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Advances in Multiple Myeloma

Introduction
Although the survival of patients with multiple 
myeloma (MM) has drastically improved over 
the last two decades due to advances in treat-
ment, in particular with proteasome inhibitors 
(PIs) and immunomodulatory drugs (IMiDs), 
MM remains incurable and patients eventually 
relapse. The addition of novel therapies, such as 
CD38 monoclonal antibodies (moAbs), to IMiD- 
and PI-backbone regimens has improved out-
comes in patients with relapsed and refractory 
multiple myeloma (RRMM).1–5 However, patients 
who become refractory to existing therapies have 
a very poor prognosis, with a median overall sur-
vival (OS) ranging from 5.6 to 9.2 months in 
those who are ‘penta-refractory’ (or refractory to 
1 CD38 moAb + 2 IMiDs + 2 PIs) and ‘triple-
refractory and quad-refractory’ (refractory to 1 
CD38 moAb + 1 or 2 IMiDs + 1 PI, or 1 CD38 
moAb + 1 IMiD + 1 or 2 PIs).6 Subsequent treat-
ment options in such patients are limited and 

novel agents for the treatment of RRMM are 
therefore needed.

B-cell maturation antigen (BCMA) has become 
an important target for the development of novel 
immunotherapeutics in MM. Recent reviews on 
BCMA-targeted therapies have been published, 
providing an overview on the biology of BCMA 
and preclinical and clinical studies of novel 
BCMA-based therapies.7–9 The current modali-
ties of BCMA-targeted therapies in development 
include antibody–drug conjugates (ADCs), bispe-
cific T-cell engagers (BITEs), and chimeric anti-
gen receptor (CAR)-modified T-cell therapies. 
This review summarizes the most updated efficacy 
and safety data from clinical studies of BCMA-
targeted therapies with a comprehensive focus on 
currently available clinical trial data of ADCs and 
BITEs. Additionally, we highlight important dif-
ferences among the BCMA-targeted treatment 
modalities and their clinical implications.
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B-cell maturation antigen
In brief, BCMA is a member of the tumor necro-
sis factor receptor superfamily and is highly 
expressed on mature B lymphocytes, with minimal 
expression on hematopoietic stem cells or nonhe-
matopoietic tissue.10 Moreover, in preclinical stud-
ies, overexpression of BCMA and the interaction 
with is ligand, a proliferation-inducing ligand 
(APRIL), was found to promote MM progression 
in vivo and augment MM cell growth and survival 
through induction of multiple signaling cascades, 
including protein kinase B (AKT), MAPK, and 
nuclear factor (NF)-κB.11 Additionally, BCMA 
has been shown to be solubilized at high levels in 
serum of patients with MM (sBCMA).12 This 
form of sBCMA binds to B-cell activating factor 
(BAFF). The role of BAFF is to stimulate normal 
B-cell and plasma cell development; however, this 
functioning is prevented when it is bound by 
BCMA in the serum, thereby leading to decreased 
polyclonal immunoglobulin levels in patients with 
MM.12 Given the above, BCMA has been an ideal 
target for the development of therapeutics in MM.

Furthermore, sBCMA has been identified as a 
potential biomarker for monitoring disease status 
and OS of patients with MM.13 sBCMA has been 
noted to be more highly expressed in the serum of 
patients with MM with progressive disease com-
pared with those with responsive disease.13 
sBCMA levels above the median have also been 
correlated with shorter OS and progression-free 
survival (PFS).13,14 Given its short half-life, levels 
of sBCMA also appear to respond more rapidly to 
therapy as compared to M-protein.15,16 Clinical 
studies of BCMA-targeted therapies will help to 
further elucidate the role of sBCMA as a predic-
tor of response to therapy and survival.

Anti-BCMA antibody–drug conjugates in 
multiple myeloma
ADCs are made up of a tumor-specific antibody 
and a cytotoxic payload joined together by a syn-
thetic chemical linker.17 Currently approved 
ADCs in other cancers include gemtuzumab 
ozogamicin (CD33 targeted),18 brentuximab 
vedotin (CD30 targeted),19 and inotuzumab 
ozogamicin (CD22 targeted),20 in hematological 
malignancies as well as trastuzumab emtansine 
(HER2 targeted)21 in breast cancer. As seen in 
these and other clinical studies of ADCs, ADCs 
often demonstrate a narrow therapeutic index 

and improving the therapeutic window of ADCs 
to optimize safety and efficacy remains an impor-
tant aspect of clinical development of ADCs.17

Below we discuss the safety and efficacy data 
from the first-in-class anti-BCMA monoclonal 
antibody belantamab mafodotin, as well as other 
ADCs in early clinical development including 
AMG224, MEDI2228 and HDP-101 in RRMM 
(summarized in Table 1).

