the 2011 International Uniform Response

Criteria for MM.21 Efficacy in phase two further evaluated ORR

and ≥ VGPR using the 2016 IMWG response criteria.22 The OS was

also assessed.

2.3.3 | Exploratory biomarkers

Bone marrow aspirate specimens were collected at baseline for

interphase FISH analysis on cluster of differentiation (CD)

138-enriched bone marrow mononuclear cells (BMMCs) using pro-

bes for t(11;14), del(17p), gain(1q), and chromosomes (Ch) 5, 9, or

15. The threshold for determining positivity for FISH was based on

the analytical cut off determined for each probe. Hyperdiploidy

was defined as the presence of polysomy Ch5, Ch9, or Ch15, as

detected by FISH analysis. Expression of BCL2 (BCL-2) and BCL2L1

(BCL-XL) mRNA in CD138-enriched BMMCs was determined by

qPCR using the ΔCt (cycle threshold) method. Baseline

CD138-enriched BMMC samples were also evaluated for somatic

mutations by whole-exome sequencing. Sequencing analysis was

performed using a variant detection threshold of 10% and read

depths of >10 for single nucleotide variant calls. Putative germline

variants found in population databases (dbSNP, ExAC) were

removed from the analysis unless known to be cancer-related

(COSMIC) or predicted to be deleterious (FATHMM-MKL). Highly

recurrent genetic alterations in MM across a range of functional

classifications, including cell signaling, cell cycle, DNA repair, and

plasma cell differentiation, were analyzed within the study cohorts.

Due to the small sample size of biomarker populations, the results

of the two cohorts were combined.

2.4 | Statistical analysis

All t(11;14) positive patients who received at least one dose of Ven

were included in the safety and efficacy analyses. Descriptive statis-

tics, including medians, standard deviations, and ranges, were calcu-

lated. Kaplan–Meier methodology was used for time-to-event

analyses.

TABLE 1 Patient demographics and clinical characteristics

Characteristics

Phase 1
VenDex
(N = 20)

Phase 2
VenDex (N = 31)

Age, median (range) 63 (46–77) 65 (48–80)

Male, n (%) 17 (85) 18 (58)

ISS stage, n (%)

Stage 1 9 (47) 8 (28)

Stage 2 7 (37) 6 (21)

Stage 3 3 (16) 5 (17)

Not evaluable 0 10 (35)

Missinga 1 2

Chromosomal Abnormalities
(CAs), n (%)

del(17p) 2 (10) 8 (26)

gain(1q) 2 (10) 15 (48)

Hyperdiploid 5 (25) 9 (29)

No. of prior lines of therapy,
median (range)

3 (1–8) 5 (2–12)

Stem cell transplant, n (%) 17 (85) 18 (58)

Exposed to prior PI, n (%) 20 (100) 31 (100)

Refractory to prior PI, n (%) 13 (65) 27 (87)

Exposed to prior IMiD, n (%) 20 (100) 30 (97)

Refractory to prior IMiD, n
(%)

18 (90) 27 (87)

Exposed to prior PI+IMiD, n
(%)

20 (100) 30 (97)

Refractory to prior PI+IMiD,
n (%)

13 (65) 18 (58)

Exposed to prior
daratumumab, n (%)

5 (25) 31 (100)

Refractory to prior
daratumumab, n (%)

4 (20) 27 (87

indent left as this is a new
row Refractory to last
prior therapy, n (%)

17 (85) 30 (97)b

Abbreviations: IMiD, Immunomodulatory drug; ISS, International Staging
System; PI, proteasome inhibitor; VenDex, Venetoclax plus
Dexamethasone combination therapy.
aData not reported from clinical sites at the time of data cut-off.
bIn one patient, last prior therapy outcome was not reported at the time of
data cut-off; however, study enrollment and dosing occurred ≤ 60 days
from last therapy stop date.
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3 | RESULTS

3.1 | Patient demographics and clinical
characteristics

At data cut-off, 20 and 31 patients with t(11;14) positive disease were

enrolled in phase one and phase two VenDex cohorts, respectively.

The median age of patients in phase one VenDex was 63 years (range:

46–77), and in phase two VenDex was 65 years (range: 48–80). The

median number of prior lines of therapy received was three (range:

1–8) and five (range: 2–12) in phase one VenDex and phase two

VenDex, respectively. In phase one/phase two VenDex, 25%/100%

were exposed to prior daratumumab therapy of which 20%/87% were

refractory to the daratumumab therapy. Key demographic and clinical

characteristics are summarized in Table 1.

3.2 | Patient disposition

In phase one VenDex, 19 (95%) patients discontinued treatment of

which 18 had progressive disease, and one underwent a transplant.

