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Abstract 

Background In recent years, several bispecific antibodies (BsAbs) have been introduced that revolutionized the treat-
ment approach for patients with multiple myeloma (MM). In the present study, we sought for conducting a system-
atic review and meta-analysis with the aim of evaluating the safety and efficacy of BsAbs in MM patients.

Methods PubMed, Scopus, Web of Science, and Embase databases were systematically searched on June 10, 2022. 
Two steps of title/abstract and full-text screening were performed for selecting the relevant articles. The primary 
endpoint was considered to evaluate the safety of BsAbs by examining the rate of hematologic and non-hematologic 
adverse effects (AEs). The secondary outcome was set at the efficacy of BsAbs through pooling objective response 
rate (ORR), (stringent) complete response (sCR/CR), very good partial response (VGPR), and partial response (PR).

Results Eleven publications with a total of nine evaluable BsAbs were included for qualitative and quantitative 
data synthesis. Hematologic AEs were more common among patients than non-hematologic events, with the most 
frequent events being anemia (41.4%), neutropenia (36.4%), and thrombocytopenia (26.3%). The most common non-
hematological AE was infection, which occurred in 39.9% of patients, followed by dysgeusia (28.3%), fatigue (26.5%), 
and diarrhea (25.8%). Besides, 8.1% of patients experienced immune effector cell-associated neurotoxicity syndrome 
and neurotoxicity occurred in 5.1% of them. Moreover, 59.8% of patients experienced cytokine release syndrome. 
The pooled rate of deaths attributable to BsAbs was estimated at 0.1%. In terms of efficacy measures, the ORR 
was achieved in 62.6% of MM patients, and the pooled rates of sCR/CR, VGPR, and PR were 22.7%, 23.0%, and 12.1%, 
respectively.

Conclusions In an era with several emerging promising treatments for MM, BsAbs have achieved a high ORR and tol-
erable AEs in heavily pretreated patients. However, there is still room for developing BsAbs with a lower rate of AEs 
and capable of bypassing tumor evasion mechanisms.
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Introduction
Multiple myeloma (MM) is the second most frequent 
hematological malignancy around the world [1]. The dis-
ease is characterized by the overproduction of plasma 
cells and subsequent secretion of a high volume of 
monoclonal immunoglobulins into the blood and urine 
[2, 3]. In recent years, immunomodulatory imide drugs 
(IMiDs), proteasome inhibitors (PIs), and monoclonal 
antibodies (mAbs) have prolonged the overall survival of 
patients suffering from MM. However, after a period of 
receiving these agents, most patients become refractory 
or intolerant to standard treatments. Moreover, despite 
several treatment options, MM remains incurable with 
relapses as inevitable parts of the disease course [4, 5]. 
Therefore, there is an unmet need for revolutionizing 
conventional therapies and redirecting novel treatments 
toward validated targets.

Bispecific antibodies (BsAbs) offer a potential immu-
notherapeutic approach that has been accompanied by 
promising results in preclinical studies for treating mul-
tiple cancers, particularly hematological malignancies 
such as acute myeloid leukemia, B-cell non-Hodgkin 
lymphoma, and precursor B-cell acute lymphoblastic leu-
kemia [6]. The mechanism by which the BsAbs facilitate 
tumor eradication is the engagement of immune cells to 
a specific receptor of malignant cells, resulting in sub-
sequent activation of the immune cells and tumor lysis. 
By applying this approach, T cells would be activated 
independent of antigen presentation on major histo-
compatibility complex (MHC) molecules; thus bypass-
ing the usual mechanism of tumor cell recognition [7, 8]. 
Through T cell activation, perforins and granzymes will 
be released, resulting in T cell-dependent killing of the 
tumor cell. T cell-redirecting antibodies can be catego-
rized into two main types: full-length IgG-like antibod-
ies and single-chain variable fragment-based antibodies 
without an Fc domain. IgG-like bispecific antibodies have 
a longer elimination half-life compared to scFv-based 
antibodies, allowing for intermittent administration due 
to their ability to bind to the neonatal Fc receptor [9].

