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ABSTRACT
Background  Bispecific T-cell engagers (BTEs) are novel 
agents used to treat hematological malignancies. Early 
trials were underpowered to define cardiovascular adverse 
events (CVAE) and no large-scale studies systematically 
examined the CVAEs associated with BTEs.
Methods  Leveraging the US Food and Drug 
Administration’s Adverse Event Reporting System-(FAERS), 
we identified the relative frequency of CVAEs after initiation 
of five BTE products approved by the Food and Drug 
Administration between 2014 and 2023 for the treatment 
of hematological malignancies. Adjusted reporting ORs 
(aROR) were used to identify disproportionate reporting 
of CVAEs with BTEs compared with background rates in 
the database. Fatality rates and risk ratios (RRs) for each 
adverse event (AE) were calculated.
Results  From 3668 BTE-related cases reported to 
FAERS, 747 (20.4%) involved CVAEs. BTEs as a class were 
associated with fatal CVAEs (aROR 1.29 (95% CI 1.12 
to 1.50)), an association mainly driven by teclistamab 
(aROR 2.44 (95% CI 1.65 to 3.60)). Teclistamab was also 
associated with a disproportionate risk of myocarditis 
(aROR 25.70 (95% CI 9.54 to 69.23)) and shock (aROR 
3.63 (95% CI 2.30 to 5.74)), whereas blinatumomab was 
associated with a disproportionate risk of disseminated 
intravascular coagulation (aROR 3.02 (95% CI 1.98 to 
4.60)) and hypotension (aROR 1.59 (95% CI 1.25 to 2.03)). 
CVAEs were more fatal compared with non-CVAEs (31.1% 
vs 17.4%; RR 1.76 (95% CI 1.54 to 2.03)). Most CVAEs 
(83.3%) did not overlap with cytokine release syndrome.
Conclusion  In the first postmarketing surveillance study 
of BTEs, CVAEs were involved in approximately one in five 
AE reports and carried a significant mortality risk.

INTRODUCTION
Bispecific T-cell engager (BTE) therapies 
are a novel class of targeted immunothera-
pies with efficacy against hematologic malig-
nancies.1–3 They enable endogenous T-cells 
to recognize and eliminate malignant cells 
with tumor-associated antigens (TAAs). BTEs 
possess two binding domains, one constantly 
binds to CD3 on the T-cell receptor, while 
the other is a modifiable domain designed 
to bind specific TAAs.4 Two approved BTEs 

are widely available for clinical use. Blinatu-
momab targets the CD19 domain on B-cells 
and has revolutionized the treatment of 
advanced acute lymphoblastic leukemias.1–3 
The second, teclistamab, targets B-cell matu-
ration antigen expressed on myeloma cells 
and is approved for use in relapsed/refrac-
tory multiple myeloma.5 6 These immuno-
therapeutic agents are associated with high 
oncological disease response and increased 
survival.1–3 5 6 More recently, three other BTEs, 
namely mosunetuzumab, glofitamab, and 
epcoritamab, have also been approved for the 
treatment of non-Hodgkin’s lymphoma.

However, BTEs also associated with poten-
tially substantial adverse events (AEs). In 
oncological trials, the most frequently 
reported AEs of BTEs are cytokine release 
syndrome (CRS), hematological toxicities, 
and neurotoxicity.1 2 5 7–12 This profile of AEs 
is based on efficacy-focused clinical trials, 
wherein the statistical power to detect other 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Bispecific T-cell engager (BTE) therapy is an emerg-
ing treatment option for hematological malignan-
cies; however, the potential cardiovascular adverse 
event (CVAE) risks remain largely unknown.

WHAT THIS STUDY ADDS
	⇒ Nearly one in five reported events with BTE thera-
pies involved a CVAE. The likelihood of myocarditis, 
hypotension, and fatal CVAEs was disproportionately 
increased with BTE treatment. Most events did not 
occur in the context of CRS. In addition, patients who 
developed CVAEs saw a higher risk of death than 
patients who did not.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Given the expanding indications of BTE therapy, 
increased vigilance, and research into the mecha-
nisms and optimal preventative strategies for CVAEs 
are needed.
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AEs was unavailable. With other T-cell modulatory ther-
apies (eg, chimeric T-cell antigen therapies (CAR-T)), 
safety analyses revealed signals of serious cardiovascular 
AEs (CVAEs) not observed in initial clinical trials.13–16 
These events are now recognized as limitations to post-
treatment survival.17

With BTEs, only limited and conflicting data are avail-
able. In an evaluation of 63 ALL patients in Italy, <2% 
developed reported high-grade CVAEs.18 In a subsequent 
study of 50 patients in South Korea, nearly 15% devel-
oped reported CVAEs.19 Yet, whether CVAEs are consis-
tently reported with BTE therapies or carry prognostic 
implications for survival remains unknown.

