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A B S T R A C T

Backgrounds: Although myocarditis has been reported in patients treated with immune checkpoint inhibitors
(ICIs), there are few real-world studies to compare the occurrences and characteristics of myocarditis after
different ICI regimens.
Methods: Disproportionality analysis and Bayesian analysis were utilized for data mining of the suspected ad-
verse events of myocarditis after ICIs use based on the Food and Drug Administration's Adverse Event Reporting
System (FAERS) from January 2004 to June 2018. The times to onset and fatality rates of myocarditis following
different ICI regimens were also compared.
Results: A total of 315 reports of myocarditis adverse events were identified with ICIs. Among 6 ICI mono-
therapies, avelumab had the highest association with myocarditis based on the highest reporting odds ratio
(ROR=42.65, 95% two-sided CI= 15.86–114.72), proportional reporting ratio (PRR=42.61, χ2=159.63)
and empirical Bayes geometric mean (EBGM=41.87, 95% one-sided CI= 15.57). The combination therapies of
ipilimumab plus pembrolizumab or nivolumab had higher RORs, PRRs and EBGMs than did pembrolizumab or
nivolumab monotherapy. Myocarditis associated with the ipilimumab plus nivolumab treatment appeared to
have earlier onset (16.5 [IQR 14–29.75] days vs 32 [IQR 16–77] days, p<0.01) and higher fatality rate (65.75%
vs 50.40%, p<0.05) than that associated with nivolumab monotherapy.
Conclusions: Analysis of FAERS data provides more precise profile on the occurrences and characteristics of
myocarditis after different ICI regimens. The findings support continued surveillance, risk factor identification,
and comparative studies.

1. Introduction

Immune checkpoint inhibitors (ICIs) have transformed the land-
scape of cancer management [1]. To date, the US Food and Drug Ad-
ministration (FDA) has approved 6 ICIs for cancer therapy, including 1
cytotoxic T-lymphocyte antigen 4 (CTLA-4) inhibitor, ipilimumab; 2
programmed cell death protein 1 (PD-1) inhibitors, pembrolizumab and
nivolumab; and 3 programmed cell death 1 ligand 1 (PD-L1) inhibitors,
atezolizumab, avelumab and durvalumab (Table 1). By releasing the
restrained antitumour immune responses, ICIs have demonstrated sig-
nificant efficacy against a wide spectrum of cancers [2–5]. Moreover,
combination therapy of ipilimumab plus nivolumab has also been ap-
proved for several cancers with further reduction in mortality [6–8].
Clinical trials on novel ICIs and ICI combinations are still under way
[9,10].

Despite favourable benefits, the use of ICIs is also accompanied by a
unique spectrum of side effects, referred to as immune-related adverse
events (irAEs), which occur due to inflammatory reactions against
normal tissues. Common irAEs include dermatitis, endocrinopathies,
colitis, hepatitis, and pneumonitis [11]. Recently, cases of myocarditis
have been reported in cancer patients treated with ICIs [12–14]. Al-
though recognized as an uncommon adverse reaction, ICI-related
myocarditis may result in poor outcomes, especially when these agents
are used in combination [15,16].

Although there is increasing evidence indicating that ICIs carry a
potential risk of myocarditis, most evidence comes from case reports
[12–16] or clinical trials [17,18], which is insufficient to provide an
overview of the risk of rare adverse events such as myocarditis. Phar-
macovigilance studies about this issue are still scarce and mainly focus
on toxicities between generations of ICIs or their combination [19,20].
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Little is known about the accurate safety profile of myocarditis after
each ICI regimen in clinical practice. Herein, we aimed to evaluate and
compare links between various ICI regimens and myocarditis in a large
real-world patient population by analysing adverse events in the FDA's
Adverse Event Reporting System (FAERS) until recently. In addition, we
further investigated the times to onset and fatality rates for myocarditis
after the administration of different ICI regimens.

2. Material and methods

2.1. Data source

We performed a retrospective pharmacovigilance study using data
from the FAERS database covering the period from January 2004 to
June 2018. The FAERS is a public voluntary spontaneous reporting
database that provides information on adverse event and medication
error reports submitted by health professionals, consumers, and man-
ufacturers not only domestically but also from other countries. FAERS
data files contain demographic and administrative information
(DEMO), drug information (DRUG), the Medical Dictionary for
Regulatory Activities (MedDRA) preferred terms (PTs) coded for the
adverse event (REAC), patient outcomes (OUTC), report sources
(RPSR), therapy start dates and end dates for reported drugs (THER),
and indications for use (INDI).

In total, 9,354,226 reports were retrieved from the FAERS database.
A deduplication procedure was performed according to the FDA's re-
commendations, selecting the latest FDA_DT when the CASEIDs were
the same and selecting the higher PRIMARYID when the CASEID and
FDA_DT were the same, resulting in a reduction in the number of re-
ports to 9,352,387.

2.2. Adverse event and drug identification

Adverse events were investigated using the MedDRA term “myo-
carditis” in the REAC files. The drugs in the FAERS database can be
input arbitrarily; therefore, the MICROMEDEX® (Index Nominum) was
utilized as a dictionary for the ICIs (Table 1).

2.3. Data mining

Based on the disproportionality analysis and Bayesian analysis, we
used the reporting odds ratio (ROR), the proportional reporting ratio
(PRR), the Bayesian confidence propagation neural network (BCPNN)
and the multi-item gamma Poisson shrinker (MGPS) algorithms to
identify an association between a drug and an adverse event.

The equations and criteria for the four algorithms [21–26] are
shown in Table 2. In this study, adverse events were extracted when at
least 1 of 4 indices met the criteria.

The associations between myocarditis and different ICI regimens
(monotherapies and combination therapies) were compared.
Monotherapy here was defined as a specific ICI used alone which meant
this specific ICI was “primary suspect” in ROLE_COD field of DRUG files

and with no other ICI in the same report as “second suspect”, “con-
comitant” or “interacting”. Combination therapy here was defined as
concurrent administration of CTLA-4 inhibitor and PD-1 or PD-L1 in-
hibitors which meant a specific ICI was “primary suspect”, and another
ICI was “second suspect”, “concomitant” or “interacting”. The time to
onset of myocarditis was evaluated for each ICI regimen. It was defined
as the interval between the EVENT_DT (adverse event onset date) and
the START_DT (start date of ICIs use). However, reports with input error
(EVENT_DT earlier than START_DT) or inaccurate date entry were ex-
cluded. In addition, reports with fatal events attributed to drug toxicity
were counted, and the fatality rate was calculated as the number of fatal
events divided by the total number of events of myocarditis associated
with each ICI regimen.

