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Abstract: Background: Immune checkpoint inhibitors (ICIs) have been successfully used in the
previous decade for the treatment of a variety of malignancies. Adverse events (AEs) can cause many
symptoms, most notably cardiac. We analyzed the frequency of these adverse events, comparing
pembrolizumab and other ICIs. Methods: Using the Food and Drug Administration (FDA) adverse
event reporting database (FAERS), we searched for all adverse events of interest reported for every ICI
included in this study. After obtaining the data, we conducted a disproportionality analysis using the
reporting odds ratio (ROR) and the information component (IC). Results: A total of 6719 ICI-related
cardiac adverse events of interest were reported in the database. Serious outcomes were reported in
100% of the cases, with 34.3% of the cases ending fatally. Compared with all other medications in the
database, pembrolizumab use was more frequently associated with myocarditis, pericardial disease,
heart failure, and atrial fibrillation. No difference was found in cardiotoxicity between different ICIs.
Conclusions: Although infrequent, cardiac AEs in pembrolizumab use are associated with serious
outcomes and high mortality. Prospective studies are needed to further research the connection
between ICI use and cardiotoxicity.

Keywords: pembrolizumab; cardiotoxicity; immune checkpoint inhibitors; FAERS

1. Introduction

The immune checkpoint inhibitors (ICIs) are monoclonal antibodies (mAb) that have
revolutionized treatment of different malignancies and improved outcomes for cancer
patients with advanced malignancies. They target two different pathways: cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein 1 (PD-1) or
its ligand (PD-L1) [1]. Third generation ICIs target lymphocyte activation gene 3 (LAG-3) [2].
ICIs that are currently approved by the FDA are pembrolizumab, nivolumab, cemiplimab,
dostarlimab, retifanlimab, toripalimab, and tislelizumab that target PD-1, atezolizumab,
avelumab, and durvalumab that target PD-L1, ipilimumab and tremelimumab that target
CTLA-4, and relatlimab and nivolumab that target LAG 3/PD-1.

Immunomodulation represents a current state-of-the-art therapeutic strategy in oncol-
ogy; however, this process is also associated with many side effects, known as immune-
related adverse events (irAEs) [3]. Although cardiovascular toxicity is rarely represented
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in immune-related adverse events, compared with dermatologic, gastrointestinal, hep-
atic, or endocrine, it can be life-threatening, or in some cases, even fatal. High fatality
rates with cardiac immune-related adverse events have been reported in multiple prior
post-marketing studies [4–10].

Anthracyclines and anti-human epidermal growth factor receptor type 2 (HER2)-
targeted monoclonal antibodies have well-known cardiotoxicity manifesting as cardiomy-
opathy, heart failure (HF), systolic or diastolic dysfunction, or reversible decrease in the
left ventricular ejection fraction. However, the mechanisms, clinical manifestations, timing,
incidence, and management of immune-related cardiac AEs that more commonly present
with myocarditis, pericarditis, arrythmias, vasculitis, dyslipidemia, myocardial infarction
(MI), or HF [11] are different from those of chemotherapy- or targeted therapy-induced
cardiotoxicity. Even though cardiotoxicity is not unique to ICIs, cardio-oncology is an
evolving field. Many patients with cancer now live longer, immunotherapies are being
granted approval for many types of cancer, and different monoclonal antibodies are used in
combination with different other agents, which can increase rates of cardiotoxicity [12–14].

The FDA adverse event reporting system (FAERS) contains adverse events reported
by manufacturers, healthcare professionals and consumers, as a part of the FDA’s post-
marketing safety surveillance program for all marketed drug and therapeutic biologic
products [15]. We retrospectively reviewed the FDA adverse events system (FAERS) to
assess the incidence of cardiotoxicity linked to pembrolizumab and to compare it with
other PD-1/PD-L1/CTLA-4 agents.

2. Results

Between 1 January 2017 and 31 December 2023, there were a total of 15,102,128 AEs
reported in the FAERS database. Of those, 184,927 were due to ICIs, with 6719 (3.6%) being
cardiac-related. The total number of cardiac AEs of interest caused by pembrolizumab
alone was 825 (17.3% of all pembrolizumab-associated AEs). On the other hand, the total
number of cardiac AEs of interest caused by other ICIs was 4773 (Figure 1).
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Pembrolizumab-associated cardiac AEs of interest were increasingly reported each
year from 2017 to 2023, with 2023 being the most reported year with 139 AEs (16.8%).
Among cardiac AEs, gender distribution was not equally represented, with 301 (36.4%)
females and 500 (60.6%) males. Among males, myocarditis was the highest reported
adverse event (n = 158, 31.60%), compared with atrial fibrillation, which was the lowest
reported (n = 68, 13.60%). In 24 (2.9%) reports, the gender was not specified. Serious
outcomes were reported in 825 (100%) cases, among which the most common serious
outcome was death (n = 283, 34.3%), followed by hospitalization (n = 251, 30.4%), life-
threatening events (n = 117, 14.2%), and disability (n = 1, 0.1%). The most reported AE with
pembrolizumab alone was myocarditis (n = 276, 33.5%), followed by heart failure (n = 158,
19.2%), pericardial effusion (n = 143, 17.3%), atrial fibrillation (n = 111, 13.5%), myocardial
infarction (n = 96, 11.6%), and pericarditis (n = 41, 5%). Death was attributed most often to
myocarditis (n = 112, 39.6%), followed by heart failure (n = 67, 23.7%).

Atrial fibrillation associated with pembrolizumab was reported in 111 (13.5%) cases,
among whom 61.26% were males. The mean age was 71.58 ± 8.05. All reactions were
reported as “serious”, among which death was reported in 24.32%, life-threatening reactions
in 13.51%, and hospitalization in 31.53%. Adverse events were reported by the consumers
themselves in 16 cases (14.4%) and by healthcare professionals in 94 cases (84.7%), and in
1 (0.9%) case, the reporter was not specified. A total of 38 reports (34.2%) came from the
USA, while the rest were from different countries in Europe and Asia. The year 2018 had
the highest number of reports, compared with 2020 when only seven reports were sent.
Since 2020, there has been a steady increase in the number of cases, reaching 21 cases in the
year 2023.

Cardiac failure was attributed to pembrolizumab in 158 (19.2%) reports. Males were
predominantly reported (63.52%) with an overall mean age of 71.62 ± 9.69. All reactions
were reported as “serious”, with the second highest death rate among adverse events of
interest (42.14%). Customers reported adverse events in 10 reports (6.3%), while the rest
were reported by healthcare professionals (145, 91.8%). Only three reports had unspecified
reporters. The highest number of reports was sent in 2018, with a slow decline after that. In
2023, there were 24 cases reported. Most reports came from Japan (45.5%), followed by the
USA with 30 reported cases (19.0%).

Myocardial infarction was reported in 96 cases (11.6%), among whom 71.88% were
males. The overall mean age of patients was 70.00 ± 10.55. Similarly, all reports were
marked as “serious” and mostly reported by healthcare professionals (76.04%). Death was
documented in 46.88% of reports. Most of the events occurred in the USA (37.5%). In the
2017–2023 period, myocardial infarction was consistently reported at a rate of between
11–20 cases per year.

Myocarditis was the most commonly documented adverse event, with a total of
276 (33.5%) reports. Similar to other adverse events, males were predominantly affected
(57.25%), with an overall mean age of 69.59 ± 11.55. All adverse events were documented
as “serious,” among which 40.58% reported death as an outcome. Healthcare providers
were marked as the reporters in 95.3% of reports, while the rest were from consumers
(4.7%). The highest number of reports came from the USA (22.8%), France (19.2%), and
Japan (14.9%). Interestingly, myocarditis has been increasingly reported over the years,
with 32 cases in 2020, 43 cases in 2021, 48 cases in 2022, and 67 cases in 2023.

