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ABSTRACT

Immune checkpoint inhibitors (ICIs) are approved for a wide
range of malignancies. They work by priming the immune sys-
tem response to cancer and have changed the landscape of
available cancer treatments. As anticipated, modulation of
the regulatory controls in the immune system with ICIs results
in diverse immune-related adverse events, targeting any
organ or gland. These toxicities are rarely fatal and generally
regress after treatment discontinuation and/or prescription
of corticosteroids. Recently, several cases of ICI-related cardio-
toxicity have been reported with complications ranging from
cardiogenic shock to sudden death. The true incidence of
ICI-associated myocarditis is likely underestimated, due to a
combination of factors including the lack of specificity in the

clinical presentation, the potential of overlap with other cardi-
ovascular and general medical illnesses, the challenges in the
diagnosis, and a general lack of awareness of this condition.
Currently, there are no clear guidelines for surveillance, diag-
nosis, or management of this entity. There are multiple unre-
solved issues including, but not limited to, identifying those at
risk of this uncommon toxicity, elucidating the pathophysiol-
ogy, determining if and what type of surveillance is appropri-
ate, optimal work-up of suspected patients, and methods
for resolution of myocarditis. Here we describe a clinical
vignette and discuss the salient features and management
strategies of ICI-associated myocarditis. The Oncologist
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KEY POINTS
• The incidence of immune checkpoint inhibitor (ICI)-associated myocarditis is unclear and has been reported to range from
0.06% to 1% of patients prescribed an ICI.

• Myocarditis may be difficult to diagnose.
• The risk factors for ICI-associated myocarditis are not well understood but may include underlying autoimmune disease
and diabetes mellitus.

• The prevalence of myocarditis has been reported to be higher with combination immune therapies.
• Myocarditis with ICI’s typically occurs early, with an elevated troponin, may present with an normal left ventricular ejection
fraction and may have a fulminant course.

• The optimal management of myocarditis associated with ICI’s is unclear but most cases are treated with high-dose steroids.

PATIENT STORY

A 41-year-old woman with no cardiac risk factors but a prior
history of Hashimoto’s thyroiditis was diagnosed with meta-
static melanoma. She presented with mild dyspnea 6 days after
completing four cycles of combined immune checkpoint inhibi-
tor (ICI) therapy with ipilimumab and nivolumab. On exam, she
was tachycardic and mildly volume overloaded but was other-
wise stable. Sinus tachycardia was noted on electrocardiogram
(ECG); there were no conduction abnormalities (Fig. 1A).
Cardiac troponin I (cTn) was mildly elevated with normal level
of N-terminal-pro brain natriuretic peptide (NT-proBNP). A
chest computed tomography (CT) scan did not show evidence
of pneumonitis but did show cardiomegaly and pulmonary

congestion. An echocardiogram revealed global left ventricular
(LV) systolic dysfunction with an ejection fraction (EF) of 15%.
She had a coronary angiography, which did not show evidence
of obstructive coronary artery disease. A cardiac magnetic reso-
nance imaging (CMR) showed T2 hyper-intensity and patchy
mid-myocardial delayed enhancement involving the interven-
tricular septum (Fig. 1B) with an LVEF of 12%, features consist-
ent with myocarditis. A right heart catheterization revealed an
elevated pulmonary capillary wedge pressure (25 mmHg) with
a reduced cardiac index (1.8 L/minute/m2). On endomyocardial
biopsy, there was an intense lymphocytic infiltrate and mild
interstitial fibrosis (Fig. 1C), and an immunostain was positive
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for CD-3 and CD-8 T cells (Fig. 1D, 1E). The biopsy findings were
also consistent with myocarditis. She was treated with high-
dose corticosteroids (1,000 mg methylprednisolone/day daily
for 3 days followed by a slow tapering regimen of oral predni-
sone) and neurohormonal antagonists. She underwent a repeat
CMR 4 months later, which showed resolution of previously
noted delayed myocardial enhancement and that her LVEF had
improved to 54%.

IMMUNE CHECKPOINT INHIBITORS
Antitumor immunity is enhanced by blocking intrinsic down-
regulators of immunity, such as cytotoxic T-lymphocyte antigen
4 (CTLA-4) and programmed cell death 1 (PD-1) or its ligand,
programmed cell death ligand 1 (PD-L1) [1, 2]. Various ICIs have
shown efficacy and increased overall survival for patients with
several cancers and, so far, six agents (one CTLA-4 blocking anti-
body—ipilimumab; two PD-1 blocking antibodies—nivolumab
and pembrolizumab; and three PD-L1 blocking antibodies—
atezolizumab, avelumab, and durvalumab) have been ap-
proved for 10 different cancers by the U.S. Food and Drug
Administration [3].