2.4. Statistical analysis

Descriptive analysis was used to summarize the clinical character-
istics of the patients with ICI-associated myocarditis collected from the
FAERS database. The times to onset of ICI-associated myocarditis be-
tween different ICI regimens were compared using non-parametric tests
(the Mann-Whitney test for dichotomous variables and the Kruskal-
Wallis test when there were more than two subgroups of respondents)
because the data were not normally distributed. Fatality rates were
compared between different ICI regimens using Pearson's chi-square
test or Fisher exact test. The statistical significance was determined at
p < 0.05 with 95% confidence intervals. Data mining and all statistical
analyses were performed with SAS, version 9.4 (SAS Institute Inc., Cary,
NC, USA).

3. Results

3.1. Descriptive analysis

Overall, 43,147 adverse events related to ICIs and 4007 reports
related to myocarditis were documented in the FAERS database be-
tween January 2004 and June 2018. Among them, ICI therapy was
identified as the suspected drug causing myocarditis in 315 reports, and
the clinical characteristics of these patients are presented in Table 3.
The highest number of myocarditis reports was for nivolumab mono-
therapy (n= 125), followed by ipilimumab plus nivolumab combina-
tion therapy (n= 73). Myocarditis adverse events were most commonly
reported in patients with lung cancer (33.33%). The patients affected
were more often males than females (58.41% vs 31.11%). The majority

Table 1
Summary of FDA-approved ICIs.

Generic name Brand name Target Approval year

Ipilimumab Yervoy CTLA-4 2011
Pembrolizumab Keytruda PD-1 2014
Nivolumab Opdivo PD-1 2014
Atezolizumab Tecentriq PD-L1 2016
Avelumab Bavencio PD-L1 2017
Durvalumab Imfinzi PD-L1 2017

Abbreviations: FDA: Food and Drug Administration; ICIs: immune checkpoint
inhibitors; CTLA-4: cytotoxic T lymphocyte-associated antigen 4; PD-1: pro-
grammed cell death protein 1; PD-L1: programmed cell death ligand 1.

Table 2
Summary of major algorithms used for signal detection.

Algorithms Equation Criteria

ROR ROR=ad/c/b
95% CI= eln(ROR)±1.96(1/a+1/b+1/c+1/d)^0.5

95% CI > 1,
N≥ 2

PRR PRR= a(c+ d)/c/(a+ b)
χ2= [(ad−bc)^2](a+b+ c+d)/[(a+ b)
(c+ d)(a+ c)(b+d)]

PRR≥ 2, χ2≥ 4,
N≥ 3

BCPNN IC= log2a(a+b+ c+d)(a+ c)(a+ b)
95% CI= eln(IC)± 1.96(1/a+1/b+1/c+1/d)^0.5

IC025 > 0

MGPS EBGM=a(a+ b+c+d)/(a+ c)/(a+b)
95% CI= eln(EBGM)±1.96(1/a+1/b+1/c+1/d)^0.5

EBGM05 > 2,
N > 0

Abbreviations: a: the number of reports with suspect adverse drug event (ADE)
of the suspect drug; b: the number of reports with the suspect ADE of all other
drugs; c: the number of reports with all other ADEs of the suspect drug; d: the
number of reports with all other ADEs of all other drugs; ROR: reporting odds
ratio; CI: confidence interval; N: the number of co-occurrences; PRR: propor-
tional reporting ratio; χ2: chi-squared; BCPNN: Bayesian confidence propaga-
tion neural network; IC: information component; IC025: the lower limit of the
95% two-sided CI of the IC; MGPS: multi-item gamma Poisson shrinker; EBGM:
empirical Bayesian geometric mean; EBGM05: the lower 95% one-sided CI of
EBGM.
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of patients were ≥65 years (51.11%), with an average age of
66.26 ± 12.86 years for males and 64.69 ± 12.79 years for females.
Most of the cases were from Europe (40.63%) and the Americas
(40.32%) and were mainly submitted by health-care professionals
(79.37%). The number of ICI-related myocarditis reports increased
from 2012 to 2018.

3.2. Disproportionality analysis and Bayesian analysis

Overall, based on the criteria for the 4 algorithms, myocarditis
signals were detected for all 6 ICI monotherapies and 2 ICI combination
therapies. The results are listed in Table 4. Among all ICI mono-
therapies, the association with myocarditis was noteworthy for ave-
lumab because it had the highest ROR, PRR and EBGM, while ipili-
mumab appeared to have the relatively weaker associations with
myocarditis than others. Among the combinations of dual ICIs, the re-
gimens of ipilimumab plus pembrolizumab or nivolumab were found to

have stronger associations with myocarditis than did pembrolizumab or
nivolumab alone based on higher RORs, PRRs and EBGMs. No cases
were reported for other combination therapies of anti-CTLA-4 plus
anti–PD-1/PD-L1.

3.3. Time to onset of ICI-associated myocarditis

Generally, the median time to event onset of ICI-related myocarditis
was 23 (inter-quartile range [IQR] 14–55) days. The times to onset
following each ICI regimen are shown in Fig. 1. Interestingly, it can be
seen from the data that the adverse event of myocarditis occurred as
soon as after the first dose of several ICI monotherapies, including
pembrolizumab, nivolumab and atezolizumab, with median times to
onset of 22 (IQR 10.25–64) days, 32 (IQR 16–77) days, and 28 (IQR
8–89) days, respectively. There were no significant differences in the
times to onset among these monotherapies (p=0.215). However, pa-
tients treated with a combination of ipilimumab and nivolumab ap-
peared to have earlier onset of myocarditis compared with that in those
receiving nivolumab alone (16.5 [IQR 14–29.75] vs 32 [IQR 16–77],
p=0.005). Because there was only one report of myocarditis following
the ipilimumab plus pembrolizumab treatment available for the cal-
culation of the time to onset, a comparison with pembrolizumab
monotherapy could not be made.

