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The treatment paradigm in myeloma is constantly changing. Upfront use of monoclonal antibodies like daratumumab along with
proteasome inhibitors (PI)s, and immune modulators (IMiD)s have significantly improved survival and outcomes, but also cause
unique challenges at the time of relapse. Engaging immune T cells for tumour cell kill with chimeric antigenic T-cell (CAR T-cell)
therapy and bispecific antibodies have become important therapeutic options in relapsed multiple myeloma. Bispecific antibodies
are dual antigen targeting constructs that engage the T cells to plasma cells through various target antigens like B-cell membrane
antigen (BCMA), G-protein-coupled receptor family C group 5 member D (GPRC5D), and Fc receptor-homolog 5 (FcRH5). These
agents have proven to induce deep and durable responses in heavily pre-treated myeloma patients with a predictable safety profile
and the ease of off-the-shelf availability. Significant research is ongoing to overcome resistance mechanisms like T cell exhaustion,
target antigen mutation or loss and high disease burden. Various trials are also studying these agents as first line options in the
newly diagnosed setting. These agents play an important role in the relapsed setting, and efforts are underway to optimize their
sequencing in the myeloma treatment algorithm.
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INTRODUCTION
The use of proteasome inhibitors (PI)s, immune modulators
(IMiD)s and monoclonal antibodies (Mo-Ab) in multiple combina-
tions as upfront therapy combined with an auto-transplant in fit
and eligible patients, and as continuous therapy in transplant
ineligible patients; or at relapse have substantially increased the
longevity and progression free survival (PFS) of multiple
myeloma (MM) patients compared to the past [1–3]. However,
due to the emergence and evolution of treatment resistant
clones, myeloma still remains an incurable disease despite these
advancements. Diminishing physical performance by accumu-
lated comorbidities, frailty and treatment related toxicities; and
the decreased durability of response with successive lines of
therapy, make the outcomes dismally poor in patients with
multiple relapses. The outcomes are extremely poor in patients
who have become refractory to CD38 Mo-Abs especially when
penta-refractory, ie refractory to CD38 Mo-Ab, 2 PIs and 2 IMiDs
[4]. By engaging immune T cells to lyse MM cells, bi-specific
antibodies (BsAbs) are showing encouraging deep and sustained
responses in heavily pre-treated patients, refractory to other
available lines of therapy. Manageable and predictable side
effect profile including infections and low grade cytokine release
syndrome (CRS) along with the advantage of “off-the-shelf
availability” have made these agents a promising add-on to the
existing anti-myeloma armamentarium. Strategies to enhance
their efficacy and advancement to earlier lines of the treatment
paradigm are exciting avenues to improve outcomes with these
agents.
In this review, we highlight the existing updated data on the

various BsAbs in use and in development along with their
limitations and strategies to mitigate these.

BISPECIFIC ANTIBODIES AND BITES
T-cell based immunotherapies have resulted in a paradigm shift in
the approach to many malignancies [5–7]. Bispecific antibodies
(BsAbs) are antibody constructs with 2 binding sites that either
bind two different antigens or 2 epitopes of the same antigen.
They can simultaneously bind a tumour cell (binds to the tumour
specific antigen on the targeted cancer cell) and an immune
effector cell (attaches to the T- cell CD3 co-receptor) [8]. BiTEs
(Bispecific T cell engagers) on the other hand are engineered
constructs of two single chain variable fragments (ScFv) that acts
as a dual-targeting molecule [9]. This immunological synapse
causes T-cell activation and degranulation, which causes MM cell
wall perforation, leading to apoptosis through perforin and
granzyme B [10, 11]. Furthermore, these agents also modulate T
cell function by causing T cell activation, proliferation and
differentiation of naïve T cells to T cells with memory phenotypes
(central memory and effector memory T cells).
Tri-specific antibodies (TsAbs) go one step further and add

either a co-stimulatory protein to decrease T cell anergy [12, 13] or
can target an additional target antigen [14].

VIABLE THERAPEUTIC TARGETS ON PLASMA CELLS
To maximize efficacy and minimize toxicity, bispecific antibodies
should target an antigen that is unique and specific to multiple
myeloma cells, with minimal expression in other healthy tissues.
Currently approved and in- trial BsAbs for MM are directed against
B-cell membrane antigen (BCMA), G-protein-coupled receptor
family C group 5 member D (GPRC5D), Fc receptor-homolog 5
(FcRH5), and CD38 on the plasma cells. Further tumour specific
antigens like SLAMF7 and CD138 on plasma cells, as well as
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additional effector cell targets like CD16a, NKp30, or NKG2D are
also in the therapeutic exploration phase [13, 15–25].

B cell maturation antigen (BCMA)
B-cell maturation antigen (BCMA) or CD269 is a type 3
transmembrane domain protein of the tumour necrosis factor
receptor (TNFRSF17) superfamily that is encoded on chromosome
16p and is expressed on both normal and malignant plasma cells
at high levels that makes it an ideal target antigen for myeloma
therapy [26–28]. Along with its ligands B cell activator of the TNF
family (BAFF) and a proliferation inducing ligand (APRIL), it delivers
pro-survival cell signals that regulates B cell proliferation,
maturation, survival as well as differentiation into plasma cells
[29]. Its expression is upregulated during MM pathogenesis and
evolution, from normal to MGUS to SMM to active MM [30]. Higher
levels of BCMA are associated with poorer outcomes [26],
indicating that BCMA is a useful biomarker of disease activity
and prognosis for MM. A ubiquitous intramembranous protease
called gamma secretase cleaves the membrane bound BCMA and
sheds it as soluble BCMA (sBCMA) into circulation [31]. This
decreases ligand density on the plasma cells and can potentially
act as a “sink” with therapeutic antibodies binding to sBCMA [32].
As BCMA is expressed also on mature B and plasma cells, its
function is highly integral to humoral immune responses. To date,
two anti-BCMA BsAbs – teclistamab and elranatamab, have been
approved by Food and Drug Administration (FDA).