Numerous BsAbs have been developed in recent years 
for improving the survival of MM patients. Herein, we 
sought for conducting a systematic review and meta-
analysis with the aim of evaluating the safety and efficacy 
of BsAbs in MM patients.

Methods
We have prepared the present study according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [10]. The protocol was 
submitted to PROSPERO database with the registration 
number CRD42022353357.

Search strategy
We conducted a systematic review and meta-analyses 
focused on the efficacy and safety of BsAbs targeting 
T cells and plasma cells in relapsed/refractory multi-
ple myeloma (RRMM) patients. PubMed, Scopus, Web 
of Science, and Embase databases were systematically 
searched on June 10, 2022, using search terms, includ-
ing “bispecific antibodies”, “dual-targeted antibodies”, 
“BiTE”, “multiple myeloma”, and other relevant or equiva-
lent terms. No filter was applied to any field of the search. 
Detailed information for the search strategy is provided 
in Additional file 1: Table S1. Additional relevant records 
were retrieved by searching the meeting libraries, includ-
ing the American Society of Hematology (ASH) and the 
American Society of Clinical Oncology (ASCO) to iden-
tify eligible published conference abstracts. The title and 
abstract of the recorded publications were screened and 
the full-texts of the selected articles were assessed for 
qualification by two independent reviewers; any disa-
greements were discussed and finally referred to a third 
reviewer for resolution. The primary endpoint was con-
sidered evaluating the safety of BsAbs via examining the 
rate of hematologic and non-hematologic adverse effects 
(AEs) following the administration of BsAbs, particularly 
cytokine release syndrome (CRS), immune effector cell-
associated neurotoxicity syndrome (ICANS), neurotox-
icity, and death. The secondary outcome was considered 
assessing the efficacy of BsAbs through pooling objec-
tive response rate (ORR), (stringent) complete response 
(sCR/CR), very good partial response (VGPR), and par-
tial response (PR).

Eligibility criteria
The studies were included if [1]: they were designed as a 
single-arm clinical trial [2], participants were diagnosed 
with RRMM according to the criteria of the International 
Myeloma Working Group [3], at least one group received 
monotherapy dosing of bispecific antibodies targeting T 
cells and malignant plasma cells, and [4] the efficacy and 
safety endpoints were reported.

The exclusion criteria were as follows [1]: reviews, 
commentaries, in vitro studies, and studies conducted on 
mice and non-human primates [2], studies that evaluate 
the effect of dual-targeting CAR-T cell therapies, and [3] 
studies that enrolled patients with the diagnosis of hema-
tologic malignancies other than multiple myeloma.

Data extraction
Two investigators independently reviewed the title and/
or abstract to identify the potentially eligible studies. The 
full-texts of the potentially eligible studies were retrieved 
and independently reviewed for eligibility by two 
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reviewers. Any conflict between the two reviewers was 
resolved by a third investigator. We used a pre-piloted 
excel sheet for data extraction. The following information 
was extracted: [1] bibliographic data including the first 
author name, year of publication, country of origin, and 
clinical trial identifier number [2], demographic infor-
mation and characteristics of the participants including 
the baseline number of participants, age, sex, the rate 
of high-risk cytogenetics, the rate of triple refractory 
patients, and the number of prior lines of therapy [3], 
details of the interventions including the dose, schedule, 
and target of BsAbs [4], study methodology including 
duration, recruitment, inclusion and exclusion criteria, 
and [5] information for the assessment of the risk of bias.

In addition, the data related to outcome measures 
such as the number of patients who experienced sCR/
CR, VGPR, PR, undetectable minimal residual disease 
(MRD), as well as median duration of response (DOR), 
and median time to any response, as well as the num-
ber of all hematologic and non-hematologic AEs and 
grade ≥ 3 AEs were also collected.