Pericardial disease (including both pericarditis and pericardial effusion) was present
in 172 (20.8%) reports, with a more equal gender distribution (56.52% vs. 43.48% for males
and females, respectively) compared with other adverse events. The overall mean age was
63.80 ± 13.22. Most of the reports were sent to the FDA by healthcare providers (98.3%).
The USA and Japan sent 54.7% of the reports. The highest number of cases (n = 43) was
reported in 2019, with a significant decline after that (Table 1, Figure 2).
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Table 1. Pembrolizumab demographics for 2017–2023.

n (%) Cardiac
Failure

Atrial
Fibrillation

Myocardial
Infarction

Pericardial
Disease Myocarditis QT

Prolongation

Sex
Female 52 (32.70) 39 (35.14) 23 (23.96) 80 (43.48) 107 (38.77) 0 (0.00)
Male 101 (63.52) 68 (61.26) 69 (71.88) 104 (56.52) 158 (57.25) 0 (0.00)
N/A 5 (3.14) 4 (3.60) 4 (4.17) 0 (0.00) 11 (3.99) 0 (0.00)

Age 71.62 ± 9.69
(N/A 37)

71.58 ± 8.05
(N/A 24)

70.00 ± 10.55
(N/A 45)

63.80 ± 13.22
(N/A 43)

69.59 ± 11.55
(N/A 41) 0.00 ± 0.00

Reaction
Serious 158 111 96 184 276 0

Non-serious 0 0 0 0 0 0

Outcome

Died 67 (42.14) 27 (24.32) 45 (46.88) 32 (17.39) 112 (40.58) 0 (0.00)
Life-threatening 16 (10.06) 15 (13.51) 9 (9.38) 20 (10.87) 57 (20.65) 0 (0.00)

Hospitalized 45 (28.30) 35 (31.53) 27 (28.13) 76 (41.30) 68 (24.64) 0 (0.00)
Disabled 0 (0.00) 0 (0.00) 0 (0.0) 0 (0.0) 1(0.36) 0 (0.00)

Other 30 (18.87) 34 (30.63) 15 (15.63) 56 (30.43) 38 (13.77) 0 (0.00)
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According to the disproportionality signal analysis, pembrolizumab use had the
strongest statistical association with myocarditis when compared against the database
(ROR 33.87, 95% CI 29.98–38.26; IC 4.91, 95% CI 4.71–5.39). Additionally, statistically
significant association with pericardial involvement (ROR 6.41, 95% CI 5.54–7.41; IC 2.64,
95% CI 2.39–3.22), heart failure (ROR 1.69, 95% CI 1.44–1.97; IC 0.75, 95% CI: 0.48–1.37),
and atrial fibrillation (ROR 1.43, 95% CI 1.18–1.72; IC 0.51, 95% CI 0.19–1.26) was found.
Myocardial infarction (ROR 1.22, 95% CI 1.00–1.49; IC 0.28, 95% CI −0.06–1.09) did not
meet our criteria for statistical significance based on IC. Lastly, no cases of QT segment
prolongation were reported with pembrolizumab (Table 2).

Table 2. Disproportionality signal analysis by reporting odds ratio (ROR) and the information
component (IC) for pembrolizumab vs. database for 2017–2023. Slash (/): no ROR was calculated
since no QT prolongation was reported in the database.

ROR (95% CI) IC (97.5% CI)

Cardiac failure 1.69 (1.44–1.97) 0.75 (0.48–1.37)
Atrial fibrillation 1.43 (1.18–1.72) 0.51 (0.19–1.26)

Myocardial infarction 1.22 (1.00–1.49) 0.28 (−0.06–1.09)
Pericardial disease 6.41 (5.54–7.41) 2.64 (2.39–3.22)

Myocarditis 33.87 (29.98–38.26) 4.91 (4.71–5.39)
QT prolongation / /

Disproportionality signal analysis, using the ROR to compare pembrolizumab with
other ICIs used in monotherapy, found that pembrolizumab did not have a higher statistical
association with any of the AEs of interest. Among all ICIs, cardiac failure was most
commonly reported with cemiplimab; however, it was not statistically significant based on
the reporting odds ratio (ROR 2.05, 95% CI 0.92–4.61). The lowest reporting odds ratio was
found with ipilimumab (ROR 0.17, 95% CI 0.07–0.40). Avelumab was the only ICI that was
positively associated with atrial fibrillation, although not statistically significant (ROR 1.31,
95% CI 0.72–2.38; IC 0.37, 95% CI −0.66–2.69). Myocardial infarction had higher, but not
statistically significant, odds of reporting among all ICIs except with ipilimumab (ROR 0.37,
95% CI 0.15–0.89; IC −1.33, 95% CI −2.89–2.01). Additionally, ipilimumab had less frequent
odds of reporting in relation to pericardial disease (ROR 0.17, 95% CI 0.06–0.44; IC −2.42,
95% CI −4.18–1.26). Lastly, myocarditis had a higher reporting odds ratio with cemiplimab,
but this was not statistically significant (ROR 1.31, 95% CI 0.54–3.16) (Tables 3 and 4).

Table 3. Disproportionality signal analysis calculated by using the reporting odds ratio (ROR), com-
paring a monotherapeutical approach using each drug to all other PD-1/PD-L1/CTLA-4 agents, for
2017–2023. Slash (/): no ROR was calculated since no QT prolongation was reported in the database.

Adverse
Events Pembrolizumab Cemiplimab Nivolumab Atezolizumab Avelumab Durvalumab Ipilimumab

Cardiac failure 0.74
(0.63–0.87)

2.05
(0.92–4.61)

1.10
(0.97–1.26)

0.65
(0.48–0.89)

0.81
(0.42–1.56)

0.74
(0.54–1.02)

0.17
(0.07–0.40)

Atrial
Fibrillation

0.62
(0.51–0.75)

0.44
(0.06–3.17)

0.80
(0.68–0.95)

0.86
(0.63–1.18)

1.31
(0.72–2.38)

0.52
(0.33–0.79)

0.51
(0.28–0.92)

Myocardial
infarction

1.01
(0.81–1.26)

1.52
(0.38–6.10)

1.14
(0.94–1.38)

1.18
(0.82–1.68)

1.41
(0.67–2.97)

1.40
(0.98–1.98)

0.37
(0.15–0.89)

Pericardial
disease

1.13
(0.96–1.32)

0.86
(0.21–3.44)

1.14
(0.98–1.32)

1.29
(1.00–1.66)

0.45
(0.17–1.21)

0.72
(0.50–1.04)

0.17
(0.06–0.44)

Myocarditis 1.01
(0.89–1.15)

1.31
(0.54–3.16)

0.85
(0.75–0.97)

0.52
(0.38–0.70)

0.97
(0.57–1.64)

0.53
(0.38–0.74)

0.53
(0.34–0.83)

QT
prolongation / / 0.31

(0.12–0.76) / / / 1.23
(0.3–5.02)
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Table 4. Disproportionality signal analysis calculated by using the information component (IC),
comparing a monotherapeutical approach using each drug to all other PD-1/PD-L1/CTLA-4 agents,
for 2017–2023.

