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Abstract

Biomarker-driven targeted therapies have been an area of exploration 
for innovative therapeutic options in oncology. B-cell lymphoma-2 
(BCL-2) protein is an anti-apoptotic protein expressed on the clonal 
plasma cells in patients with multiple myeloma (MM). MM subsets with 
t (11;14) have overexpression of BCL-2 and can benefit from venetoclax 
(VEN) when used either alone or in combination with other chemothera-
peutic agents with an overall response rate (ORR) ranging from 40% to 
100%. The most commonly reported grade ≥ 3 adverse effects include 
cytopenias and gastrointestinal side effects. This review highlights the 
meaningful efficacy and tolerable safety of VEN monotherapy and its 
combination regimens in the treatment of relapsed refractory MM.
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Introduction

Multiple myeloma (MM) is a chronic, incurable hematological 
malignancy of clonal plasma cells. It is usually a disease of the 
elderly, with a median age of 65 years at the time of diagnosis 
[1, 2]. It is characterized by the uncontrolled proliferation of ma-
lignant plasma cells and is accompanied by the accumulation of 
abnormal immunoglobulin (Ig) M proteins that are often detect-

able in the serum and urine. Accumulation of abnormal proteins 
and malignant plasma cells can cause end-organ damage and 
eventually bone marrow failure [1, 2]. Significant improvements 
in overall response rate (ORR) and progression-free survival 
(PFS) have been seen with combinations of drugs such as im-
munomodulatory drugs (IMiDs), proteasome inhibitors (PIs), 
monoclonal antibodies, and dexamethasone (Dex) [3-5]. Despite 
recent advances in drug therapies, treatment of relapsed refrac-
tory MM (RRMM) continues to be challenging [5]. New muta-
tions and genetic alterations acquired during the disease course 
often lead to chemotherapy resistance and progressively shorter 
duration of response (DOR) to subsequent therapy [6]. Hence, 
the use of advanced genetic analysis to explore targeted thera-
pies with improved efficacy and toxicity profiles is an area of 
great interest in the treatment landscape of RRMM [7]. Veneto-
clax (VEN or ABT-199), a B-cell lymphoma-2 (BCL-2) homol-
ogy 3 (BH3)-mimetic small molecule capable of binding to and 
antagonizing protein BCL-2, is one such example. As BCL-2 is 
an anti-apoptotic protein, inhibition of BCL-2 by VEN leads to 
the activation of apoptosis and induction of malignant plasma 
cell death as shown in Figure 1 [8]. VEN has shown anti-tumor 
effects in patients with relapsed and refractory acute myeloid 
leukemia (AML), follicular lymphoma (FL), diffuse large B-
cell lymphoma (DLBCL), acute lymphoblastic leukemia (ALL), 
mantle cell lymphoma (MCL) and chronic lymphocytic leuke-
mia (CLL) with promising results [8]. About 20% of the patients 
with MM have t (11;14) with overexpression of BCL-2 [9]. In 
preclinical studies, VEN has shown activity against MM cell 
lines, especially in subsets with t (11;14) [10]. The co-treatment 
of human myeloma cells with Dex and VEN significantly in-
creased cell death when compared with VEN alone in four of the 
five cell lines involved, as well as the patient samples tested [11]. 
The underlying mechanism appears to be an increase in the ex-
pression of two pro-apoptotic molecules BCL-2 and its mediator 
with the addition of Dex, leading to striking efficacy seen with 
this combination [11]. When studied in human subjects, there 
is increasing clinical evidence of efficacy and safety of VEN 
in RRMM patients, with a superior depth and DOR in patients 
with t (11:14). Given superior efficacy and tolerable safety of 
monotherapy, VEN is currently being investigated in combina-
tion regimens with IMiDs, PIs, monoclonal antibodies and Dex.