G protein coupled receptor family C group 5 member D
(GPRC5D)
GPRC5D is a novel target for myeloma immunotherapy identified
relatively recently [33–35]. This orphan G protein coupled receptor
is a transmembrane receptor protein, encoded by the GPRC5D
gene on chromosome 12p and is highly expressed on surface of
malignant plasma cells, however its functions remains unknown
[36, 37]. GPRC5D expression is absent from nearly all healthy tissue
with the exception of hard keratinized structures that include the
hair shaft, epithelial cells of the eccrine sweat glands, nail, and
filiform papillae of the tongue [38, 39]. Additionally, its expression
is also high in MM cells compared to other haematological
malignancies. Similar to BCMA, the high expression of GPRC5D on
myeloma cells has been associated with poor prognosis [40]. Even
though GPRC5D and BCMA have a similar expression on CD138+
malignant plasma cells, their expression patterns are independent
of each other, thereby offering distinct clinical targets [33]. The
expression of GPRC5D is also unaffected by BCMA loss, which can
be seen in relapse following BCMA directed therapies. This unique
advantage will not only allow the use of a GPRC5D targeting agent
following failure to BCMA therapy, but will also support the
strategy of combining BCMA and GPRC5D targeting agents in
myeloma [34, 41]. Additionally, due to its short extracellular
N-terminal domain, GPRC5D is also unlikely to be shed from target
cells to serum which may reduce the risk of reduced efficacy
related to target antigen shedding. There were 2 GPRC5D × CD3
BsAbs (talquetamab, forimtamig) under investigation in clinical
trials. FDA granted accelerated approval to talquetamab in August
2023 following the MonumenTAL-1 study results [42], while
forimtamig has been discontinued from clinical development.

Fc receptor-homolog 5 (FcRH5)
The Fc receptor-homolog 5 (FcRH5) is a surface membrane protein
in the immunoglobulin superfamily that has been implicated in
proliferation and isotype expression in the development of
antigen-primed B cells [43–45]. Its expression is limited only to
the B-cell lineage with expression starting in pre–B cells and
increasing through its maturation to mature B cells and plasma
cells [46]. FcRH5 has also been shown to be more highly expressed
in malignant plasma cells than normal plasma cells [43, 46, 47].
Also known as FcRL5, its gene is expressed in the chromosomal

break point in 1q21, and myeloma associated with gain of 1q21
can lead to overexpression of FcRL5 [47]. Flow cytometric analysis
have shown that FcRH5 expression was more prevalent compared
to GPRC5D and BCMA in bone marrow plasma cell samples from
patients with multiple myeloma. However the expression was
more intense and homogenous for GPRC5D than FcRH5 and the
least was seen with BCMA [48]. Even though the phase1 clinical
trial of a FcRH5 antibody drug conjugate was unsuccessful [49],
enhanced and durable efficacy is seen in patients treated with
cevostamab, a BsAb targeting FcRH5 [50].

CD38
CD38 is a type II transmembrane glycoprotein on the MM cell which
was first identified as a marker of cell activation and proliferation
many years ago. High expression of CD38 on the MM cell surface is
closely associated with the immunocompromised tumour micro-
environment (TME) [51, 52]. The acidic bone marrow microenviron-
ment provided by the aerobic glycolysis along with the CD38
glycoprotein, promotes the generation of AMP and adenosine,
which has potent immunosuppressive activity. Based on the success
of daratumumab and isatuximab, studies exploring development of
BsAb targeting CD38 were developed. ISB 1342 (GBR 1342) was the
first CD38 × CD 3 BsAb developed to direct T cells to CD38
expressing myeloma cells on a different epitope than daratumumab
[53, 54]. Preclinical studies have shown that ISB 1342 does not
compete with daratumumab, induces robust MM cell lysis and
overcomes resistance to anti-CD38 Mo-Abs. A phase 1 trial of ISB
1342 in RRMM patients is ongoing (NCT03309111).
Figure 1 summarizes the various tumour specific antigens on

the myeloma cell and the various T cell and NK cell receptors that
are engaged together by BsAbs.

EFFICACY IN RELAPSED AND REFRACTORY DISEASE AS
MONOTHERAPY
Efficacy data from major clinical trials using BsAbs as single agent
in RRMM have been summarized in Table 1.
Teclistamab (Tecvayli- Janssen Biotech Inc), a humanized IgG Fc-

anti-BCMA BsAb, was the first BsAb that was approved (EMA, Aug
2022 and US FDA, Oct 2022) for the treatment of patients with
RRMM who have received at least three and four prior lines of
therapy respectively, including a proteasome inhibitor, an
immunomodulatory agent and an anti-CD38 monoclonal anti-
body. These approvals were based on the seminal MajesTEC-1 trial
[55]. Following two step up doses, patients received teclistamab
1500mcg/kg SC weekly, with the option to switch to every 2
weeks if they achieved ≥partial response after ≥4 cycles of therapy
in phase 1 or ≥CR for ≥6 months in phase 2. In the long term
follow up of the MajesTEC-1 trial, after a median follow up of
22 months, 43% of patients achieved a complete response (CR) or
stringent CR with teclistamab monotherapy [56]. The median
progression free survival (mPFS) and median overall survival
(mOS) were 12.5 months and 21.9 months respectively in this
heavily pre-treated cohort of 165 patients with median 5 [2–14]
prior lines of therapy, and 77.6% being triple refractory. MRD
negativity at any point was seen in 85.7% of evaluable patients.
Persistent MRD negativity was seen in 56.1% for >6 months and
38.9% patients for >12 months [57]. When compared to patients
who received more than 3 LOT, patients who were treated earlier
had a significantly improved PFS (21.7 months, 95% CI 13.8-NR vs
9.7 months, 95% CI 6.4–13.1 months). 90% of the 49 patients who
remain on the study are receiving a Q2W dose.
Data from the Asian cohort of the MajesTEC-1 study from China,

among 26 patients with median 5 prior LOT and 57.7% having
high risk cytogenetics and 34.6% with extramedullary disease, ORR
was 76.9% with ≥VGPR in 76.9% and ≥CR in 57.7%. The median
PFS and OS at 12 months were 68.0% and 83.5% [58]. Similar
efficacy data was also shown in the Phase 1/ 2 Japanese MMY1002
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trial (n= 26, 19.2 high risk, median 4.5 prior LOT), with ORR of
76.9%, and ≥CR in 46.1% patients [59].
Real world retrospective data from US, following the approval,