The median time on study (ToS) was 12.9 (range: 1.1–34.6) months

with a Kaplan–Meier estimated median follow-up time of 12.3 months

(95% CI: 5.4–22.6). No deaths were reported in the treatment-

emergent period.

In phase two VenDex, 10 (32%) patients were on treatment and

21 (68%) had discontinued treatment (18 progressive disease; one

adverse event; one physician's decision; one other). Twelve (39%)

patients were in follow-up at the time of data cut-off. Median ToS

was 5.8 (range: 1.0–17.2) months, and the estimated median follow-

up time was 9.2 months (95% CI: 6.3–11.1). Eleven (36%) deaths were

reported, of which eight were due to progressive disease, one

unknown and two due to treatment-emergent adverse events (one

due to sepsis in the first month of study without confirmed progres-

sion, one due to bacterial abscess).

3.3 | Safety

Most patients (96%) treated with VenDex experienced at least one

treatment-emergent adverse event (TEAE) (Table 2). In phase one

VenDex, predominant hematological TEAEs with ≥20% occurrence

included thrombocytopenia (30%), leukopenia (25%), lymphopenia

(20%), and neutropenia (20%). The most frequent non-hematological

TEAEs with ≥30% occurrence reported were insomnia (45%), hyp-

ophosphatemia (40%), diarrhea (35%), hyperglycemia (35%), nausea

(30%), and upper respiratory tract infection (30%). The most common

grade three or four hematological TEAEs with ≥15% occurrence were

lymphopenia (20%) and neutropenia (15%). The most common grade

three or four non-hematological AE with ≥15% occurrence was hyp-

ophosphatemia (20%). Infections were predominantly low grade, and

included upper respiratory tract infection (RTI, 30%), bronchitis, sinus-

itis, and Clostridium difficile infection (10% each). Only one case of

TABLE 2 Summary of treatment-emergent adverse events [Color
figure can be viewed at wileyonlinelibrary.com]

Phase
1VenDex
(N = 20)
n (%)

Phase 2
VenDex
(N = 31),
n(%)

All
VenDex
(N = 51)
n (%)

Any treatment-
emergent
adverse event
(TEAE)

20 (100) 29 (94) 49 (96)

Hematological

Lymphopenia 4 (20) 10 (32) 14 (28)

Anemia 3 (15) 7 (23) 10 (20)

Neutropenia 4 (20) 5 (16) 9 (18)

Thrombocytopenia 6 (30) 3 (10) 9 (18)

Leukopenia 5 (25) 3 (10) 8 (16)

Non-hematological

Diarrhea 7 (35) 11 (36) 18 (35)

Nausea 6 (30) 8 (26) 14 (28)

Insomnia 9 (45) 4 (13) 13 (26)

Hyperglycemia 7 (35) 5 (16) 12 (24)

Hypophosphatemia 8 (40) 3 (10) 11 (22)

Cough 5 (25) 5 (17) 10 (20)

Upper respiratory
tract infection

6 (30) 3 (10) 9 (18)

Blood creatinine
increased

4 (20) 4 (13) 8 (16)

Blood lactase
dehydrogenase
increased

4 (20) 4 (13) 8 (16)

Fatigue 2 (10) 5 (16) 7 (14)

Hypokalemia 4 (20) 3 (10) 7 (14)

Arthralgia 4 (20) 3 (10) 7 (14)

Nasal congestion 5 (25) 2 (7) 7 (14)

Oropharyngeal
pain

5 (25) 2 (7) 7 (14)

Headache 4 (20) 1 (3) 5 (10)

Pyrexia 4 (20) 0 4 (8)

Any TEAE grade 3 or 4 14 (70) 21 (68) 35 (69)

Hematological

Lymphopenia 4 (20) 6 (19) 10 (20)

Anemia 1 (5) 5 (16) 6 (12)

Neutropenia 3 (15) 2 (7) 5 (10)

Thrombocytopenia 2 (10) 3 (10) 5 (10)

Non-hematological

Hypophosphatemia 4 (20) 1 (3) 5 (10)

Sepsis 1 (5) 3 (10) 4 (8)

Tumor lysis
syndrome

2 (10) 1 (3) 3 (6)

Hyperuricemia 2 (10) 0 2 (4)

Any Serious AE 6 (30) 13 (42) 19 (37)

Sepsis 1 (5) 3 (10) 4 (8)

Tumor lysis
syndrome

2 (10) 1 (3) 3 (6)

(Continues)
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C. difficile was considered to be of grade three or four severity

(Figure S2).