Belantamab mafodotin
Belantamab mafodotin is a humanized IgG1 mon-
oclonal anti-BCMA antibody conjugated to the 
microtubule-disrupting agent monomethyl aurista-
tin-F (MMAF), which leads to direct cell death fol-
lowing internalization and release of its cytotoxic 
moiety (cys-mcMMAF).22,23 In the phase I clinical 
trial DREAMM-1 (ClinicalTrials.gov identifier: 
NCT02064387), belantamab mafodotin (previ-
ously known as GSK2857916) demonstrated 
impressive single-agent activity at a dose of 3.4 mg/
kg with an overall response rate (ORR) of 60% and 
a median PFS of 12 months in a heavily pretreated, 
refractory patient population.22 Moreover, of the 
13 patients in the study with prior daratumumab 
treatment and who were refractory to both an 
IMiD and PI, the ORR was 38.5% with a median 
PFS of 6.2 months. Based on the preliminary 
results of the ongoing phase II, randomized 
DREAMM-2 clinical trial (ClinicalTrials.gov 
identifier: NCT03525678),24 the US Food and 
Drug Administration (FDA) granted accelerated 
approval to belantamab mafodotin (Blenrep, 
GlaxoSmithKline) in August of 2020 as mono-
therapy for adult patients with RRMM who have 
received at least four prior therapies including an 
anti-CD38 monoclonal antibody, a PI and an 
IMiD, making it the first anti-BCMA therapy 
approved anywhere. In the DREAMM-2 trial, 
patients with RRMM who had received three or 
more lines of therapy and who were refractory to 
previous IMiDs and PIs as well as refractory or 
intolerant (or both) to an anti-CD38 monoclonal 
antibody were randomized to receive either 
2.5 mg/kg or 3.4 mg/kg Blenrep via intravenous 
infusion every 3 weeks on day 1 of each cycle until 
disease progression or unacceptable toxicity. Of 
the 196 patients included in the intention-to-treat 
population (n = 97 in the 2.5 mg/kg cohort and 
n = 99 in the 3.4 mg/kg cohort), the ORR was 31% 
and 34% in the 2.5 mg/kg and 3.4 mg/kg cohorts, 
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respectively, with a very good partial response 
(VGPR) or better achieved in about 20% of 
patients in each cohort. At a median duration of 
follow-up of 6.3 months (2.5 mg/kg cohort) and 
6.9 months (3.4 mg/kg cohort), the median dura-
tion of response (DOR) was not reached. Median 
PFS was 2.9 months and 4.9 months in the 
2.5 mg/kg and 3.4 mg/kg cohorts, respectively. 
OS data were not yet mature at the time of pri-
mary analysis. Given the short duration of fol-
low-up in the primary analysis, longer follow-up 
is needed to assess durability of responses. 
Updated efficacy and safety data at median 
duration of follow-up of 9 months were recently 
presented, showing an ORR of 31% and 35%, 
median PFS of 2.8 and 3.9 months, median 
DOR 11 [95% confidence interval (CI): 4.2–not 
reached (NR)] and 6.2 (95% CI: 4.8–NR) 
months in the 2.5 mg/kg (n = 97) and 3.4 mg/kg 
(n = 99) cohorts, respectively.25

Efficacy results of the pivotal DREAMM-1 and 
DREAMM-2 studies and additional studies of 
Blenrep in combination with standard-of-care or 
novel agents that are ongoing are summarized in 
Table 1. DREAMM-6 is an ongoing, phase I/II, 
two-part, two-arm study of Blenrep combined 
with either bortezomib/dexamethasone (B-Vd) 
or lenalidomide/dexamethasone (B-Rd) with 
RRMM previously treated with ⩾1 prior line of 
therapy. Early efficacy and safety data from the 
Blenrep + Vd arm of the DREAMM-6 study 
(ClinicalTrials.gov identifier: NCT03544281) 
were recently presented.26 A total of 59 patients 
have been treated to date in the B-Vd arm, with 
18 patients having received 2.5 mg/kg of Blenrep 
as a single dose every 3 weeks combined with 
standard-dose Vd in 21-day cycles. At data cut-
off, patients had received a median of 18.2 (6.0–
46.4) weeks on treatment. Of the 18 patients who 
have received Blenrep 2.5 mg/kg + Vd in the part 
II dose-expansion portion of the study, the ORR 
was 78% with 50% achieving VGPR. DOR was 
not yet reached at time of analysis.

From the safety data available to date in the early 
phase trials of Blenrep, apart from hematologic 
toxicities, an important toxicity that has been 
observed has been keratopathy (changes to the 
corneal epithelium as seen by ophthalmologic 
examination which may occur with or without 
symptoms). In the DREAMM-1 study, corneal 
events were reported in 69% of patients, with the 

majority being Grade 1 or 2. The most common 
adverse events (AEs) reported in DREAMM-2 
were Grade 1 or 2 keratopathy in 43% and 54% 
of the 2.5 mg/kg and 3.4 mg/kg cohorts, respec-
tively, and most common Grade 3 or 4 AEs were 
keratopathy in 27% and 21%, thrombocytopenia 
in 20% and 33%, and anemia in 20% and 25% of 
the 2.5 mg/kg and 3.4 mg/kg cohorts, respectively. 
The most commonly reported corneal symptoms 
were blurred vision and dry eyes. The majority of 
infusion-related reactions (IRRs) were Grade 1 
and 2 and occurred in less than 20% of patients in 
both dosing cohorts. Dose reductions were neces-
sary in 29% and 41% of patients in the 2.5 and 
3.4 mg/kg cohorts, respectively, and dose reduc-
tions and dose delays due to keratopathy occurred 
in 23% and 27%, and 47% and 48% of the dosing 
cohorts, respectively. Early safety data in 
DREAMM-6 showed no unexpected safety sig-
nals with the combination of Blenrep + Vd. Grade 
3 and 4 AEs occurred in 89% of patients, with 
Grade 3 and 4 thrombocytopenia occurring in 
61% of patients and Grade 3 keratopathy occur-
ring in 56% of patients (no Grade 4 corneal 
events were reported). In 28% of patients, AEs 
led to permanent discontinuation of study treat-
ment. Understanding the underlying mecha-
nisms of drug-induced keratopathy and effective 
management strategies will be very important 
going forward. Corneal events have been further 
characterized in both the DREAMM-1 and 
DREAMM-2 studies and guidelines for Blenrep 
dose modifications based on eye examination 
findings have been published.27,28 Corneal exami-
nations of patients on Blenrep should include a 
slit lamp examination to identify corneal changes 
and a best-corrected visual acuity assessment to 
detect changes from baseline. On slit lamp exami-
nation, corneal changes typically appear as small 
lesions within the corneal epithelium.28 In a liter-
ature review, similar corneal findings have been 
reported with other MMAF-containing ADCs 
although the pathophysiology is not yet clearly 
understood.28 Importantly, the DREAMM-2 ocu-
lar sub-study reported no benefit of prophylactic 
steroid drops to the development of corneal epi-
theliopathy compared with lubricant eye drops 
alone.24 Of the 18% of patients experiencing 
changes in visual acuity in the DREAMM-2 study, 
82% have recovered as of last follow-up and no 
permanent vision loss has been noted to date.28 
Management of corneal events generally includes 
dose delays and reductions until improvement of 
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symptoms. Moreover, future strategies to amelio-
rate drug-induced toxicities will likely include 
extending dosing intervals (i.e. every 4–6 week 
dosing versus every 3 week dosing).