on 24 patients have also shown favorable outcomes [60]. All 24
patients were triple refractory and 10 patients were exposed to
BCMA directed therapy (BsAb, BCMA ADC and BCMA -CAR T)
including 5 patients who had ≥2 anti-BCMA therapy. Responses
were seen as early as 16 days. The ORR was 60% (9/15 evaluable
patients), with ORR of 50% (5/10) in patients with prior BCMA-
targeted therapy. At a short median follow up (1.3 months), this
study shows that despite diminished efficacy with prior BCMA

therapies, teclistamab is still effective in these heavily pre-treated
patient population.
A phase 3 trial (MajesTEC-9, NCT05572515) is currently

recruiting RRMM patients to compare the efficacy of single agent
teclistamab to other standard of care options (pomalidomide-
bortezomib-dexamethasone or carfilzomib-dexamethasone).
Elranatamab (Elrexfio, Pfizer, Inc) is a humanized anti-BCMA /CD3

bispecific IgG2 antibody [61] that was approved by FDA in August
2023 for the treatment of patients with RRMM who have received
at least four prior lines of therapy, including a proteasome
inhibitor, an immunomodulatory agent and an anti-CD38
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Fig. 1 Bispecific antibodies and their tumour specific antigenic targets on myeloma cells. This figure depicts the various myeloma cell
target antigens that have been studied preclinically or clinically, along with the BsAbs constructs used and their associated effector cell
antigen targets.
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monoclonal antibody. The approval was based on the efficacy
demonstrated in the phase 2 MagnetisMM-3 trial [62]. Elranatamab
was administered in step up doses, with a target dose of 76mg.
Patients who received QW dosing for at least six cycles and
achieved a PR or better (≥PR) persisting for at least 2 months had
their dosing interval changed to Q2W. Among the 123 patients
enrolled in this trial, 96.7% and 42.3% of patients were triple and
penta-refractory respectively with median 5 (2-22) prior lines of
therapy. On long term follow up, 61% patients had overall
response, with CR and above documented in 39%. MRD negativity
(at threshold 10−5) was obtained in 92% (23/25) evaluable patients.
Median PFS was 17.2 months and median OS was 24.6 months at
17.6 months follow up, and the respective rates at 12 months were
57.1% (95% CI, 47.2–65.9) and 62% (95% CI, 52.8–70.0) [63, 64].
Linvoseltamab, another fully humanized anti-BCMA × CD3

BsAb was studied as monotherapy in 2 doses (50 mg and
200 mg) in the Phase 2 LINKER-MM1 (REGN5458) trial that
included patients who progressed on/ after ≥3 lines of therapy,
including a PI, IMiD and an anti-CD38 Mo-Ab [65]. Treatment was
once a week for the first 14 weeks and thereafter once every
2 weeks. The median lines of prior therapy was 5 (2-16) and 81%
being triple refractory. The protocol allowed a dose escalation
from 50 mg to 200 mg in patients who progressed during
4–12 weeks. This study showed better efficacy with the 200 mg,
and this was seen even after progression on the 50 mg dosing.
Among the 117 patients treated with the 200 mg, 39% had high
risk cytogenetics and 28% were penta-refractory. At a median
follow up of 14.3 months, ORR was 71% with 50% achieving ≥CR.
In the 107 patients treated with the 50 mg dose, the ORR was
48%, with 21% achieving ≥CR at a median follow up of
7.4 months [66]. Based on this early promising data from the
LINKER-MM1 trial, Linvoseltamab has recently received priority
review by the FDA for patients who have progressed after 3 or
more prior lines of therapy [67].
ABBV-383 (TNB-383B) is a next generation fully human BsAb

targeting BCMA with low affinity binding to CD3 which at this time
does not require step up dosing. In a phase 1 trial, with this agent,
durable response were shown with manageable toxicity in
patients RRMM (≥3 prior lines). The overall response rate was
68% with VGPR or better in 54% patients, and CR of 36% at doses
of ≥40mg Q3W in the dose expansion cohort [68]. Median DOR
and PFS were not reached in both cohorts. The high affinity BCMA
binding coupled with the low affinity to CD3 could reduce T cell
activation and exhaustion with decreased inflammatory cytokine
production while maintain maximal efficacy [69].
Alnuctamab (CC 93269) is a BsAb with 2 asymmetric arms

carrying humanized IgG1 T-cell engagers that bind bivalently to
BCMA and noncovalently to CD3 [18]. Despite a good ORR of
83.3% in the ≥6mg cohort, in a first-in-human Phase 1 trial [70],
this agent has been withdrawn from clinical development.
F182112, another anti BCMA × CD3 BsAb showed ORR of 43.8%

at a median follow up of 3.1 months in a phase 1 study [71].
Pacanalotamab (AMG420) and pavurutamab (AMG701) are

BCMA × CD3 BiTEs. Despite exciting early phase 1 results
[72, 73], both these agents were subsequently withdrawn from
further clinical development.
Talquetamab is the first in class IgG4 BsAb targeting GPCR5D on

myeloma cells and CD3 on T cells [34, 36]. In the phase 2
MonumenTAL-1 trial (n= 375), talquetamab as single agent was
tested as 2 doses – 0.4 mg/kg QW (n= 143, median FU –
29.8 months) and 0.8 mg/kg Q2W (n= 154, median FU= 23.4
months). Patients who had achieved at least 4 lines of prior
therapy were included. At the bi-weekly dose, 73.6% (95% CI,
63.0–82.4) achieved an ORR. With a median follow up of 8.6 (0–9.5)
months, 58% of patients achieved a VGPR or better, including 33%
in CR or better. At the 0.4 mg QW dose, 73% (95% CI, 63.2–81.4)
achieved an ORR. Fifty seven percent patients achieved a VGPR or
better (including 35% CR and above at a median follow up of 14.9