In phase two VenDex, the most frequent hematological

TEAEs with ≥20% occurrence were lymphopenia (32%) and ane-

mia (23%). The most frequent non-hematological TEAE with ≥30%

occurrence was diarrhea (36%). Predominant grade three or four

TEAEs with ≥15% occurrence were lymphopenia (19%) and ane-

mia (16%). Sepsis was the most commonly occurring infection,

and all three cases (10%) were considered serious with one fatal

outcome (sepsis without confirmed progression). Other common

infections (any grade) were parainfluenza and upper RTI

(10% each).

3.4 | Efficacy

Responses varied by treatment group (Figure 1A). In phase 1 VenDex,

median TTR was 1.4 months (range: 0.7–5.7), and ORR was achieved

by 12 patients (60%), with ≥VGPR achieved by six (30%) patients.

Complete response (CR) was observed in one (5%), VGPR in five

(25%), and partial response (PR) was observed in six (30%) patients.

The Kaplan–Meier estimates for median DoR and TTP were

12.4 months (95% CI: 5.7–21.2) and 12.4 months (95% CI: 4.2–20.9),

respectively (Figure 1B,C).

TABLE 2 (Continued)

Phase
1VenDex
(N = 20)
n (%)

Phase 2
VenDex
(N = 31),
n(%)

All
VenDex
(N = 51)
n (%)

Clostridium difficile 1 (5) 1 (3) 2 (4)

Hypertension 0 2 (6) 2 (4)

Nausea 1 (5) 0 1 (2)

Vomiting 1 (5) 0 1 (2)

Note: Any TEAE included ≥20% of occurrence in either VenDex cohort.
Grade 3 or 4 TEAEs included AEs ≥10% of occurrence in any VenDex
cohort.
Serious AEs included AEs ≥5% of occurrence in any VenDex cohort.

Phase 1 VenDex Phase 2 VenDex
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6 3 2 1

(A) (B)

(C) (D)

F IGURE 1 (A) Overall response rate by cohorts. ORR indicates a response of PR or better. ORR: Objective Response Rates; CR: Complete
response; VGPR: Very good partial response; VenDex: Venetoclax and dexamethasone combination therapy; PR: Partial response. (B) Duration of
response. (C) Time to progression. (D) Overall survival of patients in phase two venetoclax plus dexamethasone cohort stratified by patient
response status (responders: patients with a partial response or better; non-responder: patients without a minimum of a partial response). DoR:
duration of response; OS: overall survival; TTP: time to progression
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Median TTR in phase two VenDex was 0.7 months (range: 0.6–

1.5), and ORR was achieved by 15 patients (48%), with ≥VGPR

achieved by 11 (36%) patients. Complete remission was observed in

two (7%), VGPR in nine (29%), and PR was observed in four (13%)

patients. The median DoR was not yet estimable via Kaplan–Meier

methodology. The estimate of DoR at 12-months was 61% (95% CI:

25% – 84%), and the estimated median TTP was 10.8 months (range:

5.2 – not reached). The 12-month estimate of OS for responders

(Figure 1D) was 77% (95% CI: 35% – 94%).

3.5 | Exploratory biomarkers

Of the 51 t(11;14) R/R MM patients who received VenDex, 10 (20%)

and 17 (33%) had concurrent del(17p) or gain(1q), respectively. Of

note, the majority of patients with del(17p) or gain(1q) were in the

phase two cohort of the study. In patients with del(17p), ORR was

achieved by five (50%) and ≥ VGPR was achieved by two (20%)

patients. In patients with gain(1q), ORR was achieved by 7/17 (41%)

and ≥ VGPR was achieved by 5/17 (29%) patients.

Baseline bone marrow aspirate samples were also evaluable for

BCL2 and BCL2L1 gene expression by qPCR in 17/20 (85%) and

27/31 (87%) patients in phase one and phase two cohorts, respec-

tively. A broad range of BCL2 (median 2-ΔCt: 0.93 [range: 0.003 to

9.918], BCL2L1 (median 2-ΔCt: 17.388 [range: 3.554 to 319.573], and

BCL2:BCL2L1 (median 2-ΔΔCt: 0.0429 [range: 0.0001 to 1.0644]

expression were observed, which were comparable between phase

one and phase two cohorts. Consistent with the Ven mechanism of

action in t(11;14) R/R MM, higher BCL2 levels were observed in

patients who achieved a PR or better (median 2-ΔCt: 1.361 vs 0.4162;