AMG 224
AMG 224 is an anti-BCMA IgG1 antibody con-
jugated with mertansine (DM1), an anti-tubulin 
maytansinoid, through a non-cleavable linker 
and has shown clinical activity in a first-in-human 
phase I study.29 Patients with RRMM having 
received ⩾3 prior lines of therapy including an 
IMiD and PI were included in the study. A total 
of 40 patients received study treatment (29 in the 
dose-escalation portion at doses of 30–250 mg 
and 11 in the dose-expansion portion at 3 mg/kg) 
and were a heavily pretreated patient population 
with a median of seven lines of prior therapy. 
The maximum tolerated dose (MTD) for AMG 
224 monotherapy was determined to be 190 mg 
every 3 weeks. The ORR was 23% with a median 
DOR in the dose-escalation group of 14.7 (4.1–
29.8) months. As seen with Blenrep, hematologic 
toxicities including thrombocytopenia and ocular 
toxicities were reported with AMG224. In the 
dose-escalation cohort, common Grade ⩾3 AEs 
were thrombocytopenia (24%) and anemia 
(21%); all treatment-emergent ocular AEs were 
Grade 1 or occurred in 21% of patients. In the 
dose-expansion cohort, common Grade ⩾3 
treatment-emergent AEs (TEAEs) were throm-
bocytopenia (55%), neutropenia (27%), and 
anemia (18%); treatment-emergent ocular AEs 
were also all Grade 1 or 2 and occurred in 36% 
of patients. Overall, AMG in this phase I trial has 
demonstrated single-agent activity in a heavily 
pretreated RRMM patient population with a 
manageable safety profile, warranting further 
clinical development.

MEDI2228 and HDP-101
MEDI2228 is an anti-BCMA ADC composed of 
a fully human antibody site conjugated to a DNA 
cross-linking pyrrolobenzodiazepine (PBD) 
dimer via a protease-cleavable linker, which leads 
to DNA damage and apoptotic cell death upon 
release. Preclinical models have demonstrated 
that MEDI2228 is cytotoxic to both MM cells 
and myeloma progenitor cells and remains active 
in the presence of clinically relevant levels of 
sBCMA.30 Preclinical models have also shown 

synergistic activity of MEDI2228 combined with 
bortezomib and DNA damage-response inhibi-
tors.31 Results from a phase I, first-in-human, 
dose-escalation and expansion trial of MEDI2228 
(ClinicalTrials.gov identifier: NCT03489525) in 
patients with RRMM who have progressed on 
three classes of standard-of-care anti-MM agents 
(including a PI, IMiD, and moAb) were pre-
sented at the 2020 American Society of 
Hematology (ASH) annual meeting.32 MEDI2228 
was administered in sequentially ascending dose 
levels (0.0125, 0.25, 0.05, 0.1, and 0.2 mg/kg) via 
intravenous infusion every 3 weeks. A total of 82 
patients were enrolled. Patients had received 
2–11 lines of prior therapy. The MTD was deter-
mined to be 0.14 mg/kg every 3 weeks. The most 
common TEAEs in the 0.14 mg/kg cohort 
included photophobia (54%), thrombocytopenia 
(32%), rash (30%), increased gamma-glutamyl-
transferase (24%), dry eye (20%), and pleural 
effusion (20%). Keratopathy or loss of visual acu-
ity were not observed. Although clinical efficacy 
was demonstrated at all dose levels, the 0.14 mg/
kg cohort exhibited the highest ORR at 61% with 
median DOR not reached. Of note, 90% of 
patients in the 0.14 mg/kg cohort had received 
prior daratumumab. In this heavily pretreated 
RRMM patient population who has received a PI, 
IMiD, and moAb, MEDI2228 0.14 mg/kg every 
3 weeks appears to demonstrate impressive single-
agent clinical activity.

HDP-101 is an anti-BCMA ADC linked to α-
amantin, which binds to RNA polymerase II sub-
unit A and inhibits cellular transcription. 
Preclinical evaluation of HDP-101 has demon-
strated activity in myeloma cell line models, and 
preliminary data has shown that HDP-101 may 
be preferentially active in del17p myeloma.33 
Early phase in-human trials of HDP-101 are in 
development.