Adverse
Events Pembrolizumab Cemiplimab Nivolumab Atezolizumab Avelumab Durvalumab Ipilimumab

Cardiac failure −0.37
(−0.63–0.26)

0.91
(−0.50–3.99)

0.12
(−0.08–0.59)

−0.59
(−1.11–0.66)

−0.29
(−1.43–2.26)

−0.41
(−0.94–0.83)

−2.45
(−4.01–0.89)

Atrial
Fibrillation

−0.60
(−0.91–0.15)

−0.87
(−4.65–5.33)

−0.26
(−0.53–0.38)

−0.20
(−0.73–1.04)

0.37
(−0.66–2.69)

−0.91
(−1.64–0.79)

−0.92
(−1.95–1.40)

Myocardial
infarction

0.02
(−0.32–0.82)

0.46
(−2.14–5.34)

0.15
(−0.14–0.84)

0.22
(−0.37–1.60)

0.45
(−0.85–3.32)

0.45
(−0.13–1.82)

−1.33
(−2.89–2.01)

Pericardial
disease

0.14
(−0.10–0.72)

−0.18
(−2.77–4.70)

0.15
(−0.07–0.67)

0.34
(−0.08–1.34)

−1.05
(−2.81–2.64)

−0.45
(−1.06–0.98)

−2.42
(−4.18–1.26)

Myocarditis 0.01
(−0.19–0.49)

0.34
(−1.22–3.68)

−0.19
(−0.38–0.27)

−0.91
(−1.42–0.29)

−0.04
(−0.95–2.03)

−0.87
(−1.42–0.42)

−0.87
(−1.62–0.87)

QT
prolongation

−4.77
(−15.10–5.01)

−0.46
(−10.79–9.32)

−1.42
(−2.99–1.92)

−3.15
(−13.47–6.64)

−1.27
(−11.60–8.51)

−2.96
(−13.28–6.83)

0.23
(−2.36–5.12)

3. Discussion

We performed an extensive analysis of pembrolizumab cardiovascular AEs from the
FDA pharmacovigilance database. Our analysis showed that reported cardiac AEs related
to ICIs have increased over the years, probably reflecting an increase in their use as well
as better recognition and reporting. We compared the results with all other drugs in the
database, and also with other ICIs. Our analysis showed that cardiac AEs caused by ICIs
were infrequent (3.2% by pembrolizumab alone; 3.6% when pembrolizumab was combined
with another ICI; 3.6% by the rest of the ICIs). All pembrolizumab-associated cardiac AEs
were classified as serious, and the most frequently reported AE caused by pembrolizumab
was myocarditis. AEs were more common in men and resulted in death in 34.4% of cases.

Furthermore, pembrolizumab was found to be more often reported with myocarditis,
pericardial disease, heart failure, and atrial fibrillation compared with other drugs in the
FAERS database. Among these, the most significant association was found with myocarditis.
Conversely, QT prolongation was not reported with pembrolizumab at all. In addition,
there was no statistical difference in AE reporting between different immune checkpoint
inhibitors (Figure 3).

Over the past decade, pembrolizumab (and other ICIs) has improved mortality and
morbidity in cancer patients and become a key component in cancer management [16,17].
However, with increased use of these drugs, irAEs have emerged as an important concern,
characterized by excessive T-cell activation, immune tolerance disbalance, and autoimmune
response to normal native tissue, including the heart [18].

Immune-checkpoint inhibitors can cause a vast variety of irAEs, with some studies
suggesting that up to 90% of treated patients reported some form of adverse event [19].
The most commonly reported adverse events are skin-related, such as a rash or itching,
followed by gastrointestinal issues (diarrhea or colitis) [20]. Endocrine dysfunction can
range from thyroid and adrenal disorders to even diabetes mellitus [21]. Musculoskeletal
and ocular toxicity is also common [19,22]. Rare yet serious irAEs include myocarditis,
neurotoxicity, pneumonia, and nephritis [23,24].

Cardiac-related toxicity was underestimated in the pivotal trials but has been increas-
ingly reported in recent years. This underestimation stemmed from a highly diverse clinical
presentation and diagnostic challenges surrounding cardiotoxicity, especially the most
common presentation, which is myocarditis. The gold standard tests, endomyocardial
biopsy and cardiac magnetic resonance, are both expensive and widely unavailable to
patients [25,26]. However, troponin may prove to be an inexpensive marker of myocyte
damage in myocarditis [27]. Conversely, looking at the curves representing reporting of
AEs by year, a significant decrease in the number of cases can be seen starting from 2020
and continuing in the following years. Such a finding can be explained mainly by the start
of the COVID-19 pandemic, when reporting of a variety of data might have been skewed
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in favor of reporting the infection and its complications. Additionally, deaths from the
infection could have masked deaths from different etiologies, thus seemingly lowering the
likelihood that a certain outcome was connected to a different cause, such as an adverse
medication event.
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Figure 3. Pembrolizumab and cardiotoxicity; illustration. ICIs-Immune check point inhibitors.

The exact underlying mechanism of cardiotoxicity remains unclear. One report in-
cluding two postmortem analyses of cardiac tissues suggested inappropriate proliferation
and clonal expansion of T lymphocytes with a high-frequency T-cell receptor targeting an
antigen shared by the tumor and striated muscle cells (cardiac and skeletal) [28]. Addition-
ally, in mice, PD-1 has an autoinflammatory role and protects against myocyte damage.
Genetic deletion of PD-1 leads to activation of autoantibodies towards troponin I and causes
cardiomyopathy [29–31]. It is postulated that a similar mechanism can occur in humans
with ICIs (by blocking the immune checkpoint receptors); however, postmortem analysis of
two patients did not find IgG-autoantibodies in the affected myocardium [28]. Interestingly,
a recent study in mice showed potential direct CD8+ mediated toxicity to alfa myosin
in cardiomyocytes [32]. Additionally, unlike classical chemotherapeutic agents such as
doxorubicin that cause direct cardiac damage, evidence seems to point at an indirect ICI
effect on cardiac toxicity through T-cell activation and cytokine hyperproduction, rather
than direct damage [33].

Use of dual ICI therapy and in combination with chemotherapy seems to further
exacerbate the incidence of cardiac irAEs, showing a possible synergistic effect between
these medications and our immune system [34,35]. Additionally, patients with preexisting
autoimmune disorders might have on average more cardiac irAEs [36,37]. Both of these
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findings allude to the possible correlation between immune dysregulation and direct
cardiac toxicity. One possible mechanism involves immune tolerance, a process in which
our immune system disregards the host cells as a threat. Immune checkpoint inhibitors
seem to affect this process within the heart, leaving cardiomyocytes in direct harm’s way of
our own immune cells [38].

Certain reporting bias needs to be addressed when discussing cardiotoxic effects of
medication, especially possible myocarditis. The recent COVID-19 pandemic and sub-
sequent vaccination have shown association with a surge in myocarditis cases. Both
surveillance reporting and systematic reviews have reported such results [39,40]. With this
in mind, using the FAERS database to report causality between myocarditis and ICI use in
recent years may be somewhat skewed. Another important bias of observational studies
is the lack of calculating confounder effect. Myocarditis associated with ICI use has been
more commonly reported in patients with history of hypertension, tobacco use, and certain
ubiquitous medication such as ACE inhibitors and statins [41]. None of these factors are
reported in the FAERS database, limiting the possibility of stratifying the effect one ICI
might have had on irAEs compared with another.

In the present study, the most common cardiac AE was myocarditis. It occurred more
commonly in men, and all reported cases resulted in serious outcomes, such as hospitaliza-
tion (30.4%), life-threatening response (14.2%), or death (34.3%). There was no statistical
difference between different ICIs and myocarditis. This is consistent with prior data from
retrospective studies [7,35,42]. A meta-analysis that included 15 observational studies and
compared cardiac AEs between pembrolizumab and nivolumab found that patients treated
with pembrolizumab had a lower chance of developing cardiotoxicity (4.6% vs. 7.1%);
however, the difference was not statistically significant (p = 0.28) [43]. Nonetheless, it is
known that myocarditis is more frequent and severe in patients receiving combined im-
mune checkpoint inhibition than monotherapy [28]. We found that reporting of pericardial
involvement comparing to other drugs in the database was higher with pembrolizumab
(ROR 6.41). Interestingly, reporting of pericardial disease in comparison with other ICIs
was higher with pembrolizumab, but we could not find a statistical difference based on
disproportionality analysis. The largest retrospective pharmacovigilance study conducted
using the World Health Organization’s database for safety reports (VigiBase) had similar
results comparing ICIs and all drugs in the database [7]. However, they reported that both
myocarditis and pericarditis were more commonly associated with anti-PD1 and anti-PDL1
than anti-CTLA4 therapy [7]. Conversely, we did not observe this difference. As mentioned
before, there was no statistical difference in myocarditis/pericardial involvement between
different ICIs.