F IGURE 2 Baseline BCL2, BCL2L1, and BCL2: BCL2L1 gene expression levels by response in t(11;14) positive R/R MM patients treated
with VenDex. Quantitation of BCL2 and BCL2L1 was performed on CD138-selected BMMCs collected at baseline using qPCR. Presented are the
(A) BCL2, (B) BCL2L1, and (C) BCL2: BCL2L1 gene expression levels by response in t(11;14) positive R/R MM patients treated with VenDex.
Horizontal bars represent the median and whiskers extend to the 95% confidence intervals. p values determined by Wilcoxon rank-sum test.
(D) Mutational landscape of t(11;14) positive patients treated with VenDex. Oncoprint representation of the frequency and characteristics of
recurrent mutations in MM as determined by whole-exome sequencing of CD138-selected BMMCs collected at baseline from t(11;14) positive
patients treated with VenDex. Colored squares indicate mutated genes, while gray squares indicate non-mutated genes. Each color represents a
different type of mutation: missense (blue), frameshift (red), stop codon gain (yellow), stop codon lost (green), splice region (pink). The structural
variants t(11;14), del(17p), gain(1q), and hyperdiploid (gains in Ch5, Ch9 or Ch15) as determined by FISH are also denoted (dark gray). Percentages
in the heatmap represent the mutation rate among all patients presenting at least one mutated gene of the reported gene list. Tumor mutation
burden calculated by the number of non-synonymous somatic mutations (single nucleotide variants and small insertions/deletions) per megabase

in coding regions is shown on top of oncoprint. Study phase (Phase one: red; Phase two: blue) and best objective response (CR: orange; VGPR:
blue; PR: purple; MR: teal; SD: gray; PD: red; NA: gold) are shown below the oncoprint
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p = .0201) (Figure 2A). No association was observed between BCL2L1

or BCL2:BCL2L1 gene expression and response (Figure 2B,C). In addi-

tion, no difference in the median TTP was observed for patients with

BCL2, BCL2L1, and BCL2:BCL2L1 expression above or below the

median qPCR value (Figure S3).

Whole-exome sequencing for somatic mutations was performed

in 11/20 (55%) and 19/31 (61%) patients in phase one and phase two

cohorts, respectively. The mutational landscape of the biomarker eva-

luable patients was highly heterogeneous (Figure 2D). The mutation

of genes involved in the MAPK pathway was most prevalent (13/30

pts, 43%). In the MAPK pathway, the most frequently mutated genes

were KRAS (17%), NRAS (17%), BRAF (7%), and NF-1 (3%). Mutations

in this pathway were mutually exclusive, and response rates to

VenDex treatment were comparable to the overall study population

(46% ORR; 39% ≥ VGPR). Recurrent mutations in the NF-kB pathway

were detected with inactivating mutations in TRAF3 or CYLD

observed in 4/30 (13%) patients. All four patients with a NF-kB path-

way mutation achieved a response (two VGPR, two PR).

Mutations in the TP53 tumor suppressor gene were observed in

5/30 (17%) patients. The TP53 mutations were detected in 3/7 (43%)

patients with concurrent 17p deletion as detected by FISH, indicating

bi-allelic TP53 inactivation. Response to VenDex treatment was

observed in 2/3 patients (one VGPR, one PR) with concurrent 17 dele-

tion and TP53 mutation. While the somatic mutations identified were

highly heterogeneous and subclonal, there were more patients with a

high tumor mutation burden (TMB), defined as ≥20 mutations per

megabase of sequenced DNA, in the phase two cohort (n = 4) com-

pared to phase one (n = 1). Although a limited number of patients with

high TMB were evaluable, response to VenDex was observed in four

of the five patients with high TMB (one CR, two VGPR, one PR). No

mutations in the BCL2 gene were detected.

4 | DISCUSSION

For patients with MM who are heavily pre-treated and are refractory

to an IMiD, PI, and monoclonal antibodies (eg, anti-CD38), there are

very few options available for treatment.23 The differentiated biology

of t(11;14) positive MM with respect to BCL-2 dependency offers an

opportunity for a targeted therapeutic approach based on BCL-2 inhi-

bition. As previously reported, single-agent Ven demonstrated promis-

ing anti-myeloma activity in heavily pre-treated patients with t(11;14)

positive R/R MM, who had previously received a median of five prior

lines of therapy.13 Dexamethasone, which is known to enhance the

activity of anti-myeloma therapies, can also increase the dependency

of MM cells on BCL-2 for cell survival and their sensitivity to Ven.

The current study evaluated if the addition of Dex could improve clini-

cal outcomes with Ven in t(11;14) positive R/R MM, including patients

who had also failed therapy with an anti-CD38 monoclonal antibody.

This study showed promise for the VenDex combination treatment

for patients with t(11;14) positive R/R MM.