In this review, we discuss the emerging role of VEN in 
RRMM and ongoing clinical trials. The search for the relevant ar-
ticles was conducted in PubMed, Medline and Clinicaltrials.gov 
by combining the medical subject headings (MeSHs) terms for 
“multiple myeloma”, “ABT-199” and their entry terms. The arti-

Manuscript submitted April 21, 2021, accepted May 4, 2021
Published online June 16, 2021

aGeorgetown University, Washington, DC, USA
bUniversity of Alabama at Birmingham, Birmingham, AL, USA
cWeiss Memorial Hospital, Chicago, IL, USA
dDepartment of Internal Medicine, King Edward Medical University, Lahore, 
Pakistan
eDepartment of Internal Medicine, McLaren Flint-Michigan State University, 
MI, USA
fDivision of Hematology Oncology, Medical University of South Carolina, 
Charleston, SC, USA
gCorresponding Author: Hamid Ehsan, Department of Medicine, MedStar 
Good Samaritan Hospital, MedStar Union Memorial Hospital, Baltimore, 
MD, USA. Email: he150@georgeotown.edu; Muhammad Khawar Sana, De-
partment of Internal Medicine, King Edward Medical University, Lahore, Pa-
kistan. Email: khawar_sana@yahoo.com

doi: https://doi.org/10.14740/jh844

https://crossmark.crossref.org/dialog/?doi=10.14740/jh844&domain=pdf&date_stamp=2021-06-01
https://orcid.org/0000-0003-1952-8203


Articles © The authors   |   Journal compilation © J Hematol and Elmer Press Inc™   |   www.thejh.org90

Venetoclax in RRMM J Hematol. 2021;10(3):89-97

cles retrieved from the search were then screened for retrospec-
tive observational studies and completed/ongoing clinical trials 
investigating VEN either alone or in combination with other an-
tineoplastic agents in RRMM. Tables 1, 2, and 3 [12-20] provide 
details on the study characteristics, regimen efficacy, and regimen 
toxicity for published clinical trials and retrospective studies. Ta-
ble 4 highlights ongoing clinical trials from https://clinicaltrials.
gov/ that are investigating VEN in various combinations.

Clinical Trials

VEN monotherapy

Kumar et al evaluated the safety, pharmacokinetics, and maxi-
mum tolerated dose (MTD) of VEN in an open-label phase I 
(P-1) trial (n = 66, median age 63 years (yrs), range 31 - 79). All 

Table 1.  Study Characteristics of the Included Articles

Author, year Study type Number of 
patients

Prior lines of thera-
py, median (range)

Cytogenet-
ics t (11;14) Regimens

Kumar et al, 2017 [12] Phase I 66 5 (1 - 15) 46% VEN
Moreau et al, 2017 [14] Phase Ib 66 3 (1 - 13) 14% VEN + V + Dex
Costa et al, 2018 [16] Phase II 42 1 (1 - 3) 23% VEN + K + Dex
Kaufman et al, 2019 [13] Phase I/II Phase I: 20 Phase I: 2.5 (1 - 7) Phase I: 100% VEN + Dex

Phase II: 31 Phase II: 5 (1 - 9)
Sidiqi et al, 2019 [18] Retrospective 56 6 (1 - 15) 75% VEN ± Dex

VEN + Dex + PI ± IMiDs
Basali et al, 2020 [20] Prospective 10 6 (2 - 19) 100% VEN + V + Dex
Kaufman et al, 2020 [17] Phase I/II Part 1: 24 Part 1: ≥ 1 Part 1: 100% VEN + D + Dex ± V

Part 2: 24 Part 2: (1 - 3) Part 2: 25%
Kambhampati et al, 2020 [19] Retrospective 43 7 (2 - 13) 38% A: VEN + PI

B: VEN + PI + Dex
Kumar et al (BELLINI trial), 2020 [15] Phase III VEN: 194 (1 - 3) 11% VEN + V + Dex

Pbo: 97

VEN: venetoclax; PI: proteasome inhibitor; V: bortezomib; K: carfilzomib; D: daratumumab; Dex: dexamethasone; Pbo: placebo; IMiDs: immunomodula-
tory drugs.