Anti-BCMA/CD3 bispecific antibodies in 
multiple myeloma
Bispecific antibodies are designed to have affini-
ties for two different epitopes which allows for 
either monovalent or bivalent binding to two tar-
gets.34 Immune cell-engaging bispecific antibod-
ies bind to both the CD3 T-cell receptor and 
tumor-associated antigen, which forms a cytolytic 
synapse leading to release of perforin and cyto-
toxic granzyme-B and killing of the target cell.34 
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There are a number of BITEs targeting BCMA 
on MM cells and CD3 receptors on T-cells cur-
rently being studied in MM. Below we discuss the 
available safety and efficacy data from early phase 
trials of anti-BCMA/CD3 BITEs including teclis-
tamab, AMG 420 and AMG 701, REGN5458, 
CC-93269, and PF-06863135 in RRMM (sum-
marized in Table 2).

Teclistamab
Teclistamab (JNJ-64007957) is a humanized 
IgG4 bispecific monoclonal antibody that binds 
to both BCMA and CD3 receptors on T-cells. 
Initial results from the part 1 dose-escalation 
portion of the first-in-human phase I study of 
teclistamab (ClinicalTrials.gov identifier: NCT 
03145181) in patients with RRMM who had pre-
viously been treated with a PI and an IMiD have 
been presented.35 In the study, patients received 
teclistamab intravenously in dosing groups rang-
ing from 0.3 µg/kg to 720 µg/kg. Patients had 
received a median of six prior lines of therapy 
(2–14) and 80% were triple-class refractory and 
41% were penta-drug refractory. A total of 78 
patients have been treated in the dose-escalation 
portion of the study, with response rates increased 
with higher doses of teclistamab. Of the 12 
patients who received 270 µg/kg, the ORR was 
67% (with 50% achieving VGPR or better). 
Response data for the 720 µg/kg was not yet 
mature. Additionally, of five patients evaluable 
for minimal residual disease (MRD) analysis, 
four (80%) achieved MRD negativity. The most 
common AEs of any grade were anemia, cytokine 
release syndrome (CRS), neutropenia, and 
thrombocytopenia occurring in 58%, 56%, 45% 
and 40% of patients, respectively. Grade 3 or 
higher anemia, neutropenia, and thrombocytope-
nia occurred in 36%, 38% and 24% of patients. 
All CRS events were Grade 1 or 2 and there was 
no treatment discontinuation due to CRS. 
Teclistamab appears to have an acceptable safety 
profile and the initial efficacy results are very 
encouraging particularly given the refractory 
patient population in this study. Updated results 
from this study and newly available data for sub-
cutaneous teclistamab have been presented with 
84 and 44 patients in the intravenous (0.3–720 µg/
kg) and subcutaneous (80–3000 µg/kg) teclis-
tamab arms, respectively.36 Of 120 patients evalu-
able for response, the highest and most active 
dose levels were determined to be 270 µg/kg and 
720 µg/kg weekly for intravenous administration 

and 720 µg/kg and 1500 µg/kg weekly for subcu-
taneous administration. Of 47 patients within 
these four dose levels, the ORR was 64%. 
Overall, this updated study analysis showed a 
relatively unchanged safety profile. Of note, 
CRS did tend to occur later with subcutaneous 
administration (median time to onset of 1 day 
versus 2 days for intravenous versus subcutaneous 
administration, respectively). Given the encour-
aging efficacy and safety data, a phase II mono-
therapy trial with subcutaneous teclistamamb at 
the recommended phase II dose of 1500 µg/kg is 
planned. Teclistamab is also being explored in a 
phase I study in combination with daratumumab 
(ClinicalTrials.gov identifier: NCT04108195).

AMG 420 and AMG 701
AMG 420, formerly known as BI-836909, is a 
BCMA/CD3 BITE molecule that has been inves-
tigated in patients with RRMM.37 In the first-in-
human dose-escalation study in patients with 
RRMM who had received at least two prior lines 
of therapy, including an IMiD and PI, AMG 420 
was given at doses ranging from 0.2 µg/d to 
800 µg/d for up to 10 cycles via continuous intra-
venous administration for 4 weeks on and 2 weeks 
off treatment in 6-week cycles. Forty-two patients 
were included in the analysis, with the study ORR 
being 31%. However, significant responses were 
observed at the 400 µg/d dose, with 7 (70%) of 10 
patients responding, including 5 MRD-negative 
CRs, 1 VGPR, and 1 partial response (PR). The 
median DOR at this dose was 9 months. The 
MTD was determined to be 400 μg/d. Sixteen of 
42 patients (38%) experienced CRS, with the 
majority (13/16) being Grade 1. The most com-
mon serious AEs of all grades were infection in 
33% and polyneuropathy in 5%. Although AMG 
420 demonstrated clinical activity in RRMM, 
continuous intravenous dosing poses a significant 
challenge. Thus, AMG 420 development has 
been suspended at this time and further clinical 
development of a half-life extended BCMA BITE 
molecule (AMG 701) is being pursued.

AMG 701 in preclinical studies has shown potent 
T-cell mediated lysis of MM cell lines in vitro, 
including IMiD-resistant cell lines.38 Additionally, 
IMiD pre-treatment enhanced AMG 701- mediated 
T-cell dependent cytotoxicity against MM cells and 
induced a more pronounced immunomodulation 
even in the presence of osteoclasts or bone mar-
row stromal cells. Moreover, the combination of 

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 12

8 journals.sagepub.com/home/tah

Table 2. Clinical trials of anti-BCMA × CD3 T-cell engaging bispecific antibodies in RRMM.

