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Abstract
Introduction Immune checkpoint inhibitors (ICIs) are widely used in the treatment of many cancers as they improve clinical 
outcomes. However, ICIs have also been associated with the development of immune-related adverse drug reactions (ADRs). 
Among immune-related ADRs, cardiac immune-related ADRs are rare, but also associated with high mortality rates.
Objective The objective of this study was to evaluate the occurrence of cardiac ADRs reported with ICIs in the European 
spontaneous reporting system.
Methods We retrieved individual case safety reports on ICI-induced cardiac ADRs from the website of suspected ADR 
(www. adrre ports. eu) of the European pharmacovigilance database (Eudravigilance). Data were retrieved from the date of 
marketing authorization of each ICI (ipilimumab, nivolumab, pembrolizumab, atezolizumab, durvalumab, avelumab, and 
cemiplimab) to 14 March, 2020. The reporting odds ratio and its 95% confidence interval were computed to assess the report-
ing frequency of cardiac ADRs for each ICI compared to all other ICIs.
Results A total of 2478 individual case safety reports with at least one ICI as the suspected drug were retrieved from Eudrav-
igilance, of which 249 (10%) reported more than one ICI. The three most reported ICIs were nivolumab (43.2%), pembroli-
zumab (32.5%), and the association of nivolumab/ipilimumab (9.4%). A total of 3388 cardiac ADRs were identified. Cardiac 
ADRs were serious (99.4%) and had a fatal outcome (30.1%). The most reported cardiac events were myocarditis, cardiac 
failure, atrial fibrillation, pericardial effusion, and myocardial infarction. Nivolumab was reported with a small increased 
reporting frequency of individual case safety reports with cardiac ADRs compared to all other ICIs (reporting odds ratio 
1.09, 95% confidence interval 1.01–1.18).
Conclusions Immune checkpoint inhibitor-induced cardiac ADRs were serious and had unfavorable outcomes. In our study, 
nivolumab was the only ICI with a small increased reporting frequency of individual case safety reports with cardiac ADRs 
compared to all other ICIs. In this regard, further head-to-head studies are needed.
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1 Introduction

Immune checkpoint inhibitors (ICIs) are widely used in 
the treatment of many cancer diseases. Immune checkpoint 
inhibitors are monoclonal antibodies targeting cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA-4) or pro-
grammed cell death protein 1 or its ligand (PD-1/PD-L1). 
Cytotoxic T-lymphocyte-associated antigen 4 is a type 
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Cardiac adverse drug reactions were serious (99.4%) and 
had a fatal outcome (30.1%)

Nivolumab was reported with a small increased report-
ing frequency of individual case safety reports with 
cardiac adverse drug reactions compared to all other 
immune checkpoint inhibitors
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management and analyses of ICSRs related to both medi-
cines or vaccines, which are authorized or are being studied 
in clinical trials in the European Economic Area. The EV 
contains all ICSRs reported by a healthcare professional or 
a non-healthcare professional to an European Union national 
competent authority or a marketing authorization holder. 
These data are publicly available for transparency through 
the EMA website (www. adrre ports. eu).

2.2  ICSR Selection with Line Listing

By using the line listing function, ICSRs reporting an ICI 
as the suspected drug and at least one cardiac adverse event 
were retrieved from the date of marketing authorization 
granted by the EMA for each ICI to 14 March, 2020. The 
ICIs considered were ipilimumab, nivolumab, pembroli-
zumab, atezolizumab, durvalumab, avelumab, and cemipli-
mab. To identify ICSRs reporting cardiac ADRs, we used 
the system organ class (SOC) “Cardiac disorders” of the 
Medical Dictionary for Regulatory Activities (MedDRA). 
MedDRA is a rich and highly specific standardized medical 
terminology that facilitates sharing of regulatory informa-
tion internationally for medical products used by humans. 
MedDRA is structured into five levels listed hereafter from 
the most specific to the most general: lowest level terms, pre-
ferred terms, high-level terms, high-level group terms, and 
SOC. In this MedDRA hierarchy, for example, high-level 
group terms are grouped for etiology (e.g., infections and 
infestations), manifestation site (e.g., cardiac disorders), or 
purpose (e.g., surgical and medical procedures) into SOCs.

2.3  Descriptive Analyses

Information on patient characteristics (age and sex), adverse 
event (outcome and seriousness), therapeutic indication, 
primary source qualification, primary source country for 
regulatory purposes, number of suspected drugs other than 
ICIs, and number of concomitant drugs was provided for all 
ICSRs and separately for each ICI. Individual case safety 
reports with two or more ICIs as suspected drugs were 
described separately.

The duration of therapy (reported in days) was retrieved 
from each ICSR, where available. Computations on the 
duration of therapy were performed for each ICI, including 
also data obtained from ICSRs with more ICIs as suspected 
drugs.

Based on our data source, we have retrieved the general 
information of seriousness stated as “serious” or “not seri-
ous”. In accordance with the International Council on Har-
monization E2D guidelines, a case is defined as “serious” if 
it is life threatening, results in death, requires or prolongs a 
hospitalization, results in persistent or significant disability/

I transmembrane protein expressed on the surface of a T 
cell, interacting with two ligands based on the antigen sur-
face: CD80 and CD86. Programmed cell death protein 1 is 
a T-cell receptor and its binding with PD-L1 and PD-L2 is 
able to down-modulate the immune system reaction to can-
cer. Therefore, ICIs allow the re-establishment of the ability 
of cytotoxic T cells to destroy tumor cells [1]. Currently, 
seven ICIs obtained the marketing approval: the CTLA-4 
inhibitor ipilimumab; PD-1 inhibitors nivolumab, pembroli-
zumab, and cemiplimab; and the PD-L1 inhibitors, atezoli-
zumab, avelumab, and durvalumab.