Figure 1. Mechanism of action of venetoclax in apoptosis. (a) Excessive BCL-2 production by cancer cells sequesters proapo-
ptotic protein and evades apoptosis. (b) Venetoclax, a selective BCL-2 inhibitor, binds to BCL-2 and releases the proapoptotic 
protein, initiating the apoptosis cascade. BCL-2: B-cell lymphoma-2; BIM: BCL-2 interacting mediator; BAX: BCL-2 associated X 
protein; BAK: BCL-2 antagonist/killer protein.
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Table 4.  Ongoing Clinical Trials of Venetoclax-Based Regimens in Relapsed Refractory Multiple Myelomaa

NCT ID Phase Population Regimen Estimated completion
NCT02899052 II RRMM VEN + carfilzomib + dexamethasone 2025
NCT03539744 III t (11;14)-positive RRMM VEN + dexamethasone vs. pomalidomide + dexamethasone 2022
NCT03312530 I/II RRMM VEN + cobimetinib ± atezolizumab 2020
NCT03567616 II RRMM VEN + pomalidomide + dexamethasone 2020
NCT03314181 II t (11;14)-positive RRMM VEN + daratumumab + dexamethasone ± bortezomib 2024
NCT01794520 I/II t (11;14)-positive RRMM VEN + dexamethasone 2021
NCT02265731 I/II RRMM VEN 2021
NCT03732703 I/II t (11;14)-positive RRMM VEN + ixazomib + pomalidomide + dexamethasone 2022

aOnly clinical trials registered on https://clinicaltrials.gov/ are listed. RRMM: relapsed refractory multiple myeloma; VEN: venetoclax; NCT: national 
clinical trial.

Table 3.  Safety of Venetoclax-Based Regimens in the Treatment of Multiple Myeloma

Author, year Number of 
patients Regimens

Grade ≥ 3 Grade ≥ 3
Non-hematological AEs, n (%) Hematological AEs, n (%)

Kumar et al, 2017 [12] 66 VEN Nausea: 2 (3%) Thrombocytopenia: 17 (26%)
Diarrhea: 2 (3%) Neutropenia: 14 (21%)
Fatigue: 3 (5%) Anemia: 9 (14%)
Back pain: 5 (8%) Leukopenia: 9 (14%)
Vomiting: 2 (3%) Lymphopenia: 10 (15%)

Moreau et al, 2017 [14] 66 VEN + V + Dex Diarrhea: 4 (6%) Thrombocytopenia: 19 (29%)
Nausea: 3 (5%) Anemia: 10 (15%)

Neutropenia: 9 (14%)
Costa et al, 2018 [16] 42 VEN + K + Dex Hypertension: 5 (12%) Leukopenia: 11 (26%)

Neutropenia: 6 (14%)
Kaufman et al, 2019 [13] Phase I: 20 VEN + Dex Hypophosphatemia: 4 (20%) Leukopenia: 6 (29%)

Neutropenia: 4 (21%)
Phase II: 30 Hypertension: 3 (10%) Leukopenia: 6 (32%)

Thrombocytopenia: 2 (11%)
Sidiqi et al, 2019 [18] 56 VEN ± Dex Infection: 3 (5%) -

VEN + Dex + PI ± IMiDs
Basali et al, 2020 [20] 10 VEN + V + Dex - -
Kaufman et al, 2020 [17] Part 1: 24 VEN + D + Dex ± V - Neutropenia: 17%

Part 2: 24
Kambhampati et 
al, 2020 [19]

43 A: VEN + PI Diarrhea: 12 (30%) Leukopenia: 14 (32%)

B: VEN + PI + Dex Nausea/vomiting: 15 (35%) Neutropenia: 14 (32%)
Infections: 11 (26%) Thrombocytopenia: 12 (30%)
Fatigue: 23 (53%)

Kumar et al. (BELLINI 
trial), 2020 [15]

VEN: 194 VEN + V + Dex VEN/placebo VEN/placebo

Placebo: 97 Diarrhea: 29/12 (15%/12%) Nausea: 41/8 (21%/8%)
Pneumonia: 35/13 (18%/13%) Thrombocytopenia: 29/29 (15%/30%)

Anemia: 31/15 (16%/15%)

