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Abstract

Purpose of Review Immune checkpoint inhibitors (ICIs) have improved the survival of several cancers. However, they may
cause a wide range of immune-related adverse events (irAEs). While most irAEs are manageable with temporary cessation of ICI
and immunosuppression, cardiovascular toxicity can be associated with high rates of morbidity and mortality. As ICIs evolve to
include high-risk patients with preexisting cardiovascular risk factors and disease, the risk and relevance of ICI-associated
cardiotoxicity may be even higher.

Recent Findings Several cardiovascular toxicities such as myocarditis, stress cardiomyopathy, and pericardial disease have been
reported in association with ICIs. Recent findings also suggest an increased risk of atherosclerosis with ICI use. ICI-associated
myocarditis usually occurs early after initiation and can be fulminant. A high index of suspicion is required for timely diagnosis.
Prompt treatment with high-dose corticosteroids is shown to improve outcomes.

Summary Although the overall incidence is rare, ICI cardiotoxicity, particularly myocarditis, is associated with significant
morbidity and mortality, making it a major therapy-limiting adverse event. Early recognition and prompt treatment with the
cessation of ICI therapy and initiation of high-dose corticosteroids are crucial to improve outcomes. Cardio-oncologists will need
to play an important role not just in the management of acute cardiotoxicity but also to reduce the risk of long-term sequelae.

Keywords Immune checkpoint inhibitors - Immunotherapy - Cancer - Cardiotoxicity - Myocarditis - Pericarditis - Stress

cardiomyopathy - COVID-19

Introduction

The introduction of immune checkpoint inhibitor (ICI) thera-
py can be considered one of the cardinal achievements in the
field of oncology. ICIs enhance the host immune response
against tumor cells by inhibiting intrinsic downregulators of
the immune response, such as cytotoxic T-lymphocyte antigen
4 (CTLA-4) and programmed cell death 1 (PD-1) or its ligand,

This article is part of the Topical Collection on Cardio-oncology

P4 Sarju Ganatra
Sarju.ganatra@lahey.org

>< Anju Nohria
Anohria@bwh.harvard.edu

Cardio-Oncology Program, Division of Cardiovascular Medicine,
Department of Medicine, Brigham and Women’s Hospital, 75
Francis Street, Boston, MA 02115, USA

Vascular Medicine Program, Division of Cardiovascular Medicine,
Department of Medicine, Lahey Hospital and Medical Center,
Burlington, MA, USA

programmed cell death ligand 1 (PD-L1). To date, the US
Food and Drug Administration (FDA) has approved seven
agents (one CTLA-4-blocking antibody [ipilimumab]; three
PD-1-blocking antibodies [nivolumab, pembrolizumab, and
cemiplimab]; and three PD-L1-blocking antibodies
[atezolizumab, avelumab, and durvalumab]) for 12 different
cancers [1, 2]. While these agents have revolutionized the
outcomes of a wide variety of cancers, activation of the
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immune system by these drugs can damage other organs,
termed as immune-related adverse events (irAEs), particularly
when used as combination immunotherapy [3¢¢]. Although
any organ system can be affected, irAEs most commonly in-
volve the gastrointestinal tract, endocrine glands, skin, and
liver [4]. Less often, the central nervous system and cardio-
vascular, pulmonary, musculoskeletal, and hematologic sys-
tems may also be involved. While many irAEs resolve suc-
cessfully with temporary cessation of ICI therapy and immu-
nosuppression, cardiotoxicity, particularly myocarditis, can be
associated with significant morbidity and mortality [3+]. Here
we review ICl-associated cardiotoxicity and its management.

Cardiotoxicity

Among the various forms of ICI cardiotoxicities, myocarditis
is the most frequently reported due to its high morbidity and
mortality. However, other manifestations such as cardiomy-
opathy, arrhythmias, acute coronary syndrome, and vasculitis
have also been reported [See, 6].