Although myocardial infarction did not show a statistical significance based on the IC
value, an interestingly high proportion of AEs was reported for males (71.88%). This gender
disbalance may be a result of a number of factors. Firstly, the incidence of myocardial
infarction in the general population is greater in the male gender, regardless of cause [44].
This is an important point to make, as the FAERS database only reports the event of
myocardial infarction in the presence of pembrolizumab use, not implying a correlation
between the two. Thus, in a disease that is more prevalent in the male gender, a higher
prevalence of AEs in the gender is to be expected. Secondly, a certain role of sex hormones
in the mechanism of action and subsequent effect of immune checkpoint inhibitors has been
suggested. Estrogen has been implicated in elevating the immune response, predisposing
the female gender to autoimmunity, whilst having a positive effect on overall cardiac
mortality [45–47]. These factors are just a part of the possible explanations for the variation
by gender seen in reporting of cardiac AEs.

Cardiac arrhythmias have previously been reported with ICIs. However, it remains
unclear whether this response is due to concurrent cardiotoxicity (myocarditis, heart failure)
or due to ICIs themselves. In our analysis, as reported in prior literature, atrial fibrillation
was found to be more often reported with pembrolizumab compared with other drugs in the
FAERS database. This is similar to a previous FAERS pharmacovigilance study conducted
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to evaluate cardiac arrhythmia with ICIs [48]. The authors reported statistically significant
positive signaling for atrial fibrillation with pembrolizumab (IC025 = 0.19). In addition,
they also reported statistically positive signaling of QT prolongation with pembrolizumab
(IC025 = 2.0). However, the authors did not report any other disproportionality analysis of
statistical measures, and they possibly included combinations of other checkpoint inhibitors
with pembrolizumab. One retrospective study that looked at data from 30 patients reported
new-onset atrial fibrillation and conduction abnormalities in 30% and 17%, respectively.
However, in that study, only 10% of patients were treated with pembrolizumab, while 87%
were treated with ipilimumab and/or nivolumab [49]. Interestingly, we also found that
atrial fibrillation was higher in men. The mechanism and/or clinical relevance behind this
is unknown.

Overall, cardiac AEs were not as frequently reported in relation to ICI use in compari-
son to other medication. For example, our most frequently reported cardiac AE, myocarditis,
was most frequently reported in relation to clozapine use, in 655 cases as monotherapy and
1186 cases as a part of a multidrug regimen (22.47% of all reported myocarditis events for
the selected timeframe). In comparison, pembrolizumab was associated with 2.37 times
fewer cases (n = 276). As a more staggering comparison, heart failure was most commonly
reported with the use of Sacubitril/Valsartan monotherapy, in 3830 cases. Comparing that
figure with the 158 cases in pembrolizumab monotherapy, the ICI-related reporting was
24.24 times lower.

The identification and treatment of immune checkpoint inhibitor (ICI)-associated
cardiomyopathy largely depends on the availability of dedicated cardio-oncology pro-
grams [50]. Fortunately, there has been a notable increase in such programs, both in
academic and community settings. Management of these patients typically involves a
multidisciplinary approach, with a strong emphasis on collaboration between cardiology
and oncology. Both specialties play a critical role in identifying higher-risk patients before
the initiation of cardiotoxic cancer treatments and in establishing an appropriate plan
for longitudinal follow-up care. The European Society of Cardiology (ESC) guidelines
for cancer-related cardiovascular toxicity recommend a patient-centered approach to the
timing and frequency of monitoring patients with ICI-associated cardiotoxicity. Toxicity
monitoring should be conducted throughout the chemotherapy process. Routine tests
include electrocardiograms, echocardiography, troponin levels, and NT-proBNP. Ideally,
electrocardiograms should be performed before each chemotherapy cycle, with echocardio-
graphy recommended every 2–4 cycles and again 6–12 months after completing treatment.
Troponin and NT-proBNP are usually tested at baseline and every 2–4 cycles [5,49,51,52].
Interestingly, no primary prevention strategies have been firmly established. However,
general principles for patient care include optimizing lifestyle, smoking and alcohol cessa-
tion, and maintaining regular exercise [53]. A recent retrospective analysis by Bhatti and
colleagues reviewed 8675 patients exposed to antineoplastic agents who also had type 2
diabetes mellitus and no prior history of cardiomyopathy. These patients were divided into
two groups: those on SGLT2 inhibitors and those not. The results showed that patients tak-
ing SGLT2 inhibitors had a significantly reduced risk of cancer-related cardiac dysfunction.
Furthermore, the SGLT2 inhibitor group demonstrated a statistically significant reduction
in heart failure exacerbations, all-cause mortality, all-cause rehospitalization/emergency
department visits, and new-onset atrial fibrillation/flutter [54].

Although the FAERS database has many limitations, it plays a critical role in identi-
fying cardiovascular immune-related AEs of immunotherapies, and many different AEs
associated with medications used in oncology. One of the most important limitations of the
FAERS database is the lack of a denominator (i.e., the total number of patients exposed),
therefore it cannot be used to determine true incidence rates of an adverse event [55]. Also,
it is very important to emphasize that there can be duplication of the same reports from
multiple sources, information can be incomplete, and causality of AEs does not need to
be proven before submitting a report [56]. FAERS data have a critical role in treatment
decision making in oncology; however, this approach may be insufficient to enable com-
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prehensive interpretation of adverse events for ICIs including analysis of their causality,
due to potential influence of concomitant drugs, possible comorbidities, and other patient-
or disease-specific factors [56]. More studies are needed to identify important additional
clinical and genetic determinants of immune-related cardiovascular AEs and methods to
successfully incorporate these data into the FAERS database [9].

4. Materials and Methods
4.1. Data Source and Extraction Criteria

We conducted an analysis on pembrolizumab adverse events (AEs) based on the
FAERS, a publicly available FDA database that contains over 27 million AEs reports, medi-
cation error reports, and product quality complaints. These safety reports were submitted
to the database by healthcare professionals, patients, and pharmaceutical companies. Re-
ports are managed by the FDA and reviewed by the clinical reviewers in the Center for
Biologics Evaluation and Research. The number of individual safety reports is increasing
with time and the FAERS database currently contains over 19 million reports. Every report
may include, in addition to unique identification numbers, details such as submission and
ADR occurrence dates, reporting country, primary source qualifications, patient character-
istics (gender, age, weight), suspected and concurrent medications and their uses, ADR
descriptions, and their seriousness.

The database was accessed through the interactive FAERS dashboard. The database
was queried for anti-PD-1 agent (nivolumab, pembrolizumab, cemiplimab)-, anti-PD-L1
agent (atezolizumab, avelumab, and durvalumab)-, and anti-CTLA-4 agent (ipilimumab)-
related AEs, from 1 January 2017 to 31 December 2023. We further filtered the results by
the presence of multiple drug regimens per case, selecting only the cases that reported
exclusive use of one ICI agent. The next step included filtering the remaining cases by
reported adverse event, exporting the data as an Excel table and extracting the demographic
data. Duplicate cases were identified through case ID, basic demographic data, and manual
read-through of the case list. Reported adverse events were coded based on the preferred
term (PT) codes from the Medical Dictionary for Regulatory Activities (MedDRA 21.0) and
can be found in the supplementary material section. MedDRA® has been developed under
the supervision of the International Council for Harmonization of Technical Requirements
for Pharmaceuticals for Human Use. The database was accessed on 15 December 2023. We
looked for six cardiac-related AEs: “Cardiac Failure”, “Atrial Fibrillation”, “Myocardial
Infarction”, “Pericardial Disease”, “Myocarditis”, and “QT Prolongation”. Cardiac failure
and congestive cardiac failure were grouped together under the term “Cardiac Failure” for
analysis, as were pericarditis and pericardial effusion under the term “Pericardial Disease”.