3.4. Fatality due to ICI-associated myocarditis

To determine the prognosis of myocarditis after ICIs use, we as-
sessed the rates of fatality due to myocarditis adverse events following
various ICI regimens, and the results are shown in Fig. 2. It was ob-
served that myocarditis generally portended poor outcomes with ap-
proximately half of cases (51.11%) resulting in death. Among the
monotherapies, nivolumab appeared to present the relatively high risk
of death, with 63 (50.40%) deaths among 125 cases, while atezoli-
zumab appeared to have the relatively low risk of death, with 4
(22.22%) deaths among 18 cases. Fatal events also occurred in 3
(75.00%) of 4 patients with avelumab and 2 (66.67%) of 3 patients with
durvalumab, although the number of reports were not enough to draw a
conclusion. Based on the collected data, there was no significant dif-
ference in fatality rates across different ICI monotherapies (Fisher exact
test for overall comparison between ipilimumab, pembrolizumab, ni-
volumab, atezolizumab, avelumab and durvalumab, p=0.184).
Among the combination therapies, more deaths occurred in myocarditis
cases with ipilimumab plus nivolumab combination than with nivo-
lumab monotherapy (65.75% vs 50.40%, p=0.036). As for the com-
bination of ipilimumab plus pembrolizumab, there were only 4 myo-
carditis cases and no fatal event, while death occurred in 30 (43.48%)
of 69 patients with pembrolizumab used alone.

4. Discussion

To the best of our knowledge, this is the first study to describe
differences in the associations, timing and prognosis of myocarditis
following the use of various ICI regimens in the real-world practice
based on the FAERS pharmacovigilance database, and it is the largest
collection of such cases to date. The study showed that all of the 6
studied ICIs were associated with adverse event of myocarditis, how-
ever, there were distinctions across regimens.

Ipilimumab, as the first FDA approved ICI in 2011, demonstrate a
survival benefit in patients with metastatic melanoma. It presented
uncommon cardiac adverse events in the early clinical trials, but no-
table cardiovascular toxicities, including fatal myocarditis, were re-
ported post-marketing [12,19]. Then, pembrolizumab and nivolumab
were approved for the treatment of metastatic melanoma in 2014. In
both clinical trials and post-marketing surveillance, myocarditis asso-
ciated with these two PD-1 inhibitors was noted as an adverse drug
reaction [18,27,28]. Cases of myocarditis were also found in patients

Table 3
Clinical characteristics of patients with ICI-associated myocarditis collected
from the FAERS database (January 2004 to June 2018).

Characteristics Reports, no. (%)

Reporting region
Europe 128 (40.63)
Americas 127 (40.32)
Asia 45 (14.29)
Australia 14 (4.44)
Africa 1 (0.32)

Reporters
Health-care professional 250 (79.37)
Non-health-care professional 65 (20.63)

Reporting year
2018 132 (41.90)
2017 109 (34.60)
2016 60 (19.05)
2015 11 (3.49)
2013 2 (0.63)
2012 1 (0.32)

Patient sex
Male 184 (58.41)
Female 98 (31.11)
Unknown or missing 33 (10.48)

Patient age group (years)
< 18 0 (0.00)
18–44 18 (5.71)
45–64 70 (22.22)
65–74 101 (32.06)
>75 60 (19.05)
Unknown or missing 66 (20.95)

ICI drug as suspected drug
Monotherapy

Ipilimumab 19 (6.03)
Pembrolizumab 69 (21.90)
Nivolumab 125 (39.68)
Atezolizumab 18 (5.71)
Avelumab 4 (1.27)
Durvalumab 3 (0.95)

Combination therapy
Ipilimumab plus nivolumab 73 (23.17)
Ipilimumab plus pembrolizumab 4 (1.27)

Indications
Tumours of the lung, pleura, thymus and heart 115 (36.51)
Skin tumours 94 (29.84)
Unspecified malignant neoplasm 40 (12.70)
Tumours of the urinary system and male genital organs 38 (12.06)
Tumours of the digestive system 17 (5.40)
Tumours of haematopoietic and lymphoid tissues 5 (1.59)
Tumours of the central nervous system 3 (0.95)
Head and neck tumours 1 (0.32)
Tumours of endocrine organs 1 (0.32)
Tumours of female reproductive organs 1 (0.32)

Abbreviations: ICI: immune checkpoint inhibitor; FAERS: Food and Drug
Administration's Adverse Event Reporting System.
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Table 4
Associations of different ICI regimens with myocarditis.

ICI regimens N ROR PRR IC EBGM

(95% two-sided CI) (χ2) (95% two-sided CI) (95% one-sided CI)

Monotherapy
Ipilimumab 19 5.35

(3.41, 8.4)
5.33
(66.7)

52.4
(33.37, 82.28)

5.32
(3.39)

Pembrolizumab 69 17.39
(13.69, 22.08)

17.11
(1039.74)

54.44
(42.88, 69.13)

16.99
(13.38)

Nivolumab 125 16.04
(13.42, 19.18)

15.57
(1696.81)

56.29
(47.08, 67.31)

15.48
(12.94)

Atezolizumab 18 15.19
(9.54, 24.16)

15.12
(235.93)

50.74
(31.89, 80.75)

15.03
(9.45)

Avelumab 4 42.65
(15.86, 114.72)

42.61
(159.63)

44.93
(16.7, 120.83)

41.87
(15.57)

Durvalumab 3 20.72
(6.65, 64.6)

20.71
(55.77)

45.12
(14.47, 140.67)

20.53
(6.59)

Combination therapy
Ipilimumab plus pembrolizumab 4 47.9

(17.79, 128.98)
47.86
(179.83)

44.76
(16.62, 120.52)

46.91
(17.42)

Ipilimumab plus nivolumab 73 36.85
(29.18, 46.53)

36.2
(2461.53)

53.54
(42.4, 67.6)

35.66
(28.24)

Abbreviations: ICI: immune checkpoint inhibitor; N: the number of reports of ICI-associated myocarditis; ROR: reporting odds ratio; CI: confidence interval; PRR:
proportional reporting ratio; χ2: chi-squared; IC: information component; EBGM: empirical Bayes geometric mean.

Fig. 1. Time to event onset of myocarditis following different ICI regimens. ICI indicates immune checkpoint inhibitor.