(0.8–15.4) months. Responses were durable with a median
duration of response not reached in the 0.8 mg/kg Q2W cohort
and 9.5 months in the 0.4 mg/kg QW cohort [74, 75].
The MonumenTAL-1 trial also included 78 patients who were

exposed to prior BsAb or CAR T cell therapy (94% to anti-BCMA
therapy). These patients received talquetamab at 0.4 mg/kg QW.
At a median follow up of 20.5 months, 67% (95% CI, 53–86)
achieved an ORR, with ≥CR in 42.4%, and median duration of
response among patients who achieved ≥CR was 24.2 months
[75]. Following the MonumenTAL-1 data, US FDA granted
accelerated approval of talquetamab in August 2023 for treatment
of adult patients with RRMM who have received at least 4 prior
lines, including a PI, IMiDs and an antiCD38 Mo-Ab.
Forimtamig is another GPRC5D × CD3 BsAb with 2 binding

domains for GPRc5D that confers high affinity to the malignant
plasma cell. Forimtamig was evaluated in a dose escalation Phase
1 study with both intravenous (IV) and subcutaneous (SC)
administration in heavily pre-treated MM patients [76]. All patients
were administered prophylactic steroids to mitigate CRS. Potent
anti-MM effects were seen in both dose cohorts (ORR – 71.4%,
≥VGPR: 59.2% in the IV arm and 63.6% ≥VGPR: 52.8%) in the SC
arm). Median duration of response was 10.8–12.5 months. In
patients who were exposed to prior BCMA-directed therapy (CAR
T-cell therapy, BsAb, or ADC), the ORR was 52.4%. This agent has
been discontinued from clinical development.
Cevostamab is a FCRH5 × CD 3 BsAb that showed promising

anti-MM activity in a phase 1 dose-finding trial that enrolled
heavily pre-treated patients (n= 161, median of 6 prior lines;
triple-class refractory: 84.5%) [77]. Cevostamab was administered
IV every 3 weeks for a maximum of 17 cycles (approximately 1
year) with premedication to mitigate CRS (acetaminophen,
antihistamine, and corticosteroid). At the higher dose levels, the
overall response rate was 56.7% ( ≥ VGPR: 33.3%). Median
response duration was 11.5 months in the single step-up cohorts.
A subgroup analysis of 16 patients who stopped treatment after
17 cycles while in remission, showed that most responders (78%)
remained in response (median follow-up 9.6 months) [78]. Also,
patients who discontinued cevostamab treatment because of
adverse events after a median of time on treatment of 6 months,
were able to maintain their response (median duration of
response after treatment discontinuation: 9.2 months). These data
indicate that fixed-duration treatment may be effective in those
who remain in remission at 1 year highlighting the potential for an
extended treatment-free period which could soon be an emerging
trend in myeloma. While it seems to be an attractive option, these
data need to be validated in a larger patient cohort with longer
follow-up.

EFFICACY IN COMBINATIONS
Encouraged by the efficacy of these agents as monotherapy in
RRMM, several trials have also tested these agents in combinations
with other BsAb or other anti-myeloma agents. Major trials are
summarized below and in Table 2.
The Phase 1b MajesTEC -2 trial tested teclistamab in various

combinations in the relapsed refractory setting. In one cohort,
teclistamab was tried with a combination of daratumumab and
lenalidomide. Daratumumab has been shown to deplete CD38+
Tregs and promote activation and clonal expansion of cytotoxic
T-cells [79]. IMiDs, including lenalidomide and pomalidomide,
have been shown to potentiate T-cell responses and improved the
cell killing of BsAbs in vitro [80–82]. Thirty two patients with
median 2 (1-3) prior lines of therapy received weekly doses of
Teclistamab (0.72 or 1.5 mg/kg with step up dosing) along with
Daratumumab 1800mg and Lenalidomide 25mg at the standard
dose and schedule [83]. Median time to first response was 1
(0.7–2.0) months. In the 0.72 mg/kg cohort, ORR was seen in 13/13
evaluable pts while VGPR and above was achieved in 12/13
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patients at a median follow up of 8.6 months. In the 1.5 mg/kg
cohort, ORR was seen in 13/16 evaluable patients at a median
follow up of 4.17 months. These exciting early results will be
tested in the phase 3 MajesTEC −7 study (NCT05552222) which
will compare a combination of teclistamab-daratumumab- lena-
lidomide vs the combination of daratumumab-lenalidomide-
dexamethasone in pts with NDMM ineligible or not intended for
autologous stem cell transplant as initial treatment.
The TRIMM-2 trial studied the combination of SC talquetamab

with daratumumab in RRMM and has shown encouraging results
[84]. The median prior lines of therapy were 5 (2-16) which
included 63% penta-refractory, 58% triple class refractory, includ-
ing 18% with high risk cytogenetics and 25% with extramedullary
disease (EMD). ORR was 75% (66% ≥VGPR, 45% ≥CR)and
responses deepened over time. In patients exposed/ refractory
to prior therapy, ORR was 75%/76% for anti-CD38, 74%/64% for
anti BCMA, and 75%/75% for BsAb. Median time to first response
was 1 (0.9–8.3) month. At 12 months, 86% of responders still
maintained responses.
The Phase 1b MonumenTAL -2 trial tested the addition of

pomalidomide to talquetamab. In this study, pomalidomide was
added from cycle 2, after step up of talquetamab at 2 different
dose levels. ORR was >80% across both dose levels of
talquetamab, and response was seen as early as 1 (0.9–2.1) month
showing promising efficacy of this combination [85].
The Phase 1b RedirecTT-1 trial tested a combination of

teclistamab and talquetamab simultaneously targeting two MM
target antigens to overcome resistance mechanisms [41]. A high
92% ORR was observed in patients with advanced RRMM with
median 5 (1-11) lines of prior therapy (78% triple class refractory,
63% penta- drug exposed, 33% high risk cytogenetics, 43%
extramedullary disease). At a median duration of 14.4 (0.5–21.9)
months, the ORR was 84%, and CR or better was seen in 34%. At
the recommended phase 2 dose (RP2D), the ORR was 92%
among all evaluable patients, including 83% in patients with
extramedullary disease (EMD). Despite a high ORR, the median
PFS for EMD turned out to be 6.1 months (95%CI, 2.5–9.9) across
all doses and 9.9 months in the RP2D arm (95% CI, 2.4-NE). This
shows that dual targeting with BsAbs has still not overcome
the high risk due to EMD. Part 3 of RedirecTT-1 is exclusively
testing this combination in patients with RRMM and EMD
(NCT04586426).
There are many ongoing and upcoming trials that are testing

combinations of BsAbs alone or in combination with other agents.
Some of those are listed in Table 3.