Being monoclonal antibodies, ICIs might induce the 
occurrence of immune-related adverse drug reactions 
(irADRs) [2]. These type of adverse drug reactions (ADRs) 
can be the consequence of the effects resulting from T cells 
acting against antigens shared by tumor and normal cells [3] 
as well as of the mechanism of action of ICIs. Indeed, mol-
ecules targeted by the ICIs are involved in self-tolerance and 
in autoimmune conditions [4]. Immune checkpoint inhibitor-
induced irADRs can involve any tissue and organ and can 
occur anytime [5]. Among irADRs, cardiac irADRs seem to 
be rare, but they are associated with a higher mortality rate 
[6]. These events can involve either the myocardium, the 
pericardium, or the conduction system [7]. The most fre-
quently reported is myocarditis, even though cases of peri-
cardial disease, Takotsubo cardiomyopathy, and conduction 
abnormalities have also been reported among ICI users [7]. 
It is still uncertain if pre-existing risk factors might affect the 
incidence of ICI-mediated cardiotoxicity [7].

A previous pharmacovigilance study, conducted on data 
from Vigibase, found that the ICI treatment had a higher 
reporting of myocarditis and pericardial diseases [8]. 
However, to our knowledge, no study has investigated the 
reporting frequency of cardiac ADRs comparing each active 
ingredient of ICIs. Considering the clinical significance of 
ICI-related cardiac ADRs, the present pharmacovigilance 
study is aimed at evaluating the occurrence of cardiac events 
(in terms of time to onset, seriousness, outcome) after treat-
ment with ICIs and to compare also the reporting frequency 
of cardiac individual case safety reports (ICSRs) among the 
drug classes of ICIs through the analysis of data collected 
in the European spontaneous reporting system.

2  Methods

2.1  Data Source

Data on ICSRs with an ICI as the suspected drug were 
retrieved from the website of suspected ADRs (www. adrre 
ports. eu) of the European pharmacovigilance database 
(Eudravigilance, EV). The EV is managed by the Euro-
pean Medicines Agency (EMA). It is a system used for the 
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incapacity, determines a congenital anomaly/birth defect, or 
results in some other clinically important conditions. There-
fore, if a case is classified as serious in our data source, 
it means that the case matches one of the aforementioned 
criteria. However, the specific criteria of seriousness for all 
ICSRs were not retrievable.

The outcome of a cardiac ADR was classified as “Recov-
ered/Resolved”, “Recovering/Resolving”, “Recovered/
Resolved with Sequelae”, “Not Recovered/Not Resolved”, 
“Fatal”, and “Unknown”. The outcome with the lower level 
of resolution was chosen for classification whether an ICSR 
reported two or more cardiac adverse events with different 
outcomes. Individual case safety reports were classified as 
fatal if death occurred.

Cardiac adverse events were tabled for the 20 most 
reported events in the main table and for all others in the 
Electronic Supplementary Material (ESM). The time to 
event (days) was calculated only for ICSRs that reported 
both the duration of the therapy and the drug withdrawal as 
action taken after the occurrence of the ADR. Computations 
on the time to event were performed for each ICI, including 
also data obtained from ICSRs with more ICIs as suspected 
drugs. A boxplot of time to event was generated for the most 
reported ICIs.

To estimate the quota of ICSRs related to patients with 
pre-existing cardiovascular and metabolic diseases, we 
evaluated the concomitant presence of cardiovascular and 
metabolic agents reported as other suspected or concomitant 
drugs. We listed the most reported drug classes of concomi-
tant treatments (ICSR numbers ≥ 60) in a main table and all 
others in the ESM. Boxplots were performed using R (Ver-
sion 3.2.2; R Development Core Team).

2.4  ROR

The reporting odds ratio (ROR) and its 95% confidence 
interval (95% CI) were computed to assess the frequency of 
reporting ICSRs with ADRs belonging to the SOC “Cardiac 
disorders” for each ICI (ICI of interest) compared to all other 
ICIs. The reference group includes all ICIs excluding the 
one of interest. Moreover, because ICIs can be classified for 
their mechanism of action in anti-PD-1 (nivolumab, pem-
brolizumab, and cemiplimab), anti-PD-L1 (atezolizumab, 
durvalumab, and avelumab), and anti-CTLA-4 (ipilimumab), 
the ROR was also computed within the same drug class, 
using all other anti-PD-1 or all other anti-PD-L1 as reference 
groups, and for comparing anti-CTLA-4 with anti-PD-1/
anti-PD-L1. The RORs were computed on ICSR numbers as 
these are publicly available on the EMA website (www. adrre 
ports. eu). Specifically, ICSR numbers were retrieved from 
the section “Number of individual cases” (www. adrre ports. 

eu) for the period up to 18 March, 2020. Forest plots were 
performed for both comparisons using R (Version 3.2.2; R 
Development Core Team).