To that end, we sought to better define CVAEs (if any) 
associated with BTE treatment and their implications 
with respect to survival.

METHODS
Data source
Leveraging the US Food and Drug Administration’s 
Adverse Event Reporting System (FAERS) publicly avail-
able database, we investigated the frequency and asso-
ciation of CVAE reporting with BTE, the prognostic 
implications of CVAEs in patients receiving BTEs, as well 
as to what extent these events overlap with CRS.20 The 
dataset is partitioned into four quarters annually. For 
this analysis, we used data from the last quarter of 2014 
(the first approval of a BTE product, blinatunomab) to 
the third-quarter of 2023 (the latest available date). Thus, 
our analysis included AE reports from October 2014 to 
September 2023.

The five BTE products under consideration were blina-
tumomab, teclistamab, mosunetuzumab, glofitamab, 
and epcoritamab. These five BTE products are currently 
the only BTE products approved by the Food and Drug 
Administration (FDA) specifically for the treatment of 
hematological malignancies. Additional details are shown 
in online supplemental methods.

Outcomes
CVAEs of interest included bleeding, hypotension or 
shock, thromboembolic disease (including overall throm-
boembolic events, arterial and venous thromboembolic 
events, and disseminated intravascular coagulation 
(DIC)), coronary disease, myocardial infarction, heart 
failure, conduction abnormalities (including tachyar-
rhythmia, bradycardia, QT-prolongation, and premature 
contractions), myocarditis, pericardial disease (including 
both pericardial effusion and pericarditis), vasculitis, 
and sudden death. AEs corresponding to each case are 
coded using the Medical Dictionary for Regulatory Activ-
ities (MedDRA).21 Specific terms used to code CVAEs are 
provided in online supplemental table 1.

Statistical analysis
We assessed the association between different CVAEs 
and BTE using multivariable logistic regression models 

with CVAEs as the dependent variable to yield adjusted 
reporting ORs (aROR). Independent variables included 
the variable of interest (BTE use) and factors that could 
potentially confound the relationship due to their asso-
ciation with the use of BTE and CVAEs. These included 
age, sex, disease status, anthracycline use, an interaction 
between age and each of disease status and sex, and an 
interaction between disease status and sex. We modeled 
age using restricted cubic splines to allow for potential 
non-linearity between age and CVAEs. In accordance with 
previous disproportionately analyses, we only calculated 
aRORs for events which occurred at least three times with 
BTE products. Further details are provided in online 
supplemental methods.

We also assessed the time to onset of CVAEs (vs non-
CVAEs) and the time to onset of specific CVAEs. This was 
done using graphical displays of the empirical cumulative 
distribution function of each AE. Statistical significance 
was assessed using the Wilcoxon two-sample test.

The fatality of CVAEs is reported in two ways. First, 
we reported the percentage of patients who died after 
the BTE-related CVAE. Second, we used logistic regres-
sion models with death as the dependent variable. The 
independent variables included the CVAE of interest, 
age, and sex. We then applied average marginal effects 
to obtain adjusted mortality rates and risk ratios (RRs) 
corresponding to each AE.22

Rates of overlap between CRS and each AE are reported. 
We also reported the concomitant presence or effect of 
cardiovascular comorbidities in patients experiencing 
fatal CVAEs. The presence of cardiovascular comorbidi-
ties was inferred through the use of medications with a 
recorded cardiovascular indication.

All analyses were performed using R, V.4.2.0 (The R 
Foundation for Statistical Computing, Vienna, Austria).23 
Data loading and cleaning were performed using the “​
data.​table” package.24 The “marginaleffects” package 
was used to obtain adjusted mortality rates and RRs from 
logistic regression models.25 The “ggplot2” package was 
used to produce graphical figures.26 Statistical signifi-
cance is denoted by a 95% CI that excludes the null value 
or p<0.05. The code related to this work can be obtained 
by contacting the first author (​asu.​ahmed.​sayed@​gmail.​
com).