N: sample size; AEs: adverse events; VEN: venetoclax; PI: proteasome inhibitor; V: bortezomib; D: daratumumab; K: carfilzomib; Dex: dexametha-
sone; IMiDs: immunomodulatory drugs.
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patients had measurable disease at baseline and had an Eastern 
Cooperative Oncology Group (ECOG) performance status of 
0 - 1. A total of 30 patients (46%) in this trial had t (11;14). 
Thirty patients were in the dose-escalation cohort (3 + 3 de-
sign, VEN at doses of 300 mg, 600 mg, 900 mg, or 1,200 mg), 
while 36 patients were in the safety expansion cohort (VEN 
dose 1,200 mg). All the patients in the dose-escalation cohort 
had at least one prior line of therapy and the majority of the pa-
tients (61%) were refractory to both bortezomib and lenalido-
mide. In the safety expansion cohort, all patients had received 
treatment with both PIs and IMiDs. For the entire cohort, ORR 
was 21% (n = 14) and very good partial response (VGPR) of 
15%. ORR among the subset of patients with t (11;14) was 
40% whereas VGPR was 27%. The median DOR was similar 
among all patients versus those with t (11;14), i.e., 9.7 months. 
However, time to progression (TTP) was longer for t (11;14) 
subset vs. entire cohort, 6.6 months (95% confidence interval 
(CI): 3.9 - 10.2 months) vs. 2.6 months (95% CI: 1.9 - 4.7), 
respectively. Gastrointestinal toxicity, notably nausea (47%), 
was the most common adverse event (AE) whereas the most 
common grade (G)-3 or 4 AEs were hematologic in nature, in-
cluding thrombocytopenia (26%), neutropenia (21%), anemia/
leukopenia (14% each) [12].

VEN combination therapies

VEN and Dex

An open-label ongoing P-1/P-2 study reported by Kaufman et 
al comprised of two phases, P-1 with dose-escalation of VEN 
+ Dex and P-2 with dose expansion of the same regimen. The 
investigators enrolled 20 patients with RRMM in P-1 (85% 
males, median age of 63 yrs, range 46 - 77) and 31 patients with 
RRMM in P-2 (58% males, with median age of 65 yrs, range 48 
- 80). All patients were positive for t (11;14) as determined by 
fluorescence in situ hybridization (FISH). The median number 
of prior lines of therapy in P-1 and P-2 was 2.5 (range 1 - 7) 
and 5 (range 1 - 9), respectively. Oral VEN 800 mg/day and 
oral Dex 40 mg on days 1, 8, and 15 of each 21-day cycle were 
given to patients in both phases. ORR was 65% (n = 13) in P-1 
and 45% (n = 16) in P-2, whereas VGPR was 30% (n = 6) and 
26% (n = 8) for P-1 and P-2, respectively. The median time to 
the first response was 1.4 months and 0.7 months in the P-1 and 
P-2, respectively. The most common AEs were insomnia (45%) 
and hypophosphatemia (40%) in P-1, and diarrhea/lymphopenia 
(32% for each), and nausea (26%) in P-2. Tumor lysis syndrome 
and sepsis were the most serious AEs for P-1 and P-2, respec-
tively. Neutropenia, lymphopenia, thrombocytopenia, and hy-
pophosphatemia were the most common G-3/4 AEs as a whole. 
Median PFS was 12.4 months (95% CI: 3.6 - 20.9) for P-1 but 
was not reached for P-2. At a median of 9 months, PFS for P-2 
was 57% (95% CI: 19% - 82%) [13].