Although the exact mechanism of cardiotoxicity is incom-
pletely understood, presence of common high-frequency T-
cell receptor sequences in tumor and cardiac muscle cells
raises the possibility of a shared antigen target [7, 8]. Animal
models have shown that CTLA-4, PD-1, and PD-L1 have
cardioprotective effects against immune-mediated damage af-
ter stress. Hence, inhibition by ICIs may make cardiac cells
more susceptible to injury [9-11].

Incidence and Risk Factors

In an international multicenter registry, the reported overall
prevalence of ICI-associated myocarditis was 1.14% and as
high as 2.4% for combination (two or more ICIs) therapy
[3¢°]. For patients undergoing treatment with nivolumab, tro-
ponin levels were elevated in 10% of patients without a clear
reason, suggesting that the true incidence of subclinical or
smoldering myocarditis might be even higher [12]. The true
incidence of ICI-associated myocarditis remains unclear and
is likely underestimated due to a combination of factors in-
cluding the lack of conventional clinical symptoms, the po-
tential for overlap with other cardiovascular illnesses, chal-
lenges in making the diagnosis, and a general lack of aware-
ness about this condition.

The risk factors for ICI cardiotoxicity are poorly under-
stood. An international registry identified combination thera-
py. diabetes, obesity, and anti-CTLA-4 therapy as indepen-
dent risk factors for cardiotoxicity [6]. Pre-existing autoim-
mune disease may also be an independent risk factor [5ee].
Furthermore, the risk of myocarditis may differ between var-
ious classes of ICIs. Some have reported that the prevalence of
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myocarditis is highest with anti-CTLA-4 monotherapy
(3.3%), followed by anti-PD-L1 (2.4%) and anti-PD-1 agents
(0.5%) [3+]. However, others have noted similar toxicity pro-
files for both anti-PD-1 and anti-PD-L1 agents [13].

Pre-existing cardiovascular risk factors may also be asso-
ciated with the development of ICI-associated myocarditis. In
a multicenter international registry, patients who developed
myocarditis had a greater prevalence of hypertension (60%
vs 48%, p < 0.009) and tobacco use (48% vs 17%, p <
0.001) and were more likely to be on a statin (39% vs 29%,
p = 0.04) and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers (32% vs 23%, p = 0.04).
Conversely, pre-existing coronary artery disease, atrial fibril-
lation, and chronic kidney disease were not identified as risk
factors for myocarditis [14]. However, these risk factors were
identified by univariate rather than multivariable regression
analysis, and hence, their true implications cannot yet be
confirmed.

Clinical Presentation

IClI-associated myocarditis can present with a spectrum of
symptoms ranging from fatigue and myalgias to chest pain
and shortness of breath and can sometimes even present as
syncope and sudden cardiac death [3, 7, 15, 16]. In an inter-
national multicenter registry, nearly 50% of patients with ICI-
associated myocarditis developed major adverse cardiovascu-
lar events (MACE) including atrial and ventricular arrhyth-
mias, complete heart block, heart failure, cardiogenic shock,
or death [3e¢]. Although fulminant myocarditis with heart fail-
ure and arrhythmias has been more commonly reported, sub-
clinical or smoldering myocarditis with minimal signs and
symptoms may also occur.

Timing of Cardiotoxicity

Myocarditis typically occurs early after initiation of ICI ther-
apy with a median time of 2 months, with majority of cases
occurring within 3 months [3<¢]. However, cardiotoxicity can
occur at any time during ICI therapy and can occasionally
occur even after cessation of therapy due to persistent effects
of the drug [17].

