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Abstract

Introduction The advent of immune checkpoint inhibitors in the treatment of certain types of cancers has revolutionized can-
cer therapy. In general, these novel agents are more tolerable and have better safety profiles than conventional chemotherapy
agents. Although a low incidence of myocarditis was noted as a side effect of immune checkpoint inhibitors in clinical trials,
it is being increasingly cited in the literature as their use also increases.

Methods Using a combination of search terms in the PubMed/Medline database and manual searches on Google Scholar and
the bibliographies of articles identified, we reviewed all cases reported in the English language citing myocarditis associated
with either pembrolizumab, nivolumab, ipilimumab, or any combination of these agents.

Results A total of 42 cases were included in the study. Mean age was 65.5 years; 64% were male, 36% were female. One
or two doses preceded the onset of myocarditis in 33% and 29% of cases, respectively. Steroids were used as the first-line
therapy in 90% of cases. Complete heart block occurred in 36% of cases. Fourteen (33%) deaths were reported, with 64%
and 29% of deaths occurring after one or two doses, respectively.

Conclusion Most cases and fatalities of myocarditis occurred shortly after initiation of immune checkpoint inhibitor therapy.
Arrhythmias, particularly complete heart block, appear to be related to the occurrence of more severe and fatal cases. The
use of serial electrocardiograms or biomarkers of myocardial injury may be crucial in detecting early stages of the disease
process. Further research establishing more specific guidelines is necessary in dealing with this potentially fatal side effect.

Keywords Myocarditis - Immune checkpoint inhibitors - Immunotherapy

Introduction

The recent advent of immune check inhibitors (ICIs) has
revolutionized cancer treatment. The FDA has approved the
use of ICIs as a first-line agent in metastatic melanoma and
non-small cell lung cancer, and as a second-line agent in
Hodgkin’s lymphoma, head and neck, bladder, renal cancers,
and others (Simsek et al. 2019; Hargadon et al. 2018). Vari-
ous ICIs are now available, acting on different target sites.
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Ipilimumab targets cytotoxic T-lymphocyte-associated anti-
gen 4(CTLA-4) receptors, while nivolumab and pembroli-
zumab target programmed cell death 1 (PD-1) receptors
(Collin 2016; Hargadon et al. 2018). Despite the benefits,
these novel agents have provided; increased autoimmune side
effects have been noted, likely attributed to the lack of T cell
specificity.

The incidence of patients developing autoimmune side
effects with ICIs is approximately 30% with CTLA-4 inhib-
itors, 20% with anti-PD-1 inhibitors, and 55% in patients
receiving a combination of nivolumab and ipilimumab
(Norwood et al. 2017). The cardiovascular system is among
the least systems affected by immunotoxicity. Pericarditis,
myocardial fibrosis, pericardial effusion, and myocarditis
are some of possible side effects (Varricchi et al. 2017),
with myocarditis being increasingly reported with the use
of ICIs. Although very rare, it has been estimated to occur
in 0.06—1% of clinical trial patients receiving ICIs (Ganatra
and Neilan 2018). However, the incidence of myocarditis as
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a side effect of ICIs might be underestimated as most cases
identified had fulminant myocarditis or developed severe
side effects; while those with silent or smoldering myocar-
ditis may have not been reported (Ganatra and Neilan 2018;
Varricchi et al. 2017).

Patients developing myocarditis related to ICIs commonly
present with congestive heart failure, cardiogenic shock, and
fatal arrhythmias (Frigeri et al. 2018). No guidelines cur-
rently exist for the diagnosis and management of myocar-
ditis caused by ICIs. Early recognition is often challenging
due to the lack of specific signs and symptoms at its onset.
In addition, the lack of routine cardiovascular testing such
as obtaining electrocardiograms or routine bloodwork may
explain why many cases are possibly under-reported, thus
underestimating the frequency of myocarditis related to ICI
use (Ganatra and Neilan 2018).

In this paper, we present a review of the reported cases of
myocarditis that developed as a side effect of ICIs. In it, we
aim to analyze whether incidence and fatalities were associ-
ated with any particular risk factors such as the number of
ICI doses administered, class of ICIs used, type of cancer
being treated, or other comorbidities. We also aim to inves-
tigate the most common electrocardiogram (ECG), labora-
tory testing, imaging, and biopsy findings in the reported
cases with the aim of identifying patterns to aid in the early
diagnosis and management of this potentially fatal condition.