3  Results

3.1  Characteristics of ICSRs

During the study period, 2478 ICSRs with at least one 
ICI as the suspected drug were retrieved from the EV, 
of which 249 (10%) reported more than one ICI as sus-
pected drugs. Specifically, 1071 (43.2%) ICSRs pertained 
to nivolumab, 805 (32.5%) to pembrolizumab, 234 (9.4%) 
to the association of nivolumab/ipilimumab, 143 (5.8%) 
to ipilimumab, 105 (4.2%) to atezolizumab, 78 (3.1%) 
to durvalumab, 23 (0.9%) to avelumab, four (0.2%) to 
cemiplimab, four (0.2%) to the association of nivolumab/
pembrolizumab, three (0.1%) to nivolumab and atezoli-
zumab, three (0.1%) to ipilimumab and pembrolizumab, 
three (0.1%) to atezolizumab and pembrolizumab, and two 
(0.1%) to nivolumab, ipilimumab, and pembrolizumab. 
The median age of patients was 69 years (interquartile 
range [IQR] 60.25–75) for all ICSRs (Table 1), remaining 
similar for all ICI groups except for ICSRs with the asso-
ciation of ipilimumab/pembrolizumab and atezolizumab/
pembrolizumab, in which the median age was 34.5 years 
(IQR 32.2–36.7) and 49 years (IQR 49–49), respectively 
(Table 2). Most ICSRs were observed in male patients, and 
were reported from healthcare professionals (Tables 1, 2). 
Of all ICSRs, 99.4% were classified as serious. The out-
come of cardiac ADRs was “recovered/resolved” in 14.3% 
of ICSRs, “recovering/resolving” in 10.9% of ICSRs, and 
“Fatal” in 30.1% of ICSRs (Table 1). In the majority of 
ICSRs, the ICI was the only suspected drug reported (n = 
2179; 87.9%), or no concomitant drug was reported (n = 
1650; 66.6%). Characteristics of cases for all ICSR groups 
were presented in Tables 1 and 2. 

The main therapeutic indications for all ICIs used as sin-
gle treatments were lung, genitourinary, and skin cancers 
(Table 1 of the ESM). For ICSRs reporting more than one 
ICI as reported in Table 1 of the ESM, the main therapeu-
tic indication for nivolumab/ipilimumab was skin cancer (N 
= 106; 44.9%), followed by genitourinary cancer (N = 88; 
37.3%). The median duration of therapy was 43 days for ate-
zolizumab (IQR 2.7–69.2) and durvalumab (IQR 15–88), 30 
days (IQR 1–99) for nivolumab, and 22 days for ipilimumab 
(IQR 1–63.5) and pembrolizumab (IQR 1–66). Because of 
the scant data available, the median duration of therapy was 
not computed for avelumab and cemiplimab.
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Table 1  Demographic characteristics and distribution for seriousness, 
outcomes, primary source, primary source country for regulatory 
purposes, number of suspected drugs other than ICIs, and number of 
concomitant drugs of ICSRs reporting at least one cardiac adverse 

event and having one ICI as the suspected drug among those reported 
in the Eudravigilance database from the date of marketing authoriza-
tion to 14 March, 2020

ICIs immune checkpoint inhibitors, ICSRs individual case safety reports, IQR interquartile range

Variable Level All ICSRs (n 
= 2478)

ICSRs with 
nivolumab 
(n = 1071)

ICSRs with 
pembroli-
zumab (n = 
805)

ICSRs with 
ipilimumab 
(n = 143)

ICSRs with 
durvalumab 
(n = 78)

ICSRs with 
atezoli-
zumab (n = 
105)

ICSRs with 
avelumab (n 
= 23)

ICSRs with 
cemiplimab 
(n = 4)

Age Median 
(IQR)

69 (60.25–
75)

69 (61–75) 70 (62–76) 67 (56–75) 71 (65–78.5) 65 (57–
72.25)

71 (69–76) 70.5 (67.7–
73.2)

Sex Female (%) 732 (29.5) 314 (29.3) 236 (29.3) 42 (29.4) 20 (25.6) 36 (34.3) 5 (21.7) 1 (25.0)
Male (%) 1652 (66.7) 727 (67.9) 537 (66.7) 97 (67.8) 51 (65.4) 62 (59.0) 17 (73.9) 1 (25.0)
Missing (%) 94 (3.8) 30 (2.8) 32 (4.0) 4 (2.8) 7 (9.0) 7 (6.7) 1 (4.3) 2 (50.0)

Seriousness 
of ICSR

Serious (%) 2464 (99.4) 1062 (99.2) 804 (99.9) 143 (100.0) 77 (98.7) 103 (98.1) 22 (95.7) 4 (100.0)
Not serious 

(%)
14 (0.6) 9 (0.8) 1 (0.1) – 1 (1.3) 2 (1.9) 1 (4.3) –

Outcome 
of cardiac 
event

Recovered/
resolved

354 (14.3) 163 (15.2) 121 (15.0) 17 (11.9) 12 (15.4) 12 (11.4) 6 (26.1) –

Recovering/
resolving

271 (10.9) 110 (10.3) 98 (12.2) 13 (9.1) 7 (9.0) 13 (12.4) 2 (8.7) –

Recovered 
with 
sequelae

25 (1.0) 12 (1.1) 10 (1.2) 1 (0.7) – 1 (0.9) – –

Not recov-
ered/not 
resolved

177 (7.1) 67 (6.3) 71 (8.8) 7 (4.9) 2 (2.6) 10 (9.5) 3 (13.0) 2 (50.0)

Fatal 745 (30.1) 297 (27.7) 262 (32.5) 51 (35.7) 25 (32.1) 26 (24.8) 8 (34.8) –
Unknown 906 (36.6) 422 (39.4) 243 (30.2) 54 (37.8) 32 (41.0) 43 (41.0) 4 (17.4) 2 (50.0)

Primary 
source

Healthcare 
profes-
sional

2317 (93.5) 975 (91.0) 780 (96.9) 124 (86.7) 77 (98.7) 103 (98.1) 23 (100.0) 4 (100.0)

Non-health-
care pro-
fessional

161 (6.5) 96 (9.0) 25 (3.1) 19 (13.3) 1 (1.3) 2 (1.9) – –

Primary 
source 
country for 
regulatory 
purposes

European 
economic 
area

934 (37.7) 481 (44.9) 256 (31.8) 53 (37.1) 18 (23.1) 41 (39.0) 14 (60.9) 1 (25.0)

Non-
European 
economic 
area

1,544 (62.3) 590 (55.1) 549 (68.2) 90 (62.9) 60 (76.9) 64 (61.0) 9 (39.1) 3 (75.0)