Diagnosis

As ICl-associated myocarditis is an emerging entity, there are
no specific guidelines for its diagnosis. Because its presenta-
tion can be nonspecific, a high degree of suspicion is required
to make the diagnosis, especially since it can have a rapidly
progressive and fatal course. While it is reasonable to consider
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myocarditis in any patient on ICIs presenting with either non-
specific or specific cardiovascular symptoms, other potential
causes such as acute coronary syndrome, stress-induced car-
diomyopathy, type II myocardial infarction, viral myocarditis,
and pneumonitis should be considered. The clinical presenta-
tion alone may be unable to distinguish ICI-associated myo-
carditis from other cardiac disorders. Hence, additional diag-
nostic tests, such as coronary computed tomography angiog-
raphy or invasive coronary angiography, play a pivotal role in
eliminating acute coronary syndrome. Many patients may
have taken other potentially cardiotoxic drugs (such as
anthracyclines) in the past, and the adverse cardiovascular
effects of these drugs should also be considered in the differ-
ential. If other irAEs are present in a patient with cardiac
symptoms, the probability of ICI-associated myocarditis in-
creases. In particular, myocarditis is more commonly seen in
association with ICI-related myasthenia gravis and myositis
compared with other irAEs [16]. The proposed mechanism for
this association is the presence of shared antigens on cardiac
and skeletal muscles.

A combination of several imaging and non-imaging
tests is often required to make the diagnosis of ICI-
associated myocarditis (Fig. 1). In the following sec-
tions, we describe various diagnostic tests and discuss
their utility and limitations.

Electrocardiogram

An electrocardiogram (ECG) is usually the first test per-
formed in patients presenting with cardiovascular symp-
toms. While ECG abnormalities are reported in most
cases, a normal ECG does not rule out ICI-associated
myocarditis [3+¢]. Most often, the findings are nonspe-
cific and may include sinus tachycardia, QRS/QT pro-
longation, conduction abnormalities, diffuse T-wave in-
version, abnormal Q waves, atrial or ventricular arrhyth-
mias, or local/diffuse ST elevation. In a retrospective
study, QRS prolongation was noted more frequently in
patients with myocarditis compared to controls, and it
was also associated with a higher occurrence of MACE
[3]. This finding implies that any subtle new conduc-
tion abnormality should not be overlooked even in rel-
atively asymptomatic or minimally symptomatic
patients.

Cardiac Troponin

While cardiac troponin is one of the most sensitive tests, with
increased levels noted in 94% of patients with ICI-associated
myocarditis [3¢¢], it is not specific for myocarditis. However,
troponin may have prognostic implications since higher tro-
ponin levels are associated with worse cardiovascular out-
comes in patients with ICI-associated myocarditis [3¢].

Brain Natriuretic Peptide (BNP)/N-Terminal pro-BNP

Natriuretic peptides can be elevated, especially in patients
with volume overload/heart failure. However, they lack sen-
sitivity and specificity for ICI-associated myocarditis and
hence are not particularly helpful in making the diagnosis
[3e2, 50°].

Echocardiogram

This is usually the initial imaging test for the assess-
ment of patients with suspected ICI-associated myocar-
ditis. Although patients with ICl-associated myocarditis
can develop cardiomyopathy, even severe forms like
fulminant myocarditis may present with a normal left
ventricular ejection fraction (LVEF) [5ee]. Importantly,
a normal LVEF does not preclude MACE. In an inter-
national retrospective registry, 51% of patients with
myocarditis had a normal LVEF, and among those
who experienced MACE, 38% occurred in patients with
a normal LVEF [3e, 18]. Emerging data suggests that
global longitudinal strain (GLS) obtained with 2-D
echocardiography may help with both the diagnosis
and prognosis of ICI-associated myocarditis. A retro-
spective study of 101 patients with ICI-associated myo-
carditis showed that GLS was lower in patients with
myocarditis compared with controls, for patients with
both a preserved and a reduced LVEF. A lower GLS
value was strongly associated with subsequent MACE
among patients with myocarditis regardless of whether
they had preserved or reduced LVEF [18].