Trial Phase Regimen Study status n ORR (%) AEs of interest

Clinical trials with available data

Teclistamab (NCT03145181) I Teclistamab 
monotherapy

Recruiting 78 67% (n = 12)* Anemia: 58%

Neutropenia: 45%

Thrombocytopenia: 40%

(All Gr)

CRS: 56% (Gr 1 and 2; no high-
grade events)

Infections: 19% (all Gr)

AMG 420 (NCT03836053) I AMG 420 
monotherapy

Active, not 
recruiting

42 31% CRS: 38% (majority Gr 1)

Infections: 33% (all Grades)

AMG 701 (NCT03287908) I AMG 701 
monotherapy

Recruiting 75 36% Anemia: 43%

Neutropenia: 23% 
Thrombocytopenia: 20%

CRS: 61% (majority Gr 1 or 2)

REGN5458 (NCT03761108) 2-January REGN5458 
monotherapy

Recruiting 45 36% Infections: 20% (Gr ⩾ 3)

CRS: 38% (majority Gr 1)

CC-93269 (NCT03486067) I CC-93269 
monotherapy

Recruiting 30 36% (3–6 mg 
dosing cohort)

Anemia: 37%

Neutropenia: 43%

89% (>6 mg 
dosing cohort)

Thrombocytopenia: 17% (Gr ⩾ 3)

Infections:30% (Gr ⩾ 3)

 CRS: 77% (all Gr)

PF-06863135 (NCT03269136) I PF-06863135 
monotherapy

Recruiting 16** 1/16 (6%) MR** Anemia**: 18%

(IV** and SC† 
dosing)

6/16 (35%) 
SD**

Thrombocytopenia**: 24%

(all Gr)

 CRS**: 24% (all Gr)

 Anemia†: 50%

 Thrombocytopenia†: 39%

 18† 33%† (all Gr)

 CRS†: 61% (all Gr 1 or 2)

TNB-383B (NCT03933735) I TNB-383B 
monotherapy

Recruiting 38 52% [5.4–
40 mg dosing 
cohorts]

Anemia: 16%

Thrombocytopenia: 13%

(Gr 3/4)

CRS: 21% (all Gr 1 or 2)

(Continued)
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Ongoing clinical trials

Trial Phase Regimen Study status n  

A phase Ib Study of 
Subcutaneous Daratumumab 
Regimens in Combination With 
Bispecific T Cell Redirection 
Antibodies for the Treatment 
of Subjects With Multiple 
Myeloma (NCT04108195)

I Daratumumab + 
teclistamab

Recruiting 100  

A phase I/II Open-label 
Study Evaluating the Safety, 
Tolerability, Pharmacokinetics, 
Pharmacodynamics, and 
Efficacy of AMG 701 in 
Subjects With Multiple 
Myeloma (ParadigMM-1B) 
(NCT03287908)

2-January AMG 701 
monotherapy

Recruiting 270  

Phase I/II FIH Study of 
REGN5458 (Anti-BCMA × Anti-
CD3 Bispecific Antibody) in 
Patients With Relapsed or 
Refractory Multiple Myeloma 
(NCT03761108)

2-January REGN5458 
monotherapy

Recruiting 74  

A Multicenter, phase I (Open-
label, Dose-escalation and 
Expansion Study of TNB-
383B, a Bispecific Antibody 
Targeting BCMA in Subjects 
With Relapsed or Refractory 
Multiple Myeloma

I TNB-383B 
monotherapy

Recruiting 72  

(NCT03933735)  

*Efficacy data for 270 µg/kg dosing cohort, efficacy data for 720 µg/kg dosing cohort not yet mature.
**Efficacy and safety data for evaluable patients from intravenous PF-06863135 monotherapy dosing cohorts.
†Efficacy and safety data for evaluable patients from subcutaneous PF-06863135 monotherapy dosing cohorts.
AE, adverse event; BCMA, B-cell maturation antigen; CRS, cytokine release syndrome; Gr, grade; IV, intravenous; mg, milligram; MR, minimal 
response; n, sample size; NCT, ClinicalTrials.gov identifier; ORR, overall response rate; RRMM, relapsed and refractory multiple myeloma; SC, 
subcutaneous; SD, stable disease.

Table 2. (Continued)

an IMiD and AMG 701 significantly enhanced 
anti-tumor activity in xenograft mouse models. 
These findings support the ongoing phase I trial 
of AMG 701 monotherapy in patients with 
RRMM (NCT03287908) and provide rationale 
for further investigation of AMG 701 in combi-
nation with IMiDs. Initial results of the ongoing 
phase I trial of AMG 701 monotherapy have 
been presented.39 AMG 701 was administrated 
in three dosing cohorts (5–45 µg, 0.14–1.2 mg, 
and 1.6–12 mg) via weekly intravenous infusion 
in 4-week cycles until disease progression. 

Seventy-five patients received AMG 701. This 
was a heavily pretreated patient population with 
a median of 6 (1–25) prior lines of therapy, and 
68% were triple-class refractory. The most com-
mon hematological and non-hematological AEs 
were anemia (43%), neutropenia (23%), throm-
bocytopenia (20%), diarrhea (31%), fatigue 
(25%), and fever (25%). CRS occurred in 61% 
of patients, with the majority being Grade 1 or 
2. Overall at doses of 3–12 mg, the ORR was 
36% (16/45). In six patients who underwent 
earlier escalation to achieve a target dose of 
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9 mg, the ORR was 83% (three PRs and two 
VGPRs). This encouraging early data supports 
further evaluation of AMG 701.