Suspected 
drug(s) 
other than 
ICIs

0 2,179 (87.9) 958 (89.4) 699 (86.8) 134 (93.7) 65 (83.3) 78 (74.3) 12 (52.2) 4 (100.0)
1 163 (6.6) 78 (7.3) 42 (5.2) 6 (4.2) 5 (6.4) 15 (14.3) 4 (17.4) –
2 93 (3.7) 23 (2.1) 51 (6.3) 2 (1.4) 6 (7.7) 5 (4.8) 3 (13.0) –
3 21 (0.8) 8 (0.7) 4 (0.5) 1 (0.7) 1 (1.3) 4 (3.8) 2 (8.7) –
4 12 (0.5) 2 (0.2) 5 (0.6) – 1 (1.3) 2 (1.9) 1 (4.3) –
≥5 10 (0.4) 2 (0.2) 4 (0.5) – – 1 (0.9) 1 (4.3) –

Concomitant 
drug(s)

0 1,650 (66.6) 699 (65.3) 522 (64.8) 88 (61.5) 56 (71.8) 82 (78.1) 14 (60.9) 3 (75.0)

1 145 (5.8) 73 (6.8) 37 (4.6) 12 (8.4) 4 (5.1) 6 (5.7) – 1 (25.0)
2 129 (5.2) 53 (4.9) 53 (6.6) 5 (3.5) 1 (1.3) 9 (8.6) 1 (4.3) –
3 79 (3.2) 42 (3.9) 26 (3.2) 4 (2.8) 1 (1.3) 1 (0.9) – –
4 80 (3.2) 38 (3.5) 24 (3.0) 8 (5.6) 1 (1.3) 1 (0.9) 2 (8.7) –
≥ 5 395 (15.9) 166 (15.5) 143 (17.8) 26 (18.2) 15 (19.2) 6 (5.7) 6 (26.1) –
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3.2  Cardiac Adverse Events

We observed a total of 3078 cardiac ADRs (1.2 cardiac 
ADRs per ICSR), as more than one ADR could be reported 
in each ICSR. A total of 1310 (42.6%) cardiac ADRs were 

reported with nivolumab, 1046 (34.0%) with pembroli-
zumab, 287 (9.3%) with nivolumab/ipilimumab, 162 (5.3%) 
with ipilimumab, 127 (4.1%) with atezolizumab, 96 (3.1%) 
with durvalumab, 26 (0.8%) with avelumab, five (0.2%) with 
cemiplimab, five (0.2%) with atezolizumab/pembrolizumab, 

Table 2  Demographic characteristics and distribution for seriousness, 
outcomes, primary source, primary source country for regulatory 
purposes, number of suspected drugs other than ICIs, and number of 
concomitant drugs of ICSRs reporting at least one cardiac adverse 

event and having two or more ICIs as suspected drugs among those 
reported in the Eudravigilance database from the date of marketing 
authorization to 14 March, 2020

ICIs immune checkpoint inhibitors, ICSRs individual case safety reports, IQR interquartile range

Variable Level ICSRs with 
nivolumab and 
ipilimumab (n 
= 234)

ICSRs with 
nivolumab and 
pembrolizumab 
(n = 4)

ICSRs with 
nivolumab and 
atezolizumab (n 
= 3)

ICSRs with 
nivolumab, 
ipilimumab, and 
pembrolizumab 
(n = 2)

ICSRs with 
ipilimumab and 
pembrolizumab 
(n = 3)

ICSRs with 
atezolizumab and 
pembrolizumab 
(n = 3)

Age Median (IQR) 66 (55–71) 69 (58.5–73.5) 64 (65.5–62.5) – 34.5 (32.2–
36.7)

49 (49–49)

Sex Female (%) 73 (31.2) 2 (50.0) 2 (66.7) – – –
Male (%) 150 (64.1) 2 (50.0) 1 (33.3) 2 (100.0) 3 (100.0) 3 (100.0)
Missing (%) 11 (4.7) – – – – –

Seriousness Serious (%) 234 (100.0) 4 (100.0) 3 (100.0) 2 (100.0) 3 (100.0) 3 (100.0)
Not serious (%) – – – – – –

Outcome Recovered/
resolved

20 (8.5) – 1 (33.3) 2 (100.0) – –

Recovering/
resolving

26 (11.1) 1 (25.0) – – – 1 (33.3)

Recovered with 
sequelae

– – – – 1 (33.3) –

Not recovered/
not resolved

15 (6.4) – – – – –

Fatal 71 (30.3) 2 (50.0) 2 (66.7) – 1 (33.3) –
Unknown 102 (43.6) 1 (25.0) – – 1 (33.3) 2 (66.7)

Primary source Healthcare 
professional

216 (92.3) 4 (100.0) 3 (100.0) 2 (100.0) 3 (100.0) 3 (100.0)

Non-healthcare 
professional

18 (7.7) – – – – –

Primary source 
country for 
regulatory 
purposes

European eco-
nomic area

67 (28.6) 1 (25.0) 1 (33.3) – 1 (33.3) –

Non-European 
economic area

167 (71.4) 3 (75.0) 2 (66.7) 2 (100.0) 2 (66.7) 3 (100.0)

Suspected 
drug(s) other 
than ICIs

0 215 (91.9) 3 (75.0) 3 (100.0) 2 (100.0) 3 (100.0) 3 (100.0)
1 13 (5.6) – – – – –
2 3 (1.3) – – – – –
3 1 (0.4) – – – – –
4 1 (0.4) – – – – –
≥5 1 (0.4) 1 (25.0) – – – –

Concomitant 
drug(s)

0 178 (76.1) – 2 (66.7) – 3 (100.0) 3 (100.0)