Quality assessment
The Methodological Index for Non-randomized Studies 
(MINORS) was used to assess the methodological quality 
of the included studies [11]. The MINORS scale contains 
eight items for non-comparative studies, including study 
aims, consecutive patient inclusion criteria, prospective 
pooling of data, endpoint consistent with the study aim, 
unbiased evaluation of endpoints, follow-up period, loss 
to follow-up less than 5%, and prospective calculation of 
the study size. Each item were scored 0 (not reported), 1 
(reported but inadequate), or 2 (reported and adequate) 
[11].

Data analysis
We were able to identify 11 publications with nine differ-
ent specific antibodies. Overlapping publications were 
recognized for several studies. In such a situation, we 
selected the most recent phase I dose escalation study for 
safety assessment and trials reporting the effectiveness of 
a recommended phase II dose (RP2D) or a certain dose 
with the highest effectivity were considered for efficacy 
analysis. Consequently, seven publications were iden-
tified for both safety and efficacy assessment [12–18], 
while for two trials that have further assessed the safety 
and efficacy of a RP2D, we considered the dose escala-
tion publications for safety analysis [19, 20] and the pub-
lications evaluating the effectiveness of RP2D for efficacy 
analysis [21, 22].

We conducted a meta-analysis for proportions to 
estimate the overall proportion of AEs, ORR, sCR/CR, 
VGPR, and PR. Heterogeneity was judged based on I2 

statistics. A fixed effect model was used if the between-
study heterogeneity test statistics was I2 ≤ 50%, otherwise, 
a random effect model was utilized [23]. The results were 
reported as proportions with a 95% confidence interval 
(CI). Besides, whenever the analysis was not feasible due 
to between-study variation and data scarcity, we summa-
rized the information qualitatively. All statistical analyses 
were carried out using STATA software version 17.

Results
A total of 1,761 records were identified through the ini-
tial search of PubMed (n = 547), Scopus (n = 260), Web of 
Science (n = 341), and Embase (n = 613) databases. After 
the removal of 211 duplicated records, 1550 publications 
underwent title/abstract screening, leaving 12 papers 
to be evaluated by full-texts. At this step, one study was 
excluded due to the administration of a BsAb as combi-
nation therapy [24]. Consequently, 11 potential records 
were sought for qualitative and quantitative data synthe-
sis. Of these, eight articles [12–15, 17–19, 21] were con-
ference abstracts and three [16, 20, 22] were published 
in peer-reviewed journals. The PRISMA flow diagram of 
study selection is depicted in Fig. 1.

Study quality
The quality assessment of the included studies is pre-
sented in Additional file 1: Table S2. Briefly, all included 
trials (n = 9) provided adequate information on a clearly 
stated aim, prospective collection of data, loss to follow-
up of less than 5%, and endpoints appropriate to the aim 
of the study. Six studies provided adequate information 
on the follow-up period appropriate to the aim of the 
study and two studies had adequate information on the 
inclusion of consecutive patients. Furthermore, none of 
the studies provided information on the reported pro-
spective calculation of the study size and unbiased assess-
ment of the study endpoint. Overall, all trials scored 
between 10 and 12 points, with a mean score of 10.9.