Cardiac Magnetic Resonance Imaging

Among all the imaging tests, cardiac magnetic resonance
imaging (CMR) is the preferred test for diagnosing ICI-
associated myocarditis. The diagnosis of myocarditis is
made using the updated Lake Louise criteria [19].
Myocardial inflammation and edema can be visualized by
CMR techniques like late gadolinium enhancement (LGE)
and T2-weighted imaging, which provide excellent spatial
resolution and tissue characterization [19]. However, the
utility of CMR is limited as it may not be readily available,
and severely ill patients may not tolerate the test.
Additionally, recent data from an international registry
showed that most patients with ICI-associated myocarditis
had a normal LVEF on CMR and only 46% had LGE,
making CMR an insensitive tool for the diagnosis of ICI-
associated myocarditis. LGE on CMR has been shown to
be an effective tool for risk stratification and prognostica-
tion in myocarditis due to other causes. However, in pa-
tients with ICI-associated myocarditis, LGE was not asso-
ciated with MACE [20]. This suggests that LGE on CMR
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Fig. 1 Proposed algorithm for management of ICI-associated
myocarditis. Abbreviations: ATG, anti-thymocyte globulin; CMR,
cardiac magnetic resonance imaging; ECG, electrocardiogram; EMB,

Permanently discontinue

ICI

According to ASCO classification,
G1: Abnormal cardiac biomarker testing, including abnormal ECG
G2: Abnormal screening tests with mild symptoms

endomyocardial biopsy; GDMT, guideline-directed medical therapy;

cannot be used exclusively to diagnose ICI-associated
myocarditis and additional parameters of tissue
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G3: Moderately abnormal testing or symptoms with mild activity
G4: Moderate to severe decompensation, IV medication or intervention required, life-threatening conditions

ICI, immune checkpoint inhibitor; IVIg, intravenous immunoglobulin;
LVEF, left ventricular ejection fraction; NSAID, nonsteroidal anti-
inflammatory drug; NT-proBNP, N-terminal pro-brain natriuretic peptide

characterization (such as T1 and T2 mapping) may need
to be routinely utilized in the evaluation of these patients.
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Endomyocardial Biopsy

Endomyocardial biopsy is the most specific diagnostic
test for ICI myocarditis. The biopsy from a typically
affected area shows inflammatory infiltrates (usually T
cell-predominant lymphocytic infiltrate) in the myocar-
dium and may also demonstrate the presence of cell-
specific markers such as T lymphocytes (CD3), macro-
phages (CD68), or human leukocyte antigens [See, 21].
Because endomyocardial biopsy poses a risk of cardiac
perforation, it is not performed on a routine basis.
However, it should be considered in patients with a
high clinical suspicion for ICl-associated myocarditis
and negative or ambiguous non-invasive imaging.
While ICI-associated myocarditis can be a patchy pro-
cess, lowering the sensitivity of endomyocardial biopsy
in some patients, a negative biopsy in a hemodynami-
cally stable patient, without other corroborating evi-
dence, may allow careful re-introduction of ICI therapy
in patients lacking effective alternative cancer
treatments.

Management

The management of ICI-associated myocarditis is pri-
marily based on knowledge gained through clinical ex-
perience and from retrospective registry data, rather than
prospective clinical trials. When ICI-associated myocar-
ditis is suspected, ICI therapy should be withheld, and
the necessary workup promptly initiated. Further man-
agement is dictated by (1) the degree of suspicion for
ICI-associated myocarditis and (2) the intensity of the
clinical presentation. Intensity is categorized into four
grades according to ASCO guidelines—G1 and G2 are
considered stable and minimally symptomatic whereas
G3 and G4 are very symptomatic or unstable patients
[22]. Depending on these factors, the patient may need
to be hospitalized, especially if the patient is unstable or
has significant abnormalities on diagnostic testing.
Prompt initiation of immunosuppressive therapy is criti-
cal to managing and improving the prognosis of ICI-
associated myocarditis (Fig. 1).

Corticosteroids

These are the first agents used to manage ICI-associated
myocarditis.