Fig. 2. Number of reports and fatality rates for ICI-associated myocarditis. N indicates the number of reports of ICI-associated myocarditis; ICI indicates immune
checkpoint inhibitor.
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treated with other ICIs, such as avelumab [29], atezolizumab [30] and
durvalumab [31]. As the combination of CTLA-4 and PD-1/PD-L1 in-
hibitors manifested further clinical benefits, dual ICIs given in a con-
current regimen were applied for the treatment of many cancers. After
Johnson et al.'s report about fulminant myocarditis associated with this
2-drug regimen [15], the risk of severe myocarditis induced by ICI
combination therapy has attracted a great deal of attention. However,
the assessment and characterization of ICI-associated myocarditis is
quite challenging because of its low incidence and various manifesta-
tions. Hence, it is important to recognize the associations of particular
ICI regimens with myocarditis as well as the clinical features, and to
develop awareness of the possibility of this adverse event among on-
cologists, cardiologists, emergency department physicians, pharmacists
and other specialists.

Although clinical trials are mandatory to establish efficacy for novel
drugs, there are limitations on the ability to draw definitive conclusions
about drug safety due to the strict study entry criteria, relatively small
sample sizes, finite scope and time frame. Nevertheless, spontaneous
reporting systems (SRSs) can serve as a primary source of post-mar-
keting data and play an important role in the detection of safety issues,
including ICI-related irAEs [32,33]. According to our study based on
the FAERS, a substantial increase in reporting incidence over time,
especially in the first half of 2018. It is speculated that this may due to
rapid expanding of varieties and indications of ICIs as well as heigh-
tened recognition of this new clinical entity [20]. ICI-associated myo-
carditis seemed to predominately affect men (58.41%), which con-
firmed the findings of Salem et al. who also found such adverse events
occurred mainly in men (67%) based on the data from VigiBase [34].
However, it should be noted that there were inadequate inclusion of
women in both clinical trials and clinical practice for ICI treatment
because of higher risk of autoimmune diseases that women carry
[35,36]. Therefore, further research is required to provide evidence of
the true incidence of ICI-associated myocarditis among men and
women. The current study also indicated that ICI-related myocarditis
was mainly detected in elderly patients (51.11% ≥65 years vs
27.94%<65 years), which has similarity with conclusions of the
multicentre observational study by Mahmood et al. [37]. As is known,
advancing age is an important risk factor for cancer [38]. Data from the
Surveillance, Epidemiology, and End Results Program 2012–2016 re-
veals that the median age at diagnosis across all cancer types is
66 years, with> 50% of new cancer cases being diagnosed in patients
65 years or older [39]. However, evidence of the safety of ICI treatment
in elderly adults is still limited because of inadequate enrolment in
clinical trials. Most immunotherapy clinical trials included approxi-
mately 20%–40% patients above the age of 65 years [40]. While, the
wide use of ICIs in cancer patients over 65 years in the real-world set-
ting has been observed in several recent retrospective studies [41,42].
Unfortunately, it is difficult to control such confounding factor as age in
this study because of the limitation of FAERS database. Further research
is needed to explore the link between advanced age and incidence of
ICI-related myocarditis. Even so, our results suggested that more at-
tention should be paid to elderly patients, which is also emphasized in
the 2017 Chinese Lung Cancer Summit expert panel [43].

Using pharmacovigilance analysis, all ICIs were found to be asso-
ciated with myocarditis, and therefore this appears to be a class effect.
Surprisingly, avelumab seems to have the strongest association with
myocarditis among all ICI monotherapies, which has not been reported
previously. Regarding the increased risk of myocarditis caused by ICI
combinations, there are contrasting reports on the incidence rates.
According to the study by Sznol et al., no occurrence of myocarditis was
identified after a pooled analysis of 448 patients administered the
combination therapy of ipilimumab plus nivolumab [44]. Conversely,
Johnson et al. proposed that patients who received combined ipili-
mumab and nivolumab therapy developed myocarditis more frequently
than those who received nivolumab alone (0.27% vs. 0.06%;
p < 0.001) [15]. Another cohort study of 964 patients from a

multicentre registry showed that the prevalence of myocarditis was
1.3% in patients receiving pembrolizumab alone and 0.6% in patients
receiving nivolumab alone and that the prevalence increased to 2.4% in
patients receiving anti-CTLA4/anti-PD1combined therapy [37]. In the
current study, when nivolumab or pembrolizumab was administered
concurrently with ipilimumab, stronger associations with myocarditis
were found than those with nivolumab or pembrolizumab treatment.
Although the true incidence rates need to be further investigated by a
well-designed clinical trial of different ICI regimens, current results
indicated a higher risk of myocarditis reporting with the use of com-
bined regimens.

Another important finding was that the median time to the onset of
myocarditis was 23 (IQR 14–55) days after the initiation of ICI treat-
ment, which was earlier than the time to onset of 34 (IQR 21–75) days
reported in a cohort study by Mahmood et al. [37]. According to the
reports collected in this study, myocarditis could occur as soon as after
the first dose for pembrolizumab, nivolumab and atezolizumab mono-
therapy. Besides, the nivolumab plus ipilimumab regimen was found to
result in an earlier occurrence of myocarditis than did nivolumab alone.
This finding is consistent with those of Johnson et al., who found the
median onset time of the nivolumab plus ipilimumab regimen was 17
(range 13–67) days. However, it is difficult to determine the median
time to onset of myocarditis after the initiation of ipilimumab plus
pembrolizumab combination therapy due to quite limited report
available for time calculation in the FAERS database, and that may be
partly because this combined therapy has not been approved by the
FDA for wide application and is still in the clinical trial stage [9,10].
Further surveillance about new ICI regimens is needed.