VEN, bortezomib and Dex

P-1b trial by Moreau et al enrolled 66 patients with RRMM 

(median age = 64 yrs), 54 in the dose-escalation cohort and 12 
in the safety expansion cohort [14]. All patients had received 
a median of 3 (1 - 13) prior lines of therapies. About 53% (n = 
35) of the patients were refractory to prior bortezomib therapy, 
and 39% (n = 26) were refractory to lenalidomide. Patients 
were given VEN once daily (50 - 1,200 mg in designated dose 
cohort), subcutaneous bortezomib (1.3 mg/m2, days 1, 4, 8, 
and 11 during cycles 1 - 8 and days 1, 8, 15, and 22 during 
cycles 9 - 11), and oral Dex (20 mg, days 1, 2, 4, 5, 8, 9, 11, 
12 during cycles 1 - 8 and on days 1, 8, 15, and 22 during cy-
cles 9 - 11 ) for 11 cycles. Patients who remained on the study 
beyond 11 cycles received VEN monotherapy. ORR was 67% 
(n = 44) and VGPR or better was 42% (n = 28). Overall, 21% 
of the patients (n = 14) had disease progression. Median TTP 
and median DOR was 9.5 months and 9.7 months, respective-
ly. Bortezomib non-refractory patients had much better ORR 
(90% vs. 31%) and VGPR (64% vs. 8%) when compared to 
bortezomib refractory patients. Correspondingly, median TTP 
(11.3 months vs. 1.8 months) and median DOR (10.2 months 
vs. 4.2 months) were longer for bortezomib non-refractory vs. 
refractory patients. On the other hand, lenalidomide refractori-
ness had less impact on ORR, with ORR of 60% in refractory 
vs. 72% in the non-refractory group. Gastrointestinal side ef-
fects were most common, including diarrhea (46%), constipa-
tion (41%) and nausea (38%). Common G-3/4 AEs included 
thrombocytopenia (29%) and anemia (15%) [14]. BELLINI, 
a multicenter P-3 double-blind randomized trial, evaluated the 
role of VEN vs. placebo (Pbo) + bortezomib-Dex in 291 pa-
tients with RRMM patients having received 1 - 3 prior lines of 
therapies [15]. With 2:1 randomization, 194 patients (median 
age = 66 yrs, 16% high-risk) were randomized to the VEN 
(800 mg) + bortezomib-Dex arm, and 97 patients (median age 
= 65 yrs, 19% high-risk) to Pbo + bortezomib-Dex. The VEN 
and the Pbo arm had 10% and 15% of the patients positive 
for t (11;14) by FISH, respectively. A high BCL-2 expression 
(measured by immunohistochemical analysis on core biopsies) 
was seen in 78% of patients in the VEN arm vs. 81% in the Pbo 
arm. The dose of VEN could be reduced in a stepwise fashion 
in case of excessive toxicity. Bortezomib (1.3 mg/m2) was giv-
en subcutaneously or intravenously on days 1, 4, 8 and 11 dur-
ing cycles 1 - 8 (21-day cycle), and days 1, 8, 15 and 22 during 
cycles 9 - 11 (35-day cycle). Dex (20 mg) was given orally on 
days 1, 2, 4, 5, 8, 9, 11, 12 during cycles 1 - 8 and on days 1, 2, 
8, 9, 15, 16, 22 and 23 during cycles 9 - 11. At a median follow-
up of 28.6 months, 33% (n = 64) deaths were reported in the 
VEN arm vs. 25% in the Pbo (n = 24) arm. Median PFS at 18.7 
months (median) was 22.4 months (95% CI: 15.3 - not estima-
ble) with VEN vs. 11.5 months (95% CI: 9.6 - 15.0) with Pbo 
arm, hazard ratio (HR): 0.63 (95% CI: 0.44 - 0.90). Median 
OS was not reached in either of the arms, but the proportion of 
survival events was worse for the VEN arm vs. Pbo arm, 21% 
vs. 11%, HR: 2.03 (95% CI: 1.04 - 3.95). Median PFS among 
patients with high BCL-2 expression was 22.4 months in the 
VEN arm vs. 9.9 months in the Pbo arm, HR: 0.24 (95% CI: 
0.12 - 0.48). Median PFS among those with t (11;14) was not 
reached for VEN arm vs. 9.5 months for the Pbo arm, HR: 
0.11, 95% CI: 0.02 - 0.56. The common AEs due to VEN were 
diarrhea (59%), nausea (37%), and constipation (35%). Most 
common G-3/4 AEs (VEN/Pbo) were neutropenia (21%/8%), 
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thrombocytopenia (15%/30%), anemia (16%/15%), diarrhea 
(15%/12%) and pneumonia (18%/13%) [15].

