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Bispecific antibodies, a novel immunotherapy with promising efficacy against multiple

myeloma, form immune synapses between T-cell surface marker CD3 and malignant cell

markers, including B-cell maturation antigen (BCMA), FcRH5, and G protein–coupled

receptor GPRC5D. These bispecific antibodies so effectively deplete plasma cells (and to

some extent T-cells) that patients are at increased risk of developing infections. A systematic

review and meta-analysis of infections in published studies of patients with myeloma

treated with bispecific antibodies was conducted to better characterize the infection risks.

A literature search used MEDLINE, EMBASE, and Cochrane to identify relevant studies

between inception and February 10, 2023, including major conference presentations. Phase

1b-3 clinical trials and observational studies were included. Sixteen clinical trials

comprising 1666 patients were included. Median follow-up was 7.6 months and 38% of the

cohort had penta-drug refractory disease. Pooled prevalence of all-grade infections was

56%, whereas the prevalence of grade ≥3 infections was 24%. Patients who were treated

with BCMA-targeted bispecifics had significantly higher rates of grade ≥3 infections than

non-BCMA bispecifics (25% vs 20%). Similarly, patients treated with bispecifics in

combination with other agents had significantly higher rate of all-grade infection than those

receiving monotherapy (71% vs 52%). In observational studies (n = 293), excluded from the

primary analysis to ensure no overlap with patients in clinical trials, several infections

classically associated with T-cell depletion were identified. This systematic review identifies

BCMA-targeted bispecifics and bispecific combination therapy as having higher infection

risk, requiring vigilant infection screening and prophylaxis strategies.
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Introduction

Bispecific antibodies, a rapidly advancing treatment for hemato-
logic malignancies, form an immune synapse between T-cells, via
surface marker CD3 and surface markers on tumor cells. In multiple
myeloma, bispecific antibodies targets include B-cell maturation
antigen (BCMA), cell surface marker FcRH5, or G protein–coupled
receptor GPRC5D.1 Although they demonstrate promising effi-
cacy, concerns regarding infection-associated morbidity have
arisen.2 Mazahreh et al examined infections in bispecific mono-
therapy trials published from 2019 to 2022, reporting moderate
rates of severe infections (24%).3 Longer follow-up from these and
other clinical trials, as well as recent publication of observational
studies, prompted our systematic review and meta-analysis.

Methods

A systematic review and meta-analysis were conducted according
to PRISMA guidelines,4 using the Ovid platform of PUBMED,
MEDLINE, EMBASE, and Cochrane to identify relevant publica-
tions, between inception and 10 February 2023 using the
comprehensive search strategy (supplemental Figure 1). We
included clinical trial and observational studies, including patients
receiving bispecific antibodies for myeloma as monotherapy or in
combination with other agents, using data from the most recent
publications and conference proceedings.

Article suitability and data extraction were performed by 2 authors
(G.R. and E.R.S.C.), with extracted variables detailed in
supplemental Table 1. The primary outcome was the proportion of
patients with all-grade infections. Secondary outcomes included
grade ≥3 infections, infection-related mortality, and the proportion
of bacterial, viral, and fungal infections. Subgroup analyses
compared primary and secondary outcomes by therapeutic target
(BCMA vs non-BCMA) and monotherapy vs combination therapy.
All primary and secondary analyses included only clinical trial data.
Patients from observational studies were separately analyzed for
infection etiology and timing. Meta-analysis of proportions, using
random-effects model (Mantel-Haenszel method) was performed
with R, using Cochran Q test to evaluate heterogeneity.5 The
Joanna Brigg’s Institute critical appraisal tool assessed study bias.6

Results

After screening 799 studies, 20 studies were identified (supplemental
Figure 2). Sixteen clinical trials (1666 patients) were included
(Table 1). Twelve trials examined bispecific or trispecific monotherapy
(1477 patients), and 4 trials examined combination therapy that
included a bispecific antibody (189 patients). Median age was 64.7
years, 55% of patients were male, 78% patients (1218/1559) had
triple-class refractory disease and 38% patients (548/1452) had
penta drug-refractory disease. Median follow-up was 7.6 months.

The prevalence of all-grade infections was 56% (95% confidence
interval [CI], 0.48-0.65) with high heterogeneity (I2 = 92%)
(Figure 1). The prevalence of grade ≥3 infections was 24%
(95% CI, 0.19-0.29) with high heterogeneity (I2 = 81).