CARDIOTOXICITY
Due to increased activity of the immune system, ICIs can be
associated with immune-related adverse events (irAEs) [4].
Although gastrointestinal tract, endocrine glands, skin, and
liver are most commonly involved, any organ system can be
affected by irAEs [3, 4]. Cardiotoxicity in the form of myocar-
ditis has recently been reported [5–9]. The incidence of ICI-

associated myocarditis is unclear. In a pharmacovigilance
study, myocarditis was noted in 0.27% of patients receiving
combination therapy and 0.09% of patients on a single ICI
[5]. In contrast, in a recent retrospective case-control study,
1% of patients prescribed an ICI developed myocarditis [6].
The risk factors for ICI-associated myocarditis are not well
understood [3, 8]. It is possible, such as in our case, that
patients with underlying autoimmune disease may be at
increased risk [3, 10, 11]. Additional risk factors may include
pre-existing cardiac disease and diabetes mellitus [3, 6].
Combination ICI therapy is associated with an increased risk
of other irAEs and is also a risk factor for ICI-associated myo-
carditis [5, 6]. Specifically, in a small registry of ICI-related
myocarditis, the prevalence was 0.5% with anti-PD-1 alone
as compared with 2.4% with combined anti-PD-1 and anti-
CTLA-4 therapy [6]. Similarly, the risk of myocarditis develop-
ment may differ between various classes of ICIs. The preva-
lence of myocarditis was lowest with anti-PD-1 agent (0.5%),
whereas it was noted to be higher with anti-PD-L1 (2.4%)
and anti-CTLA-4 monotherapy (3.3%) [6]; however, the noted
difference in the prevalence of irAEs between various classes
of ICIs may be an overestimation, particularly the difference
noted between anti-PD-1 and anti-PD-L1 agents, given that
the previous studies report similar toxicity profile of both
classes [12].

A feature favoring a pre-existing subclinical immunology risk
factor is the general recognition that ICI-associated myocarditis
occurs early with amedian time of 1–2months and withmost of
the cases occurring within 3 months of starting ICI therapy [5, 6].

Figure 1. Electrocardiogram (ECG), cardiac magnetic resonance imaging (MRI), and endomyocardial biopsy findings in a patient with
immune checkpoint inhibitor-associated myocarditis. (A): 12-lead ECG showing sinus tachycardia. (B): Cardiac MRI: Arrow showing mid-
myocardial delayed enhancement of interventricular septum. (C): High-power view of endomyocardial biopsy (EMB) sample shows an
intense lymphocytic infiltrate and mild fibrosis. (D): CD-3 immunostain of EMB sample shows that the majority of the inflammatory infil-
trate consists of CD-3-positive T lymphocytes. (E): CD-8 immunostain of EMB sample shows presence of cytotoxic (CD-8 positive) T cells.
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However, although cardiovascular adverse events occurredmore
frequently in the early phase of the treatment, they can occur at
any time [7]. The presenting symptoms can also vary widely and
may range frommild, nonspecific symptoms such as fatigue and
myalgia, chest pain, and shortness of breath to syncope and

sudden cardiac death [5–7, 9]. It may also present as a tachyar-
rhythmia (atrial or ventricular) or heart block [5, 6]. Although ful-
minant myocarditis with heart failure and arrhythmias has been

more commonly reported, subclinical or smoldering myocarditis

withminimal signs and symptomsmay also occur [13].

Figure 2. Proposed algorithm for management of ICI-associated myocarditis. The proposed management algorithm suggests a stepwise
approach for a patient with suspected myocarditis.*, the data are very limited and are based on retrospective analysis.