Methods

A combination of the following search terms was used
to identify articles in the PubMed database up until
12/23/2018: myocarditis, checkpoint or check point, ipili-
mumab, nivolumab, and pembrolizumab. Case reports
on myocarditis caused by immune checkpoint inhibitors
nivolumab, pembrolizumab, ipilimumab, or any combination
of these agents were selected. More recently, FDA approved
agents, durvalumab, avelumab and atezolizumab, were not
included in our analysis, given the relatively recent intro-
duction of these agents into the market. In addition, trends
and conclusions regarding the reported side effects of these
novel agents are less likely to be derived given their rela-
tively infrequent use and rarity of reported adverse outcomes
in the literature to date. Fifty records in the PubMed data-
base were identified. Nineteen records did not involve case
reports and were excluded (of these 19 records, some were
used for literature review). Of the remaining 31 records, 27
were found to be eligible and comprised of a total of 29
cases. Four case reports were excluded as one reported on a
case of myocarditis due to combination of pembrolizumab
and epacadostat, another was a repetition of a case that was
also reported by the same institute in another paper that we
had accounted for, a third reported on a case of myocarditis
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due to a combination of tremelimumab and durvalumab
and a fourth was in the German language and, therefore,
excluded. Another 10 eligible records involving a total of 13
cases were identified following a manual search on Google
scholar, Google search engine, and the bibliographies of arti-
cles identified through PubMed. In total, 37 records with 42
case reports were included in the study. Figure 1 represents
a PRISMA flowchart showing study screening and selection
process.

Results

Forty-two cases citing myocarditis as a side effect of ICI
use were identified, with the majority (43%) having been
reported in year 2018. Nivolumab was most commonly used
(43%), followed by combination therapy of both nivolumab
and ipilimumab (24%), pembrolizumab (19%), and, finally,
ipilimumab (14%). The cancers being treated were primarily
melanoma and non-small cell lung cancer in 45% and 31%
of cases, respectively. Thirty-three percent of the reported
cases of myocarditis occurred after a single dose of ICI ther-
apy, with 29% occurring after two doses. Presenting symp-
toms were variable and non-specific with dyspnea, fatigue,
and myalgia being most common. Twenty-four percent of
patients had a history of hypertension, while 7% reported a
history of heart failure, arrhythmias, and peripheral vascular
disease, respectively. The most common autoimmune tox-
icities cited in addition to myocarditis were myositis (29%)
and hepatitis (21%), followed by thyroiditis (12%). Table 1
describes the characteristics and presenting features of indi-
vidual case reports.

Echocardiogram findings at time of presentation revealed
a normal ejection fraction and reduced ejection fraction
(<40%) in 36% of reported cases, respectively. Ten-percent
of cases showed a borderline preserved ejection fraction
between 40 and 50%. ECG findings at presentation were
variable with ST elevations, bundle branch blocks, and sinus
tachycardia being the most common findings. Complete
heart block was noted in 36% of cases. Elevated biomark-
ers (troponin and creatinine kinase levels) were identified
in 33 cases. Normal biomarker levels were reported in three
cases and six cases did not comment on biomarker levels.
Of those with elevated troponin/creatinine kinase levels, 21
underwent cardiac catheterization with normal coronaries
identified. The remaining cases with elevated biomark-
ers have no reports of coronary angiography taking place.
MRI was performed in 26% of cases, the majority of which
showed results suggestive of myocarditis. Biopsy to confirm
or rule out myocarditis was performed in 52% of reported
cases. In 90% of patients, steroids were initiated upon diag-
nosis. In those clinically unstable or refractory to steroids,
various different therapeutic options were utilized including
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Fig. 1 PRISMA flowchart
showing study screening and
selection process

10 other records identified
using google scholar,
google search and
bibliographies of articles

50 records in
Pubmed database
identified

19 records excluded

31 unique records from
Pubmed database selecteg

4 case reports excluded

27 unigue records
included, comprising of a
otal of 29 case report

: >
identified through Pubmed
(comprising of a total of 13
case reports)
Y

plasmapheresis, infliximab, anti-thymocyte globulin, IV
immunoglobulins, tacrolimus, and methotrexate. Tables 2
and 3 list the diagnostic tests, therapies, and outcomes of
individual case reports. Table 4 lists the cardiovascular out-
comes and management in identified cases.