Dose

High-dose corticosteroids are recommended, typically starting
with intravenous methylprednisolone 1000 mg daily for 3

days, followed by oral prednisone 1 mg/kg/day with a slow
taper over several weeks [5¢¢]. Data from an international
registry of 126 patients showed that a higher initial dose of
corticosteroids was associated with improved outcomes
[23ee].

Timing

Along with dosage, the timing of initiation of corticosteroid
therapy also plays a significant role. Prompt initiation of cor-
ticosteroids, within 24 h of presentation, was associated with
improved outcomes [23¢¢]. Furthermore, low-dose corticoste-
roids administered early after presentation were associated
with better outcomes than high-dose corticosteroids adminis-
tered at a later time [23e¢]. This data supports the need for
early initiation of therapy, and in some cases, even before
confirmation of the diagnosis.

Duration

There is limited data regarding the optimal duration of corti-
costeroid therapy and the duration should be decided on a
case-by-case basis. In general, corticosteroids should be ta-
pered slowly (over at least 4—6 weeks) and only after resolu-
tion of symptoms, normalization of LVEF, or stabilization of
arrthythmias [5ee, 14].

Other Immunosuppressive Therapies

Besides corticosteroid therapy, the utility of other immuno-
suppressive agents is not well established. Due to limited ev-
idence, these therapies should only be considered in patients
with corticosteroid-refractory ICI-associated myocarditis. The
need for additional immunosuppressive agents can be further
classified based on the patient’s clinical status.

» Tacrolimus and mycophenolate mofetil can be considered
if there is evidence of high-grade myocarditis on
endomyocardial biopsy [5¢¢, 6, 14] or in cases with per-
sistent symptoms/biomarker elevation despite high-dose
corticosteroids. Infliximab has been associated with wors-
ening heart failure [24] and more recently reports of in-
creased CV deaths [25]. Therefore, it is not a suitable
primary agent.

* Anti-thymocyte globulin, intravenous gamma globulin,
and plasmapheresis should be considered in patients with
ICl-associated myocarditis who are hemodynamically un-
stable. The evidence regarding their use is limited and is
derived mostly from patients with cardiac allograft rejec-
tion. Abatacept, a CTLA-4 agonist, and alemtuzumab, a
CD52 monoclonal antibody, have also been shown to be
effective in the treatment of corticosteroid-refractory ICI-
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associated myocarditis but the evidence is based on case
reports, and hence, their use is limited [26, 27].

Supportive Therapy

Given the paucity of data regarding the efficacy and safety of
different agents used for the management of hemodynamical-
ly unstable patients with ICI-associated myocarditis, a multi-
disciplinary and individualized approach to decision-making
is critical to achieve the best outcomes. Mechanical circulato-
ry support may be needed in some patients and should be
considered after weighing the prognosis from a cancer stand-
point. In patients with cardiomyopathy, guideline-directed
medical therapy should be started after stabilization.
Similarly, in patients with arrhythmias, appropriate antiar-
rhythmics and anticoagulation therapy should be considered.

Prognosis

ICl-associated myocarditis is associated with a high mortality
with estimated rates of 38% to 46%. Non-fatal MACE includ-
ing heart failure, cardiogenic shock, cardiac arrest, ventricular
arrhythmias, and complete heart block have also been reported
in approximately 50% of cases [3¢e, 12]. The lack of system-
atic screening strategies may contribute to overestimation of
these complications and underreporting of subclinical or
smoldering myocarditis that presents with minimal signs and
symptoms.

Screening and Surveillance

The American Society of Clinical Oncology Clinical Practice
Guideline recommends a screening ECG and consideration of
troponin measurement prior to initiating ICI, particularly in
patients receiving dual ICI therapy [22]. Retrospective registry
data show that 70% of patients who developed myocarditis on
ICI therapy had a normal baseline LVEF [18]. Similarly, base-
line GLS did not differ between patients who developed ICI
myocarditis and those who did not [18]. Therefore, screening
echocardiography is not recommended at baseline. However,
in our opinion, baseline ECG, troponin, and echocardiography
should be considered in patients with pre-existing CV disease
and autoimmune disease and in those with a prior history of
exposure to other cardiotoxic therapies.