All-grade infections among patients treated on-trial with BCMA-
bispecific monotherapy (n = 976; 51%; 95% CI, 0.38-0.63)
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were comparable with all-grade infections among non-BCMA-
bispecific monotherapy (n = 501; 55%; 95% CI, 0.42-0.68).
However, grade ≥3 infections were significantly higher among
BCMA-targeting bispecifics (25%; 95% CI, 0.17-0.32) than with
non-BCMA bispecifics (20%; 95% CI, 0.16-0.23; P < .01;
Figure 2). The rates of grade ≥3 neutropenia, all-grade ICANS
(immune effector cell–associated neurotoxicity syndrome), and
steroid administration were lower in the BCMA-bispecific group
(supplemental Table 2). Treatment-emergent hypogammaglobulin-
emia was infrequently and inconsistently reported, precluding
meta-analysis.

The use of a bispecific in combination with another therapy (189
patients) was associated with significantly higher all-grade (71% vs
52%; P < .01) and comparable grade ≥3 infections (26% vs 24%)
than monotherapy treatment. This effect was driven by BCMA-
targeting agents; only 1 trial involved a non-BCMA agent in com-
bination. Grade ≥3 neutropenia was more prevalent in patients
treated with BCMA-combination therapy than those treated with
BCMA-bispecific monotherapy (52% vs 44%).

Fourteen trials reported infection-related mortality. Among the
1604 patients enrolled in these trials, there were a total of 65
deaths attributed to infection (random-effects model, 3%; 95% CI,
0.01-0.04). The microbiological cause of infection-related deaths
was incompletely reported, as shown in supplemental Table 3.
Accepting these limitations, viral infection–associated mortality
(including COVID-19 [≥19], disseminated adenovirus [n = 2], and
cytomegalovirus [CMV] pneumonia [n = 1]) was as common as
bacterial sepsis–associated mortality. Reactivation of pathogens
typically associated with T-cell depletion, including Pneumocystis
jirovecii pneumonia (PJP), CMV, and invasive aspergillosis, were
also reported in low numbers. Other outcomes of infection-related
morbidity including intensive care admissions and length-of-stay
were not reported in the trials.

The 4 observational studies (141 patients) provided further infec-
tion regarding causative pathogen, infection onset, and outcomes
(supplemental Table 4).22-25 Of the 293 infection events reported
in observational studies, 68% were microbiologically-confirmed,
including viral (49%), bacterial (45%), and fungal (6%). When
reported, gram-negative pathogens were the predominant cause of
bacterial infections (64%). Causative viral and fungal pathogens
were inconsistently reported. Studies reported different metrics of
infection onset, precluding meta-analysis; however, the median
onset of all-grade infection was typically earlier (49-79 days) than
that of severe infection (≥3 months). One study reported 2 late
(≥12 months) fatal infections and increasing infection incidences
despite enduring response.24 Approximately half of infection events
required hospitalization.

The bias assessment for included studies found a lower study
quality of observational studies (supplemental Table 5).

Discussion

In patients with bispecific antibody–treated myeloma, a high rate of
all-grade infection and moderate rate of severe infections warrant
caution. The addition of 6 new clinical trials and 481 patients in a
short time since a recent analysis resulted in noticeable changes.
For example, between the publication of MonumenTAL-1 trial data
INFECTIONS FOLLOWING BISPECIFIC ANTIBODIES IN MM 5899



Table 1. Characteristics of included studies

Author

Year Trial Product Target Phase N

Median

age

Prior lines

(median)

Penta drug

refractory

All-grade

infection

Grade ≥3

infection

Grade 5

infections

Treatment

discontinuation*

Grade

≥ 3 CRS

Grade ≥3

ICANS Steroids Tocilizumab

Grade ≥3

neutropenia

Treatment-emergent

hypogammaglobulinemia

Median

follow-up

(mo)

BCMA target (monotherapy)

Wong et al,
20227

CC-93269-
MM-001

Alnuctamab (CC-
93269)