Death was defined as dying as a direct consequence of
myocarditis (lethal arrhythmia, cardiogenic shock, cardiac
arrest, and multi-organ failure) or patients transitioned to
comfort care only following no improvement with therapy.
Thirteen patients (93%) who died developed fulminant myo-
carditis after 1-2 doses with 64% occurring after the first

A total of 37 records
were identified as
eligible, comprising of a
total of 42 case reports

dose and 29% after the second dose (Table 5). Once case
reported by Gallegos et al., who describe the course of a
patient that ultimately died, does not specify the number of
doses received prior to presentation (Gallegos et al. 2019).
Fifty percent of patients who died had normal echocardio-
gram findings (Table 5). Two patients had an ejection frac-
tion below 40% and 21% of those that died had unlisted
echocardiogram findings. Complete heart block occurred in
64% of patients that died. In addition, 60% of those with
complete heart block died.

@ Springer
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Discussion

Our study reveals several trends and outcomes across all
cited cases. Only one or two doses preceded the onset of
myocarditis in the majority of cases (62% of cases) and in
93% of fatalities. In addition, complete heart block was the
most common arrhythmia that developed as a complication
of myocarditis, and was also associated with a higher mor-
tality rate. Steroids were used in 90% of cases and are rec-
ommended as initial therapy; however, if this therapy should
fail, multiple second-line agents are available yet without
strong evidence for support.

The pathophysiology of myocarditis caused by ICIs is
still unclear. However, the theory of a shared antigen or
high frequency of T-cell receptor sequences between myo-
cardium, skeletal muscle, and tumors has been highlighted
in the literature (Reuben et al. 2017). Mouse models for
T-cell-mediated myocarditis exist. Fulminant myocarditis
has been observed after the CTLA-4 receptor was knocked
out in mice, while knocking out the PD-1 receptor led to
spontaneous myocarditis and dilated cardiomyopathy (Love
et al. 2007). In addition, it was demonstrated that the level
of IL-10, an anti-inflammatory cytokine, decreases when
PD-1 is knocked out (Frigeri et al. 2018; Tarrio et al. 2012).
Recent mice models also suggest that knocking out PD-1 in
CD-4 cells enhance T-cell-mediated myocarditis. The rapid
onset of myocarditis after initiation of ICIs suggests the
role of preexisting autoimmunity (T-memory cells) that is
boosted once PD-1 receptors are blocked by ICIs (Martinez-
Calle et al. 2018; Okazaki et al. 2003).

Guidelines for the diagnosis of myocarditis related to ICIs
have not been established. However, a workup including car-
diac biomarkers and electrocardiogram are initially recom-
mended (Lauer et al. 1997; Moslehi et al. 2018). Our results
revealed that ECG changes were non-specific and highly
variable, and may include ST and PR segment changes, sinus
tachycardia, AV block, and malignant arrhythmias. This is
consistent with non-specific ECG findings in myocarditis
cited in the literature (Fung et al. 2016). However, a trend
was noted in our study in which complete heart block was
associated in 36% of cases and in 64% of those that died
(Tables 4 and 5). Seven patients with complete heart block
underwent endomyocardial biopsy, all of which revealed
predominantly lymphocytic infiltration and macrophages.
This is likely related to inflammatory changes of the conduc-
tion system secondary to myocarditis. As such, serial ECGs
at the start of therapy and at follow-up visits may be rec-
ommended, providing a relatively quick, cost-effective, and
non-invasive potential at intervening in early stages of the
disease process. This finding also suggests that conduction
disturbance may be more predictive of increased mortality,
necessitating more aggressive therapy early on.