RESULTS
Characteristics of BTE-related cases reported in the FAERS 
database
From October 2014 to September 2023, a total of 
1,437,817 FAERS cases were included in this analysis. 
Of these, 3668 cases of BTE-related AEs were reported. 
Among BTE-related AEs, 2712 (73.9%) and 409 (11.2 
%) listed blinatumomab and teclistamab, respectively, 
as the primary suspected drug. Mosunetuzumab (272 
reports; 7.4%), glofitamab (189 reports; 5.2%), and 
epcoritamab (86 reports; 2.3%) accounted for a 
smaller proportion of events. The indication for BTE 

https://dx.doi.org/10.1136/jitc-2023-008518
https://dx.doi.org/10.1136/jitc-2023-008518
https://dx.doi.org/10.1136/jitc-2023-008518
https://dx.doi.org/10.1136/jitc-2023-008518
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therapy was leukemia/lymphoma in 88.7% of cases, 
MM in 11.2% of cases, and both in 0.1% of cases.

The median age of patients was 52.0 years (IQR: 
41.0 years), and 44.4% of BTE recipients were female. 
Most reports came from the USA (43.2%), Japan 
(10.4%), or France (6.2%), with the rest of reports 
(40.2%) coming from 52 different countries. 95.6% 
of the reports were made by health professionals, 4% 

by consumers, and 0.3% did not state the reporting 
source.

Frequency and associations of CVAEs reported with BTE
From a total of 3668 cases with a reported BTE-related 
AE, 747 (20.4%) involved a CVAE (Graphical Abstract). 
Figure  2 shows the most frequently reported CVAEs. 
These were bleeding (211 events), thromboembolic 
events (196 events), hypotension (96 events), shock (97 

Figure 1  Graphical abstract. Cardiovascular toxicities of bispecific T-cell engagers. CRS, cytokine release syndrome; DIC, 
disseminated intravascular coagulation; NCVAE, non-CVAE.
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events), and heart failure (52 events). Additional CVAEs 
included atrial fibrillation/flutter (23 events), pericardial 
effusions (13 events), myocardial infarction (16 events), 
ventricular tachyarrhythmia (9 events), myocarditis (8 
events), pericarditis (4 events), and sudden death (2 
event) (table 1).

Of these, in multivariable logistic regression models, 
BTEs as a class were associated with myocarditis ROR 2.38 
(95% CI 1.10 to 5.14), hypotension (ROR 1.53 (95% CI 
1.23 to 1.91)) and DIC (ROR 3.22 (95% CI 2.16 to 4.79)). 
Blinatumomab was the primary driver of these associa-
tions for both of DIC (ROR 3.02 (95% CI 1.98 to 4.60)) 
and hypotension (ROR 1.59 (95% CI 1.25 to 2.03)). In 
contrast, teclistamab was associated with myocarditis 
(ROR 25.70 (95% CI 9.54 to 69.23)) and shock (ROR 
3.63 (95% CI 2.30 to 5.74)) (table  1). No significant 
associations with CVAE were observed with the other 
three BTE products (glofitamab, mosunetuzumab, and 
epcoritamab).

BTEs were not associated with overall CVAE (ROR 
0.76 (95% CI 0.70 to 0.83)) but were significantly 
associated with fatal CVAE (ROR 1.29 (95% CI 1.12 
to 1.50)). There was no statistically significant inter-
action with age or sex (p for interaction between 
BTE and age/sex: 0.10 and 0.21, respectively). Indi-
vidually, the association with fatal CVAEs was most 
apparent with teclistamab (ROR 2.44 (95% CI 1.65 to 
3.60)). Of the 214 fatal BTE-associated fatal CVAEs, 
207 (96.7%) occurred in patients without a recorded 
cardiovascular comorbidity. The proportion of fatal 
CVAEs was comparable in patients with or without 

recorded cardiovascular comorbidities (6.2% vs 5.9%, 
respectively).

Time to onset of BTE-related AEs
Figure  3 shows the time to onset of CVAEs in compar-
ison with non-CVAEs. In general, CVAEs tended to occur 
sooner following BTE therapy compared with non-CVAEs 
(median time to onset: 6 days vs 17 days; p<0.001). Online 
supplemental figure 1 shows the time to onset of specific 
CVAEs. DIC and hypotension events occurred at a median 
time of 1 day following BTE initiation, which was slightly 
earlier compared with other CVAEs (p≤0.001 and 0.001 
for DIC and hypotension, respectively).

Mortality rates associated with BTE-related CVAEs
CVAEs were associated with a significantly higher risk of 
mortality compared with non-CVAEs (30.1% vs 16.8%; 
p<0.001) (figures 4 and 5). The CVAEs with the highest 
mortality rates were myocarditis (50%), shock (57.7%), 
heart failure (44.2%), DIC (42.4%), and bleeding 
(40.9%). Conversely, mortality rates associated with CRS 
(21%), neurotoxicity (17.7%), and infections (32.0%) 
were lower.