To further investigate differences in the severity of myocarditis as-
sociated with ICIs, the rates of fatality due to myocarditis following
various ICI regimens were assessed and compared. It was observed that
myocarditis generally portended poor outcomes with approximately
half of cases (51.11%) resulting in death. With respect to monotherapy,
nivolumab appeared to present the relatively high fatality rate
(50.40%), while atezolizumab appeared to have the relatively low
fatality rate (22.22%). The risk of fatality was higher in patients who
developed myocarditis after receiving ipilimumab plus nivolumab
combination therapy than in those who received nivolumab mono-
therapy (65.75% vs 50.40%, p=0.036), which is in line with the re-
sults of previously published case series that also reported more fre-
quent death due to myocarditis associated with 2-ICI regimen
[15,37,45]. Based on the study by Salem et al., ICI combination therapy
was the only fatality-related risk factor for ICI-associated myocarditis
[34]. However, it is difficult to accurately determine the risk of death
due to the use of avelumab or durvalumab monotherapy as well as the
ipilimumab plus pembrolizumab combination therapy, because only 3
or 4 available reports were collected for each regimen, and the con-
tinued surveillance is needed.

As the application of immune therapies continues to rise in on-
cology, it is necessary for practising clinicians to be vigilant for ICI-
associated myocarditis and the different characteristics of that myo-
carditis across ICI regimens. Early screening is encouraged to be applied
to patients with risk factors, at least when the use of combination
therapy is intended [19]. The present findings need to be considered in
clinical decisions on ICI treatment and in further clinical trials re-
garding various ICI regimens.

Although the data mining techniques used in this study have many
advantages, it should be noted that this method cannot solve all the
problems with the detection and analysis of adverse drug reaction
signals based on spontaneous reporting systems. Therefore, un-
avoidably, this study has certain limitations. First, data mining tech-
nology cannot remedy the inherent limitations of SRSs, such as un-
derreporting, false reporting, incomplete reporting, inaccuracy and
arbitrariness, all of which might result in reporting bias. Second, SRSs
are only used in qualitative research and cannot quantify the adverse
reaction signals of myocarditis based on the total number of adverse
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reactions and cannot calculate the incidence of ICI-associated myo-
carditis. Due to a lack of information in the FAERS database, it is dif-
ficult to control for confounding factors such as age, indication for drug
use, pre-existing cardiovascular diseases, comorbidities or other factors
that might have an impact on the myocarditis risk. Third, although data
mining techniques can provide a profile of ICI-associated myocarditis
through signal detection, it in itself is generally insufficient to prove a
causal relationship. While pharmacovigilance studies using the FAERS
database have limitations, as mentioned above, they are able to identify
signals between ICI regimens and myocarditis, which provides clues for
further well-organized clinical studies with respect to ICI-associated
myocarditis.

5. Conclusions

Our analysis of the FAERS database identified signals for myo-
carditis associated with various ICI regimens in real-world practice. The
clearest finding to emerge from this study is that avelumab was note-
worthy for its relatively stronger association with myocarditis than
other ICI monotherapies, while combined ICI regimens presented
stronger associations with myocarditis than did monotherapies.
Moreover, myocarditis associated with the ipilimumab plus nivolumab
treatment appeared to have earlier onset and higher fatality rate than
those associated with nivolumab monotherapy. Further pharmacoepi-
demiological studies are required to test the hypotheses generated by
this study. Our findings provide a foundation for continued surveillance
and investigation into this matter.

Authors' contributions

QF designed the research, analyzed and interpreted data, plotted
figures, and wrote the manuscript draft. YH participated in the inter-
pretation of data and writing of the manuscript draft. CY participated in
the study design and collected data. BZ designed and directed the re-
search, and corrected the manuscript.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Data accessibility statement

All data have been presented in the tables and figures. Other related
information is available under request to the corresponding author.

Declaration of competing interest

The authors declare that they have no competing interests.

References

[1] J. Heymach, L. Krilov, A. Alberg, N. Baxter, S.M. Chang, R.B. Corcoran, W. Dale,
A. DeMichele, C.S. Magid Diefenbach, R. Dreicer, A.S. Epstein, M.L. Gillison,
D.L. Graham, J. Jones, A.H. Ko, A.M. Lopez, R.G. Maki, C. Rodriguez-Galindo,
R.L. Schilsky, M. Sznol, S.N. Westin, H. Burstein, Clinical cancer advances 2018:
annual report on progress against cancer from the American Society of Clinical
Oncology, J. Clin. Oncol. 36 (10) (2018) 1020–1044.

[2] S.L. Topalian, F.S. Hodi, J.R. Brahmer, S.N. Gettinger, D.C. Smith, D.F. McDermott,
J.D. Powderly, R.D. Carvajal, J.A. Sosman, M.B. Atkins, P.D. Leming, D.R. Spigel,
S.J. Antonia, L. Horn, C.G. Drake, D.M. Pardoll, L. Chen, W.H. Sharfman,
R.A. Anders, J.M. Taube, T.L. McMiller, H. Xu, A.J. Korman, M. Jure-Kunkel,
S. Agrawal, D. McDonald, G.D. Kollia, A. Gupta, J.M. Wigginton, M. Sznol, Safety,
activity, and immune correlates of anti-PD-1 antibody in cancer, N. Engl. J. Med.
366 (26) (2012) 2443–2454.

[3] T. Powles, J.P. Eder, G.D. Fine, F.S. Braiteh, Y. Loriot, C. Cruz, J. Bellmunt,
H.A. Burris, D.P. Petrylak, S.L. Teng, X. Shen, Z. Boyd, P.S. Hegde, D.S. Chen,
N.J. Vogelzang, MPDL3280A (anti-PD-L1) treatment leads to clinical activity in
metastatic bladder cancer, Nature 515 (7528) (2014) 558–562.

[4] T. Jelinek, J. Mihalyova, M. Kascak, J. Duras, R. Hajek, PD-1/PD-L1 inhibitors in

haematological malignancies: update 2017, Immunology 152 (3) (2017) 357–371.
[5] H.I. Assi, A.O. Kamphorst, N.M. Moukalled, S.S. Ramalingam, Immune checkpoint

inhibitors in advanced non-small cell lung cancer, Cancer 124 (2) (2018) 248–261.
[6] J.D. Wolchok, V. Chiarion-Sileni, R. Gonzalez, P. Rutkowski, J.J. Grob, C.L. Cowey,

C.D. Lao, J. Wagstaff, D. Schadendorf, P.F. Ferrucci, M. Smylie, R. Dummer, A. Hill,
D. Hogg, J. Haanen, M.S. Carlino, O. Bechter, M. Maio, I. Marquez-Rodas,
M. Guidoboni, G. McArthur, C. Lebbe, P.A. Ascierto, G.V. Long, J. Cebon,
J. Sosman, M.A. Postow, M.K. Callahan, D. Walker, L. Rollin, R. Bhore, F.S. Hodi,
J. Larkin, Overall survival with combined nivolumab and ipilimumab in advanced
melanoma, N. Engl. J. Med. 377 (14) (2017) 1345–1356.