Abbreviations: ATG, antithymocyte globulin; CMR, cardiac magnetic resonance imaging; ECG, electrocardiogram; EMB, endomyocardial
biopsy; HF, heart failure; ICI, immune checkpoint inhibitors; IVIg, intravenous immunoglobulin; PD-1, programmed cell death 1; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal-pro-brain natriuretic peptide.
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PATHOPHYSIOLOGY
The exact mechanism of irAEs is not understood. Evolving data
suggest that common high frequency T-cell receptor sequences
are found exist in cardiac muscle and tumor, raising the possibil-
ity of a shared antigen theory [5, 14]. Additionally, the relatively
early onset of myocarditis after initiating ICI therapy and involve-
ment of selective patients without a clear explanation supports
hypotheses regarding the role of pre-existing conditions that pre-
dispose to the development of myocarditis. In animal models,
both CTLA-4 and PD-1 protect the heart from immune-mediated
damage after stress [15–17], and genetic manipulation of this
axis has provided some insight. Specifically, CTLA-4 knockout
mice develop rapidly fatal autoimmunemyocarditis mediated by
CD81 T cells [15], whereas deletion of PD-1 in mice leads to
spontaneous myocarditis and dilated cardiomyopathy that is
caused by anti-cTn autoantibodies [16, 17]. In mouse models of
T-cell-mediated myocarditis, myocardial PD-L1 up-regulation is
noted, likely a cytokine-induced cardio-protective mechanism,
and the upregulation is critical for limiting immune-mediated
cardiac injury andmay be abrogated by anti-PD-L1 antibody [18].

MANAGEMENT

Diagnosis
There are no clear guidelines for diagnosis and treatment of this
relatively newly emerging entity, and, with increasing knowledge,
practice will evolve. In Table 1, we describe the current, albeit
early, knowledge of the salient clinical features, diagnosis, and
treatment strategies. A high level of vigilance is required given
that immune-mediatedmyocarditis may present with nonspecific
symptoms andmay potentially have a fulminant progression.

If a patient has symptoms suggestive of myocarditis, an ECG
and troponin should be checked immediately. It is important to
acknowledge that although these tests are frequently used for
diagnosis of myocarditis, they lack the sensitivity and specificity
for diagnosis and can be abnormal due to other cardiovascular
conditions. For example, an ECG in a patient with myocarditis
may show nonspecific findings such as sinus tachycardia, QRS/QT
prolongation, conduction abnormalities, diffuse T-wave inversion,
Q waves, ventricular arrhythmias, and local or diffuse STelevation
[19, 20]. Although ECG abnormalities can be found in themajority
of patients with myocarditis at initial presentation, a normal ECG
does not rule out myocarditis [21]. Similarly, although most
reported fulminant cases are associated with elevated serum tro-
ponin, an elevated troponin is not specific for myocarditis, and a
normal troponin, especially in cases that appear late after initia-
tion of ICIs, does not exclude ICI-associated myocarditis [6]. How-
ever, the utility of troponin levels is not limited just to diagnosis
of myocarditis as the extent of the elevated troponin has also
been shown to be prognostic with a higher troponin associated
with worse cardiovascular outcomes [6]. Other cardiac bio-
markers, including BNP or NT-proBNP, are markers of myocardial
stretch and should be checked in symptomatic patients, but they
may also be normal in specific phenotypes [22, 23].

An echocardiogram is a standard first-line test for the
assessment of patients with suspected ICI-associated myocardi-
tis given its widespread availability and ease of performance.
However, the LVEF may be normal even in fulminant myocardi-
tis, and a normal LVEF does not exclude the occurrence of a
major adverse cardiac event [5, 6]. All patients presenting with

new cardiovascular symptoms, an abnormal ECG, and an ele-
vated cTn should have coronary ischemia excluded. Depending
on the clinical presentation, this can be performed with tradi-
tional invasive coronary angiography, a cardiac CT, or, less favor-
ably, a stress test. Additional testing to be considered includes
a viral-serology panel, including influenza, to exclude other
causes of myocarditis. A CMR is the gold standard noninvasive
test for the diagnosis of myocarditis. The strengths of CMR
include its excellent spatial resolution and its additive ability to
provide tissue characterization [24]. Specifically, myocarditis is
associated with increased capillary permeability, leading to
increased myocardial water content and cellular necrosis,
which can be detected by CMR on T1- and T2-weighted images
[25]. This was noted in our case with the observation of late
gadolinium enhancement. A combination of these CMR criteria
has a sensitivity of 76% and specificity of 96% for myocarditis
[26, 27]. CMR has also shown to be an effective tool for risk
stratification and prognostication in general cases of myocardi-
tis [28, 29]. Despite the potential benefits of CMR, its limited
availability and the difficulty in obtaining this relatively lengthy
test in severely ill patients are major obstacles that restrict its
widespread use in every patient with suspected myocarditis.
Importantly, an absence of abnormal findings on either echo-
cardiogram or CMR does not rule out myocarditis [27].