Figure  4 shows the corresponding RR (adjusted for 
age and sex) for mortality with each AE in multivariable 
regression models adjusted for age and sex. CVAEs as a 
whole were associated with significantly higher mortality 
rates compared with non-CVAEs (RR 1.76 (95% CI 1.54 to 
2.03)). Specific CVAEs associated with statistically signifi-
cant increases in mortality included shock (RR 3.01 (95% 
CI 2.52 to 3.59)), HF (RR 2.16 (95% CI 1.58 to 2.94)), 

Figure 2  Frequency of cardiovascular adverse events reported with bispecific T-cell engagers. Because each case may involve 
more than one adverse event, these numbers are not mutually exclusive.

https://dx.doi.org/10.1136/jitc-2023-008518
https://dx.doi.org/10.1136/jitc-2023-008518
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bleeding (RR 2.17 (95% CI 1.81 to 2.59)), DIC (RR 2.16 
(95% CI 1.48 to 3.16)), thromboembolic disease (RR 
1.56 (95% CI 1.25 to 1.94)), and venous thromboembolic 
disease (RR 1.61 (95% CI 1.16 to 2.24)).

Among non-CVAEs, infections (RR 2.15 (95% CI 1.88 
to 2.45)) were associated with statistically significant 
increases in mortality but CRS (RR 1.08 (95% CI 0.90 to 
1.29)) and neurotoxicity (RR 0.88 (95% CI 0.75 to 1.03)) 
were not.

Overlap rates between BTE-related CVAEs and CRS
The 3 CVAEs which most frequently co-occurred with 
CRS were DIC (13 of 33 events; 39.4%), myocarditis (2 of 
8 events; 25%), and heart failure (9 of 52 events; 25%). 
Overall, the rates of overlap between CVAEs and CRS 
were low (16.7%), as were the rates of overlap between 
fatal CVAEs and CRS (18.7%). Additionally, most cases of 
neurotoxicity and infection did not occur in the context 
of CRS (figure 6).

DISCUSSION
To our knowledge, this is the first postmarketing pharma-
covigilance analysis to define the cardiovascular toxicity 
associated with BTEs. Our analysis demonstrates several 
key findings. First, BTE-associated CVAE reporting was not 
uncommon. Among 3668 BTE-related reports submitted 
to FAERS, approximately 1 in 5 (20.4%) involved CVAEs 
as defined by MedDRA. Second, BTEs were associated 
with disproportionately higher rates of reporting myocar-
ditis, hypotension, shock, and DIC. Third, BTEs were asso-
ciated with disproportionately higher reporting rates of 
fatal CVAEs. Most (96.7%) of these fatal CVAEs occurred 
in individuals without recorded cardiovascular comorbid-
ities. Fourth, reports involving CVAEs were more likely to 
be fatal compared with other AEs. Fifth, CVAEs were not 
necessarily a consequence of CRS, as approximately 85% 
of CVAE reports did not involve concurrent CRS. Given 
the expected rise in BTE use and the relative absence of 
data on cardiovascular safety, these observations may bear 
significant ramifications.

The observation of substantial cardiovascular risks with 
BTEs adds to a growing body of evidence linking T-cell 
modulatory therapies with prognostic CVAEs.17 27 In an 
analysis of patients treated with CAR-T therapy, CVAE 
development was the second-leading cause of death 
following therapy initiation.17 Combined with our anal-
ysis, these observations suggest CVAEs following anti-
cancer T-cell therapy are poorly tolerated and lead to 
reduced survival after treatment. Similar to other T-cell 
therapies, BTEs are commonly linked to neurotoxicity 
and CRS,1 2 5 7–12 a finding corroborated by our analysis. 
However, our analysis shows that, compared with CVAEs, 
they are associated with lower mortality. The elevated 
risk of death following CVAEs was especially evident for 
myocarditis, heart failure, bleeding, and DIC, which 
exhiBTEd mortality rates two to three times higher than 
other AEs.O
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The etiology of CVAEs with novel T-cell-based ther-
apies is not well understood. Although studies have 
suggested the possible role of proinflammatory cytokines 
in promoting immune cell infiltration of the myocar-
dium and the hypercoagulable state induced by CRS, 

these studies were mainly based on CAR-T-associated 
CRS.28 29 Whether similar mechanisms drive BTE-related 
CVAEs is not known. In a previous postmarketing study 
of CAR-T therapy, nearly two-thirds of CVAEs overlapped 
with CRS.16 In the current BTE-focused examination, 

Figure 3  Time to onset of adverse events (CVAEs vs NCVAEs) associated with bispecific T-cell engagers. Each line represents 
the cumulative proportion of adverse events that occurred by a given time point. A cubic root transformation was applied to the 
x-axis to aid in visualization. CVAE, cytokine release syndromes; NCVAE, non-CVAEs.