SAFETY PROFILE AND SIDE EFFECTS
Despite deep and durable responses, the use of BsAb in RRMM
also offers unique challenges. Common adverse events include
infections, cytopenias, CRS and neurological toxicities. The various
haematological and major non haematological adverse events
with BsAb have been summarized in Table 4.

Deaths not due to myeloma
To date, only data from phase 1/2 trials have been presented for
BsAbs, making OS difficult to interpret. Given the history of
myeloma treatments like venetoclax [86], melflufen [87], and
pembrolizumab [88, 89], which showed promising efficacy in
early phase trials but were hampered by decreased OS in
randomized trials, it is important to evaluate non-myeloma
deaths in these early phase BsAb trials. Teclistamab (27/165,
16%) and Elranatamab (18/123, 15%) both demonstrated a
significant number of non-myeloma deaths, primarily due to
infection, and COVID-19 in particular, which will be watched
closely in the larger phase 3 randomized trials. This signal was
not seen with Talquetamab, while more follow-up data is needed
for Cevostamab.Ta
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Infections
Infections were the most common treatment related adverse
event seen with these agents, the greatest risk being in anti BCMA
BsAbs due to expression of BCMA on mature B-cells and normal
plasma cells and its role in generating humoral immunity. T cell
exhaustion by constant stimulation of T cells by these agents also
can reduce the ability of T cell mediated immune responses. Pre-
clinical studies have shown that inhibition of BCMA in mouse
models precludes antibody responses to a highly antigenic
protein and to a pneumovax vaccine [90]. It was also reported
by multiple study groups that response to COVID vaccine was
blunted in RRMM patients receiving T cell directed anti-BCMA
therapies including BsAbs [91–95]. With the longest follow up
among BsAbs, the incidence of grade 3–4 infections was 55.2% in
patients who received teclistamab in the MajesTEC-1 trial [57].
In a subset analysis of the MajeTEC-1 trial, teclistamab was

shown to profoundly and durably suppress polyclonal immuno-
globulins and B cell counts. Furthermore, response to vaccines
against Streptococcus pneumoniae, Haemophilus influenzae type B,
and severe acute respiratory syndrome coronavirus 2 was severely
impaired in patients treated with teclistamab compared with
vaccination responses observed in patients with newly diagnosed
MM or relapsed/refractory MM [96]. Similarly, with the other BCMA
directed BsAb also infections were seen in as high as 70% (40%
grade 3 and 4) as reported with elranatamab [74] and
linvoseltamab [65].
However, with GPRC5d targeting BsAbs, the incidence of

infections was lower as they induce much lower B cell depletion
and hence lower grades of hypogammaglobulinemia. The
incidence of grade 3 and above infections was approximately
20% with talquetamab [75]. More long-term follow-up data are
needed to better understand the infection profile of FcRH5-
targeting cevostamab.
Primary universal prophylaxis against Herpes, Varicella and

Pneumocystis is standard. The role of routine antibacterial or anti-
fungal prophylaxis is not yet known and is not routinely
recommended [97]. Intravenous or subcutaneous immunoglobu-
lin prophylaxis can mitigate the defect in humoral immunity and is
associated with significantly reduced rates of severe infections
with anti-BCMA therapy [96, 98–100]. The current recommenda-
tion is to institute immunoglobulin replacement monthly if IgG is
<400mg/dL and to continue it for the total duration of
immunoparesis even in the absence of infections while on BCMA
BsAb [97]. Routine vaccinations against COVID-19, yearly influenza
vaccination, pneumococcal vaccinations and herpes vaccinations
are also strongly recommended. Rapid identification and treat-
ment of COVID-19 is essential for patients on BCMA BsAbs given
the high rate of COVID-19 deaths seen in trials to date.

Cytopenias
Cytopenias are another common adverse event seen with BsAb
therapy, mostly during cycle 1 when the disease is active. Based
on a pooled analysis done recently there were no significant
difference between non BCMA -targeting BsAb compared to
BCMA targeting BsAbs, in terms of all grade and type hematologic
toxicities (combined neutropenia, anemia, lymphopenia, leukope-
nia and thrombocytopenia). However, combined grade 3-4
hematological toxicity was higher in anti-BCMA BsAb than others
[101]. The incidence of grade 3 and above neutropenia was 65%
with teclistamab [55], 48% with elranatamab [74] and 26% with
ABBV-383 [68]. The rate of grade 3/4 neutropenia is very high with
lenalidomide/ BCMA combinations [83]. The burden of grade 3–4
neutropenia also adds up to the increased risk of serious
infections. Neutropenia related infections can be potentially life
threatening, can result in treatment delays and dose reductions
which in turn can affect treatment efficacy. Use of granulocyte
colony stimulating factors (G-CSF) is recommended for grade 3–4
neutropenia. G-CSF should not be used during periods of active

CRS as it can lead to cytokine release leading to potential
worsening of CRS. Moreover, antibacterial and antifungal prophy-
laxis can be considered for prolonged neutropenia that fails to
improve despite the use of G-CSF [97].

Cytokine release syndrome
Cytokine release syndrome (CRS) occurs as a consequence of
robust cytotoxic T-cell activation and the subsequent release of
inflammatory cytokines. All grade CRS has been reported in most
patients (range 46.3–82.4%) across all the BsAb trials, with a very
low incidence of ≥grade 3 CRS (range 0–3%) [41, 55, 62,
66, 75–77]. Most CRS events happened during the step up
dosing or following the first full dose. Careful monitoring for
CRS, step-up dosing with premedication and judicious use of
tocilizumab and other supportive care can successfully mitigate
this risk. In a sub cohort of the MajesTEC-1 study, prophylactic
use of single dose of tocilizumab with the first dose has
significantly reduced the incidence of CRS compared to the
entire cohort without any additional safety signals and without
any impact on treatment efficacy [102]. Another phase 1 clinical
study with cevostamab, an anti FcRH5 × CD3 BsAb has shown
the clinical utility of prophylactic use of tocilizumab in
significantly reducing the risk of CRS without any negative
effect on efficacy [103]. This strategy is an area of clinical interest
and has the potential to reduce CRS risk in patients with disease
profiles suitable for outpatient dosing, reducing the burden of
hospitalization during step-up dosing. CRS rates may also vary
by country, which may be the result of patient or treatment
factors, with for example significantly higher CRS rates and
severity in Japanese patients [104]. Higher CRS rates, albeit lower
grades were also seen in the Chinese cohort of the MajesTEC-1
trial [58].