Study characteristics
Eleven publications with a total of nine evaluable BsAbs 
were included. For seven BsAbs, the plasma-cell recogni-
tion target was BCMA [12–16, 18, 20], while Fc receptor-
like protein 5 (FcRH5) was targeted for one of the BsAbs 
[17, 22], and G Protein-Coupled Receptor Class C Group 
5 Member D (GPRC5D) for the other one [19, 21]. The 
median age of the 853 included patients ranged from 63 
to 68 comprising 473 (55.4%) male patients. Among 811 
evaluable patients, 578 (71.3%) were refractory to triple 
classes of routine MM medications (i.e., PI, IMID, and 
anti-CD38 monoclonal antibody) and the median prior 
line of therapy ranged from four to eight. Furthermore, 
29.1% (165/568) of all patients had high-risk cytogenetics 
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including 17p deletion, t(14;16), and t(14;20). The 
detailed characteristics of included trials are summa-
rized in Table  1. In addition, Additional file  1: Table  S3 
provided descriptions regarding the inclusion and exclu-
sion criteria of participants for each trial, the percentage 
of patients in each eastern cooperative oncology group 
(ECOG) performance status and international staging 
system (ISS) stage, and the prior history of autologous or 
allogenic stem-cell transplantation.

Safety analysis
 Among 853 safety evaluable patients, hematologic AEs 
were more common among patients, with the most fre-
quent event being anemia (41.4%, 95% CI 33.1–49.9) 
followed by neutropenia (36.4%, 95% CI 26.3–47.2), 

thrombocytopenia (26.3%, 95% CI 18.6–34.8), lympho-
penia (25.3%, 95% CI 13.3–39.5), and leukopenia (23.5%, 
95% CI 11.0–38.7) (Additional file  1: Fig. S1). The most 
common non-hematological AE was infection, which 
occurred in 39.9% (95% CI 28.8–51.6) of patients, and 
then dysgeusia (28.3%, 95% CI 22.2–34.9), fatigue (26.5%, 
95% CI 20.6–32.8), diarrhea (25.8%, 95% CI 22.9–28.9), 
nausea (25.3%, 21.9–28.9), pyrexia (24.5%, 95% CI 19.5–
29.9), headache (22.9%, 95% CI 19.5–26.6), cough (21.7%, 
95% CI 16.1–27.9), back pain (21.0%, 95% CI 16.5–25.8), 
vomiting (18.0%, 95% CI 14.5–21.8), and aspartate ami-
notransferase (AST) rise (16.0%, 95% CI 5.1–30.9) (Addi-
tional file  1: Fig. S2). Except for anemia, fatigue, and 
pyrexia, all AEs were more frequent among patients 
receiving non-BCMA.CD3 targeted BsAbs than those 

Fig. 1 Flow diagram of study selection process
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who received BCMA.CD3 targeted BsAbs. Besides, 8.1% 
(95% CI 1.7–18.0) of patients experienced ICANS and 
neurotoxicity occurred in 5.1% (95% CI 3.2–7.4) of them. 
The pooled rate of deaths attributable to BsAbs was 0.1% 
(95% CI 0.0–0.6) occurring in three patients receiving 
CC–93,269, Cevostomab, and Teclistamab (Fig. 2).

In terms of hematologic grade ≥ 3 AEs, neutropenia 
with a frequency of 35.4% (95% CI 26.9–44.4) was the 

most common AE, followed by anemia (27.3%, 95% CI 
20.6–34.5), lymphopenia (27.3%, 95% CI 14.4–42.5), 
thrombocytopenia (17.2%, 95% CI 12.6–22.3), and leu-
kopenia (16.2%, 95% CI 11.8–21.1) (Additional file  1: 
Fig. S3). Among non-hematologic grade ≥ 3 AEs, AST 
increase had the highest frequency by 16.0% (95% CI 
5.1–30.9), followed by back pain (2.1%, 95% CI 0.2–5.4), 
diarrhea (1.5%, 95% CI 0.6–2.7), fatigue (1.3%, 95% CI 

Fig. 2 All hematologic and non-hematologic adverse events following administration of bispecific antibodies for patients with multiple myeloma
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0.5–2.5), headache (0.8%, 95% CI 0.0–2.2), cough (0.3%, 
95% CI 0.0–2.1), pyrexia (0.3%, 95% CI 0.0–1.4), nau-
sea (0.2%, 95% CI 0.0–1.0), and vomiting (0.0%, 95% CI 
0.0–0.7) (Additional file 1: Fig. S4). Furthermore, while 
the rate of all hematologic AEs was higher for patients 
who received BCMA targeted BsAbs, the rate of non-
hematologic AEs except for cough and nausea was 
higher in non-BCMA targeted BsAb group (Fig. 3).