BCMA 1 68 63 4 28% 34% 9% 0% 0% 0% 0% 18% 12% 32% NR 4.1

D’Souza et al,
20228

TNB383B.0001 ABBV-383 BCMA 1 124 68 4 35% 41% 25% 6% NR 2% 0% NR 14% 34% NR 6.8

Topp et al,
20209

Pacanalotamab
(AMG-420)

BCMA 1 42 65 5 NR 33% 24% 5% NR 2% 0% 38% 2% NR NR 35

Harrison et al,
202010

Pavurutamab
(AMG-701)

BCMA 1 85 64 6 NR NR 15% 2% 1% 9% 0% 20% 34% NR NR 1.7

Bumma et al,11

2022
LINKER-MM1 Linvoseltamab

(REGN5458)
BCMA 1/2 252 66 5 37% 54% 29% 4% NR 1% 0% 10% 17% 23% NR 3.2

Raje et al,12

2022
MagnetisMM-1 Elranatamab BCMA 1 55 64 5 NR NR 29% 2% NR 0% NR NR 13% 71% 75% 12.0

Bahlis et al,13

2022
MagnetisMM-3 Elranatamab BCMA 2 123 69 5 42% 67% 32% 5% 6.5% 0% 0% 8% 22% 48% NR 12.0

Moreau et al,14

2022
MajesTEC-1 Teclistamab BCMA 1 165 64 5 30% 76% 45% 12% 1% 1% 1% 8% 36% 64% 75% 14.1

Abdallah et al,15

2022
HPN217-3001 HPN217

Trispecific
BCMA,

albumin
1 62 70 6 42% 45% 16% NR 0% 0% 0% 2% 6% 13% NR 2.5

BCMA target (combination therapy)

Grosicki et al,16

2022
MagnetisMM-5 Elranatamab +

daratumumab
BCMA +

CD38
3 34 68 4 15% NR NR 24% NR 0% 0% NR NR 47% NR NR

Rodriguez-Otero
et al,17 2022

TRIMM-2 Teclistamab +
daratumumab

BCMA +
CD38

1b 65 67 5 31% 68% 28% 5% NR 0% 0% 5% 32% 42% NR 6.1

Searle et al,31

2022
MajesTEC-2 Teclistamab +

dara + len
BCMA +

CD38 +
IMID

1b 32 63 2 NR 91% 38% 6% 3% 0% 0% 16% 41% 78% NR 8.4

Non-BCMA target (monotherapy)

Trudel et al,18

2021
Cevostamab
(BFCR4350A)

FcRH5 1 161 64 6 68% 46% 20% 0% NR 1% 4% 20% 34% 37% NR 6.1

Carlos-Stella
et al,19 2022

Forimtamig
(RG6234)

GPR5CD 1 108 63 4.5 39% 53% 24% 2% NR 2% 3% 38% 31% 13% NR 11.6

Chari et al,20

2022
MonumenTAL-1 Talquetamab GPRC5D 1/2 232 64 6 30% 66% 18% 0% 0% 3% 0% 7% 45% 37% 77% 14.9

Non-BCMA target (combination therapy)

van de Donk
et al,21 2022

TRIMM-2 Talquetamab +
Daratumumab

GPRC5D +
CD38

1b 58 65 5 29% 53% 17% 2% NR 0% 0% 3% 34% 22% NR 4.0

NR, not reported; ICANS, immune effector cell–associated neurotoxicity syndrome; CRS, cytokine release syndrome; BCMA, B-cell maturation antigen; IMID, immunomodulatory therapy; dara, daratumumab; lena, lenalidomide.
*Treatment discontinuation secondary to infection.
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Study

Wong et al., 2022
D'Souza et al., 2022
Topp et al., 2020
Trudel et al., 2021
Bahlis 2022
Bumma et al., 2022
Carlos−Stella et al., 2022
Chari et al., 2022
van de Donk et al., 2022
Moreau et al., 2022
Rodriguez−Otero et al., 2022
Searle et al 2022
Abdallah et al., 2022

Common effect model
Random effects model

Cases

23
51
14
74
82

136
57

153
31

126
44
29
28

Total

.

68
124

42
161
123
252
108
232

58
165

65
32
62

Proportion

0.59
0.56

0.34
0.41
0.33
0.46
0.67
0.54
0.53
0.66
0.53
0.76
0.68
0.91
0.45

95% C.I.