Stress Cardiomyopathy

There have been several reports of takotsubo (stress induced)
cardiomyopathy in patients receiving ICI therapy [13, 28]. Ina
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small retrospective study of 30 patients with unselected ICI-
related cardiotoxicity, 14% had a clinical presentation consis-
tent with takotsubo cardiomyopathy [13]. The incidence of
takotsubo cardiomyopathy is increased in patients treated with
a combination of ICI and cytotoxic chemotherapy [28]. In
contrast to ICI-associated myocarditis, the underlying patho-
physiology of ICI-related takotsubo cardiomyopathy is be-
lieved to be non-inflammatory. While the diagnosis of
takotsubo cardiomyopathy is usually based on the clinical
presentation, ECG, cardiac biomarkers (troponin and NT-
proBNP), and typical apical ballooning pattern on echocardi-
ography, CMR can be helpful to exclude myocarditis [28].
Acute coronary syndrome and underlying obstructive coro-
nary artery disease should also be ruled out as an underlying
etiology.

Cessation of ICI therapy is the first step in the management
of ICI-related takotsubo cardiomyopathy [13]. While there are
case reports of improvement [28], the data is limited to rec-
ommend routine high-dose corticosteroid therapy. Guideline-
directed heart failure therapy should be used in cases of car-
diomyopathy [29]. QT-prolonging drugs should be avoided.

Pericardial Disease

Pericardial disease is the second most common ICI-associated
cardiotoxicity. In an analysis of adverse drug reactions report-
ed to the World Health Organization’s VigiBase database,
ICl-related pericardial disease had a prevalence of 13.6%
[30], and in a second retrospective study of ICI-related
cardiotoxicity, 7% of cases had a pericardial effusion [13].
ICI-related pericardial disease has a reported mortality of
21% [31]. Pericarditis can occur in isolation or together with
ICI-associated myocarditis (myopericarditis). Shortness of
breath is the most common symptom of ICI-related pericardial
disease [30]. Additional symptoms can range from precordial
pain in the absence of pericardial effusion or jugular venous
congestion and cardiogenic shock in cases of cardiac
tamponade due to pericardial effusion [32]. Diagnostic evalu-
ation of ICl-associated pericardial disease includes a detailed
physical examination, ECG, and echocardiogram [30, 33].
Concomitant presence of ICI-elated myocarditis should be
evaluated and CMR can aid in the assessment of myocardial
involvement. Tissue pathology reveals lymphocytic infiltra-
tion and a fibrinous exudate [34]. Cancer-associated pericar-
dial effusion represents an important alternative diagnosis and
examination of pericardial fluid cytology may help differenti-
ate the underlying pathology [32].

ICI therapy should be discontinued in all cases of pericar-
ditis. Immunosuppressive therapy with high-dose corticoste-
roids can be given as initial therapy. Colchicine and nonste-
roidal anti-inflammatory drugs may be used as adjunctive
treatment [33]. In cases of steroid-refractory pericarditis,
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mycophenolate mofetil, infliximab, or anti-thymocyte globu-
lin may be considered but lack systematic evidence [30, 33].
Complications like cardiac tamponade should be managed
with pericardiocentesis, as per the guidelines [32].