VEN, carfilzomib and Dex

A P-2 study published by Costa et al in 2018, enrolled 42 pa-
tients with RRMM (median age = 67 yrs, range 37 - 69 yrs) 
with ECOG ≤ 2 to study the safety and tolerability of VEN, 
carfilzomib and Dex combination. Part 1 was a dose-escalation 
phase and part 2 was a dose-expansion phase with selected 
doses. Patients had received 1 - 3 prior lines of therapy and 
those with prior refractoriness to PIs were allowed. Patients 
in cohort 1 (n = 4) received treatment with VEN 400 mg/day 
plus carfilzomib 27 mg/m2 on days 1, 2, 8, 9, 15, 16 and Dex 
40 mg on days 1, 8, 15, 22. Cohort 2 (n = 3) received VEN 
800 mg/day but the schedule and doses of carfilzomib and Dex 
were the same as in cohort 1. In cohort 3/expansion cohort (n 
= 20), patients received VEN 800 mg/day plus carfilzomib 70 
mg/m2 on days 1, 8, 15 and Dex 40 mg on days 1, 8, 15, 22. 
Cohort 4 (n = 3) received VEN 800 mg/day plus carfilzomib 
56 mg/m2 on days 1, 2, 8, 9, 15, 16 and Dex 20 mg on days 
1, 2 , 8, 9, 15, 16, 22, 23. In this trial, 29% of the patients (n 
= 12) discontinued treatment, 7% (n = 3) due to progressive 
disease, 2% (n = 1) due to AEs, 5% (n = 2) due to withdrawal 
of consent, 7% (n = 3) due to lack of efficacy and 7% (n = 3) 
due to death. ORR was 83% in 30 evaluable patients (stringent 
complete response (sCr) 7%, CR 17% and VGPR 33%). Major 
AEs due to this therapy were diarrhea in 57% of the patients (n 
= 24) and fatigue in 41% of the patients (n = 17). Major G-3/4 
AE was lymphopenia (24%, n = 10) [16].

VEN, daratumumab and Dex

An ongoing P-2 study reported by Kaufman et al enrolled 48 
patients with RRMM. In part 1, 24 patients (median age = 63, 
range 51 - 76) with t (11;14) RRMM who had received at least 
one prior line of therapy (IMiDs and PI) were treated with 
VEN + daratumumab + Dex (VEN-Dd). In part 2, 24 patients 
(median age = 65, range 41 - 80) irrespective of t (11;14) sta-
tus and non-refractory to PIs received VEN + daratumumab 
+ bortezomib + Dex (VEN-DVd). Median follow-ups with 
VEN-Dd and VEN-DVd were 10 and 9 months, respectively. 
ORR and VGPR or better in VEN-Dd group were 96% for 
both, whereas ORR and ≥ VGPR in VEN-DVd group were 
92% and 79%, respectively. The median DOR and PFS were 
not reached for either group. Fatigue was the most commonly 
reported AE in the VEN-Dd group (75%) whereas nausea and 
insomnia were the most commonly reported AEs in the VEN-
DVd group. Neutropenia was the most common G-3 or higher 
AE (17%) in the VEN-Dd group. Other AEs are outlined in 
Table 3 [17].

Retrospective Studies

In a retrospective study, investigators evaluated 56 patients 

with RRMM (75% with t (11:14), n = 42), who received VEN 
as monotherapy or in combination (not specified) between De-
cember 2016 to March 2019 at the Mayo Clinic. The median 
number of previous therapies was 6 (range 1 - 15), and 79% (n 
= 44) of the patients had a history of prior autologous stem cell 
transplantation (ASCT). VEN alone or in combination with 
Dex was used in 55% of the patients (n = 31), whereas 45% (n 
= 25) of the patients received VEN in combination with PIs, 
IMiDs, daratumumab as triplet or quadruplet therapy. Amongst 
52 evaluable patients, ORR was 44%. Among patients with t 
(11;14), ORR was 49% compared to 31% in patients without 
t (11;14). Those with high BCL-2 expression had a superior 
ORR compared to those without high expression, i.e., 59% vs. 
8%. Median OS was not reached (95% CI: 12 - not reached 
(NR)) but median PFS was 5.6 months (95% CI: 4.8 - 9.9). 
PFS and OS were better among those with the presence of t 
(11;14) vs. those without t (11;14); median PFS 5.7 months vs. 
4.2 months, and median OS not reached vs. 10.8 months for t 
(11;14) positive and negative patients, respectively. At the last 
follow-up, 14 (25%) patients had died. All of those patients 
had received VEN as the last anti-myeloma agent [18].

Kambhampati et al performed a retrospective study of 47 
patients (high-risk, n = 8; t (11;14), n = 18) with RRMM who 
had a median of 7 prior lines of therapy. Forty-one (87%) pa-
tients received VEN + PIs ± Dex. VEN dose was 800 mg in 
68% of the patients (n = 32), < 800 mg in 30% of the patients 
(n = 14) and > 800 mg in only 2% of the patient (n = 1). ORR 
was 39% with a VGPR 13%. In the t (11;14) cohort, ORR was 
71%, with a VGPR of 24%. The median PFS was 2.1 months 
with an OS of 15.6 months. Two patients (4%) experienced a 
serious AE including pneumonia and cytomegalovirus (CMV) 
pneumonitis. There was one treatment-related death due to in-
fection [19].