Data for safety reports were extracted from the publicly available FDA database for
each quarter (https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-
reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard ac-
cessed on 5 January 2024). Files from Q1 2017 to Q4 2023 were downloaded and prepro-
cessed. After obtaining the data, AEs resulting from pembrolizumab monotherapy were
recorded and included in the disproportionality analysis model. AEs that occurred in
combination with pembrolizumab and other ICIs were reported descriptively but were not
included in the model.

4.2. Data Analysis—Descriptive Analysis

A descriptive analysis of the cardiac-related AEs associated with pembrolizumab was
performed to examine the demographic attributes of AEs related to pembrolizumab. Our
descriptive analysis included patient characteristics (such as sex and age), type of reaction,
and outcome. Outcomes were graded based on severity and included death (grade 5), life-
threatening conditions (grade 4), hospitalization (grade 3), disabling outcomes (grade 2),
and other outcomes (grade 1). Continuous variables were presented as medians (IQR),
while categorical variables were expressed as absolute values (percentages).

https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
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4.3. Data Analysis—Disproportionality Analysis

To evaluate the possible association between cardiac-specific AEs and pembrolizumab,
a disproportionality analysis model was conducted using frequentist methods [calculating
the reporting odds ratio (ROR)] and Bayesian methods [calculating the information compo-
nent (IC)] [57–61]. ROR is a statistical measure used to assess the strength of the association
between a drug and a particular adverse event. IC is a measure used to assess and quantify
the strength of informativeness between the drug and given adverse events. The formulas
of these methods are listed below:

ROR = a/c
b/d = ad

bc

ROR 95% CI = eln (ROR)±1.96
√
( 1

a +
1
b +

1
c +

1
d )

In f ormation component (IC) = log2
a+0.5

aexp+0.5

aexp = (a+b)∗(a+c)
(a+b+c+d)

IC025 = IC − 3.3 ∗ (a + 0.5)−1/2 − 2 ∗ (a + 0.5)−3/2

IC975 = IC + 2.4 ∗ (a + 0.5)−1/2 − 0.5 ∗ (a + 0.5)−3/2

To be statistically significant, the mentioned disproportionately reported signals
needed to meet the following criteria [62]:

1. ROR025 (lower limit of the 95% confidence interval of ROR) > 1 and adverse events > 3;
2. IC025 (lower limit of the 95% credibility interval of IC) > 0.

Disproportionally analysis was performed using Microsoft Excel 2021. The incidence
of cardiac events of interest was compared between pembrolizumab and other ICIs that are
used in monotherapy (cemiplimab, nivolumab, atezolizumab, avelumab, durvalumab, and
ipilimumab) and between pembrolizumab and all other drugs in the FAERS database.

5. Conclusions

Cardiac AEs caused by pembrolizumab are infrequently reported, more common
in men, and are associated with high mortality. The most frequently reported cardiac
AEs caused by pembrolizumab are myocarditis, heart failure, atrial fibrillation, and peri-
cardial disease. Further prospective studies are needed to further elucidate the risks of
cardiac toxicity in cancer patients and to further evaluate whether these are dose- and
gender- dependent.

6. Limitations

Our study has important limitations. Like all observational studies, unmeasured
confounders could have impacted the results. The main limitation of the study is reflected
in the statistical prowess of certain signaling methods. Although not significant in terms
of the considered parameters, some results were on the cusp of statistical significance
that could have been achieved with a greater sample size. Additionally, the study used
one main source of information (the FAERS database), slightly hindering the variety of
presented findings; clinically informative parameters such as the event’s time of onset are
not reported within this database. Additionally, the FAERS database relies on reporting
by volunteers utilizing different resources with significant variability, from healthcare and
non-healthcare workers to customers, which may introduce desirability bias. The quality
of reported data can vary between one report an another, and not all AEs may be reported.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ph17101372/s1, The supporting information contains a supple-
mentary table detailing cardiac adverse events grouping as a function of the Medical Dictionary
for Regulatory Activities (MedDRA) classification version 21.0; Table S1. Cardiac adverse events

https://www.mdpi.com/article/10.3390/ph17101372/s1
https://www.mdpi.com/article/10.3390/ph17101372/s1
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grouping as a function of Medical Dictionary for Regulatory Activities (MedDRA) classification
version 21.0.

Author Contributions: Conceptualization: S.M. and P.J.; methodology: P.J., V.J., M.P. and N.T.;
validation: A.M.R.; formal analysis: S.M. and D.S.; investigation: A.M.R. and X.C.; resources M.P.,
I.D., N.T., D.S. and R.O.E.; writing—original draft preparation S.M., P.J., V.J., A.M.R. and N.T.;
writing—review and editing: M.P., I.D., D.B.-M., D.S., R.O.E., J.L.-M. and X.C.; supervision: I.D.,
D.B.-M., R.O.E., J.L.-M. and X.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data used in this analysis is publicly available and can be found
at the following link: https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-
reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard (accessed on 5
January 2024).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Teixidó, C.; Vilariño, N.; Reyes, R.; Reguart, N. PD-L1 Expression Testing in Non-Small Cell Lung Cancer. Ther. Adv. Med. Oncol.

2018, 10, 1758835918763493. [CrossRef] [PubMed]
2. Aggarwal, V.; Workman, C.J.; Vignali, D.A.A. LAG-3 as the Third Checkpoint Inhibitor. Nat. Immunol. 2023, 24, 1415–1422.

[CrossRef] [PubMed]
3. Laenens, D.; Yu, Y.; Santens, B.; Jacobs, J.; Beuselinck, B.; Bechter, O.; Wauters, E.; Staessen, J.; Janssens, S.; Van Aelst, L. Incidence

of Cardiovascular Events in Patients Treated With Immune Checkpoint Inhibitors. J. Clin. Oncol. 2022, 40, 3430–3438. [CrossRef]
[PubMed]

4. Wang, F.; Wu, X. Cardiovascular Toxicities Associated with Immune Checkpoint Inhibitors: An Updated Comprehensive
Disproportionality Analysis of the FDA Adverse Event Reporting System. J. Clin. Pharm. Ther. 2022, 47, 1576–1584. [CrossRef]

5. Brahmer, J.R.; Lacchetti, C.; Schneider, B.J.; Atkins, M.B.; Brassil, K.J.; Caterino, J.M.; Chau, I.; Ernstoff, M.S.; Gardner, J.M.;
Ginex, P.; et al. Management of Immune-Related Adverse Events in Patients Treated with Immune Checkpoint Inhibitor Therapy:
American Society of Clinical Oncology Clinical Practice Guideline. J. Clin. Oncol. 2018, 36, 1714–1768. [CrossRef]

6. Wang, D.Y.; Salem, J.-E.; Cohen, J.V.; Chandra, S.; Menzer, C.; Ye, F.; Zhao, S.; Das, S.; Beckermann, K.E.; Ha, L.; et al. Fatal
Toxic Effects Associated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis. JAMA Oncol. 2018, 4,
1721–1728. [CrossRef]

7. Salem, J.-E.; Manouchehri, A.; Moey, M.; Lebrun-Vignes, B.; Bastarache, L.; Pariente, A.; Gobert, A.; Spano, J.-P.; Balko, J.M.;
Bonaca, M.P.; et al. Cardiovascular Toxicities Associated with Immune Checkpoint Inhibitors: An Observational, Retrospective,
Pharmacovigilance Study. Lancet Oncol. 2018, 19, 1579–1589. [CrossRef]

8. Michel, L.; Rassaf, T.; Totzeck, M. Cardiotoxicity from Immune Checkpoint Inhibitors. Int. J. Cardiol. Heart Vasc. 2019, 25, 100420.
[CrossRef] [PubMed]

9. Lal, J.C.; Brown, S.-A.; Collier, P.; Cheng, F. A Retrospective Analysis of Cardiovascular Adverse Events Associated with Immune
Checkpoint Inhibitors. Cardiooncology 2021, 7, 19. [CrossRef]