Moreover, 59.8% (95% CI 49.6–69.5) of patients expe-
rienced CRS, which varied greatly from 38.1% for AMG 
420 to 80.7% for Cevostamab (Additional file 1: Fig. S5). 
The pooled CRS rate in studies using BCMA.CD3 struc-
ture (56.7%, 95% CI 47.2–66.0%) was lower than stud-
ies targeting myeloma cells through receptors other 
than BCMA (68.1%, 95% CI 62.8–73.1%). Severe CRS, 
defined as the CRS events of grade 3 or higher was evi-
dent in 1.6% (95% CI 0.3–3.7) of cases. In addition, the 

Fig. 3 Grade ≥3 hematologic and non-hematologic adverse events following administration of bispecific antibodies for patients with multiple 
myeloma
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rate of CRS grade ≥ 2 events was 19.4% (95% CI 12.0–
28.0) among participants (Fig.  4). The median time to 
CRS onset after administration of BsAbs was between 
10  h to 2 days and the median duration of CRS ranged 
from 15  h to three days. The CRS events were resolved 
mostly through the administration of tocilizumab and 
corticosteroids.

Efficacy analysis
A total of 463 RRMM patients were evaluable for clini-
cal response. The overall ORR was 62.6% (95% CI 
53.8–71.0), which was slightly higher in studies target-
ing BCMA in myeloma cells (64.0%, 95% CI 51.5–75.7) 
as compared to BsAbs targeting non-BCMA receptors 
(62.0%, 95% CI 53.6–70.1). Moreover, the pooled rates of 
sCR/CR, VGPR, and PR were 22.7% (95% CI 13.3–33.4), 
23.0% (95% CI 16.4–30.2), and 12.1% (95% CI 6.3–19.1), 
respectively. While BCMA.CD3 targeted BsAbs repre-
sented a higher rate of sCR/CR responses, non-BCMA.

CD3 targeted BsAbs showed higher rates of VGPR 
and PR (Fig.  5). Of the 106 MRD evaluable respond-
ing patients, 82 subjects (77.4%) achieved undetectable 
MRD. Median DOR was not reached in five trials, while 
it was 8.4 months for AMG 420, 11.5 months for Cev-
ostamab, 18.4 months for Teclistamab, and 10.2 months 
for Talquetamab trials. Finally, the median time to any 
response ranged from 22 days to 4.1 weeks (Additional 
file 1: Table S4).

Discussion
The present systematic review and meta-analysis is the 
most comprehensive study aiming at evaluating the safety 
and efficacy of BsAbs in patients suffering from MM. As 
of June 2022, the trial results of nine unique BsAb prod-
ucts targeting T cells along with malignant myeloma cells 
have been published. All BsAbs have been designed to 
target CD3 molecule on T cells. In addition, the mye-
loma cell target of seven BsAbs was chosen to be BCMA, 

Fig. 4 Cytokine release syndrome (CRS) events following administration of bispecific antibodies for patients with multiple myeloma
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while the other two BsAbs targeted GPRC5D and FcRH5. 
Overall, our pooled analysis demonstrated that BsAb 
therapy offered promising outcomes with an acceptable 
safety profile in RRMM patients.

The first idea of using BsAbs dates back to the 1980s 
when scientists hypothesized redirecting of effector 
immune cells to tumor cells through antibodies that rec-
ognize two different epitopes or antigens [25, 26]. Blina-
tumomab which targets CD19 on cells of B-lineage origin 
and CD3 on T cells was the first BsAb approved by the 
US Food and Drug Administration (FDA) for adult and 
pediatric patients with B cell precursor acute lympho-
blastic leukemia (ALL) [27]. More recently, BsAbs caught 
attention for the treatment of MM following the promis-
ing results of phase 1 clinical trials [28]. Among BsAbs 
that have been designed for MM patients, only Teclis-
tamab have gained FDA approval so far; however, Teclis-
tamab has been recently recommended by the European 
Medicine Agency (EMA) for the treatment of RRMM 
patients [29].