ICANS/neurological toxicity
Immune effector cell associated neurotoxicity syndrome (ICANS),
though less common than following CAR T - cell therapy, is
another well described side effect seen with BsAb. In general
ICANS typically occurs relatively early in the treatment, with the
step up doses and the initial full dose with a median time to onset
of 2 (range 1–3) days from the most recent dose. Across all BsAbs,
neurological toxicity were mostly grade 1–2 ICANS (range 1–14%),
while incidence of ≥ grade 3 was low (range 0–11%) [41, 55, 62,
66, 75–77]. The most common manifestations were confusion and
dysgraphia. Steroids are the mainstay of treatment, with
tocilizumab in addition if patients also develops concurrent CRS.
Most patients recover well with treatment. Another notable
neurological side effect seen with elranatamab was peripheral
neuropathy (17.1% with motor dysfunction and 13.8% sensory
neuropathy) in the MagnetisMM-3 trial. These were mostly mild,
with only 1 patient having grade 3 motor dysfunction. No patients
had grade 3 sensory neuropathy, or any grade 4 or 5 events [62].

Skin, nail, and oral adverse events
Toxic side effects affecting the skin, nails and oral mucosa were
common with GPRC5D targeting BsAbs due to the co-expression
of these receptors in hard keratinized structures that include the
hair shaft, epithelial cells of the eccrine sweat glands, nail, and
filiform papillae of the tongue [38, 39]. In the phase 1
MoumenTAL -1 study, nail-related adverse events occurred in
57% of the patients who had received talquetamab at the 405-
μg dose level and in 27% of those who had received it at the
800-μg dose level. Skin-related adverse events occurred in 67%
of the patients at the 405-μg dose level and in 70% at the 800-
μg dose level; the most common skin-related adverse events
were exfoliation, pruritus, and dry skin. Grade 3 rash-related
adverse events were not reported in patients who received the
405-μg dose level, but they occurred in 16% of the patients who
had received it at the 800-μg dose level.
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Severe grade 3 rash was sensitive to oral and topical
glucocorticoid treatment and treatment was resumed in all but
one patient after resolution of the rash. Oral-related adverse
events were frequent, but were all of grade 1 or 2 severity, and
included dysgeusia, dry mouth, and dysphagia. In an updated
analysis, strategies like reducing doses or increasing the duration
between doses has been shown to mitigate these side effects
without compromising on clinical efficacy [105]. Skin related side
effects were seen with Forimtamig, (≥ grade 3 in 11.8 and 14.8% in
IV and SC arm) while no patients reported severe oral or hair and
nail related adverse events [76].

RESISTANCE MECHANISMS AND STRATEGIES TO ENHANCE
EFFICACY
Despite encouraging early data, loss of response to BsAb therapy
has been reported. Response largely depends on the T cell
immune milieu and the ability to induce durable anti-tumour
responses. The key resistance mechanisms to BsAbs include high
tumor burden, T-cell fitness and repertoire, and mutations and
loss of target on MM cells [106]. High tumor burden, as measured
by bone marrow plasma cells >60%, ISS stage 3, and extra-
medullary disease, has been shown to adversely impact the
clinical efficacy of BsAbs in MM [55, 62, 107, 108]. Preclinical data
demonstrate that a low effector : tumor ratio and high frequency
of Tregs predict poor response to BsAbs in MM [109]. In vivo
correlative studies of teclistamab have shown that increased Tregs
and exhausted T cell phenotype at baseline predict non-response
[110]. Acquired resistance mechanisms include T-cell exhaustion,
antigen escape, and loss of MHC class I. In particular, there is a
high rate of BCMA mutation or deletion likely due to selective
pressure of continuous administration of BsAbs [111]. Novel
approaches are needed to overcome these mechanisms in order
to increase the proportion of patients responding to BsAbs and to
create a favorable long-term immune profile. The effector T cell
function is particularly compromised with multiple treatment lines
and relapses compared to a newly diagnosed MM or to a
precursor state [112, 113]. Many trials are currently underway
looking at moving BsAbs to early phase of treatment—in the
newly diagnosed setting, as post ASCT consolidation and in early
relapses and these have been discussed elsewhere in this review.
Mutation or loss of BCMA expression can lead to resistance.

Membrane bound BCMA is a substrate for the enzyme gamma
secretase which directly sheds the BCMA from the plasma cells
leading to increased levels of circulating soluble BCMA (sBCMA).
This leads to decrease in the binding of APRIL and BAFF to BCMA
[31] and decreased target availability for BsAbs. Levels of sBCMA
increase with disease progression and correlate with adverse
outcomes [114, 115]. Even though baseline sBCMA levels were
highly variable and did not correlate with response in the
MajesTEC trial, increased levels of sBCMA were associated with
poor outcomes [116]. The addition of a gamma secretase inhibitor
has been shown to in-vitro enhance BCMA BsAb induced MM cell
killing with rapid clearance of sBCMA by improving antigen
availability leading to enhanced tumor control and improved
survival in a preclinical studies [32, 117]. This has been
demonstrated by early results from one arm of the multicohort,
open-label, phase 1b, MajesTEC-2 trial, which investigated
the combination of teclistamab with nirogacestat across multiple
dose levels and showed ORR between 57–92% [118]. However
there have been safety concerns raised with this combination due
to the treatment related adverse effects noted which included
dose limiting grade 3 gastrointestinal bleeding, grade 3 ICANS,
and death due to septic shock and cardiac arrest [118, 119].
Target antigen loss can happen due to rare events of biallelic

deletions or mutations affecting the BCMA gene. This has been
reported rarely in the context of BCMA CAR T-cell therapy
[120, 121] and more commonly in the context of BCMA-BsAbs