1 12 (5.1) – – – – –
2 6 (2.6) 1 (25.0) – – – –
3 5 (2.1) – – – – –
4 3 (1.3) 2 (50.0) 1 (33.3) – – –
≥5 30 (12.8) 1 (25.0) – 2 (100.0) – –
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four (0.1%) with nivolumab/pembrolizumab, four (0.1%) 
with nivolumab/ipilimumab/pembrolizumab, three (0.1%) 
with ipilimumab/pembrolizumab, and three (0.1%) with 
nivolumab/atezolizumab. Overall, the most reported cardiac 
adverse events were myocarditis, cardiac failure, atrial fibril-
lation, pericardial effusion, and myocardial infarction. Num-
bers and percentages of cardiac adverse events are reported 
in Tables 3 and 4, and Table 2 of the ESM. The number of 
ICSRs for which we were able to calculate the time to event 
were: 188 for nivolumab, 144 for pembrolizumab, 39 for 
ipilimumab, 18 for durvalumab, nine for atezolizumab, two 
for avelumab, and one for cemiplimab. The median time to 
event was 36 days for atezolizumab (IQR 2–57) and dur-
valumab (IQR 15–81.75), 31 days (IQR 1.75–96.75) for 
nivolumab, and 22 days for pembrolizumab (IQR 1–64) and 
ipilimumab (IQR 1–36.5). Because of the scant data, the 
time to event was not computed for avelumab and cemipli-
mab. Figure 1 shows the boxplots of times to event for the 
most reported ICIs.  

3.3  Cardiovascular and Metabolic Agents Identified 
in the ICSRs

In 57 (2.3%) out of 2478 ICSRs, cardiovascular and meta-
bolic agents were reported among suspected drugs. Specifi-
cally, 25 out of 57 ICSRs (43.9%) were related to nivolumab, 
18 (31.6%) to pembrolizumab, four (7.0%) to atezolizumab, 
four (7.0%) to the association of nivolumab/ipilimumab, 
three (5.3%) to ipilimumab, two (3.5%) to durvalumab, and 
one (1.7%) to avelumab. A total of 78 cardiovascular and 
metabolic agents were identified in the ICSRs. The most 
reported were calcium channel blockers (ten; 12.8%), new 
oral anticoagulants (ten; 12.8%), statins (nine; 11.5%), beta-
blockers (nine; 11.5%), and loop diuretics (seven; 9.0%). 
Cardiovascular and metabolic agents reported as other sus-
pected drugs are shown in Table 5.

In 543 (21.9%) out of 2478 ICSRs, cardiovascular and 
metabolic agents were reported among concomitant drugs. 
Specifically, 259 out of 543 ICSRs (47.7%) were referred 
to nivolumab, 176 (32.4%) to pembrolizumab, 33 (6.1%) 
to ipilimumab, 31 (5.7%) to the association of nivolumab/
ipilimumab, 21 (3.9%) to durvalumab, nine (1.6%) to ate-
zolizumab, seven (1.3%) to avelumab, three (0.5%) to the 
association of nivolumab/pembrolizumab, two (0.4%) to 
the association of nivolumab/ipilimumab/pembrolizumab, 
one (0.2%) to the association of nivolumab/atezolizumab, 
and one (0.2%) to cemiplimab. A total of 1330 concomi-
tant drugs were identified in the ICSRs. The most reported 
were beta-blockers (172; 12.9%), calcium channel block-
ers (145; 10.9%), antiplatelet agents (142; 10.7%), statins 
(139; 10.5%), and angiotensin receptor blockers (92; 6.9%) 
(Table 6). Details of cardiovascular and metabolic agents 

reported as concomitant drugs are shown in Table 3 of the 
ESM.

3.4  Comparison of the Reporting Frequency 
of ICSRs with Cardiac ADRs Among ICIs

Compared to all other ICIs, nivolumab reported a very small 
increased reporting frequency of ICSRs with cardiac ADRs 
(ROR 1.09, 95% CI 1.01–1.18). Moreover, anti-CTLA-4 has 
shown a lower reporting frequency of ICSRs with cardiac 
ADRs compared to anti-PD-1 (ROR 0.75, 95% CI 0.67–0. 
84) and anti-PD-L1 (ROR 0.79, 95% CI 0.66–0.93). All 
computations are reported in Figs. 2, 3, 4. The numbers of 
ICI reports used for the ROR computations are shown in 
Table 4 of the ESM.  

4  Discussion

4.1  Overall Results

The present study evaluated the reporting of cardiac ICSRs 
with ICIs using data from the EV database. Data reported 
in the EV database concerns suspected side effects that have 
been observed following the use of a medicine, but that are 
not necessarily related to or caused by the medicine. We 
found that the main suspected ICIs were nivolumab and 
pembrolizumab and, overall, the main cardiac events were 
myocarditis, cardiac failure, atrial fibrillation, pericardial 
effusion, and myocardial infarction. Ninety-nine percent of 
cardiac ADRs was classified as serious and 30.1% had a fatal 
outcome. Among ICIs, nivolumab reported a small increased 
reporting frequency of ICSRs with cardiac ADRs compared 
to all other ICIs.

In our study, more than 76% of all ICSRs (n = 1876) 
were related to nivolumab and pembrolizumab, while the 
remaining ICSRs reported as suspected other ICIs or their 
associations. In our opinion, the higher number of ICSRs 
reported with nivolumab and pembrolizumab might depend 
on their earlier marketing approval. Indeed, together with 
ipilimumab, which was the first authorized CTLA-4 inhibi-
tor, nivolumab and pembrolizumab were the first PD-Lis to 
be approved [9].