[0.56; 0.61]
[0.48; 0.65]

[0.23; 0.45]
[0.32; 0.50]
[0.19; 0.48]
[0.38; 0.54]
[0.58; 0.75]
[0.48; 0.60]
[0.43; 0.62]
[0.60; 0.72]
[0.41; 0.66]
[0.70; 0.83]
[0.56; 0.79]
[0.81; 1.00]
[0.33; 0.58]

0 0.2 0.4 0.6 0.8 1

Prevalence of all-grade infection

Heterogeneity: I2 = 92%, �2 = 0.0218, χ2
12 = 144.55 (P � .01)

A

Cases

6
31
13
10
32
16
39
73
26
46
10
74
3
2

10

Total

.

68
124
85
42

161
55

123
252
108
232
58

165
65
32
62

Proportion

0.20
0.21

0.09
0.25
0.15
0.24
0.20
0.29
0.32
0.29
0.24
0.20
0.17
0.45
0.05
0.06
0.16

95% C.I.

[0.18; 0.22]
[0.15; 0.27]

[0.02; 0.16]
[0.17; 0.33]
[0.08; 0.23]
[0.11; 0.37]
[0.14; 0.26]
[0.17; 0.41]
[0.23; 0.40]
[0.23; 0.35]
[0.16; 0.32]
[0.15; 0.25]
[0.08; 0.27]
[0.37; 0.52]
[0.00; 0.10]
[0.00; 0.15]
[0.07; 0.25]

0 0.2 0.4 0.6 0.8 1

Prevalence of grade �3 infection

Study
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Chari et al., 2022
van de Donk et al., 2022
Moreau et al., 2022
Rodriguez−Otero et al., 2022
Searle et al 2022
Abdallah et al., 2022

Common effect model
Random effects model
Heterogeneity: I2 = 89%, �2 = 0.0107, χ2

14 = 122.21 (P � .01)

B

Figure 1. Meta-analysis. (A) Rates of all-grade infections and (B)

grade ≥3 infections among patients with multiple myeloma treated

with bispecific antibodies in clinical trials.

A
Study

Common effect model
Random effects model

Wong et al., 2022
D'Souza et al., 2022
Topp et al., 2020
Bahlis 2022
Bumma et al., 2022
Moreau et al., 2022
Abdallah et al., 2022

Cases

23
51
14
82

136
126

28

Total

.

68
124

42
123
252
165

62

Proportion

0.56
0.51

0.34
0.41
0.33
0.67
0.54
0.76
0.45

95% C.I.

[0.53; 0.60]
[0.38; 0.63]

[0.23; 0.45]
[0.32; 0.50]
[0.19; 0.48]
[0.58; 0.75]
[0.48; 0.60]
[0.70; 0.83]
[0.33; 0.58]

Prevalence of all-grade infection

Heterogeneity: I2 = 93%, �2 = 0.0255, X2
6 = 83.51 (P � .01)

0 0.2 0.4 0.6 0.8 1

B
Study

Wong et al., 2022
D'Souza et al., 2022
Topp et al., 2020
Trudel et al., 2021
Bahlis 2022
Bumma et al., 2022
Carlos−Stella et al., 2022
Chari et al., 2022
Moreau et al., 2022
Abdallah et al., 2022

Common effect model
Random effects model

Cases

23
51
14
74
82

136
57

153
126
28

Total

.

68
124

42
161
123
252
108
232
165

62

Proportion

0.57
0.52

0.34
0.41
0.33
0.46
0.67
0.54
0.53
0.66
0.76
0.45

95% C.I.

[0.54; 0.59]
[0.43; 0.61]

[0.23; 0.45]
[0.32; 0.50]
[0.19; 0.48]
[0.38; 0.54]
[0.58; 0.75]
[0.48; 0.60]
[0.43; 0.62]
[0.60; 0.72]
[0.70; 0.83]
[0.33; 0.58]

Heterogeneity: I2 = 91%, �2 = 0.0179, X2
9 = 100.54 (P � .01)

0 0.2 0.4 0.6 0.8 1

Prevalence of all-grade infection

C
Cases

31
44
29

.

Total

58
65
32

Proportion

0.74
0.71

0.53
0.68
0.91

95% C.I.