Our results showed that 61.2% and 24.3% of all treated 
MM patients with BsAbs achieved ORR and sCR/CR, 
respectively. Besides, we found that there was no obvious 
difference between the ORR of BsAbs targeting BCMA 
(60.8%) and those targeting non-BCMA molecules on 
malignant cells (62%). In a meta-analysis conducted by 
Yu and colleagues, the prescription of blinatumomab 
resulted in a pooled CR rate of 45% for ALL patients 
and 20% for non-Hodgkin lymphoma patients [30]. Fur-
thermore, while we observed 77.4% undetectable MRD 
among MM patients receiving BsAb, blinatumomab 
caused 42% of ALL patients to become MRD negative 
[30]. On the other hand, CAR T cells have shown supe-
rior benefits with an ORR of 88% and an MRD negativity 
rate of 79% among MM patients [31]. MRD status is one 
of the most useful prognostic factors in MM patients. In 
comparison with those achieving CR with MRD posi-
tive status, MM patients who become MRD negative 
have longer overall and progression free survival [32, 33]. 
Despite a high rate of MRD negativity, it remains unclear 

Fig. 5 Efficacy of bispecific antibodies for patients with multiple myeloma. A Objective response rate, B (Stringent) complete response, C Very 
good partial response, and D Partial response



Page 12 of 14Noori et al. Cancer Cell International          (2023) 23:193 

whether BsAbs have the potential to elicit long-lasting 
responses in MM patients. Herein, designing trials with 
longer follow-up durations for patients who reached 
MRD negativity will be necessary for understanding 
whole dimensions of responses induced by BsAbs.

We found that AEs such as cytopenia and infections 
are common after BsAb therapy. Non-transformed B 
cells and plasma cells may also express the targeted anti-
gen on MM malignant cells; thus, the host normal B cells 
could be lysed during BsAb therapy as a result of identi-
fying identical antigens on tumor and healthy cells, pre-
disposing the patients to a high risk of depleted immune 
cells and infection. This is obviously evident in our 
meta-analysis that infection was the most common non-
hematological AE, occurring in 41.3% of all BsAb recipi-
ents. Similarly, the risk of infection after blinatumomab 
therapy ranged from 34 to 44% in patients with hemato-
logical malignancies [34]. This increased risk of infection 
might be resolved for the future BsAbs by improving the 
specificity through targeting multiple specific antigens on 
tumor cells [7].

CRS is an acute systemic inflammatory syndrome, 
which occurs frequently after treatment with immuno-
therapeutic agents, particularly chimeric antigen recep-
tor (CAR) T cells and BsAbs [35]. Activation of many T 
cells and other effector immune cells is responsible for 
releasing a high amount of cytokines. The severity of CRS 
could be associated with the type of underlying malig-
nancy as well as the type, dose, and schedule of immuno-
therapy. In our study, the overall rate of CRS events was 
60.4% with a higher rate of 68.1% for BsAbs that target 
BCMA and a lower rate of 55.7% for BsAbs that target 
receptors other than BCMA on malignant cells. The rate 
of severe CRS events was generally low and documented 
in 1.4% of patients. A meta-analysis which was conducted 
on 23 different CAR T cell products for MM patients has 
reported the incidence of overall and severe CRS events 
to be 80.3% and 14.1%, respectively [36], a higher rate 
than what we reported for BsAbs. In our study, the CRS 
events were mainly managed through the administration 
of tocilizumab and corticosteroids. However, a recent 
investigation has revealed that the anti-tumor function of 
T cells mediated by BsAbs can be substantially compro-
mised by using corticosteroids, while tocilizumab repre-
sented significant CRS attenuation without affecting the 
efficacy of BsAbs [37].