In the present analysis, the majority of ADRs with ICIs 
was reported in male patients with a median age of 69 years. 
For all ICIs, the main therapeutic indications were lung, gen-
itourinary, and skin cancers. These data are not surprising if 
we consider that ICIs are mainly indicated for the treatment 
of melanoma, renal cell carcinoma, bladder cancer, head and 
neck cancers, and lung cancers [10]. These conditions show 
higher prevalences in male adult patients. For instance, mel-
anoma incidence reaches a peak at the seventh and eighth 
decades of life and, after the age of 40 years, it affects more 
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men than women [11]. Similar trends and risk factors were 
observed for other cancers, including renal cell carcinoma 
[12] and lung cancers [13]. Last, the higher proportion of 
ADRs in male patients was previously found for all ICIs in 
a pharmacovigilance study that used data from the Italian 
spontaneous reporting system [14]. We also found that com-
binations of ipilimumab/pembrolizumab and atezolizumab/
pembrolizumab were commonly reported in patients with a 
median age of 34.5 years and 49 years, respectively. These 
combinations are increasingly used in patients with meta-
static melanoma, advanced renal cell carcinoma, and colo-
rectal and lung cancer owing to their effect in improving the 
response rates and median survival time [15].

Most of the cases were serious. Taking into account that 
ICIs are monoclonal antibodies, these results are not surpris-
ing. Monoclonal antibodies have longer terminal half-lives 
and consequently even a single dose of these drugs leads 
to prolonged systemic exposure that increases the risk of 
serious adverse events [16]. Moreover, in the evaluation of 
seriousness, we should also consider the reporting bias of 
serious ADRs due to mandatory reporting obligations by 
regulatory authorities and that healthcare professionals are 
more prone to report serious than non-serious ADRs.

Almost 30% of ICSRs reported ADRs with a fatal out-
come, while approximately 25% reported ADRs with a 
favorable outcome. It is well known that ICIs are able to 
induce many types of irADRs affecting the colon, liver, 
lungs, thyroid, skin, heart, and nervous system. Even though 
irADRs are usually manageable with corticosteroids or 
immune modulator agents, uncommon fatal events have 
been reported [17]. However, an important consideration 
that should be stated in regard to suspected adverse events 
retrieved from spontaneous reporting systems, with greater 
attention for those that are lethal, is that we cannot be sure of 
their causal relationship with a drug. Indeed, in the sponta-
neous reporting system are reported adverse events observed 
during a drug treatment but that are not obligatorily related 
to it. Therefore, their onset and severity could depend on 
other factors such as the frailty of the population, the nature 
of their underlying illness, or even to the specific reporting 
practices of those sending the ICSRs for this type of patient. 
In this study, the median duration of ICI therapy had a range 
of 22–43 days. In our opinion, many reasons could explain 
these data, including the withdrawal of the drug as an action 
taken after the occurrence of cardiac ADRs, the serious-
ness of some cancer diseases, such as lung cancer, which 
are associated with a high mortality rate in the short term, 
and last, the lack of a follow-up for ICSRs retrieved from 
the EV database.
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4.2  Cardiac Adverse Events

As previously reported, in our study, the main identified 
cardiac events were myocarditis, cardiac failure, atrial 
fibrillation, pericardial effusion, and myocardial infarction. 
Many hypotheses have been formulated with regard to the 
association between ICIs and cardiotoxicity. Indeed, Free-
man et al. reported that PD-L1 might regulate autoreactive 
lymphocytes playing a role in limiting activities of T cells 
in the heart, where PD-L1 is highly expressed [37]. It was 
also demonstrated that the disruption of the gene encoding 
for PD-1 in mice caused dilated cardiomyopathy [18]. In 
addition, hyperactivated CD4+/CD8+ T lymphocytes and 
macrophages could be microscopically found in the heart 
tissue of patients with ICI-related cardiac toxicity. One of 
the most likely explanations underlying the occurrence of 
this toxicity is the “shared antigen” hypothesis between the 
tumor and cardiac muscle, which could be related to mus-
cle-specific antigens, desmin and troponin, detected in the 
tumor. Thus, a response to cardiac antigens might contrib-
ute to heart failure through an autoantibody-independent 

mechanism [19]. Among patients treated with ICIs, up to 
60–80% experience at least one irADR and the incidence 
of cardiac irADRs has a range of 1.14–5%.

In line with literature data, in our study, myocarditis was 
the most commonly reported cardiac ADR. However, other 
signs and symptoms of cardiotoxicity could occur, including 
arrhythmias, atrial fibrillation, conduction disorders, pericar-
dial disease, and vasculitis [20]. All these ADRs were found 
to be possibly related to ICIs in our study too. In our study, 
the majority of cardiac events were reported for nivolumab, 
followed by pembrolizumab, ipilimumab, and atezolizumab. 
In terms of the distribution of cardiac ADRs by suspected 
ICIs, some differences were found. Indeed, in line with liter-
ature data suggesting that the combination ICI therapy (e.g., 
a CTLA-4 inhibitor combined with a PD-1 inhibitor) is the 
predominant risk factor for myocarditis and that pericardial 
diseases occur more frequently in patients receiving anti-
PD-1 or anti-PDL-1 antibodies than those treated with anti-
CTLA-4 [21], we found that almost 30% of cardiac ADRs 
related to the combination nivolumab/ipilimumab concerned 
cases of myocarditis, while ADRs affecting the pericardium 

Table 4  Cardiac adverse 
events reported for individual 
case safety reports with more 
immune checkpoint inhibitors 
as suspected drugs