10. Chen, C.; Chen, T.; Liang, J.; Guo, X.; Xu, J.; Zheng, Y.; Guo, Z.; Chi, L.; Wei, L.; Chen, X.; et al. Cardiotoxicity Induced by
Immune Checkpoint Inhibitors: A Pharmacovigilance Study from 2014 to 2019 Based on FAERS. Front. Pharmacol. 2021, 12,
616505. [CrossRef]

11. Dolladille, C.; Akroun, J.; Morice, P.-M.; Dompmartin, A.; Ezine, E.; Sassier, M.; Da-Silva, A.; Plane, A.-F.; Legallois, D.; L’Orphelin,
J.-M.; et al. Cardiovascular Immunotoxicities Associated with Immune Checkpoint Inhibitors: A Safety Meta-Analysis. Eur. Heart
J. 2021, 42, 4964–4977. [CrossRef] [PubMed]

12. Barbieri, M.A.; Sorbara, E.E.; Cicala, G.; Santoro, V.; Cutroneo, P.M.; Franchina, T.; Spina, E. Adverse Drug Reactions with
HER2-Positive Breast Cancer Treatment: An Analysis from the Italian Pharmacovigilance Database. Drugs Real World Outcomes
2022, 9, 91–107. [CrossRef] [PubMed]

13. Wittayanukorn, S.; Qian, J.; Johnson, B.S.; Hansen, R.A. Cardiotoxicity in Targeted Therapy for Breast Cancer: A Study of the
FDA Adverse Event Reporting System (FAERS). J. Oncol. Pharm. Pract. 2017, 23, 93–102. [CrossRef] [PubMed]

14. Long, P.; Li, S.; Pan, L.; Wang, Y.; Chen, W.; Wang, X. Cardiovascular Adverse Events Associated with Antibody-Drug Conjugates
(ADCs): A Pharmacovigilance Study Based on the FAERS Database. Front. Pharmacol. 2024, 15, 1378010. [CrossRef] [PubMed]

15. Center for Drug Evaluation and Research. FDA Adverse Event Reporting System (FAERS); FDA: Silver Spring, MD, USA, 2021.
16. Lee, L.; Gupta, M.; Sahasranaman, S. Immune Checkpoint Inhibitors: An Introduction to the next-Generation Cancer Immunother-

apy. J. Clin. Pharmacol. 2016, 56, 157–169. [CrossRef] [PubMed]

https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://doi.org/10.1177/1758835918763493
https://www.ncbi.nlm.nih.gov/pubmed/29662547
https://doi.org/10.1038/s41590-023-01569-z
https://www.ncbi.nlm.nih.gov/pubmed/37488429
https://doi.org/10.1200/JCO.21.01808
https://www.ncbi.nlm.nih.gov/pubmed/35772044
https://doi.org/10.1111/jcpt.13707
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1016/S1470-2045(18)30608-9
https://doi.org/10.1016/j.ijcha.2019.100420
https://www.ncbi.nlm.nih.gov/pubmed/31517036
https://doi.org/10.1186/s40959-021-00106-x
https://doi.org/10.3389/fphar.2021.616505
https://doi.org/10.1093/eurheartj/ehab618
https://www.ncbi.nlm.nih.gov/pubmed/34529770
https://doi.org/10.1007/s40801-021-00278-z
https://www.ncbi.nlm.nih.gov/pubmed/34528216
https://doi.org/10.1177/1078155215621150
https://www.ncbi.nlm.nih.gov/pubmed/26661047
https://doi.org/10.3389/fphar.2024.1378010
https://www.ncbi.nlm.nih.gov/pubmed/38766629
https://doi.org/10.1002/jcph.591
https://www.ncbi.nlm.nih.gov/pubmed/26183909


Pharmaceuticals 2024, 17, 1372 13 of 14

17. Darvin, P.; Toor, S.M.; Sasidharan Nair, V.; Elkord, E. Immune Checkpoint Inhibitors: Recent Progress and Potential Biomarkers.
Exp. Mol. Med. 2018, 50, 1–11. [CrossRef]

18. Abou Alaiwi, S.; Xie, W.; Nassar, A.H.; Dudani, S.; Martini, D.; Bakouny, Z.; Steinharter, J.A.; Nuzzo, P.V.; Flippot, R.; Martinez-
Chanza, N.; et al. Safety and Efficacy of Restarting Immune Checkpoint Inhibitors after Clinically Significant Immune-Related
Adverse Events in Metastatic Renal Cell Carcinoma. J. Immunother. Cancer 2020, 8, e000144. [CrossRef]

19. Lee, D.J.; Lee, H.J.; Farmer, J.R.; Reynolds, K.L. Mechanisms Driving Immune-Related Adverse Events in Cancer Patients Treated
with Immune Checkpoint Inhibitors. Curr. Cardiol. Rep. 2021, 23, 98. [CrossRef]

20. De Velasco, G.; Je, Y.; Bossé, D.; Awad, M.M.; Ott, P.A.; Moreira, R.B.; Schutz, F.; Bellmunt, J.; Sonpavde, G.P.; Hodi, F.S.; et al.
Comprehensive Meta-Analysis of Key Immune-Related Adverse Events from CTLA-4 and PD-1/PD-L1 Inhibitors in Cancer
Patients. Cancer Immunol. Res. 2017, 5, 312–318. [CrossRef]

21. Tachibana, M.; Imagawa, A. Type 1 Diabetes Related to Immune Checkpoint Inhibitors. Best. Pract. Res. Clin. Endocrinol. Metab.
2022, 36, 101657. [CrossRef]

22. Barroso-Sousa, R.; Barry, W.T.; Garrido-Castro, A.C.; Hodi, F.S.; Min, L.; Krop, I.E.; Tolaney, S.M. Incidence of Endocrine
Dysfunction Following the Use of Different Immune Checkpoint Inhibitor Regimens: A Systematic Review and Meta-Analysis.
JAMA Oncol. 2018, 4, 173–182. [CrossRef] [PubMed]

23. Vandiver, J.W.; Singer, Z.; Harshberger, C. Severe Hyponatremia and Immune Nephritis Following an Initial Infusion of
Nivolumab. Target. Oncol. 2016, 11, 553–556. [CrossRef] [PubMed]

24. Postow, M.A.; Sidlow, R.; Hellmann, M.D. Immune-Related Adverse Events Associated with Immune Checkpoint Blockade. N.
Engl. J. Med. 2018, 378, 158–168. [CrossRef] [PubMed]

25. Ganatra, S.; Neilan, T.G. Immune Checkpoint Inhibitor-Associated Myocarditis. Oncologist 2018, 23, 879–886. [CrossRef]
26. Totzeck, M.; Lutgens, E.; Neilan, T.G. Are We Underestimating the Potential for Cardiotoxicity Related to Immune Checkpoint

Inhibitors? Eur. Heart J. 2021, 42, 1632–1635. [CrossRef] [PubMed]
27. Mahmood, S.S.; Fradley, M.G.; Cohen, J.V.; Nohria, A.; Reynolds, K.L.; Heinzerling, L.M.; Sullivan, R.J.; Damrongwatanasuk, R.;

Chen, C.L.; Gupta, D.; et al. Myocarditis in Patients Treated with Immune Checkpoint Inhibitors. J. Am. Coll. Cardiol. 2018, 71,
1755–1764. [CrossRef]

28. Johnson, D.B.; Balko, J.M.; Compton, M.L.; Chalkias, S.; Gorham, J.; Xu, Y.; Hicks, M.; Puzanov, I.; Alexander, M.R.; Bloomer, T.L.;
et al. Fulminant Myocarditis with Combination Immune Checkpoint Blockade. N. Engl. J. Med. 2016, 375, 1749–1755. [CrossRef]