[122]. Biallelic deletions or single copy number variations leading
to loss of GPRC5D has also been reported as important tumour
intrinsic driver of relapse after anti-GPRC5D T cell directed therapy
[111]. Combining agents with different targets or multiple
epitopes or combining more than one BsAb simultaneously may
circumvent these obstacles.
The bone marrow TME in myeloma is characterised by a

complex interplay between MM cells, immune cells and the BM
stromal cells (BMSCs) that impair normal immune function and
facilitates proliferation and survival of MM cells leading to
treatment failure and disease progression. Immunosuppressive
regulatory T cells (T-regs) are increased and their effect is
enhanced by MM. Myeloma cells can also directly generate
functional T-regs in a contact independent manner, mediated by
ICOS/ICOS-L [123]. An analysis of the MajesTEC -1 study showed
that patients who had failed to respond to teclistamab had had
low peripheral CD8+ T cell levels, increased T-regs and enhanced
expression of markers associated with T cell exhaustion. This also
correlated with poor survival in this study [116]. Combining BsAbs
with therapeutic agents that augment T cell function are options
to enhance efficacy. The alkylator cyclophosphamide is known to
improve effector T-cell responses by depleting T-regs and
promoting cytotoxic T-cell activity [124]. It also enhances
expansion of memory cytotoxic T cells, required for BsAb activity
by skewing T helper cells from a Th2 profile to a Th1 profile [125].
Addition of cyclophosphamide to BCMA-BsAb was found to be
effective in a murine model [82] and this offers an exciting
promising add-on approach to improve efficacy. Daratumumab, a
highly efficient anti CD38 Mo-Ab can also reduce immunosup-
pressive T and B regulatory cells, and myeloid derived suppressor
cells (MDSCs) and lead to clonal T cell expansion [79] especially in
heavily pre-treated patients and this rationale is being tested in
various combinations in the relapsed and upfront clinical settings.
T-cell exhaustion and dysfunction induced by continuous and

persistent antigenic stimulation by BsAbs and other T cell directed
therapies is another concern for failure of BsAb therapy
[36, 110, 116, 126]. Immunomodulators (IMiDs) and Cereblon E3
ligase modulators (CELMoDs) can potentiate T cell responses.
Many pre-clinical studies have shown this synergistic action. Pre-
treatment of immune effector cells with lenalidomide or
pomalidomide has been shown to enhance BCMA BsAb mediated
MM cell kill [73]. Combining either pomalidomide, iberdomide or
mezigdomide to a BCMA × CD3 BsAb Alnuctamab has shown that
this combination can effectively enhance T cell activation and
tumor clearance in murine models [127]. These drugs could be
effective partners to BsAbs and could effectively target both T cell
exhaustion and BM-driven immunosuppression, and restore T cell
immunity against MM leading to better outcomes. Many clinical
trials testing this combination are underway (Table 3).
Another potential option that could be explored which would

allow for reversal of T cell exhaustion is fixed duration treatment
with drug holidays as seen with cevostamab [78].
Check point signaling is an important immunosuppressive

component of the myeloma microenvironment [128]. Induction of
check point expression on B cells due to the effective T cell
activation conferred by BsAb is a well-studied phenomenon
[129, 130]. Due to the release of the pro-inflammatory cytokines,
the expression of check point ligands and receptors like the
programmed death ligand (PD-L1), and co-inhibitory receptors like
T cell immunoglobulin and mucin-domain-containing-3 (TIM-3),
lymphocyte activation gene -3 (LAG-3), killer cell lectin like
receptor G1 (KLRG1) and T cell immunoreceptor with immuno-
globulin and ITIM domain (TIGIT) are upregulated in myeloma cells
[131, 132]. This in turn binds on the programmed death receptor
(PD-1) on the T cells leading to T-cell anergy, T cell exhaustion,
impaired cytokine production and reduced target cell kill. PD-L1
expression is also increased on MM cells compared with MGUS
and healthy donor plasma cells. Preclinical studies have shown

A.J. Devasia et al.

10

Blood Cancer Journal          (2024) 14:158 



that anti-myeloma activity of FcRH5 × CD3 BsAb was limited by
PD-1/PD-L1 signaling, and effective PD-L1 blockade significantly
enhances myeloma cell elimination [47]. One study of interest that
will throw more light on these hypotheses will be the Phase Ib
study of combining cetrelimab, a PD-1 antibody to teclistamab
and talquetamab (NCT05338775). The various resistance mechan-
isms and potential interventions to mitigate these are summarized
in Fig. 2.

MOVING TO FRONT LINE THERAPY
Encouraged with the promising results seen in RRMM, BsAbs are
also being moved into earlier lines of therapy where T cell fitness
is better compared with heavily pre-treated and relapsed-
refractory disease [113, 133]. As immune dysfunction is progres-
sive and impacted by disease features and treatment, this shift to
front line therapy could potentially lead to better and sustained
outcomes. Comparison of T cell repertoire in post induction
leukapheresis samples and samples at relapse/progression has
shown higher early memory T cells, higher CD4/CD8 T cells and a
better T cell expansion in the former compared to the latter,
especially if patients had received <2 lines of therapy. This
suggests better T cell fitness and could predict for better
outcomes when immune directed therapies are used up front in
the course of the disease rather than in the relapsed setting. For
example, patients in MajesTEC-1 with <3 prior lines of therapy had
higher response rates than those with 3+ prior lines [55]. At the

same time, it is also worth noting that moving anti-BCMA CAR-T
cell therapy to earlier lines of therapy in KarMMA-3 and
CARTITUDE-4 still did not produce a plateau in the PFS curves
[134, 135].
There are many ongoing and upcoming clinical trials testing the

combination of various BsAbs (alone or in combination) with other
agents in the newly diagnosed setting as listed in Table 5. In
addition to utilizing the better T cell milieu in the upfront setting,
these combinations will also test the synergistic role of other
agents like IMiDs, anti CD38 Mo-Ab and gamma secretase inhibitor
(Nirogacestat) in mitigating various resistance mechanisms
discussed earlier.
The suppression of Tregs and recovery of CD8+ T-cells leading

to a low Treg/effector cell ratio following an autologous stem cell
transplant (ASCT) may make the immune milieu more supportive
for the action of BsAb [136]. Two phase 3 clinical trials, MajesTEC
-4 (NCT05243797) and MagnetisMM -7 (NCT05317416) are
recruiting patients and will respectively compare the efficacy of
teclistamab with lenalidomide and elranatamab alone with
standard of care lenalidomide as post ASCT consolidation/
maintenance.
Additional attempts to utilize better T cell function at the

precursor stages of the disease are also underway. The
randomized phase 2 Immuno-PRISM study has shown significant
superiority of teclistamab when compared with lenalidomide and
dexamethasone in patients with high risk smoldering myeloma.
Overall response rate and MRD negativity was seen in 100% of