Cardiac adverse event Nivolumab 
and ipili-
mumab

Nivolumab 
and pem-
brolizumab

Ipilimumab 
and pem-
brolizumab

Nivolumab 
and atezoli-
zumab

Atezoli-
zumab 
and 
pem-
broli-
zumab

Nivolumab, 
ipilimumab, 
and pembroli-
zumab

N % N % N % N % N % N %

Myocarditis 91 31.7 0 0.0 2 66.7 3 100.0 0 0.0 2 50.0
Cardiac failure 23 8.0 1 25.0 0 0.0 0 0.0 0 0.0 0 0.0
Atrial fibrillation 17 5.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Pericardial effusion 8 2.8 1 25.0 0 0.0 0 0.0 2 40.0 0 0.0
Myocardial infarction 12 4.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Tachycardia 13 4.5 1 25.0 0 0.0 0 0.0 0 0.0 0 0.0
Pericarditis 3 1.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Cardiac arrest 11 3.8 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Arrhythmia 9 3.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Cardiomyopathy 6 2.1 0 0.0 1 33.3 0 0.0 0 0.0 0 0.0
Acute myocardial infarction 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Cardiac disorder 6 2.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Autoimmune myocarditis 7 2.4 1 25.0 0 0.0 0 0.0 0 0.0 0 0.0
Atrioventricular block com-

plete
5 1.7 0 0.0 0 0.0 0 0.0 0 0.0 2 50.0

Palpitations 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Cardiac tamponade 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Cardiogenic shock 9 3.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Cardio-respiratory arrest 5 1.7 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Ventricular tachycardia 5 1.7 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Bradycardia 2 0.7 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Other cardiac events 53 18.5 0 0.0 0 0.0 0 0.0 3 60.0 0 0.0
Total 287 100.0 4 100.0 3 100.0 3 100.0 5 100.0 4 100.0
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were rarely reported with ipilimumab alone compared to 
other ICIs.

In terms of the disproportionality analysis, we observed 
a very small increased reporting of cardiac events with 
nivolumab (9% higher frequency of reporting ICSRs than 
the other ICI). This result may reflect the higher number/
proportion of ICSRs on nivolumab present in the database, 
considering also that nivolumab is approved for diverse can-
cer types and has been in use for a longer time compared to 
anti-PD-L1 ICIs. Among ICIs within the same drug class 
(anti-PD-1 or anti-PD-L1), no difference for the reporting 
frequency of cardiac ICSRs was found, while anti-CTLA-4 
had a lower reporting of cardiac ICSRs compared with anti-
PD-1 and anti-PD-L1.

On the contrary, literature data suggest that cardiac 
irADRs seem to be more common in patients treated with 
the CTLA-4 inhibitor compared with those receiving anti-
PD-1. The risk increases with combination therapy, leading 
to a discontinuation rate in up to 50% of treated patients 
[22]. It is important to highlight that we performed a dis-
proportionality analysis with RORs restricted to the ICI 
drug class for assessing the reporting frequency of cardiac 
ICSRs. It should be noted that this is an approach used in 
pharmacovigilance to assess the reporting frequency of 

ICSRs within a drug class [14, 23, 24]. However, this type 
of analysis is not useful to assess a class effect on toxicity 
but other studies with different methodologies are needed 
on this front.

However, in addition to studies describing cases of myo-
cardial fibrosis, pericarditis, and Takotsubo cardiomyopathy 
with ipilimumab [25–27], many clinical studies highlighted 
the occurrence of disparate cardiac ADRs during nivolumab 
and pembrolizumab treatments [28, 29]. Acute coronary 
syndrome, new‐onset heart failure, and chronic heart fail-
ure have been also reported [29–31]. Interestingly, we also 
observed an increased reporting of ICI-related myocardial 
infarction, which underlying pathophysiology is currently 
unknown. However, three possible mechanisms have been 
hypothesized. First, the activation of ICI-related inflamma-
tion may induce the disruption of atherosclerotic coronary 
plaques and lead to acute myocardial infarction. Second, 
ICIs may cause coronary spasm causing ST elevation, which 
may also be related to the systemic inflammation induced by 
ICIs. Third, ICIs may directly activate the T-cell-mediated 
coronary vasculitis in the absence of atherosclerosis [32]. 
Further studies are needed to support these interesting patho-
physiological hypotheses. Last, in our study, cardiovascular 
and metabolic agents (including calcium channel blockers, 

Fig. 1  Time to the event of 
individual case safety reports 
(ICSRs) with ipilimumab, 
nivolumab, and pembrolizumab. 
IQR interquartile range
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new oral anticoagulants, statins, beta-blockers, and loop 
diuretics) were reported in 2.3% and 21.4% of all ICSRs 
among suspected and concomitant drugs, respectively. As 
these drugs are used in patients with cardiovascular diseases, 
the role of pre-existing diseases affecting the cardiovascular 

system on the occurrence of cardiac ADRs could not be 
excluded. Indeed, a retrospective matched case-control study, 
evaluating 108 cases of ICI-related myocarditis and 108 con-
trols of ICI-related ADRs other than myocarditis obtained 
from VigiBase, found that drugs labeled as treatment for 
cardiovascular conditions were more strongly reported with 
ICI-related myocarditis than other ICI-related ADRs. In this 
study, compared to our result, a slightly increased percent-
age (27.8%) of drugs belonging to the ATC “Cardiovascular 
system” was found among cases of ICI-related myocarditis. 
This higher percentage may be related to the different study 
design and to the different sample size [33]. In addition, 
patients diagnosed with cancer are more likely to die from 
cardiovascular diseases. Given this possible association, a 
closer cooperation between cardiologists and oncologists is 
strongly recommended [34].

In our study, the median time to event had a range of 
22–36 days, suggesting the early occurrence of cardiotoxic-
ity. In line with our results, literature data reported that the 
time to event for ICI-induced cardiac ADRs ranges from 12 
days to 3 months [35].

5  Strengths and Limitations

A descriptive and statistical analysis has been carried out on 
data derived from the EV database. The spontaneous report-
ing system represents a useful and inexpensive tool for the 
collection and analysis of medicine safety data and for the 
better characterization of drug safety profiles. Indeed, using 
data from the spontaneous reporting system, specific ADRs, 
not detectable during the pre-marketing phase, including rare 
and serious ADRs, can be easily identified. Furthermore, the 
spontaneous reporting system involves ICSRs related to a 
frail population, which are usually excluded by the premar-
keting clinical trials. Therefore, through the EV database, we 
have analyzed a huge amount of ICSRs in which at least one 
ICI was reported as suspected. Furthermore, given the recent 
authorization of ICIs for the use in clinical practice and the 
consequent lack of data related to their safety profiles, we 
were able to provide information on the cardiotoxicity of 
these drugs that can be useful for oncologists.