29. Tarrio, M.L.; Grabie, N.; Bu, D.; Sharpe, A.H.; Lichtman, A.H. PD-1 Protects against Inflammation and Myocyte Damage in T
Cell-Mediated Myocarditis. J. Immunol. 2012, 188, 4876–4884. [CrossRef]

30. Nishimura, H.; Okazaki, T.; Tanaka, Y.; Nakatani, K.; Hara, M.; Matsumori, A.; Sasayama, S.; Mizoguchi, A.; Hiai, H.; Minato, N.;
et al. Autoimmune Dilated Cardiomyopathy in PD-1 Receptor-Deficient Mice. Science 2001, 291, 319–322. [CrossRef]

31. Okazaki, T.; Tanaka, Y.; Nishio, R.; Mitsuiye, T.; Mizoguchi, A.; Wang, J.; Ishida, M.; Hiai, H.; Matsumori, A.; Minato, N.; et al.
Autoantibodies against Cardiac Troponin I Are Responsible for Dilated Cardiomyopathy in PD-1-Deficient Mice. Nat. Med. 2003,
9, 1477–1483. [CrossRef]

32. Axelrod, M.L.; Meijers, W.C.; Screever, E.M.; Qin, J.; Carroll, M.G.; Sun, X.; Tannous, E.; Zhang, Y.; Sugiura, A.; Taylor, B.C.; et al.
T Cells Specific for α-Myosin Drive Immunotherapy-Related Myocarditis. Nature 2022, 611, 818–826. [CrossRef] [PubMed]

33. Tay, W.T.; Fang, Y.-H.; Beh, S.T.; Liu, Y.-W.; Hsu, L.-W.; Yen, C.-J.; Liu, P.-Y. Programmed Cell Death-1: Programmed Cell
Death-Ligand 1 Interaction Protects Human Cardiomyocytes Against T-Cell Mediated Inflammation and Apoptosis Response In
Vitro. Int. J. Mol. Sci. 2020, 21, 2399. [CrossRef] [PubMed]

34. Pirozzi, F.; Poto, R.; Aran, L.; Cuomo, A.; Galdiero, M.R.; Spadaro, G.; Abete, P.; Bonaduce, D.; Marone, G.; Tocchetti, C.G.; et al.
Cardiovascular Toxicity of Immune Checkpoint Inhibitors: Clinical Risk Factors. Curr. Oncol. Rep. 2021, 23, 13. [CrossRef]

35. Rubio-Infante, N.; Ramírez-Flores, Y.A.; Castillo, E.C.; Lozano, O.; García-Rivas, G.; Torre-Amione, G. Cardiotoxicity Associated
with Immune Checkpoint Inhibitor Therapy: A Meta-Analysis. Eur. J. Heart Fail. 2021, 23, 1739–1747. [CrossRef] [PubMed]

36. Lee, C.; Drobni, Z.D.; Zafar, A.; Gongora, C.A.; Zlotoff, D.A.; Alvi, R.M.; Taron, J.; Rambarat, P.K.; Schoenfeld, S.; Mosarla, R.C.;
et al. Pre-Existing Autoimmune Disease Increases the Risk of Cardiovascular and Noncardiovascular Events After Immunotherapy.
JACC CardioOncol. 2022, 4, 660–669. [CrossRef]

37. Xie, W.; Huang, H.; Xiao, S.; Fan, Y.; Deng, X.; Zhang, Z. Immune Checkpoint Inhibitors Therapies in Patients with Cancer and
Preexisting Autoimmune Diseases: A Meta-Analysis of Observational Studies. Autoimmun. Rev. 2020, 19, 102687. [CrossRef]

38. Grabie, N.; Lichtman, A.H.; Padera, R. T Cell Checkpoint Regulators in the Heart. Cardiovasc. Res. 2019, 115, 869–877. [CrossRef]
39. Knudsen, B.; Prasad, V. COVID-19 Vaccine Induced Myocarditis in Young Males: A Systematic Review. Eur. J. Clin. Investig. 2023,

53, e13947. [CrossRef]
40. Oster, M.E.; Shay, D.K.; Su, J.R.; Gee, J.; Creech, C.B.; Broder, K.R.; Edwards, K.; Soslow, J.H.; Dendy, J.M.; Schlaudecker, E.; et al.

Myocarditis Cases Reported After mRNA-Based COVID-19 Vaccination in the US from December 2020 to August 2021. JAMA
2022, 327, 331–340. [CrossRef]

41. Patel, R.P.; Parikh, R.; Gunturu, K.S.; Tariq, R.Z.; Dani, S.S.; Ganatra, S.; Nohria, A. Cardiotoxicity of Immune Checkpoint
Inhibitors. Curr. Oncol. Rep. 2021, 23, 79. [CrossRef]

42. Moey, M.Y.Y.; Tomdio, A.N.; McCallen, J.D.; Vaughan, L.M.; O’Brien, K.; Naqash, A.R.; Cherry, C.; Walker, P.R.; Carabello, B.A.
Characterization of Immune Checkpoint Inhibitor-Related Cardiotoxicity in Lung Cancer Patients from a Rural Setting. JACC
CardioOncol. 2020, 2, 491–502. [CrossRef] [PubMed]

https://doi.org/10.1038/s12276-018-0191-1
https://doi.org/10.1136/jitc-2019-000144
https://doi.org/10.1007/s11886-021-01530-2
https://doi.org/10.1158/2326-6066.CIR-16-0237
https://doi.org/10.1016/j.beem.2022.101657
https://doi.org/10.1001/jamaoncol.2017.3064
https://www.ncbi.nlm.nih.gov/pubmed/28973656
https://doi.org/10.1007/s11523-016-0426-9
https://www.ncbi.nlm.nih.gov/pubmed/26940583
https://doi.org/10.1056/NEJMra1703481
https://www.ncbi.nlm.nih.gov/pubmed/29320654
https://doi.org/10.1634/theoncologist.2018-0130
https://doi.org/10.1093/eurheartj/ehaa959
https://www.ncbi.nlm.nih.gov/pubmed/33291139
https://doi.org/10.1016/j.jacc.2018.02.037
https://doi.org/10.1056/NEJMoa1609214
https://doi.org/10.4049/jimmunol.1200389
https://doi.org/10.1126/science.291.5502.319
https://doi.org/10.1038/nm955
https://doi.org/10.1038/s41586-022-05432-3
https://www.ncbi.nlm.nih.gov/pubmed/36385524
https://doi.org/10.3390/ijms21072399
https://www.ncbi.nlm.nih.gov/pubmed/32244307
https://doi.org/10.1007/s11912-020-01002-w
https://doi.org/10.1002/ejhf.2289
https://www.ncbi.nlm.nih.gov/pubmed/34196077
https://doi.org/10.1016/j.jaccao.2022.11.008
https://doi.org/10.1016/j.autrev.2020.102687
https://doi.org/10.1093/cvr/cvz025
https://doi.org/10.1111/eci.13947
https://doi.org/10.1001/jama.2021.24110
https://doi.org/10.1007/s11912-021-01070-6
https://doi.org/10.1016/j.jaccao.2020.07.005
https://www.ncbi.nlm.nih.gov/pubmed/34396256


Pharmaceuticals 2024, 17, 1372 14 of 14

43. Ndjana Lessomo, F.Y.; Wang, Z.; Mukuka, C. Comparative Cardiotoxicity Risk of Pembrolizumab versus Nivolumab in Cancer
Patients Undergoing Immune Checkpoint Inhibitor Therapy: A Meta-Analysis. Front. Oncol. 2023, 13, 1080998. [CrossRef]
[PubMed]

44. O’Gara, P.T.; Kushner, F.G.; Ascheim, D.D.; Casey, D.E.; Chung, M.K.; de Lemos, J.A.; Ettinger, S.M.; Fang, J.C.; Fesmire, F.M.;
Franklin, B.A.; et al. 2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction: A Report of the
American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. J. Am. Coll. Cardiol.
2013, 61, e78–e140. [CrossRef] [PubMed]