@ Springer
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Table 3 Grouped characteristics and outcomes identified across cases

N=42 cases; 3 published in 2019 (7%), 18 in 2018 (43%), 9in 2017 N (%)
(21%), 10 in 2016 (24%), 2 in 2015 (5%); mean age 65.5 years;
males 64%, females 36%

Immune check inhibitor

Nivolumab 18 (43)
Ipilimumab and nivolumab 10 (24)
Pembrolizumab 8(19)
Ipilimumab 6 (14)
Malignancy
Melanoma 19 (45)
Non-small cell lung cancer 13 (31)
Others 10 (24)
Presenting symptoms
Dyspnea (Tachypnea) 23 (55)
Myalgia, fatigue, weakness, lethargy anorexia, near syncope, or 19 (45)
malaise
Diplopia, ptosis or blurry vision, and head drop 6 (14)
Palpitations 1(2)
Chest pain 5(12)
Number of doses preceding myocarditis*
1 dose 14 (33)
2 doses 12 (29)
3-6 doses 12 (29)
> 6 doses 3(7)
Other listed autoimmune toxicities
Myositis 12 (29)
Hepatitis 9(21)
Thyroiditis 5(12)
Hypophysitis 2(5)
Myasthenia graves 2(5)
Autoimmune diabetes 1(2)
Colitis 12
Uveitis 12)
Comorbidities or past medical history if listed
HTN 10 (24)
Cardiac® 3(7)
Arrythmialsb 3(7)
Diabetes mellitus type I1 3(7)
Dyslipidemia 2(5)
COPD 2(5)
Thromboembolic disease® 2(5)
Malignancy* 2(5)
Cerebrovascular incidence 1(Q2)
Autoimmune diseases® 1(2)
Kidney dysfunction 1(2)
Management
Steroids 38 (90)
IV Immunoglobulins 9(21)
Infliximab 5(12)
Anti-thymocyte globulin 37
Plasmapheresis 3(7)
Tacrolimus 2(5)
Methotrexate 1)

@ Springer

Table 3 (continued)

Case report by Gallegos et al. does not specify the number of doses
received prior to presentation

Four patients had a history of ischemic heart disease/prior MRI with
normal or borderline EF

“Two patients had atrial fibrillation and one patient had history of
WPW treated with ablation

dSame patient had both PE and DVT

°Non-Hodgkin’s lymphoma and prostate cancer in one patient and
bilateral breast cancer in another patient

History of Hashimoto thyroiditis

Cardiac troponins are well established as sensitive and
specific markers of myocardial injury (Janardhanan 2016). In
patients with a clinical presentation concerning for underly-
ing acute coronary syndrome, coronary angiography may be
necessary to help differentiate ischemic heart disease from
myocarditis (Caforio et al. 2017). In our study, 33 patients
were identified to have elevated troponin/creatinine kinase
levels. Sixty-three percent of these patients underwent car-
diac catheterization to rule out ischemia as an underlying
cause of presentation. The remaining cases with elevated
biomarkers have no reports of coronary angiography taking
place. No obstructive coronary disease was identified in any
of the cases. Given the sensitivity and specificity of cardiac
troponins/creatinine kinase levels as markers of myocardial
injury, they may be of potential use in certain clinical sce-
narios where suspicion of myocarditis may arise. However,
it is well established that negative troponin and/or creatinine
kinase levels does not exclude the diagnosis of myocarditis
(Janardhanan 2016). This may be true in patients developing
late autoimmune myocarditis after initiating ICIs, which was
noted in three cases where normal biomarker levels were
reported (Heinzerling et al. 2016; Gallegos et al. 2019;
Ganatra and Neilan 2018).

Echocardiography is an important tool in evaluating
structural and functional changes secondary to myocarditis
(Nieminen et al. 1984; Felker et al. 2000). However, no spe-
cific echocardiographic features of myocarditis exist, but it
allows the physician to exclude other causes of heart failure,
pericardial effusion, and intracavitary thrombi (Kindermann
et al. 2012). Patterns consistent with dilated, hypertrophic,
and ischemic cardiomyopathies have all described in biopsy-
proven myocarditis (Blauwet and Cooper 2010). In our
study, no trend was appreciated with regards to echocardio-
gram findings on presentation, with 36% showing preserved
ejection fraction and reduced ejection fraction, respectively
(Table 4). However, 50% of patients that died had normal
cardiac function on presentation (Table 5). It is important
to note that death may have occurred prior to the devel-
opment of cardiac dysfunction in these cases. While viral
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Table 4 Cardiovascular outcomes and management in identified cases