The treatment with VenDex was generally safe and well-toler-

ated. All hematological toxicities were manageable. Commonly

reported non-hematological AEs were diarrhea and nausea that were

managed by the standard of care. Only two deaths were reported due

to treatment-emergent adverse events in this unique population of t

(11;14) positive patients who were treated with the VenDex combina-

tion. The phase three BELLINI study reported higher mortality rates in

patients regardless of genetic mutation status, and the patients were

treated with a combination of VenDex and the PI bortezomib. How-

ever, the mortality rates were lower among patients harboring t

(11;14) translocations in BELLINI.24 This is suggestive that t(11;14)

positive patients may derive the most benefit with VenDex treat-

ment.25 Nonetheless, safety should be further evaluated among R/R

MM patients with t(11;14) positive treated with VenDex.

Patients in phase two VenDex who had received a median of

five lines of prior therapy achieved 48% ORR, and the responses

were both rapid (median TTR, 0.7 months) and durable (median

TTP, 10.8 months). Of note, patients from this study who were t

(11;14) positive and treated with Ven monotherapy had a DoR of

9.7 months.13 With the addition of VenDex, we observed longer

DoRs. Patients in the phase one VenDex cohort had a DoR of

12.4 months while the median DoR was not reached for patients

in the phase two VenDex cohort, suggesting that durable

responses may be achieved with VenDex treatment in this patient

population.

The phase two HORIZON study that enrolled patients with a

median of five (range 2–12) lines of prior therapy reported that 79%

patients who were refractory to daratumumab achieved an ORR of

22% in an all-comer population when treated with melflufen and Dex

combination.26 Patients enrolled in the phase two VenDex cohort in

our study included 87% patients refractory to prior daratumumab

therapy. The ORR was 48% but the patients were all t(11;14) positive.

Cross-study comparisons are challenging due to differences in patient

characteristics and sample size of the studies, however, we believe

that the VenDex combination shows promising efficacy in this cohort

of patients with t(11;14) positive R/R MM. This study also supports

the utility of a biomarker-based approach to therapy in R/R MM.

In contrast to prior observations with Ven monotherapy

treatment,13 no significant association between response and baseline

BCL2L1 or BCL2:BCL2L1 expression was observed in VenDex treated

patients, however higher BCL2 levels were found in patients who

achieved a response which is consistent with the mechanism of action

in t(11;14) positive MM. These findings are consistent with the biolog-

ical rationale of dexamethasone-induced “BCL-2 priming” and the

combination activity with Ven as demonstrated in preclinical

studies.14-16,18,19

The MM patients with the high-risk abnormality del(17p) and gain

(1q) have reduced OS in MM.27,28 In addition, bi-allelic inactivation of

the tumor suppressor gene TP53, has been linked to dismal outcomes

in MM.29 We observed response to VenDex treatment in five of the

10 patients with del(17p), including two of the three patients with

concurrent TP53 mutation and 17p deletion. These results are consis-

tent with those observed in chronic lymphocytic leukemia, another B-

cell malignancy, where responses were independent of 17p deletion,

TP53 mutation, and TP53 function.30

424 KAUFMAN ET AL.



While gain(1q) is not currently considered high-risk by the

IMWG classification, several studies have demonstrated it as a

poor prognostic marker even when patients are treated with

newer active agents.28,31-33 Furthermore, 1q21 is the chromosomal

region that contains the MCL1 locus, a known resistance factor to

activity in MM.11 Importantly, a response to VenDex treatment

was observed in eight of the 17 patients with gain(1q), further

supporting the biological rationale of the combination in t

(11;14) MM.

High somatic mutation loads are associated with increased geno-

mic instability, resistance to therapy, and decreased survival in

MM.34,35 The mutational landscape analyses demonstrated that more

patients with high TMB were in the phase two cohort compared to

phase one. This finding is consistent with greater tumor genomic

instability in a more heavily pre-treated R/R MM population.36,37 Sim-

ilarly, more patients with del(17p) and gain(1q) were in the phase two

cohort compared to phase one. Response to VenDex was indepen-

dent of concurrent del(17p) or gain(1q), and high TMB status. How-

ever, our sample size was limited, and additional analyses are

warranted. Importantly, response to VenDex was independent of

mutations in key oncogenic signaling pathways in MM, including

MAPK and NF-kB.

In conclusion, VenDex demonstrated efficacy and manageable

safety in patients with t(11;14) positive R/R MM. These results sup-

port further investigation of Ven combinations in this patient popula-

tion, and the VenDex combination is being further investigated in an

ongoing phase three trial (NCT03539744) in patients with t(11;14)

positive R/R MM.
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