Figure 4  Fatality rates of adverse events reported with bispecific T-cell engagers. The black dashed line denotes the average 
fatality rate of adverse events reported with bispecific T-cell engagers.
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only 15% of CVAEs overlapped with CRS. Moreover, the 
safety signals observed in this analysis, namely myocarditis 
and DIC, were not observed in a previous FAERS phar-
macovigilance analysis focused on CAR-T therapy.16 In 
sum, the different rates of CVAE-CRS overlap, as well as 
differences in the types of associated CVAEs, suggests the 
pathophysiology of CVAEs associated with the two types 
of T-cell modulatory therapies may be (at least partially) 
distinct. However, it is also important to note that the 
two products have different indications, as such, direct 

comparisons between different pharmacovigilance anal-
yses are difficult.

We observed that not all BTE products may be asso-
ciated with the same profile of toxicities, and CVAEs in 
particular may be differentially associated with certain 
types of BTEs. In this analysis, the risk of myocarditis 
and fatal CVAEs was especially elevated with teclistamab, 
safety signals not seen for other BTE products. Neverthe-
less, at this time, similar risks cannot be ruled out with 
other (new) BTE products, particularly mosunetuzumab, 

Figure 5  Mortality risk ratios of adverse events reported with bispecific T-cell engagers. These values were obtained using 
logistic regression models with death as the dependent (outcome) variable and age, sex, and a given adverse event as 
independent (predictor) variables. Average marginal effects were then applied to obtain adjusted mortality rates and risk ratios. 
CVAE, cardiovascular adverse event.

Figure 6  Rates of overlap between cytokine release syndrome (CRS) and other adverse events reported with bispecific T-cell 
engagers. CVAE, cardiovascular adverse events.
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glofitamab, and epcoritamab, for which there were rela-
tively few reports available to date. Whether different 
binding domains carry different implications with respect 
to the risk of CVAEs should be investigated in mecha-
nistic and clinical studies. Supporting the possibility that 
CVAEs may not be uniform across different BTE products 
is the finding that, in the seminal trials forming the basis 
for FDA approval, rates of other AEs such as CRS varied 
widely. For example, whereas more than 70% of patients 
in the teclistamab arm of the MajesTEC-1 trial reported 
CRS,2 only 14.2% in the blinatumomab of the TOWER 
trial reported CRS.5

Limitations
Several limitations of this analysis warrant mention. First, 
because FAERS includes only BTE users who experienced 
BTE-associated AEs rather than all BTE users, we could 
not determine the risk of incident CVAEs. Second, the 
decision to report CVAEs was at the discretion of treating 
clinicians. Third, users of FAERS may only be incentiv-
ized to submit reports of serious AEs. Therefore, the 
fatality rates of AEs submitted to FAERS may be higher 
than average. Fourth, because BTEs have been approved 
relatively recently, there is a need for more (larger) phar-
macovigilance analyses as more data accumulates. This is 
especially so for newer BTE products approved in recent 
months, for which relatively little data were available. 
Fifth, we could not ascertain the diagnostic criteria for 
the reported AEs. This is particularly important for diag-
noses such as myocarditis, where in depth would have 
been helpful in verifying the nature of the event. Like-
wise, data for events such as hypotension and shock would 
have benefited from more granular data regarding their 
cause (eg, distributive, cardiogenic). Sixth, because the 
presence of comorbidities was inferred through the use 
of medications with a recorded cardiovascular indication, 
it is possible that the proportion of cardiovascular comor-
bidities was underestimated and that the proportion of 
fatal CVAEs occurring in patients with cardiovascular 
comorbidities is higher than observed in the current anal-
ysis. Finally, it is important to note that, as with all obser-
vational studies, causality cannot necessarily be inferred 
from our analyses. Confirmation of the causal nature of 
these signals will require further corroboration by inde-
pendent sources of data as well as possibly mechanistic 
insight into BTE-related toxicity.

CONCLUSION
In this pharmacovigilance study, CVAEs were observed 
in nearly 20% of BTE-related AE reports and carried a 
significant risk of death. BTEs were associated with higher 
levels of fatal CVAEs. BTEs were also associated with 
myocarditis, bleeding, DIC, and hypotension. The vast 
majority of CVAEs did not occur in the presence of CRS, 
suggesting the need for clinical vigilance is warranted 
even in its absence. Given the expanding indications of 

BTE therapy, research into the mechanisms and optimal 
management strategies for CVAEs is needed.
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