Biomarker levels (troponin/creatinine kinase)

Elevated (above normal laboratory reference range) 33 (79)
Normal 3(7)
Not reported 6 (14)
Coronary angiography

Normal 21 (100)
Most common EKG findings at presentation

ST elevations 9(21)
Sinus tachycardia 8 (19)
Complete or incomplete right bundle branch block 7(7)
Prolonged PR interval 3(7)
Ventricular bigeminy 2(5)
Cardiac arrhythmias

Complete heart block 15 (36)
Ventricular arrhythmias® 8 (19)
Non-sustained ventricular tachycardia 3(7)
Atrial fibrillation 12)
LVEF % at presentation

LVEF >50% or echocardiogram listed as normal 15 (36)
LVEF >40% and <50% 4 (10)
LVEF<40% 15 (36)
LVEEF not listed 8 (19)
Diagnostic modality if listed or performed

Biopsy/Autopsy 16 (38)
MRI 6 (14)
Both MRI and Biopsy/Autopsy 6 (14)
Mechanical support

ECMO 5(12)
IABP 4 (10)

%One of the reported ventricular arrhythmias was ventricular fibril-
lation, another was unspecified and the 6 remaining cases were ven-
tricular tachycardia

and autoimmune myocarditis commonly result in dilated
cardiomyopathy, no current data exist with regards to the
pattern of cardiomyopathy seen in ICI-induced myocardi-
tis (Bracamonte-Baran and Cihakova 2017; Caforio et al.
2007). A study by Caforio et al. showed that biventricular
dysfunction at time of diagnosis is the main predictor of
death/transplantation in biopsy-proven myocarditis (Caforio
et al. 2007); however, our data reveal that echocardiography
may be of little utility in predicting mortality and outcomes
when assessing for ICI related myocarditis (Table 5).

MRI is the gold standard non-invasive diagnostic modal-
ity for myocarditis. Findings consistent with myocarditis
include: (a) increased signal activity on T1 and T2 images
reflecting edema, (b) myocardia having more contrast
enhancement than the skeletal muscle reflecting hyperemia,
and c) late contrast enhancement with gadolinium reflecting
scar. If any of two out of the three MRI findings are present;
the sensitivity and specificity of having myocarditis is 76%

Table 5 Reported deaths related directly to complications of myo-
carditis or those who were transitioned to comfort care due to no
improvement despite treatment

Total number of deaths 14 (33%)
Number of preceding doses

1 9 (64)
2 4(29)
>3 00
Number of doses not reported® 1
Echocardiogram findings

LVEF > 50% or echocardiogram listed as normal 7 (50)
LVEF >40% and <50% 2 (14)
LVEF<40% 2 (14)
LVEEF not listed 3(21)
Arrhythmias

Complete heart block 9 (64)
Ventricular arrhythmias 4 (29)

4Case report by Gallegos et al. does not specify the number of doses
received prior to presentation