An endomyocardial biopsy is considered the gold standard for
the diagnosis of myocarditis [30]. However, due to its invasive
nature, the risk of cardiac perforation, and the localized nature of
the biopsy sample, the test is not performed as a first-line test
despite being considered the “gold standard.” If biopsy is obtained
from the affected area, histological examinationmay show inflam-
matory infiltrates (usually T-cell-predominant lymphocytic infil-
trate) in the myocardium not typical of ischemic damage from
coronary artery disease. Immunostains for cell-specific markers
such as T lymphocytes (CD3) or macrophages (CD68) or human
leukocyte antigensmay improve the sensitivity of the test [31].

Given that patients with ICI-associated myocarditis may
develop tachy- and bradyarrhythmias, suspected or confirmed
patients should be closely monitored with cardiac telemetry
and ECGs.

It is important to consider broad differential diagnosis in a
patient with suspected myocarditis. Pneumonitis, another irAE,
may also present with similar symptoms, and appropriate
work-up should be considered especially if work-up for myocar-
ditis is unrevealing. Many of these patients may have received
other potentially cardiotoxic therapies in the past, which may
also cause cardiac dysfunction. Particularly, patients with
BRAFV600 mutation metastatic melanoma may have received
combination therapy with BRAF/MEK inhibitors, which are
associated with LV systolic dysfunction [32]. Additionally, other
diagnoses should be considered. For example, cases of sarcoid-
osis with immunotherapy have been reported [33], which may
affect the heart and present in a manner very similar to ICI-
associated myocarditis with heart block and heart failure.

Treatment
Although there are no prospective studies evaluating various
potential treatment regimens, some early clinical experience-based
algorithms provide some initial guidance formanagement [5, 8].

Cumulatively, cessation of ICI therapy and immunosuppres-
sion are the cornerstones of ICI-associated myocarditis treatment
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Table 1. Salient features of ICI-associated myocarditis

What is ICI-associated myocarditis?
It is an immune-mediated inflammatory condition that affects the
myocardium (heart muscle)

What are the symptoms? Fatigue, myalgia, chest pain, shortness of breath, orthopnea, leg swelling,
palpitation, lightheadedness/dizziness, syncope, change in mental status.

What is the differential diagnosis? Acute coronary syndromes, pneumonitis, viral myocarditis, other causes of
cardiomyopathy and heart failure, endocrinopathy, cardiac sarcoidosis, etc.

When does it occur? Early in the course (median reported time is 17–65 days after the first dose of
ICI therapy).

Who is more likely to develop it? Patients receiving combination ICI therapy are at highest risk. Other risk factors
such as prior autoimmune disease have not been established.

Why does it happen? The precise mechanisms are unclear. Limited evidence suggests that auto-
reactive T cells infiltrate the myocardium. Given similar T-cell clones were found
in the tumor, it is plausible that myocardium and tumor may have shared
antigen.

How to diagnose? There are no universally accepted criteria. If myocarditis is suspected, cardiology
consult, ECG, cTn, echocardiogram, CMR, and EMB may be considered.

ECG Nonspecific findings such as sinus tachycardia, QRS/QT prolongation, conduction
abnormalities, diffuse T-wave inversion, abnormal Q wave, ventricular arrhyth-
mia, and local or diffuse ST elevation can be seen.

Cardiac troponin cTn can be used as a diagnostic and prognostic tool. Elevation of cTn is noted in
most reported cases. However, a normal cTn level does not rule out myocarditis.

Echocardiogram A useful tool for assessing cardiac function and to rule out some other
cardiovascular disease. However, it does not provide tissue characterization and
lacks the ability to detect subtle myocardial abnormalities.

Cardiac MRI CMR is highly sensitive and specific and can be used as the primary imaging tool
for diagnosis in suspected cases of myocarditis, if available. Acute inflammation
and cellular necrosis due to myocarditis can be detected by T1- and T2-weighted
images as well as late gadolinium enhancement sequence.

Endomyocardial biopsy EMB is considered gold standard for diagnosis but can be falsely negative due to
patchy distribution of the lesion. Given its invasive nature and associated
potential complications, it is not considered first-line investigation and can be
reserved for cases with high suspicion and otherwise negative work-up. A T-cell-
predominant lymphocytic infiltrate is the most common histologic finding.

How to treat? There are no prospective studies evaluating various treatment regimens but
several clinical experience-based algorithms provide detailed practical guidance
for management. Cessation of ICI therapy and immunosuppression are the cor-
nerstones of treatment.

Corticosteroids High-dose corticosteroids (1,000 mg methylprednisolone/day for first 3 days
followed by oral prednisone 1 mg/kg) is usually the first line of therapy in the
acute phase.