Fig. 2 Resistance mechanisms and strategies to mitigate them. Resistance mechanisms to BsAbs are varied and include tumour-intrinsic
features, T-cell fitness and exhaustion, and interaction with bone marrow stromal cells. This figure shows the impact of various targeted
interventions to mitigate currently understood resistance mechanisms.
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patients and this also included CR in patients with high risk FISH
[137]. Another phase 2 proof of concept study, LINKER-SMM1
(NCT05955508) is also recruiting patients with high risk smolder-
ing multiple myeloma (SMM) to test the safety, tolerability and
efficacy of linvoseltamab. The phase 2 LINKER-MGUS 1 trial
(NCT06140524) will soon start recruiting patients and will check
the safety and efficacy of linvoseltamab in high risk monoclonal
gammopathy of undetermined significance (MGUS) and non-high
risk SMM.
While highly efficacious, these agents do pose certain

challenges when moved to the newly diagnosed and early
relapse settings. Those targeting BCMA have produced profound
hypogammaglobulinemia and high rates of serious infections in
the relapsed setting, including several infectious deaths [96, 98].
While acceptable in a heavily pretreated population with few
available and effective treatment options, and high risk of
mortality from MM itself, the level of tolerable risk will be
different in a newly diagnosed patient who may be expected to
live 10 years or longer. Based on early available data, from CAR T
studies [138], these toxicities do appear to be lesser in earlier
lines of therapy.

COMPARISON WITH OTHER IMMUNE BASED THERAPIES
Even though there are no head to head comparisons, compared
to other immune based therapies like antibody drug conjugates
(ADC) and chimeric antigenic receptor -T (CAR -T) cell therapies,
BsAbs offer certain advantages [139]. Although CAR-T is a one-
time therapy, the off-the-shelf availability of BsAbs compared to
the 4–6 weeks manufacturing time for CAR- T products offer
superior availability and reliability in patients who are rapidly
progressing. The CAR -T products are also susceptible to 10%
unpredictable manufacturing failure [140], which too makes BsAbs
a more reliable option. Access to CAR-T is restricted to highly
specialized centers which represents another barrier to care.
Unlike CAR-T cell therapy, BsAbs does not require lymphodeple-
tion prior to its administration. Moreover, BsAbs have a lower risk
of severe immune related side effects like CRS, ICANS and delayed
neurotoxicity compared to CAR -T. Phase 3 trials of CAR-T to date
have shown a significant initial drop in PFS curves likely related to
patients not making it to the CAR-T infusion, highlighting the
importance of rapid and reliable availability of BsAbs [134, 135].
Anti-BCMA ADC like belantamab mafodotin, although being

available off the shelf like BsAbs, and being effective without
causing CRS/ICANS, has a lower single-agent response rate and is
limited by its ocular toxicity that can significantly affect quality of
life [141, 142]. This results in the need for frequent dose
interruptions and delays along with the added burden of stringent
ophthalmic assessment prior to each dose.
Other treatment modalities including trispecifics targeting

either two myeloma antigens or an additional T-cell activator,
bispecifics with structural modifications, and natural killer cell
engagers are in early stages of development and have the
potential to overcome some of the limitations of modern BsAbs.

SEQUENCING T CELL DIRECTED THERAPIES
Optimal sequencing of the various immune based treatment
modalities and the different myeloma antigen targets has yet to
be determined. It was shown in a sub- analysis of the KarMMa and
CARTITUDE studies, that patients who were exposed to prior anti-
BCMA therapies—either ADCs or BsAb, responded poorly to
treatment with BCMA -CAR T products- idecabtagene vicleucel
(ide-cel) and ciltacabtagene autoleucel (cilta-cel) respectively
[143, 144]. On the other hand, treatment with anti BMCA BsAb
after failure to anti BCMA CAR T cell therapy has shown favorable
response rates, though still with short PFS [107, 145, 146].
However changing targets may prove more effective. The use of

non BCMA BsAb like talquetamab and cevostamab has shown
efficacy after anti BMCA therapy, though durability of responses is
suboptimal [50, 84, 108, 145, 147]. Despite these exciting results
many questions still remain answered. The efficacy of a different
BsAb in a patient with primary refractoriness to a prior BsAb and
the impact of time between T cell therapies and other intervening
therapies are unclear.

FUTURE PERSPECTIVES
BsAbs have now entered routine clinical practice in multiple
myeloma in the relapsed setting due to their impressive efficacy,
however this only marks the beginning of a paradigm shift in
myeloma treatment. Many avenues are being explored to improve
upon their efficacy and safety, including moving BsAbs earlier in
the patient’s treatment course, rational combinations to combat
resistance mechanisms, optimizing the dose schedule including
limited duration treatments, and tailoring supportive care to
prevent complications. The results of ongoing and upcoming
trials, as well as real-world data, will delineate the true potential of
this potent new class of therapy in multiple myeloma.

SUMMARY POINTS

● BsAbs have shown very high response rates and durable
responses in heavily pretreated patients with multiple
myeloma.

● BsAbs are being studied in earlier lines of therapy when
patients have healthier T-cell profiles.

● Combining BsAb with other agents could mitigate resistance
mechanisms and improve efficacy outcomes.

● Infections pose a major challenge, but use of prophylactic
immunoglobulins, prophylactic antimicrobials, vaccinations,
and growth factors can significantly reduce the risk.

● More data are needed on optimal sequencing of these agents
with other immune-based treatment modalities.
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