and 96%, respectively (Farhad et al. 2016; Ganatra and Nei-
lan 2018; Gibson et al. 2016; Mahrholdt et al. 2004). In our
study, MRI and biopsy were both performed in six patients
and only MRI was performed (without cardiac biopsy) in
six other patients. In the 14 patients who neither had car-
diac biopsy nor MRI, diagnosis of myocarditis was done by
meeting clinical criteria of myocarditis. Clinically suspected
myocarditis involves a combination of: (1) clinical presenta-
tions such as acute chest pain, new or worsening dyspnea,
or unexplained arrhythmias, (2) diagnostic criteria such
as ECG, troponin elevation, and abnormalities on cardiac
imaging, and (3) ancillary features such as fever, history of
extra-cardiac autoimmune disease, or prior history of myo-
carditis (Cooper et al. 2007). The low rate of non-invasive
imaging in the diagnosis of myocarditis which we report
is likely multifactorial and related to patient death prior to
diagnosis (postmortem biopsies later proving myocarditis),
rapid improvement with steroid therapy, comorbid complica-
tions, and clinical instability precluding imaging. In addi-
tion, information is limited by what is provided by the case
reports with occasional reports not mentioning details nor
providing additional information regarding MRI findings.
Cardiac biopsy is the gold standard diagnostic modality;
however, it is rarely performed as the first step in diagno-
sis due to its invasiveness (Guglin and Nallamshetty 2012).
Current guidelines recommend endomyocardial biopsy only
in cases that do not include common presentations of myo-
carditis (Cooper et al. 2007). Biopsy usually reveals pre-
dominant lymphocytic infiltrates in the myocardium and
conduction system. Immunohistochemistry usually shows
predominant CD3 +/CD8 + cells with a few CD4 + cells,
in addition to CD68 + cells representing histiocytes
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(macrophages). Eosinophils are less often seen as compared
to levels in drug-mediated myocarditis (Ganatra and Neilan
2018; Hauck et al. 1989). These findings are consistent with
results from the 22 patients that underwent cardiac biopsy
in our study, in which the majority of results revealed pre-
dominant lymphocytic infiltrates in the myocardium and
conduction system, in addition to CD68+ cells represent-
ing macrophages. Only 52% of reported cases underwent
endomyocardial biopsy for diagnosis of myocarditis; the
remainder of cases were diagnosed on the basis of clini-
cal criteria or non-invasive imaging. Patients that did not
undergo biopsy had other causes of myocarditis ruled out
after testing for viral serologies and on the basis of symptom
onset following ICI initiation and improvement with steroid
therapy.

The majority of cases of myocarditis occurred shortly
after initiation of ICI therapy. Thirty-three percent of the
reported cases of myocarditis occurred after a single dose
and 29% occurred after two doses (Table 3). Ninety-three
patients that died developed fulminant myocarditis after 1-2
doses with 64% occurring after the first dose and 29% after
the second dose (Table 5). These findings are supported in a
study by Moslehi et al. who studied 101 patients that devel-
oped severe myocarditis after ICI treatment. In their study,
64% of patients received only one or two doses before onset
of myocarditis (Moslehi et al. 2018). In addition, Mahmood
et al. identified 35 patients who developed myocarditis while
on ICIs and reported the development of myocarditis shortly
after the first doses of ICI therapy (Mahmood et al. 2018).
The rapid onset of myocarditis after initiation of ICIs may
suggest the role of preexisting autoimmunity (T-memory
cells) that is boosted once PD-1 receptors are blocked by
ICIs (Martinez-Calle et al. 2018; Okazaki et al. 2003). This
theory is supported in a study by Okazaki et al. where they
identified the development of antibodies against troponin-I, a
protein expressed by cardiomyocytes, resulting in increased
influx of calcium into cardiomyocytes and, in turn, leading
to cardiac dysfunction (Okazaki et al. 2003). Martinez-Calle
et al. described a case of myocarditis in a patient receiving
pembrolizumab for multiple myeloma as part of a clinical
trial. They also highlighted the theory of preexisting autoan-
tibodies to troponin-I and myosin due to the rapid develop-
ment of myocarditis after starting ICI therapy. This is further
supported by the possibility of a shared epitope between
myeloma cells and cardiomyocytes (Martinez-Calle et al.
2018). These findings suggest that cases of myocarditis with
more serious and detrimental outcomes tend to occur very
early after initiation of immunotherapy, while myocarditis
occurring later may be more indolent. As such, physicians
should be more vigilant in closely examining for signs and
symptoms suggestive of myocarditis early in the course of
therapy and may utilize ECGs or biomarkers to aid in diag-
nosing myocarditis early in the course of the disease.
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Our findings did not reveal a higher incidence of myo-
carditis or fatalities when a combination of ICIs was used,
which is in contrast to what has been reported in the lit-
erature thus far. In our study, 43% of cases of myocarditis
occurred with the use of nivolumab as monotherapy, fol-
lowed by 24% of cases where combination therapy of ipili-
mumab and nivolumab were used. In a paper by Johnson
et al., the cohort included patients either taking nivolumab or
nivolumab plus ipilimumab. A significant difference in the
incidence of myocarditis was noted among the two groups;
with 0.27% of patients taking both nivolumab and ipili-
mumab developing myocarditis as compared to an incidence
of 0.06% in those only on nivolumab. In addition, among
the 18 patients found to have myocarditis, 5 deaths were
from those on combination therapy, while only one fatality
was recorded among those on a single ICI (Johnson et al.
2016). Moslehi et al. also concluded that death was more
common when combination therapy was used (Moslehi et al.
2018). In our analysis of case reports, it is likely that only
unique and special cases of ICI-induced myocarditis have
been reported on. This may explain why a difference in the
incidence of myocarditis when using a combination of ICIs
was noted in our study as compared to larger cohort studies.