[7] M.D. Hellmann, N.A. Rizvi, J.W. Goldman, S.N. Gettinger, H. Borghaei,
J.R. Brahmer, N.E. Ready, D.E. Gerber, L.Q. Chow, R.A. Juergens, F.A. Shepherd,
S.A. Laurie, W.J. Geese, S. Agrawal, T.C. Young, X. Li, S.J. Antonia, Nivolumab plus
ipilimumab as first-line treatment for advanced non-small-cell lung cancer
(CheckMate 012): results of an open-label, phase 1, multicohort study, Lancet
Oncol. 18 (1) (2017) 31–41.

[8] R.J. Motzer, N.M. Tannir, D.F. McDermott, O. Aren Frontera, B. Melichar,
T.K. Choueiri, E.R. Plimack, P. Barthelemy, C. Porta, S. George, T. Powles,
F. Donskov, V. Neiman, C.K. Kollmannsberger, P. Salman, H. Gurney, R. Hawkins,
A. Ravaud, M.O. Grimm, S. Bracarda, C.H. Barrios, Y. Tomita, D. Castellano,
B.I. Rini, A.C. Chen, S. Mekan, M.B. McHenry, M. Wind-Rotolo, J. Doan, P. Sharma,
H.J. Hammers, B. Escudier, I. CheckMate, Nivolumab plus ipilimumab versus su-
nitinib in advanced renal-cell carcinoma, N. Engl. J. Med. 378 (14) (2018)
1277–1290.

[9] G.V. Long, V. Atkinson, J.S. Cebon, M.B. Jameson, B.M. Fitzharris, C.M. McNeil,
A.G. Hill, A. Ribas, M.B. Atkins, J.A. Thompson, W.J. Hwu, F.S. Hodi, A.M. Menzies,
A.D. Guminski, R. Kefford, B.Y. Kong, B. Tamjid, A. Srivastava, A.J. Lomax,
M. Islam, X. Shu, S. Ebbinghaus, N. Ibrahim, M.S. Carlino, Standard-dose pem-
brolizumab in combination with reduced-dose ipilimumab for patients with ad-
vanced melanoma (KEYNOTE-029): an open-label, phase 1b trial, Lancet Oncol. 18
(9) (2017) 1202–1210.

[10] M.B. Atkins, F.S. Hodi, J.A. Thompson, D.F. McDermott, W.J. Hwu, D.P. Lawrence,
N.A. Dawson, D.J. Wong, S. Bhatia, M. James, L. Jain, S. Robey, X. Shu, B. Homet
Moreno, R.F. Perini, T.K. Choueiri, A. Ribas, Pembrolizumab plus pegylated inter-
feron alfa-2b or ipilimumab for advanced melanoma or renal cell carcinoma: dose-
finding results from the phase Ib KEYNOTE-029 study, Clin. Cancer Res. 24 (8)
(2018) 1805–1815.

[11] J.S. Weber, K.C. Kahler, A. Hauschild, Management of immune-related adverse
events and kinetics of response with ipilimumab, J. Clin. Oncol. 30 (21) (2012)
2691–2697.

[12] L. Heinzerling, P.A. Ott, F.S. Hodi, A.N. Husain, A. Tajmir-Riahi, H. Tawbi,
M. Pauschinger, T.F. Gajewski, E.J. Lipson, J.J. Luke, Cardiotoxicity associated with
CTLA4 and PD1 blocking immunotherapy, J. Immunother. Cancer 4 (2016) 50.

[13] H. Semper, F. Muehlberg, J. Schulz-Menger, M. Allewelt, C. Grohe, Drug-induced
myocarditis after nivolumab treatment in a patient with PDL1-negative squamous
cell carcinoma of the lung, Lung Cancer 99 (2016) 117–119.

[14] N. Martinez-Calle, P. Rodriguez-Otero, S. Villar, L. Mejias, I. Melero, F. Prosper,
P. Marinello, B. Paiva, M. Idoate, J. San-Miguel, Anti-PD1 associated fulminant
myocarditis after a single pembrolizumab dose: the role of occult pre-existing au-
toimmunity, Haematologica 103 (7) (2018) e318–e321.

[15] D.B. Johnson, J.M. Balko, M.L. Compton, S. Chalkias, J. Gorham, Y. Xu, M. Hicks,
I. Puzanov, M.R. Alexander, T.L. Bloomer, J.R. Becker, D.A. Slosky, E.J. Phillips,
M.A. Pilkinton, L. Craig-Owens, N. Kola, G. Plautz, D.S. Reshef, J.S. Deutsch,
R.P. Deering, B.A. Olenchock, A.H. Lichtman, D.M. Roden, C.E. Seidman,
I.J. Koralnik, J.G. Seidman, R.D. Hoffman, J.M. Taube, L.A. Diaz Jr., R.A. Anders,
J.A. Sosman, J.J. Moslehi, Fulminant myocarditis with combination immune
checkpoint blockade, N. Engl. J. Med. 375 (18) (2016) 1749–1755.

[16] A. Mehta, A. Gupta, F. Hannallah, T. Koshy, S. Reimold, Myocarditis as an immune-
related adverse event with ipilimumab/nivolumab combination therapy for meta-
static melanoma, Melanoma Res. 26 (3) (2016) 319–320.

[17] A.M. Eggermont, V. Chiarion-Sileni, J.J. Grob, R. Dummer, J.D. Wolchok,
H. Schmidt, O. Hamid, C. Robert, P.A. Ascierto, J.M. Richards, C. Lebbe,
V. Ferraresi, M. Smylie, J.S. Weber, M. Maio, C. Konto, A. Hoos, V. de Pril,
R.K. Gurunath, G. de Schaetzen, S. Suciu, A. Testori, Adjuvant ipilimumab versus
placebo after complete resection of high-risk stage III melanoma (EORTC 18071): a
randomised, double-blind, phase 3 trial, Lancet Oncol. 16 (5) (2015) 522–530.