Several trials have been launched in recent years for 
investigating novel BsAbs that have been designed to 
induce a lower rate of AEs and conquer tumor evasion. 
Improving the functionality of BsAbs could occur in mul-
tiple ways. In this matter, the downregulation of the tar-
geted antigens by tumor cells is a well-known mechanism 
for impairing the efficacy of antibodies. Constructing 

multivalent BsAbs that enhance target avidity or trispe-
cific antibodies that bind to more than one antigen on 
malignant cells might be the way to overcome the resist-
ance [38]. Furthermore, multi-target antibodies may 
also be useful for preventing B cell aplasia, lymphocyte 
depletion, and subsequent risk of infection by specifying 
that certain cells expressing a combination of particu-
lar antigens are targeted and healthy cells would not be 
invaded by the antibodies [38]. Besides, the BsAb ther-
apy in MM patients may take advantage of combination 
with immune checkpoint inhibitors (ICIs) by avoiding 
T cell exhaustion [39]. The PD-1/PD-L1 signaling path-
way is the hallmark of tumor immunosuppression and T 
cell deactivation. An over-expression of PD-1 and PD-L1 
molecules has been noted in MM patients [40]. Moreo-
ver, induced T cell exhaustion through high expression of 
PD-L1 has been reported while using BsAb therapy [41, 
42]. In this regard, addition of ICIs that block the PD-1/
PD-L1 pathway to BsAbs can counter T cell exhaustion 
and increase their activation. Moreover, a potential limi-
tation in the function of BsAbs is the activation of inde-
pendent T cells, which may also activate unnecessary 
Tregs [27]. Addition of therapeutic Treg depletion to 
BsAb therapy may be useful in overcoming immunosup-
pression. To this end, applying methods that fight against 
the immunosuppressive microenvironment of bone mar-
row could be crucial in enhancing the effectiveness of 
BsAb therapy.

To the best of our knowledge, this is the first system-
atic review and meta-analysis pooling the response rates 
and rates of AEs following administration of BsAbs for 
patients with MM. Nevertheless, we acknowledge that 
our study is subjected to several drawbacks that should 
be considered when interpreting our findings. Firstly, the 
trials of BsAbs are mainly in their early phases and none 
of them has published phase 3 results. Therefore, the lack 
of a control group among included studies may impact 
the validity of the conclusions. Secondly, most of the tri-
als were in the dose escalation stage while some of them 
were conducted based on a certain RP2D of BsAbs. This 
heterogeneous primary design of the included trials may 
further increase the uncertainties. Thirdly, the variations 
in basic parameters of the studies, such as eligibility crite-
ria, the model of BsAbs, and various ranges of efficacious 
doses and schedules may prevent drawing a generalizable 
conclusion. Fourthly, we only included trials that assessed 
the safety and efficacy of T cell redirected BsAbs; thus, 
the outcomes of BsAbs that target innate immunity 
could be further evaluated in future systematic reviews 
and meta-analyses. Lastly, the main part of our data was 
extracted from the published abstracts of the congress, 
which have not undergone a full process of peer-review-
ing and have not provided detailed information.
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Conclusion
In an era of several emerging promising treatments for 
MM, BsAbs have achieved a high ORR and tolerable 
AEs in heavily pretreated patients. However, there is still 
room for developing BsAbs that induce a lower rate of 
AEs and are capable of bypassing tumor evasion mecha-
nisms. In addition, the initiation of phase 3 randomized 
controlled trials with a long follow-up duration, which 
compare the safety and efficacy of current BsAbs with 
conventional MM treatments, is highly recommended. 
Finally, combination therapies provided countless oppor-
tunities that can be integrated into the BsAb treatment 
approach and improve the survival of treated patients.
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