[0.67; 0.80]
[0.49; 0.92]

[0.41; 0.66]
[0.56; 0.79]
[0.81; 1.00]

Study

van de Donk et al., 2022
Rodriguez−Otero et al., 2022
Searle et al 2022

Common effect model
Random effects model
Heterogeneity: I2 = 91%, �2 = 0.0327, X2

2 = 21.42 (P � .01)

Prevalence of all-grade infection
0 0.2 0.4 0.6 0.8 1

D
Study

Trudel et al., 2021
Carlos−Stella et al., 2022
Chari et al., 2022

Common effect model
Random effects model

Cases

74
57

153

Total

.

161
108
232

Proportion

0.57
0.55

0.46
0.53
0.66

95% C.I.

[0.53; 0.61]
[0.42; 0.68]

[0.38; 0.54]
[0.43; 0.62]
[0.60; 0.72]

Heterogeneity: I2 = 88%, �2 = 0.0113, X2
2 = 16.94 (P � .01)

Prevalence of all-grade infection
0 0.2 0.4 0.6 0.8 1

Figure 2. Meta-analysis of combination versus mono-therapy and of BCMA-targeted versus non-BCMA targeted bispecifics. Comparison of (A) bispecific

monotherapy vs (C) combination therapy trials and (B) BCMA-targeting bispecific antibodies vs (D) non-BCMA–targeting bispecific antibodies.
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of talquetamab in the New England Journal of Medicine (data
cutoff 17 January 2022) and its presentation at the American
Society of Hematology 2022 (data cutoff 12 September 2022),
rates of all-grade infections increased from 39.2% to 65.9%. This
change may be because of a range of factors, such as time taken
for reporting from sites, data cleaning, and/or resolution of queries.
Close longer-term follow-up is required to fully appreciate the
burden of infections after bispecific therapies.

A higher rate of infections was observed in patients treated with
BCMA-bispecifics than in patients treated with non-BCMA targeting
bispecifics, despite a lower prevalence of both penta drug-refractory
disease and treatment complications in the BCMA cohort, including
neutropenia, CRS, ICANS, and steroid administration. Compara-
tively, BCMA CAR-T studies have reported similar all-grade and
grade ≥3 infection rates to patients treated with BCMA-bispecific
antibodies, both in clinical trial settings and observational
studies.23,26 Translational research into the on-target, off-tumor
effects of BCMA blockade on cellular immunity may help mecha-
nistically explain this effect, appreciating the fact that BCMA ther-
apies are currently delivered to patients with refractory disease, who
have been heavily pretreated.27

This analysis highlights the potential relationship between combi-
nation therapy and higher incidence of infection, with all-grade
infection rates 19% higher in patients on combination trials than
those receiving bispecific antibody monotherapy, perhaps,
because of more comprehensive plasma cell aplasia. Dar-
atumumab can be associated with neutropenia, and higher rates of
grade ≥3 neutropenia were observed in the combination group.28

Consequently, patients receiving combination therapy including
bispecific antibodies should be considered as a higher-risk group
requiring further evaluation and targeted prophylaxis.

Although data are evolving, the high rates of viral infection and the
occurrence of infections classically associated with T-cell depletion
highlight the importance of antimicrobial prophylaxis in patients
treated with bispecific antibodies. In anticipation, pretreatment
screening for hepatitis B and seropositivity for CMV, varicella
zoster, and herpes simplex viruses should be performed to guide
subsequent management.29 Strong consideration should be given
to routine herpes simplex and varicella zoster and PJP prophylaxis.
A low threshold for investigating viral reactivation and dissemina-
tion, including adenovirus, CMV, and varicella should be consid-
ered. The role of antifungal and routine antibacterial prophylaxis in
this population is not yet known. Intravenous immunoglobulin is
recommended with hypogammaglobulinemia and was associated
with reduced rates of severe bacterial infections in a retrospective
analysis.24,29,30 Fixed-duration treatment with bispecific antibodies
5902 REYNOLDS et al
and/or response-adapted treatment should also be evaluated in
clinical trials.

This systematic review suggests patients treated with bispecific
antibodies in combination with other therapies may represent a
cohort with higher infection risk, requiring more vigilant screening
and considered approaches to prophylaxis. Frequent analysis of
longer-term infection outcomes is particularly important for this
population to define duration of infection risk and assess the
functional effect of long-term T-cell redirection despite enduring
disease control.
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