[18] A.V. Balar, D. Castellano, P.H. O'Donnell, P. Grivas, J. Vuky, T. Powles,
E.R. Plimack, N.M. Hahn, R. de Wit, L. Pang, M.J. Savage, R.F. Perini, S.M. Keefe,
D. Bajorin, J. Bellmunt, First-line pembrolizumab in cisplatin-ineligible patients
with locally advanced and unresectable or metastatic urothelial cancer (KEYNOTE-
052): a multicentre, single-arm, phase 2 study, Lancet Oncol. 18 (11) (2017)
1483–1492.

[19] D.Y. Wang, G.D. Okoye, T.G. Neilan, D.B. Johnson, J.J. Moslehi, Cardiovascular
toxicities associated with cancer immunotherapies, Curr. Cardiol. Rep. 19 (3)
(2017) 21.

[20] J.J. Moslehi, J.E. Salem, J.A. Sosman, B. Lebrun-Vignes, D.B. Johnson, Increased
reporting of fatal immune checkpoint inhibitor-associated myocarditis, Lancet 391
(10124) (2018) 933.

[21] E. Poluzzi, E. Raschi, C. Piccinni, F. De, Data Mining Techniques in
Pharmacovigilance: Analysis of the Publicly Accessible FDA Adverse Event
Reporting System (AERS), (2012).

[22] E.P. van Puijenbroek, A. Bate, H.G. Leufkens, M. Lindquist, R. Orre, A.C. Egberts, A
comparison of measures of disproportionality for signal detection in spontaneous
reporting systems for adverse drug reactions, Pharmacoepidemiol. Drug Saf. 11 (1)
(2002) 3–10.

[23] S.J. Evans, P.C. Waller, S. Davis, Use of proportional reporting ratios (PRRs) for

Q. Fan, et al. International Immunopharmacology 76 (2019) 105866

6

http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0005
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0005
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0005
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0005
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0005
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0005
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0010
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0015
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0015
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0015
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0015
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0020
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0020
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0025
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0025
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0030
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0035
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0035
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0035
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0035
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0035
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0035
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0040
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0045
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0050
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0050
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0050
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0050
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0050
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0050
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0055
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0055
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0055
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0060
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0060
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0060
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0065
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0065
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0065
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0070
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0070
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0070
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0070
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0075
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0080
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0080
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0080
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0085
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0085
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0085
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0085
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0085
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0085
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0090
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0090
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0090
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0090
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0090
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0090
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0095
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0095
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0095
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0100
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0100
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0100
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0105
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0105
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0105
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0110
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0110
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0110
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0110
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0115


signal generation from spontaneous adverse drug reaction reports,
Pharmacoepidemiol. Drug Saf. 10 (6) (2001) 483–486.

[24] A. Bate, M. Lindquist, I.R. Edwards, S. Olsson, R. Orre, A. Lansner, R.M. De Freitas,
A Bayesian neural network method for adverse drug reaction signal generation, Eur.
J. Clin. Pharmacol. 54 (4) (1998) 315–321.

[25] A. Szarfman, S.G. Machado, R.T. O'Neill, 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. 25 (6) (2002) 381–392.

[26] T. Sakaeda, A. Tamon, K. Kadoyama, Y. Okuno, Data mining of the public version of
the FDA adverse event reporting system, Int. J. Med. Sci. 10 (7) (2013) 796–803.

[27] T. Tadokoro, E. Keshino, A. Makiyama, T. Sasaguri, K. Ohshima, H. Katano,
M. Mohri, Acute lymphocytic myocarditis with anti-PD-1 antibody nivolumab, Circ.
Heart Fail. 9 (10) (2016).

[28] H. Laubli, C. Balmelli, M. Bossard, O. Pfister, K. Glatz, A. Zippelius, Acute heart
failure due to autoimmune myocarditis under pembrolizumab treatment for me-
tastatic melanoma, J. Immunother. Cancer 3 (2015) 11.

[29] F. Barlesi, J. Vansteenkiste, D. Spigel, H. Ishii, M. Garassino, F. de Marinis,
M. Ozguroglu, A. Szczesna, A. Polychronis, R. Uslu, M. Krzakowski, J.S. Lee,
L. Calabro, O. Aren Frontera, B. Ellers-Lenz, M. Bajars, M. Ruisi, K. Park, Avelumab
versus docetaxel in patients with platinum-treated advanced non-small-cell lung
cancer (JAVELIN lung 200): an open-label, randomised, phase 3 study, Lancet
Oncol. 19 (11) (2018) 1468–1479.

[30] M. Shah, J.H. Tayar, N. Abdel-Wahab, M.E. Suarez-Almazor, Myositis as an adverse
event of immune checkpoint blockade for cancer therapy, Semin. Arthritis Rheum.
48 (4) (2019) 736–740.

[31] S.S. Mahmood, C.L. Chen, N. Shapnik, U. Krishnan, H.S. Singh, V. Makker,
Myocarditis with tremelimumab plus durvalumab combination therapy for en-
dometrial cancer: a case report, Gynecol Oncol Rep 25 (2018) 74–77.

[32] A.K. Ali, D.E. Watson, Pharmacovigilance assessment of immune-mediated reac-
tions reported for checkpoint inhibitor cancer immunotherapies, Pharmacotherapy
37 (11) (2017) 1383–1390.

[33] H.H. Ji, X.W. Tang, Z. Dong, L. Song, Y.T. Jia, Adverse event profiles of anti-CTLA-4
and anti-PD-1 monoclonal antibodies alone or in combination: analysis of sponta-
neous reports submitted to FAERS, Clin. Drug Investig. 39 (3) (2019) 319–330.

[34] J.E. Salem, A. Manouchehri, M. Moey, B. Lebrun-Vignes, L. Bastarache, A. Pariente,
A. Gobert, J.P. Spano, J.M. Balko, M.P. Bonaca, D.M. Roden, D.B. Johnson,
J.J. Moslehi, Cardiovascular toxicities associated with immune checkpoint in-
hibitors: an observational, retrospective, pharmacovigilance study, Lancet Oncol.
19 (12) (2018) 1579–1589.