REGN5458
REGN5458 is another anti-BCMA and anti-
CD3 bispecific antibody currently being evalu-
ated in a phase I trials in patients with RRMM 
who have had >3 prior lines of therapy, including 
a PI, IMiD and anti-CD38 antibody or progres-
sion on or after an anti-CD38 antibody and 
refractory to a PI and IMiD (ClinicalTrials.gov 
identifier: NCT03761108). Safety and efficacy 
data for 45 patients enrolled in the dose-escala-
tion portion of the study have been presented.40 
Patients had received a median of 5 (2–17) prior 
lines of therapy. All were refractory to an anti-
CD38 moAb and 53% were penta-refractory. 
REGN5458 was administered over six dose levels 
from 3 mg to 96 mg. The most common treat-
ment-related AEs included CRS (38%), fatigue 
(18%), nausea (18%), and myalgias (13%). Of 
patients experiencing CRS, 88% were Grade 1 
and no patients experienced Grade 3 or greater 
CRS. Infection-related AEs occurred in 47% of 
patients, 20% of which were Grade ⩾ 3. The 
ORR across all dose levels was 36% and in the 
highest dose level was 60%. Moreover, the ORR 
was 17% in patients with extramedullary plasma-
cytomas. Additionally in this heavily pretreated 
population, responses were durable with a DOR 
of ⩾4 months in 44% and ⩾8 months in 19%. We 
await further data from the ongoing phase I dose-
escalation and phase II portions of this trial.

CC-93269
CC-93269 is a bispecific antibody that binds 
BCMA and CD-3 T-cells. Initial results of the 
first-in-human phase I trial (ClinicalTrials.gov 
identifier: NCT03486067), evaluating the safety 
and tolerability of the agent in patients with 
RRMM who have received 3 or more prior regi-
mens and were naïve to BCMA-directed therapy, 
have been presented.41 CC-03269 was adminis-
tered in doses ranging from 0.15 mg to 10 mg. Of 
the 30 patients that have received treatment, the 
ORR in patients treated with CC-93269 at the 
3–6 mg and >6 mg dose were 36% and 89%, 
respectively. No responses were noted in the 
⩽3 mg dosing group. Moreover, 17% of patients 
achieved a stringent complete response (sCR), 

and of the nine patients in the 10 mg dosing 
cohort, the sCR rate was 44%. As far as the safety 
profile, the majority of patients (97%) experi-
enced a TEAE, with 73% having a Grade ⩾ 3 AE. 
The most common Grade ⩾ 3 AEs included neu-
tropenia (43%), anemia (37%), infections (30%) 
and thrombocytopenia (17%). CRS of any grade 
was observed in 77% of patients. One patient 
death on trial was attributed to CRS, who had 
received an initial dose of 6 mg and a second dose 
of 10 mg. Ongoing enrollment and longer-term 
follow-up will more accurately delineate the safety 
and efficacy profile of CC-93269 and allow for 
determination of the recommended phase II dose.

PF-06863135
PF-06863135 (PF-3135) is a humanized bispe-
cific anti-BCMA/CD3 monoclonal paired on an 
IgG2a backbone by hinge-mutation technology. 
Findings from the dose-escalation portion of an 
ongoing, multicenter, open-label, phase I study 
(ClinicalTrials.gov identifier: NCT03269136) of 
PF-3135 in patients with RRMM previously 
treated with a PI, IMiD, and an anti-CD38 
moAb have been reported.42 PF-3135 was 
administered intravenously once weekly in six 
dose-escalation groups. Of the 16 patients evalu-
able for efficacy, one (6%) patient had a minimal 
response and six (35%) patients had stable dis-
ease (SD) across dose levels. TEAEs of any grade 
were observed in 59% if patients, with the major-
ity being Grade 1 and 2, including CRS (24%), 
thrombocytopenia (24%), anemia (18%), and 
pyrexia (18%). Given the preliminary evidence 
of anti-MM activity with intravenous PF-3135, 
subcutaneous dose escalation was also initiated 
in this study with the potential to reduce maxi-
mum concentration (Cmax) and achieve a more 
favorable therapeutic window and initial safety 
and efficacy data has been presented.43 Of 18 
patients who received subcutaneous PF-3135, the 
ORR was 33% overall and 75% at the two highest 
dose levels (215 and 360 µg/kg). The most com-
mon TEAEs were CRS (61%), anemia (50%), 
thrombocytopenia (39%), injection site reaction 
(33%) and lymphopenia (33%). The majority of 
CRS were Grades 1 and 2, and subcutaneous 
administration of PF-3135 did reduce the Cmax, 
allowing for administration of higher doses of drug 
without increased severity of observed CRS. This 
study is ongoing with additional dosing cohorts 
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accruing, including in combination with either 
PF-06801591 or lenalidomide.

TNB-383B
TNB-383B is a BCMA x CD3 bispecific T-cell 
redirecting antibody that incorporates a unique 
anti-CD3 moiety, which preferentially activates 
effector over regulatory T-cells, and 2 heavy-
chain-only anti-BCMA moieties. Initial results of 
the first-in-human phase I dose-escalation and 
expansion trial of TNB-383B (ClinicalTrials.gov 
identifier: NCT03933735) in patients with 
RRMM who have had at least three prior lines of 
therapy (including a PI, IMiD, and anti-CD38 
moAb) are reported.44 TNB-383B was adminis-
tered with escalating doses (0.025–40 mg) intra-
venously every 3 weeks. Patients enrolled had 
received a median of 7 (4–13) prior lines of ther-
apy. Of 38 patients dosed, the most common AEs 
were CRS (21%) and headache (13%). All CRS 
events were Grade 1 or 2. At doses of 5.4–40 mg, 
the ORR was 52% with a median DOR of 9 (3–
21) weeks. This study is ongoing.