Immunosuppressive therapy For unstable patients: ATG or IVIg and plasma exchange need to be considered.
For stable patients: Tacrolimus or mycophenolate mofetil or infliximab may be
considered for patients with evidence of high-grade myocarditis on biopsy or for
those who fail to respond to corticosteroid therapy or as a steroid-sparing agent.
Note: Infliximab in contraindicated in presence of moderate to severe HF.

When to start the treatment? As soon as myocarditis is suspected, high-dose corticosteroids should be started
promptly without any delay for confirmatory tests.

How long to treat? Unclear, but it is reasonable to continue the treatment until resolution of
symptoms and normalization of cTn, LVEF, and conduction abnormalities.

What is the prognosis? Although the majority of reported cases have described a fulminant course with
electrical instability and a fatal outcome, there may be a spectrum of the
severity of myocarditis, and complete recovery is possible with prompt
recognition and initiation of immunosuppressive therapy (as described in clinical
vignette here).

What are the predictors of outcome? Elevated cTn and presence of conduction abnormalities are predictors of worse
outcomes/MACE.

Pre-ICI LVEF Retrospective data from the registry does not show any correlation between
baseline LVEF and MACE.

Cardiac troponin Higher level of cTn is shown to be associated with MACE, heart failure, and
arrhythmia.

Electrical conduction abnormality Electrical conduction abnormalities may suggest underlying severe myocarditis
and has been reportedly associated with fulminant outcomes.

(continued)

Ganatra, Neilan 5

www.TheOncologist.com Oc AlphaMed Press 2018

883Ganatra, Neilan



(Fig. 2).Timing of treatment is likely important given the potential
for rapid progression to fulminant disease with cardiovascular
compromise; therefore, prompt initiation of the immunosuppres-
sion is recommended without any further delay for confirmatory
testing.

A high dose of corticosteroids (i.e., methylprednisolone
1,000 mg per day for 3 days followed by prednisone 1 mg/kg)
should be considered the first line of therapy in the acute
phase. Data from two registries have suggested that prompt
initiation of high-dose corticosteroids is beneficial for recovery
of left ventricular systolic function as well as for reducing the
burden of major adverse cardiac events [6, 7]. Beyond treat-
ment with high-dose corticosteroids, there are few data to sug-
gest the optimal subsequent therapy should steroids fail.
Potential alternatives to consider, should high-dose steroids not
result in the resolution of myocarditis, include infliximab. How-
ever, it is important to note that efficacy data with infliximab
are mixed, and the use of infliximab has been associated with
the development of heart failure among patients with rheuma-
toid arthritis [34]. If patient is unstable, anti-thymocyte globu-
lin, intravenous immunoglobulin, and plasma exchange should
be considered [35, 36]. In stable patients either with evidence
of high-grade myocarditis on biopsy or who fail to respond to
corticosteroid therapy, additional therapy with tacrolimus or
mycophenolate mofetil should be considered based on their
proven efficacy as immunosuppressive agents in cardiac allo-
graft rejection [37]. Concomitant standard heart failure and
anti-arrhythmic management should also be initiated, espe-
cially if the LVEF is reduced. It is unclear how long a patient
should be treated with immunosuppressive therapy, but it is
reasonable to continue until resolution of symptoms and nor-
malization of LVEF, biomarker, and conduction abnormality.

The development of cardiovascular adverse events is partic-
ularly challenging because it has potential implications in over-
all cancer management and outcomes of patients. Although
the interruption of cancer therapies could increase the risk of
disease progression, cardiac events could lead to early compli-
cations and death. Retrospective data suggest that in patients
with advanced melanoma and non-small cell lung cancer who
have had an initial favorable response with ICI and needed to
discontinue due to irAEs, the response was maintained even
after discontinuation of treatment [38, 39], and restarting ICI

may not be required. Although the guidelines recommend a
definite discontinuation of immunotherapy in cases of life-
threatening (grade 4) and severe (grade 3) adverse events, the
decision to rechallenge with ICI therapy after development of
ICI-associated myocarditis is complex and needs to be individu-
alized with multidisciplinary discussion considering the cancer
status, response to immunotherapy, availability of alternative
effective therapy, severity of cardiotoxicity, regression of toxic-
ity with immunosuppressive therapy and patient preference. If
the patient needs to be rechallenged with immunotherapy,
monotherapy with a different agent along with very close cardi-
ovascular monitoring should be considered. Specifically, retro-
spective analysis of the registry data, albeit limited, suggests
that monotherapy with anti-PD-1 agent was associated with
lowest risk of cardiotoxicity [6]. A similar finding was noted in a
retrospective study of patients with melanoma, which showed
that anti-PD-1 therapy was safely given after serious ipilimu-
mab (anti-CTLA-4) or combination therapy with CTLA-4/PD-1
related adverse events [40, 41].