Re-challenge with ICI

IClI-associated myocarditis is considered a high-grade adverse
event and current guidelines recommend permanent discon-
tinuation of ICI therapy [22]. However, patients with a milder
course and complete cardiac recovery may benefit from con-
tinuing or restarting ICI therapy, especially if their cancer is
responsive to ICI treatment. The decision to re-challenge a
patient who has suffered ICI-associated myocarditis must be
individualized and considered carefully by a multidisciplinary
team. The various factors to consider include cancer status and
alternative treatment options, severity of cardiotoxicity, re-
gression of toxicity with immunosuppressive therapy, and pa-
tient preference. If the decision is made to re-challenge a pa-
tient, monotherapy with an alternative agent should be used.
Systemic monitoring for cardiovascular symptoms, coupled
with surveillance for asymptomatic disease with serial tropo-
nins and periodic cardiac imaging, is recommended [6]. Data
regarding re-challenge with ICIs after the development ICI-
associated myocarditis is very limited but retrospective studies
suggest that an anti-PD-1 agent can be safely resumed after
initially experiencing an irAE with an anti-CTLA-4 ICI [35].

As with ICl-associated myocarditis, there is limited data
regarding the safety of re-challenging patients with ICI thera-
py in cases with ICI-related takotsubo cardiomyopathy or
pericardial disease. Therefore, ICI re-challenge should be
evaluated on a case-by-case basis after recovery of LV func-
tion or pericarditis and with intensified cardiac monitoring
[28, 30, 33].

Long-term Sequelae of ICI Therapy

A recent multivariate analysis demonstrated a 3-fold higher
risk of cardiovascular events after starting an ICI (HR, 3.3
[95% CI, 2.0-5.5]; P < 0.001) [36]. In this same study,
2.32% of patients had a cardiovascular event prior to starting
an ICI, and 4.2% had a cardiovascular event after initiation of
ICI. Imaging showed that the rate of progression of total aortic
plaque volume was > 3-fold higher with ICIs (from 2.1%/year
pre to 6.7%/year post) [36]. This data suggests that ICIs are
associated with a higher rate of atherosclerosis and aortic
plaque progression. Animal models have shown that the PD-
1/PD-L1 pathway downregulates the proatherogenic T-cell
response [37, 38]. Additionally, PD-1-deficient myeloid pro-
genitors upregulate genes involved in cholesterol synthesis
and uptake, and downregulate genes promoting cholesterol

metabolism. This cumulatively leads to markedly increased
cellular cholesterol levels [36]. Although these risks may not
outweigh the cancer-related benefits, candidates for ICI ther-
apy should undergo screening and modification of traditional
CV risk factors and scrutiny for cardiac events during ICI
treatment.

Impact of COVID-19

Current data suggests that patients with a history of cancer are
at a higher risk of acquiring severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection and patients with the
novel coronavirus disease 2019 (COVID-19) are likely to ex-
perience a more severe course and higher mortality. This is
especially true in patients with concomitant cancer and car-
diovascular disease [39-41]. SARS-CoV-2 rarely infects car-
diac myocytes and the predominant mechanism of myocardial
injury is activation of the host inflammatory response with
associated microvascular dysfunction and thrombosis.
Myocardial autopsy specimens from COVID-19 patients
demonstrate increased macrophage rather than T cell infiltra-
tion, without associated myocyte necrosis [42]. Thus, they do
not meet the histopathologic criteria for myocarditis [43].

However, like ICI-associated myocarditis, the diagnosis of
SARS-CoV-2 myocarditis is often made on the basis of ele-
vated troponin and positive MRI findings. Hence, SARS-
CoV-2 should be considered in the differential diagnosis of
a patient with suspected ICI-associated myocarditis. During
the COVID-19 pandemic, it is important to differentiate
SARS-CoV-2 myocarditis from ICl-associated myocarditis
to guide appropriate management and improve prognosis.

Conclusion

While ICI therapy has revolutionized outcomes for a wide
variety of cancers, activation of the immune system by ICIs
may lead to various irAEs. Although the overall incidence is
rare, ICI cardiotoxicity, particularly myocarditis, is associated
with significant morbidity and mortality, making it a major
therapy-limiting adverse event. Early recognition and prompt
treatment with cessation of ICI therapy and initiation of high-
dose corticosteroids are crucial to improve outcomes in pa-
tients with ICI cardiotoxicity.
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