CAR T-cell therapy in multiple myeloma
CARs consist of tumor-associated antigen- 
targeted single-chain variable fragments that are 
connected to intracellular signaling domains and 
costimulatory domains.8 CAR T-cells are geneti-
cally modified T-cells that express a CAR against 
specific tumor-associated antigen. Upon binding, 
T-cell activation leads to cellular lysis and death.8 
CAR T-cell therapy in MM, specifically anti-
BCMA CAR T-cell therapy, is more advanced in 
clinical development as compared to ADCs and 
bispecific antibodies. Early phase data of anti-
BCMA CAR T-cell therapy has demonstrated 
impressive responses in RRMM. Recently pub-
lished reviews as well as a meta-analysis provide a 
comprehensive summary of the efficacy and safety 
data of numerous CAR T-cell constructs cur-
rently in clinical trials.7,8,45 Below, we highlight 
the most recent updates of the anti-BCMA CAR 
T-cell constructs bb2121, orvacabtagene autole-
ucel, and JNJ-68284528.

Idecabtagene vicleucel
Idecabtagene vicleucel (bb2121; Ide-cel) showed 
a manageable safety profile and promising clinical 
activity in patients with RRMM in the phase I 

study.46 Initial results of the pivotal phase II 
KarMMa trial (ClinicalTrials.gov identifier: 
NCT03361748) of bb2121 in patients with 
RRMM who had received ⩾3 prior regimens 
(with previous exposure to an IMiD, PI, and anti-
CD38 monoclonal antibody) and refractory to 
last line of therapy are very encouraging.47 Ide-cel 
was administered at three dose levels: 150, 300, 
and 450 × 106 CAR T-cells. Eighty-four percent 
of patients were triple refractory. The ORR across 
128 treated patients was 73%. CR or better and 
MRD negativity was achieved in 26% of patients. 
Clinically meaningful responses were observed 
across subgroups, including patients with high-
risk cytogenetics and those with triple- and penta-
refractory disease. At a median follow-up of 
13.3 months, the median DOR was 10.7 (95% 
CI: 9.0–11.3) months and the median PFS was 
8.8 (95% CI: 5.6–11.6) months. In patients who 
achieved CR/sCR, the median DOR was 
19.0 months and median PFS was 20.2 months. 
Long-term follow-up data are needed to ascertain 
the durability of responses. Cytopenias were com-
mon, and infections occurred in 69% of patients. 
Any grade CRS was observed in 84% of patients, 
the majority of which was Grade 1. Five deaths 
occurred within 8 weeks of ide-cel infusion, three 
of which were attributed to AEs (CRS, aspergillus 
pneumonia, and gastrointestinal hemorrhage).

Orvacabtagene autoleucel
Orvacabtagene autoleucel (orva-cel, also known 
as JCARH125) is a fully human CAR T-cell ther-
apy with a 4-1BB costimulatory domain currently 
being investigated in a multicenter phase I/II trial 
(ClinicalTrials.gov identifier: NCT03430011; 
EVOLVE) in patients with RRMM who have 
received ⩾3 prior regimens, a PI, an IMiD and an 
anti-CD38 monoclonal antibody. Updated 
results of 51 patients treated with higher dose lev-
els (300, 450, and 600 × 106 CAR T-cells) in the 
phase I/II EVOLVE trial have been presented.48 
Of the 51 patients, 94% were triple-refractory 
and 48% were penta-refractory.

In this heavily pretreated RRMM patient popula-
tion, the ORR across dosing cohorts was 92% 
with 36% of patients achieving CR/sCR. CRS of 
any grade occurred in 89% of patients, with only 
3% experiencing Grade ⩾3 CRS. Grade ⩾3 neu-
rological events occurred in 13% of patients. 
Cytopenias were common at all dose levels, with 
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Grade ⩾3 neutropenia, anemia, thrombocytope-
nia occurring in 90%, 48% and 47%, respectively. 
Grade ⩾3 infections occurred in 13% of patients. 
Importantly, CAR T-cell persistence was main-
tained in 69% of patients at month 6. Moreover, 
all patients with high baseline sBCMA achieved a 
PR or better. These results are very encouraging 
and enrollment at the recommended phase II 
dose of 600 × 106 CAR T-cells is ongoing.

Ciltacabtagene autolecel
Ciltacabtagene autolecel (cilta-cel, also known 
as JNJ-68284528 or JNJ-4528) contains two 
BCMA-targeting single-domain antibodies 
being investigated in the phase Ib/II study 
CARTITUDE-1 (ClinicalTrials.gov identifier: 
NCT03548207) in patients with RRMM who 
have received ⩾3 prior regimens or were double 
refractory to a PI and IMiD, and received anti-
CD38 antibody. Preliminary phase Ib/II data 
from CARTITUDE-1 have been presented.49 
Cilta-cel was administered as a single infusion at a 
target dose of 0.75 × 106 (0.5–1.0 × 106) CAR 
T-cells 5–7 days after start of lymphodepletion. A 
total of 97 patients have been enrolled (29 in 
phase Ib and 68 in phase II). Patients had received 
a median of 6 (3–18) prior lines of therapy, with 
84% being penta-refractory. The ORR was 95% 
and median DOR not reached. The 6-month PFS 
and OS rates were 87% and 94%, respectively. 
Grade 3/4 hematological toxicities, including 
neutropenia, anemia, and thrombocytopenia, 
occurred in 91%, 68%, and 60% of patients. 
Overall, 95% of patients experienced CRS, with 
only 4% of observed CRS events being Grade 3 or 
4. Grade ⩾3 neurological events occurred in 10% 
of patients. Given the impressive early efficacy 
results, JNJ-4528 has been granted Breakthrough 
Therapy Designation status by the US FDA and 
phase II (CARTITUDE-2; ClinicalTrials.gov 
identifier: NCT04133636) and phase III trials 
(CARTITUDE-4; ClinicalTrials.gov identifier: 
NCT04181827) are underway.