SCREENING AND SURVEILLANCE
Both screening and surveillance are considered when a significant
cardiotoxicity can occur from cancer therapies. Specifically, prior
to anthracyclines, measurement of an LVEF is suggested [42].
However, data suggest that measurement of LVEF prior to ICI
therapy may not provide utility. For example, in one case series,
70% of patients who developed myocarditis on ICI therapy had a
normal pre-ICI LVEF [6]. In most series, an abnormal ECG and cTn
is noted at presentation. Therefore, a surveillance approach of
serial ECG and cTn could be considered. As the median time to
myocarditis is early, checking cTn levels at baseline and at each
cycle may therefore be of value. An elevated cTn should warrant
consideration of myocarditis and immediate referral to cardiol-
ogy/cardio-oncology for further evaluation. Additional questions
include who to monitor and for how long. Surveillance may be
appropriate for trials in the adjuvant or neoadjuvant setting, com-
bination ICI regimens, and co-administration of ICIs with other
agents with established cardiovascular toxicities.

FUTURE DIRECTIONS

Our knowledge of ICI-related myocarditis is rapidly evolving
and will continue to evolve as the testing and indications for

Table 1. (continued)

What is ICI-associated myocarditis?
It is an immune-mediated inflammatory condition that affects the
myocardium (heart muscle)

Is it safe to restart ICI after myocarditis? There may be a risk of recurrence. There are no prospective data to guide this
complex decision, which needs to be individualized with multidisciplinary
discussion considering the cancer status, response to immunotherapy,
availability of alternative effective therapy, severity of cardiotoxicity, regression
of toxicity with immunosuppressive therapy, and patient preference after
weighing risks and benefits.

Which agent to use if there is a
need to restart immunotherapy?

Retrospective study has observed lower incidence of cardiotoxicity with anti-PD-
1 monotherapy. Another retrospective study also shows the safety of anti-PD-1
therapy in patients who needed to restart ICI therapy after discontinuation of
anti-CTLA-4 agent secondary to irAE requiring immunosuppression. It is unclear
what to do if original cardiotoxicity was noted with anti-PD-1 agent.

Abbreviations: ATG, anti-thymocyte globulin; CMR, cardiac magnetic resonance imaging; CTLA-4, cytotoxic T-lymphocyte antigen 4; cTn, cardiac tro-
ponin I; ECG, electrocardiogram; EMB, endomyocardial biopsy; HF, heart failure; ICI, immune checkpoint inhibitors; irAE, immune-related adverse
event; IVIg, intravenous immunoglobulin; LVEF, left ventricular ejection fraction; MACE,; MRI, magnetic resonance imaging; PD-1, programmed cell
death 1; MACE, Major Adverse Cardiovascular Events.
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ICIs expand. In 2017, 940 immuno-oncology agents were being
tested in 3,042 clinical trials with a target enrollment of
577,076 patients [43]. There are many key information gaps,
including, importantly, a lack of a standardized definition for
ICI-associated myocarditis, which would enable a consistent
assessment by broad groups of clinicians. However, because
ICI-associated myocarditis is a new syndrome, our understand-
ing of this condition is rapidly evolving, and any definition is
subject to change. Other important considerations include
identifying clinical, genetic, and immunological risk factors for
ICI-associated myocarditis, validation of surveillance pathways
with robust test characteristics, and establishing treatment
algorithms with research focused on identification of targeted
interventions that may reduce the current reliance on high-
dose steroids. A key component will be multidisciplinary collab-
orations, which should include oncologists, general physicians,

cardiologists, cardio-oncologists, and immunologists. These col-
laborations involving academics and clinicians should also
include industry and regulatory authorities.
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Special Series: Immune-Related Adverse Events

This is the first in an ongoing series of case-based articles on the potential adverse events arising from
immunotherapies in the treatment of cancer. Because these rare but serious complications must be quickly detected
and properly treated, this series is designed to enhance the care of patients who may well benefit from therapeutic
strategies that involve one or more of these powerful immunotherapies.

Forthcoming articles in the series will address the following toxicities:

Dermatologic Hepatic
Endocrine Neurologic
GI Pulmonary
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