In a small retrospective study, Basali et al reported the 
safety and efficacy of VEN-based therapy in 10 RRMM pa-
tients with t (11:14), who had received a median of 6 (2 - 19) 
prior lines of therapy. Fifty percent of the patients (n = 5) had 
undergone prior ASCT. The most common regimen was VEN-
bortezomib-Dex (6/10). Amongst nine evaluable patients, 
ORR was 78% (n = 7) with VGPR and CR of 11% each. As 
calculated by the Kaplan-Meier method, 6-month OS was 
77%, and 6-month PFS was 28% [20].

Discussion

VEN has emerged as the first targeted therapeutic option in pa-
tients with RRMM, both as a single agent and in combination 
with other drugs. While VEN appears to be particularly effec-
tive in patients with t (11;14), which is seen in about 20% of 
newly diagnosed myeloma patients and is associated with high 
BCL-2 expression [9], several important questions remain un-
answered about the potential role of this agent in the treatment 
of RRMM.

Based on the published data highlighted in this review ar-
ticle, it appears that patients with or without t (11;14) seem 
to gain benefit from VEN-based therapy, although more in 
patients with the translocation. It seems obvious that combi-
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nation therapy with VEN yields deeper responses with ORRs 
of 78-100% than VEN monotherapy (ORR of 40%) [13-16]. 
However, there remains a major concern that patients with-
out t (11;14) appear to have an increased risk of mortality and 
inferior overall survival [15]. In the P-3 BELLINI trial, the 
addition of VEN to bortezomib and Dex reported increased 
mortality mainly in the VEN arm [21]. The detailed mecha-
nism and underlying etiologies for this increased mortality are 
not clearly known at this time. Whether it is related to the in-
creased risk of infection with BCL-2 inhibition or change in 
the biological behavior of the disease at the time of disease 
relapse, or both, remains unknown. Hence, it is not advisable 
to use VEN-based therapy for patients without t (11;14), espe-
cially as patients with heavily pretreated RRMM have severely 
compromised immunity and continue to remain at the risk of 
life-threatening infections as a major cause of mortality. Be-
sides this increased risk of infections and mortality, the most 
common toxicities are gastrointestinal and hematological in 
nature and the overall toxicity profile for VEN appears to be 
reasonable and easily manageable. Tumor lysis syndrome that 
is typically seen in patients with CLL receiving VEN-based 
therapy has not been seen in patients with RRMM. However, 
the use of VEN should be cautiously pursued in patients with 
the extramedullary disease and plasma cell leukemia, as they 
are at higher risk of tumor lysis syndrome. Similarly, optimal 
dosing for VEN when used in monotherapy or combination 
with other chemotherapeutic agents has not been clearly de-
fined. Clinical trials have used doses of VEN ranging from 
400 to 1,200 mg/day. VEN at higher doses is associated with 
more significant myelosuppression, especially in patients with 
AML [22]. Significant myelosuppression in heavily pretreated 
RRMM patients amplifies the risk of life-threatening infec-
tions, as suggested by the BELLINI trial. Although these tox-
icities may be mitigated by using lower doses of VEN, it is 
not entirely clear whether lower doses will be as effective as 
the higher doses that have been typically explored in clinical 
trials. It is important to highlight that currently, there are no 
clinical guidelines on any additional supportive care with VEN 
use including surveillance for infections, use of antimicrobial 
and antifungal prophylaxis and dose modifications for major 
drug-drug interactions. Hence, it is important to analyze real-
world data on dosing and toxicity management of VEN-based 
therapy to safely administer this very effective therapy in a se-
lected patient population. This will be an important step before 
continuing to explore the role of VEN in future clinical trials.