45. Triggianese, P.; Novelli, L.; Galdiero, M.R.; Chimenti, M.S.; Conigliaro, P.; Perricone, R.; Perricone, C.; Gerli, R. Immune
Checkpoint Inhibitors-Induced Autoimmunity: The Impact of Gender. Autoimmun. Rev. 2020, 19, 102590. [CrossRef] [PubMed]

46. da Silva, J.S.; Montagnoli, T.L.; Rocha, B.S.; Tacco, M.L.C.A.; Marinho, S.C.P.; Zapata-Sudo, G. Estrogen Receptors: Therapeutic
Perspectives for the Treatment of Cardiac Dysfunction after Myocardial Infarction. Int. J. Mol. Sci. 2021, 22, 525. [CrossRef]

47. Ortona, E.; Pierdominici, M.; Rider, V. Editorial: Sex Hormones and Gender Differences in Immune Responses. Front. Immunol.
2019, 10, 1076. [CrossRef]

48. Wang, F.; Wei, Q.; Wu, X. Cardiac Arrhythmias Associated with Immune Checkpoint Inhibitors: A Comprehensive Disproportion-
ality Analysis of the FDA Adverse Event Reporting System. Front. Pharmacol. 2022, 13, 986357. [CrossRef]

49. Escudier, M.; Cautela, J.; Malissen, N.; Ancedy, Y.; Orabona, M.; Pinto, J.; Monestier, S.; Grob, J.-J.; Scemama, U.; Jacquier, A.; et al.
Clinical Features, Management, and Outcomes of Immune Checkpoint Inhibitor–Related Cardiotoxicity. Circulation 2017, 136,
2085–2087. [CrossRef]

50. Fradley, M.G.; Brown, A.C.; Shields, B.; Viganego, F.; Damrongwatanasuk, R.; Patel, A.A.; Hartlage, G.; Roper, N.; Jaunese, J.; Roy,
L.; et al. Developing a Comprehensive Cardio-Oncology Program at a Cancer Institute: The Moffitt Cancer Center Experience.
Oncol. Rev. 2017, 11, 340. [CrossRef]

51. Lyon, A.R.; Yousaf, N.; Battisti, N.M.L.; Moslehi, J.; Larkin, J. Immune Checkpoint Inhibitors and Cardiovascular Toxicity. Lancet
Oncol. 2018, 19, e447–e458. [CrossRef]

52. Puzanov, I.; Diab, A.; Abdallah, K.; Bingham, C.O.; Brogdon, C.; Dadu, R.; Hamad, L.; Kim, S.; Lacouture, M.E.; LeBoeuf, N.R.;
et al. Managing Toxicities Associated with Immune Checkpoint Inhibitors: Consensus Recommendations from the Society for
Immunotherapy of Cancer (SITC) Toxicity Management Working Group. J. Immunother. Cancer 2017, 5, 95. [CrossRef] [PubMed]

53. Lyon, A.R.; López-Fernández, T.; Couch, L.S.; Asteggiano, R.; Aznar, M.C.; Bergler-Klein, J.; Boriani, G.; Cardinale, D.; Cordoba,
R.; Cosyns, B.; et al. 2022 ESC Guidelines on Cardio-Oncology Developed in Collaboration with the European Hematology
Association (EHA), the European Society for Therapeutic Radiology and Oncology (ESTRO) and the International Cardio-
Oncology Society (IC-OS). Eur. Heart J. 2022, 43, 4229–4361. [CrossRef]

54. Bhatti, A.W.; Patel, R.; Dani, S.S.; Khadke, S.; Makwana, B.; Lessey, C.; Shah, J.; Al-Husami, Z.; Yang, E.H.; Thavendiranathan,
P.; et al. SGLT2i and Primary Prevention of Cancer Therapy–Related Cardiac Dysfunction in Patients with Diabetes. JACC
CardioOncol. 2024, in press. [CrossRef]

55. Ha, A.; Langroudi, A.P.; Eisenberg, M.L. What Is the Validity of the Federal Adverse Event Reporting System in Contemporary
Clinical Research? J. Sex. Med. 2024, 21, 744–745. [CrossRef]

56. Center for Drug Evaluation and Research. Questions and Answers on FDA’s Adverse Event Reporting System (FAERS). Available
online: https://www.fda.gov/drugs/surveillance/questions-and-answers-fdas-adverse-event-reporting-system-faers (accessed
on 25 September 2024).

57. Ye, X.; Hu, F.; Zhai, Y.; Qin, Y.; Xu, J.; Guo, X.; Zhuang, Y.; He, J. Hematological Toxicities in Immune Checkpoint Inhibitors: A
Pharmacovigilance Study from 2014 to 2019. Hematol. Oncol. 2020, 38, 565–575. [CrossRef]

58. van Puijenbroek, E.P.; Bate, A.; Leufkens, H.G.M.; Lindquist, M.; Orre, R.; Egberts, A.C.G. A Comparison of Measures of
Disproportionality for Signal Detection in Spontaneous Reporting Systems for Adverse Drug Reactions. Pharmacoepidemiol. Drug
Saf. 2002, 11, 3–10. [CrossRef]

59. Evans, S.J.; Waller, P.C.; Davis, S. Use of Proportional Reporting Ratios (PRRs) for Signal Generation from Spontaneous Adverse
Drug Reaction Reports. Pharmacoepidemiol. Drug Saf. 2001, 10, 483–486. [CrossRef] [PubMed]

60. Bate, A.; Lindquist, M.; Edwards, I.R.; Olsson, S.; Orre, R.; Lansner, A.; De Freitas, R.M. A Bayesian Neural Network Method for
Adverse Drug Reaction Signal Generation. Eur. J. Clin. Pharmacol. 1998, 54, 315–321. [CrossRef]

61. Szarfman, A.; Machado, S.G.; O’Neill, R.T. Use of Screening Algorithms and Computer Systems to Efficiently Signal Higher-
than-Expected Combinations of Drugs and Events in the US FDA’s Spontaneous Reports Database. Drug Saf. 2002, 25, 381–392.
[CrossRef]

62. Sakaeda, T.; Tamon, A.; Kadoyama, K.; Okuno, Y. Data Mining of the Public Version of the FDA Adverse Event Reporting System.
Int. J. Med. Sci. 2013, 10, 796–803. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fonc.2023.1080998
https://www.ncbi.nlm.nih.gov/pubmed/37064101
https://doi.org/10.1016/j.jacc.2012.11.019
https://www.ncbi.nlm.nih.gov/pubmed/23256914
https://doi.org/10.1016/j.autrev.2020.102590
https://www.ncbi.nlm.nih.gov/pubmed/32561463
https://doi.org/10.3390/ijms22020525
https://doi.org/10.3389/fimmu.2019.01076
https://doi.org/10.3389/fphar.2022.986357
https://doi.org/10.1161/CIRCULATIONAHA.117.030571
https://doi.org/10.4081/oncol.2017.340
https://doi.org/10.1016/S1470-2045(18)30457-1
https://doi.org/10.1186/s40425-017-0300-z
https://www.ncbi.nlm.nih.gov/pubmed/29162153
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1016/j.jaccao.2024.08.001
https://doi.org/10.1093/jsxmed/qdae072
https://www.fda.gov/drugs/surveillance/questions-and-answers-fdas-adverse-event-reporting-system-faers
https://doi.org/10.1002/hon.2743
https://doi.org/10.1002/pds.668
https://doi.org/10.1002/pds.677
https://www.ncbi.nlm.nih.gov/pubmed/11828828
https://doi.org/10.1007/s002280050466
https://doi.org/10.2165/00002018-200225060-00001
https://doi.org/10.7150/ijms.6048

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Data Source and Extraction Criteria 
	Data Analysis—Descriptive Analysis 
	Data Analysis—Disproportionality Analysis 

	Conclusions 
	Limitations 
	References