However, the spontaneous reporting system carries some 
intrinsic limitations, such as the under-reporting and the 
poor quality of information listed in each ICSR. As we used 
EV data obtained from the EMA website (www. adrre ports. 
eu), we could only retrieve the information on the duration 
of therapy reported in days, the information on the number 
of ICSRs belonging to the SOC “cardiac disorders”, and 
the information on single ICIs, differently from other stud-
ies using a different data source [8, 36]. Therefore, we are 
aware that the real cardiac safety profile of ICIs cannot be 
fully established, but needs to be confirmed by the results 

Table 5  Cardiovascular and metabolic agents reported as other sus-
pected drugs in the individual case safety reports

ACE angiotensin-converting enzyme

Other suspected drugs Number Percentage

Calcium channel blockers 10 12.8
New oral anticoagulants 10 12.8
Statins 9 11.5
Beta-blockers 9 11.5
Loop diuretics 7 9.0
Class III anti-arrhythmic agents 5 6.4
Injectable anticoagulants 5 6.4
Antiplatelets 5 6.4
Angiotensin receptor blockers 4 5.1
Potassium-sparing diuretics 3 3.8
Biguanide 2 2.6
Class Ic anti-arrhythmic agents 1 1.3
ACE inhibitors 1 1.3
Dipeptidyl peptidase-4 inhibitors 1 1.3
Fibrates 1 1.3
Insulins 1 1.3
Thiazide diuretics/angiotensin receptor 

blockers
1 1.3

Thiazide diuretics/beta-blockers 1 1.3
Thiazide diuretics/ACE inhibitors 1 1.3
Beta-blockers/antiplatelets 1 1.3
Total 78 100.0

Table 6  Cardiovascular and metabolic agents reported as concomi-
tant drugs in the individual case safety reports

ACE angiotensin-converting enzyme

Concomitant drugs Number Percentage

Beta-blockers 172 12.9
Calcium channel blockers 145 10.9
Antiplatelet agents 142 10.7
Statins 139 10.5
Angiotensin receptor blockers 92 6.9
Loop diuretics 89 6.7
ACE inhibitors 81 6.1
Insulins 62 4.7
New oral anticoagulants 60 4.5
Other agents 348 26.2
Total 1330 100.0

http://www.adrreports.eu
http://www.adrreports.eu
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Fig. 2  Reporting odds ratio 
(ROR) of individual case safety 
reports with cardiac adverse 
events for each immune check-
point inhibitor (ICI) compared 
to all other ICIs. CI confidence 
interval

Fig. 3  Reporting odds ratio (ROR) of individual case safety reports 
with cardiac adverse events for each immune checkpoint inhibitor 
(ICI) compared to all other ICIs belonging to the same drug class. CI 

confidence interval, PD-1 programmed cell death protein 1, PD-L1 
programmed death-ligand 1

Fig. 4  Reporting odds ratio 
(ROR) of individual case safety 
reports with cardiac adverse 
events for anti-cytotoxic T-lym-
phocyte-associated antigen 4 
(CTLA-4) compared to anti-
programmed cell death protein 
1 (PD-1) and anti-programmed 
death-ligand 1 (PD-L1). CI 
confidence interval
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obtained from ad hoc studies. Furthermore, a limited number 
of ICSRs related to many ICIs and their combinations was 
found in the EV database. In addition, as we reported in 
our results, more than 20% of ICSRs reported concomitant 
medications, whose therapeutic indications were cardiovas-
cular diseases. Their role in the occurrence of cardiac ADRs 
should be taken into consideration when the results of this 
study are evaluated.

6  Conclusions

We carried out descriptive and statistical analyses of data 
from 2478 ICSRs (covering 3388 cardiac ADRs) related 
to ICIs and cardiac ADRs. The majority of these ICSRs 
reported nivolumab and pembrolizumab as suspected 
drugs. The median age of patients who experienced car-
diac ADRs was 69 years and most ICSRs referred to male 
patients. Cardiac ADRs were serious in more than 99% of 
cases and their outcome was fatal in 30.1% of cases. The 
most reported cardiac adverse events were myocarditis, 
cardiac failure, atrial fibrillation, pericardial effusion, and 
myocardial infarction. Applying the ROR, we found that 
nivolumab had a small increased reporting frequency of 
ICSRs with cardiac ADRs when compared to all other ICIs.

Immune checkpoint inhibitor-induced cardiac adverse 
effects are still underestimated. Given the seriousness of 
ICI-induced cardiac irADRs, routine clinical and laboratory 
assessments, such as repeat echocardiograms, cardiac bio-
markers, and cardiac magnetic resonance imaging in the initial 
and later phases of ICI therapy, are strongly recommended. 
To provide new guidelines for oncologists and cardiologists 
for the management of these effects, a better understanding of 
the toxicity profiles of ICIs is strongly needed. Furthermore, 
clinicians should pay attention to possible predisposing factors 
of cardiac ADRs, including already existing cardiovascular 
diseases. In conclusion, given the potential seriousness of ICI-
induced cardiac ADRs (in our study, almost 100% of ICSRs 
reported a serious ADR with a fatal outcome in 30% of cases) 
and considering the intrinsic limitations of our study as well 
as the recent marketing authorization of some ICIs, we believe 
that further high-quality clinical studies should be conducted 
on this topic to better estimate the impact of ICI therapy on 
cardiac safety in patients with cancer.
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