Given remarkable efficacy in patients with t (11;14), it 
is imperative that FISH panel testing for t (11;14) become a 
standard practice for newly diagnosed MM. Although, t (11;4) 
is considered a primary cytogenetic abnormality that can be 
seen in about 20% of the patients with newly diagnosed MM 
patients [9], whether patients should undergo bone marrow bi-
opsies to evaluate for this translocation at that time of disease 
relapse is not entirely clear, especially if they were not found to 
have the translocation at the time of initial diagnosis. It is im-
portant to highlight that several biomarkers may be able to pre-
dict sensitivity to VEN. In vitro and in vivo sensitivity to VEN 
has been observed in plasma cells harboring t (11;14), which is 
associated with high BCL-2 expression and a low myeloid cell 

leukemia-1 (MCL-1) or BCL-XL expression (high BCL-2 to 
MCL-1 ratio) [10]. The expression of BCL-2 family members 
in MM is variable, with upregulation of either MCL-1 or BCL-
XL that can lead to VEN resistance [10]. In a clinical study, a 
high BCL2/BCL2L1 gene expression ratio was associated with 
improved ORR of 80% and median TTP of 11.5 months in 
patients with t (11:14) when treated with VEN monotherapy 
[12]. The underlying mechanism of this association between 
t (11;14) and BCL-2 expression remains unknown. Although 
FISH testing for t (11;14) continues to remain the surrogate 
marker for high BCL-2 expression, whether laboratory assays 
of BCL-2 expression or BCL-2/MCL-1 ratio can serve as read-
ily available real-time biomarkers (with or without t (11;14)) 
predictive of sensitivity to VEN in clinical practice needs to 
be determined. Gupta et al studied a panel of 31 myeloma cell 
lines and using ribonucleic acid (RNA) sequencing analysis 
identified an enhanced expression of B-cell genes in patients 
sensitive to VEN. Moreover, a panel of cell surface markers 
(i.e., cluster of differentiation (CD)20, CD79a) correlated well 
with the ex vivo sensitivity of myeloma cell lines to VEN. The 
authors concluded that B-cell gene expression and cell sur-
face markers may serve as better biomarkers for predicting 
response to VEN than t (11;14) alone [23].

The concept of minimal residual disease (MRD) status 
is currently being utilized more often due to advancement in 
next-generation sequencing, flow cytometry and polymerase 
chain reaction (PCR) techniques [24]. The response crite-
ria based on MRD status is now considered one of the most 
important prognostic factors and is predictive of subsequent 
relapse. There is improved PFS and OS in MM patients who 
achieve MRD-negative or low-level MRD status with upfront 
therapy with or without ASCT. In the BELLINI trial, the addi-
tion of VEN to bortezomib was associated with deep and dura-
ble responses, including higher rates of MRD negativity. This 
MRD negativity was associated with prolonged PFS in pa-
tients with RRMM [21]. With ongoing clinical trials (Table 4), 
we will have more data on VEN in regards to an optimal dose 
that has maximal efficacy with minimal side effects. Utilizing 
advances in the genomic analysis will help us better under-
stand the synergistic effect when VEN is given in combination 
with other chemotherapeutic agents. With better understanding 
from P-1/2 studies, P-3 clinical trials comparing VEN-based 
therapy with other novel chemotherapeutic options for their ef-
ficacy and safety endpoints will help guide appropriate timing 
and duration of use of VEN-based therapy. With the increasing 
use of VEN in clinical practice, the “real-world experience” 
will guide dosing, schedule and supportive care for clinicians 
in the community-based practice.

Conclusions

VEN is an active and well-tolerated agent in patients with 
heavily pretreated RRMM with t (11:4), and can produce du-
rable responses as a single agent and in combination regimens. 
Major toxicities include hematological and gastrointestinal 
side effects that are overall manageable. Prospective rand-
omized controlled trials, as well as real-world data on the use 
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of VEN as monotherapy and in combination with other chemo-
therapeutic agents in a carefully selected patient population, 
will help us better determine its role as a targeted therapy in 
the armamentarium for patients with RRMM where the op-
tions are limited.
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to progression; AE: adverse event; G: grade; P-1: phase I; P-2: 
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Yrs: years; HR: hazard ratio; CI: confidence interval; VEN-Dd: 
venetoclax + daratumumab + dexamethasone; VEN-DVd: vene-

toclax + daratumumab + bortezomib + dexamethasone; ASCT: 
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