[35] C.J.D. Wallis, M. Butaney, R. Satkunasivam, S.J. Freedland, S.P. Patel, O. Hamid,
S.K. Pal, Z. Klaassen, Association of patient sex with efficacy of immune checkpoint
inhibitors and overall survival in advanced cancers: a systematic review and meta-

analysis, JAMA Oncol. 5 (4) (2019) 529–536.
[36] J.M. O'Connor, K. Seidl-Rathkopf, A.Z. Torres, P. You, K.R. Carson, J.S. Ross,

C.P. Gross, Disparities in the use of programmed death 1 immune checkpoint in-
hibitors, Oncologist 23 (11) (2018) 1388–1390.

[37] S.S. Mahmood, M.G. Fradley, J.V. Cohen, A. Nohria, K.L. Reynolds,
L.M. Heinzerling, R.J. Sullivan, R. Damrongwatanasuk, C.L. Chen, D. Gupta,
M.C. Kirchberger, M. Awadalla, M.Z.O. Hassan, J.J. Moslehi, S.P. Shah, S. Ganatra,
P. Thavendiranathan, D.P. Lawrence, J.D. Groarke, T.G. Neilan, Myocarditis in
patients treated with immune checkpoint inhibitors, J. Am. Coll. Cardiol. 71 (16)
(2018) 1755–1764.

[38] R.A. DePinho, The age of cancer, Nature 408 (6809) (2000) 248–254.
[39] N.C. Institute, Cancer stat facts: Cancer of any site, https://seer.cancer.gov/

statfacts/html/all.html , Accessed date: 10 August 2019.
[40] S. Bhandari, A.S. Gill, C.A. Perez, D. Jain, Management of immunotherapy toxicities

in older adults, Semin. Oncol. 45 (4) (2018) 226–231.
[41] K.P. Loh, M.L. Wong, R. Maggiore, From clinical trials to real-world practice: im-

mune checkpoint inhibitors in older adults, J Geriatr Oncol 10 (3) (2019) 384–388.
[42] J.M. O'Connor, K.L. Fessele, J. Steiner, K. Seidl-Rathkopf, K.R. Carson,

N.C. Nussbaum, E.S. Yin, K.B. Adelson, C.J. Presley, A.C. Chiang, J.S. Ross,
A.P. Abernethy, C.P. Gross, Speed of adoption of immune checkpoint inhibitors of
programmed cell death 1 protein and comparison of patient ages in clinical practice
vs pivotal clinical trials, JAMA Oncol. 4 (8) (2018) e180798.

[43] Y.L. Wu, C.L. Wang, M.L. Liao, Z.Z. Guan, C.Y. Gao, S. Lu, M.F. Zhao, J. Wang,
X.Q. Liu, J.J. Yang, J. Liang, W.M. Mao, B.H. Han, X.C. Zhang, Y. Song, J.F. Feng,
S.L. Ma, G. Wu, C.C. Zhou, K.N. Chen, Y. Cheng, Y. He, C. Chen, Q. Wang, J.Z. Lin,
B. Zhu, Y.P. Liu, Y. Hu, G.B. Qiao, Q. Zhou, Q.B. Song, N. Wu, L. Wu, C. Huang,
X.L. Fu, J.P. Xiong, J. Hu, C.P. Hu, J.H. Chang, Q. Zhao, J. Zhao, P.H. Zhou, Z.Y. Ma,
Y. Chen, H.L. Zhang, F. Yang, J.J. Wang, Y.Y. Pan, X.N. Yang, Y. Fan, Z. Liu, W. Fan,
N. Yang, Y.F. Guan, H. Sun, W.Z. Zhong, A consensus on immunotherapy from the
2017 Chinese lung cancer summit expert panel, Transl Lung Cancer Res 7 (3)
(2018) 428–436.

[44] M. Sznol, P.F. Ferrucci, D. Hogg, M.B. Atkins, P. Wolter, M. Guidoboni, C. Lebbe,
J.M. Kirkwood, J. Schachter, G.A. Daniels, J. Hassel, J. Cebon, W. Gerritsen,
V. Atkinson, L. Thomas, J. McCaffrey, D. Power, D. Walker, R. Bhore, J. Jiang,
F.S. Hodi, J.D. Wolchok, Pooled analysis safety profile of nivolumab and ipili-
mumab combination therapy in patients with advanced melanoma, J. Clin. Oncol.
35 (34) (2017) 3815–3822.

[45] M. Escudier, J. Cautela, N. Malissen, Y. Ancedy, M. Orabona, J. Pinto, S. Monestier,
J.J. Grob, U. Scemama, A. Jacquier, N. Lalevee, J. Barraud, M. Peyrol, M. Laine,
L. Bonello, F. Paganelli, A. Cohen, F. Barlesi, S. Ederhy, F. Thuny, Clinical features,
management, and outcomes of immune checkpoint inhibitor-related cardiotoxicity,
Circulation 136 (21) (2017) 2085–2087.

Q. Fan, et al. International Immunopharmacology 76 (2019) 105866

7

http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0115
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0115
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0120
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0120
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0120
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0125
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0125
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0125
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0130
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0130
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0135
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0135
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0135
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0140
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0140
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0140
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0145
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0145
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0145
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0145
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0145
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0145
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0150
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0150
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0150
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0155
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0155
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0155
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0160
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0160
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0160
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0165
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0165
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0165
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0170
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0170
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0170
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0170
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0170
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0175
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0175
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0175
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0175
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0180
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0180
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0180
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0185
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0185
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0185
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0185
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0185
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0185
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0190
https://seer.cancer.gov/statfacts/html/all.html
https://seer.cancer.gov/statfacts/html/all.html
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0200
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0200
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0205
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0205
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0210
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0210
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0210
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0210
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0210
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0215
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0220
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0220
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0220
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0220
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0220
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0220
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0225
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0225
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0225
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0225
http://refhub.elsevier.com/S1567-5769(19)31249-4/rf0225

	Myocarditis following the use of different immune checkpoint inhibitor regimens: A real-world analysis of post-marketing surveillance data
	Introduction
	Material and methods
	Data source
	Adverse event and drug identification
	Data mining
	Statistical analysis

	Results
	Descriptive analysis
	Disproportionality analysis and Bayesian analysis
	Time to onset of ICI-associated myocarditis
	Fatality due to ICI-associated myocarditis

	Discussion
	Conclusions
	Authors' contributions
	Funding
	mk:H1_16
	mk:H1_17
	References