Clinical considerations of BCMA-targeted 
therapies
There are a number of differences between the 
BCMA-targeted modalities of treatment that have 
been discussed in previous reviews.7,8,50 Outlined 
in Table 3 and highlighted below are key differ-
ences, such as production time, administration 

routes, toxicities, and immune-expansion capa-
bilities, among the BCMA-targeted modalities 
and their implications on clinical practice.

A distinct difference between ADCs and BITEs 
as compared with CAR T-cell therapies is pro-
duction time. ADCs and BITEs are available as 
‘off-the-shelf’ reagents. Although CAR T-cell 
therapies have traditionally required a prolonged 
production process (typically on the order of 
weeks) given that a patient’s leukocytes need to 
be collected and manufactured prior to treat-
ment, ‘off-the-shelf’, or allogeneic CAR T-cell 
therapies, are also currently under development. 
CYAD-211 is an allogeneic CAR T-cell therapy 
planned for phase I study (ClinicalTrials.gov 
identifier: NCT04613557).

At present, in patients with rapidly progressive 
disease, CAR T-cell therapy may become practi-
cally challenging and necessitate bridging chemo-
therapy to make treatment with CAR T-cell 
therapy feasible. Both ADCs and BITEs have the 
advantage of immediate availability in such cases. 
An important consideration between the choice 
of ADC and BITE therapy is the concept of T-cell 
exhaustion.50 BITEs may be more effective and 
should be considered in less heavily pretreated 
patients as they rely on endogenous T-cell effec-
tor function, which declines with each subsequent 
line of therapy. This concept may also affect the 
capability of BITE cells to produce potent and 
durable immune expansion in contrast to CAR 
T-cell therapies.

Early clinical trials of ADCs, BITEs, and CAR 
T-cell therapies have identified important ther-
apy-related toxicities. Cytopenias are a common 
among the three modalities. Keratopathy is an 
emerging toxicity that has been observed with 
ADCs, although development of management 
strategies are underway, as discussed previously, 
to improve the risk profile. CRS and neurotoxic-
ity observed with BITEs and CAR T-cell thera-
pies have been overall manageable with agents 
such as IL-6 inhibitors and steroids. Unlike ADCs 
and BITEs, CAR T-cell therapies have added 
toxicity due to need for lymphodepletion.

Another drawback to inherent to BITEs are their 
short half-life, which require continuous infusion 
treatments that raise a practical challenge given 
they are less convenient than other administration 
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routes. Efforts are underway to develop half-life 
extended BITE molecules, such as AMG 701.

Conclusion
In summary, early clinical trials of BCMA-targeted 
immunotherapeutics have shown very promising 
efficacy results and manageable safety profiles in 
heavily pretreated patient populations with 
RRMM, supporting further clinical development 
of these agents in RRMM. As the first anti-BCMA 
therapy to gain approval, belantamab mafodotin 
has made way for a shifting paradigm in the treat-
ment of MM. There are now a number of phase II 
and III trials of ADC and CAR T-cell therapies 
underway. KarMMa-3 (ClinicalTrials.gov identi-
fier: NCT03651128) is a phase III study evaluat-
ing the efficacy and safety of bb2121 versus 
standard regimens in RRMM and CARTITUDE-4 
(ClinicalTrials.gov identifier: NCT04181827) is a 
phase III study evaluating JNJ-68284528 versus 
pomalidomide/bortezomib/dexamethasone or 
daratumumab/pomalidomide/dexamethasone in 
RRMM. Moreover, studies of belantamab mafo-
dotin in combination therapies are ongoing 
(DREAMM 5; ClinicalTrials.gov identifier: 
NCT04126200, DREAMM 7; ClinicalTrials.
gov identifier: NCT04246047, and DREAMM 
8; ClinicalTrials.gov identifier: NCT04484623). 

Belantamab mafodotin and bb2121 are addition-
ally being studied in newly diagnosed MM 
(ClinicalTrials.gov identifier: NCT04091126 
and KarMMa-4; ClinicalTrials.gov identifier: 
NCT04196491). As studies of BCMA-targeted 
therapies move to earlier lines of therapy, they 
may have the potential to induce deeper and more 
durable responses in less heavily pretreated and 
newly diagnosed MM patient populations. The 
results of these and other ongoing trials of anti-
BCMA therapies will undoubtedly change the 
treatment landscape of MM yet again.
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Table 3. Key differences among BCMA-targeted therapies in MM.

ADCs BITEs CAR T-cells

Production time “Off-the-shelf” ‘Off-the-shelf’ Prolonged 
manufacturing time

Administration – Challenge of continuous 
infusion protocols

Require inpatient 
administration

Toxicities 1. IRRs
2. Thrombocytopenia
3. Keratopathy

1. CRS
2. Cytopenias

1. CRS
2. Neurotoxicity
3. Cytopenias
4. Toxicities related 
to lymphodepletion 
regimen

Immune expansion Do not rely on 
patients’ endogenous 
effector T-cells

Rely on patients’ endogenous 
effector T-cells
Decreased capability for in 
vivo T-cell immune expansion 
and persistence

Long-term in vivo T-cell 
immune expansion and 
persistence

ADC, antibody–drug conjugate; BITE, bispecific T-cell engager; BCMA, B-cell maturation antigen; CAR, chimeric antigen 
receptor; CRS, cytokine release syndrome; IRR, infusion-related reaction; MM, multiple myeloma.
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