There are limited data with regards to the management of
myocarditis secondary to ICI toxicity. No data currently exist
regarding the management of myocarditis caused by ICIs
exists. However, the American Society of Clinical Oncology
(ASCO) provides guidelines with moderate evidence regard-
ing the management of cardiovascular toxicity caused by
ICIs (Brahmer et al. 2018; Weber 2012). Once myocarditis
is suspected; ICI therapy should be stopped and the patient
should be referred to a multidisciplinary team of oncologists
and cardiologists for further evaluation and management.
Antiarrhythmics should be considered if arrhythmias arise
(Ganatra and Neilan 2018). If myocarditis is confirmed, then
1 mg/kg methylprednisone should be administered imme-
diately (Brahmer et al. 2018). Two registry databases show
that steroids are effective in improving ejection fraction and
decreasing cardiac events in myocarditis (Escudier et al.
2017; Mahmood et al. 2018). However, there are no data
with regards to the next steps if steroids fail (Ganatra and
Neilan 2018). If the degree of myocarditis is severe enough,
such that the patient is unstable, then it is recommended
to give anti-thymocyte globulin, IV immunoglobulins, or
plasmapheresis. Administration of tacrolimus or mycophe-
nolate is recommended in the event that the patient is clini-
cally stable, but has not responded to steroid therapy (Kob-
ashigawa et al. 2011; Kobashigawa et al. 2006; Rodriguez
et al. 2005). However, the lack of guidelines may leave room
for error as noted in five cases where infliximab was used
despite the patients having a history of moderate to severe
HF (Table 1). This may exacerbate the underlying illness
and lead to higher mortality rates, as studies have shown
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that infliximab itself could precipitate heart failure (Curtis
et al. 2007). The lack of knowledge of such contraindications
necessitates more awareness about management options in
cases refractory to steroid use.

Limitations

The limitations of this study are characteristic to studies
based on case reports. The use of case reports imparts a
potential selection bias of rather unusual and unique cases
of myocarditis secondary to ICI use. In addition, publication
bias on the part of authors reporting these cases is another
factor to account for. As such, true prevalence and man-
agement of this side effect is difficult to deduce from an
analysis of reported cases. It is also difficult to establish a
cause—effect relationship between ICI use and myocarditis
and difficult to ascertain whether cause of death is related
directly to myocarditis. Despite these limitations, the use of
case reports is fundamental in detecting novelties, generating
hypotheses, and laying the groundwork for further research.

Conclusion

Given the increasing use of ICI therapy in the treatment
of various types of cancers, an increase in the incidence of
detrimental side effects is expected. Very little data currently
exist with regards to the evaluation and management of myo-
carditis in patients on ICI therapy. Despite the availability of
limited guidelines in dealing with cardiac immune-related
adverse events, further research establishing more specific
guidelines is necessary in dealing with myocarditis specifi-
cally, given an increase in the incidence of reported cases.
Our study reveals several trends and outcomes across all
cited cases. In particular, one or two doses preceded the
onset of myocarditis in the majority of cases (62% of cases)
and in 93% of fatalities. This should make physicians more
vigilant of this potential side effect at the start of ICI therapy.
Complete heart block was the most common arrhythmia that
developed as a complication of myocarditis, and was also
associated with a higher mortality rate. Thus, the utility of
ECGs should be further analyzed as a potential tool in the
monitoring of these patients and early therapy with steroids
be considered should such a complication arise. Steroids are
recommended as the initial therapy; however, if this ther-
apy should fail, multiple second-line agents are available
yet without strong evidence for support. Further research
establishing more specific guidelines is necessary in dealing
with this increasingly reported side effect.
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