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T raditional cytotoxic chemotherapy and novel cancer
therapies have various cardiotoxicities, ranging from

heart failure to arrhythmias. One of the most exciting
developments in cancer treatment is immunotherapy, which
uses the immune system to attack malignancies. Among the
immunotherapy armamentarium are immune checkpoint
inhibitors (ICIs), which have shown promising results.1 ICIs
are monoclonal antibodies that target the host immune
negative regulation receptors, such as CTLA-4 (cytotoxic T-
lymphocyte–associated protein 4), programmed cell death
receptor 1 (PD-1), and programmed cell death ligand 1 (PD-
L1). There are currently 7 US Food and Drug Administration–
approved ICIs, which include ipilimumab (anti-CTLA4), nivolu-
mab, pembrolizumab, cemiplimab (anti–PD-1), avelumab,
atezolizumab, and durvalumab (anti–PD-L1) (Table). The
indications for their use in cancer treatment continue to
expand for an increasing number of malignancies, and in
some as first-line therapy. Parallel with the increased use,
recognition of immune-related adverse events (IRAEs) has
also improved. The most common fatal IRAE is colitis, but the
associated mortality is low at 2% to 5%.2 At the other end of
the spectrum is ICI-related myocarditis, which is an uncom-
mon IRAE, but is associated with a high reported mortality.3–7

There is a need for increased awareness to suspect, diagnose,
and treat ICI-related myocarditis.

There are few large case series describing cardiotoxicities
of ICIs, with the largest coming from adverse event reporting
databases. Although these databases provide larger patient
numbers and allow comparisons to other cancer therapeutics,
they lack granular data on how the myocarditis was diagnosed
or treated. Clinical trial data provide fewer patient numbers
but allow for a more standardized reporting system of toxicity
in the common terminology criteria for adverse events.
Although there is a specified adverse event “myocarditis” in
the category of “cardiac disorders” in the common terminol-
ogy criteria for adverse events version 5, this does not provide
a standard for how myocarditis is diagnosed or treated. The
articles describing use of cardiac imaging studies or endomy-
ocardial biopsy for diagnosis are limited to small case series
and case reports, which have a wide variability in the use of
either tool for diagnosis. Furthermore, there are even fewer
reports of effective treatment using immunomodulators,
which have variable dosing and choice of immunomodulation.
ICI-related myocarditis is a new entity that requires further
research, and the following review will discuss the current
literature available for aiding physicians to better diagnose
and treat patients with this infrequent but fatal toxicity.

Epidemiological Characteristics
ICI-related myocarditis has a reported incidence of 0.04% to
1.14%, but when compared with other IRAEs, it has a
significantly higher associated mortality of 25% to 50%.3–7 In
addition, the use of combination ICI therapy has almost twice
the incidence of and mortality from myocarditis, although it is
still an uncommon adverse event compared with other
IRAEs.2,3,5,6 Salem et al described 122 cases reported from
2008 to 2018 in VigiBase, which is the World Health
Organization’s global database of individual case safety
reports.6 The study showed increased reporting of myocardi-
tis over time, with only 15 reported cases between 2013 and
2016 compared with 107 reported cases in 2017 and 2018.
Myocarditis was reported for patients on ICI disproportionally
compared with the full reporting database, with an increased
reporting odds ratio of 11.2.6 The correspondence by Al-Kindi
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and Oliveira7 described 250 ICI-related myocarditis cases
from the US Food and Drug Administration Adverse Event
Reporting System, showing the same trend of increased
reporting over time, with only 18 reported cases between
2012 and 2015, 70 in 2016, and 162 in 2017. Dispropor-
tionality analysis also showed increased reporting odds ratio
of 5.94 for myocarditis while on ICI when compared with
other cancer therapeutics.7 Other cardiovascular toxicities
have also been reported, including pericardial disease,
myocardial infarction, and vasculitis.6–9 In a meta-analysis
that included 22 clinical trials of PD-1 and PD-L1 inhibitors for
lung cancer, the incidence of myocarditis was 0.5%, but the
incidence of other cardiovascular toxicities, including pericar-
dial tamponade, myocardial infarction, stroke, cardiac failure,
and cardiorespiratory arrest, ranged from 0.7% to 2.0%.9

There is wide variability in the reported time to onset of
symptoms after starting ICI. The 35 patients with ICI-
associated myocarditis, described by Mahmood et al, had a
median time of onset of 34 days (interquartile range, 21–
75 days).4 In this cohort, 81% of patients presented within
3 months of initiating ICI,4 but late presentations of up to
454 days have been reported in the literature.10 The cohort
described by Escudier et al had a range of 2 to 454 days and
a median of 65 days to a diagnosis of cardiotoxicity after
initiation of ICI.10 There was an average of 3 infusions
administered before cardiotoxicity diagnosis.10 From a report
of 101 patients with ICI-associated myocarditis, reported in
VigiBase, 33 patients had a report of timing from initiation of
ICI and 76% of these patients presented in the first 6 weeks
of treatment, with a median onset of 27 days.5 Almost two
thirds of the patients had received only 1 or 2 doses of
therapy before the onset of myocarditis. Taken together,

these data suggest that most cases of myocarditis will
present within the first 1 to 2 months after initiation of ICI,
although clinicians should still consider the diagnosis if
patients have been on long-term ICI therapy. Also, the
diagnosis can be suspected even after 1 to 2 doses of
immunotherapy.

Mechanisms of Myocardial Toxicity
Immune checkpoints are T-cell regulatory pathways that inhibit
antitumor T-cell activation. Several receptors and ligands have
been identified as targets for immune checkpoint therapy to
remove the inhibition of antitumor T-cell responses. First, this
section will discuss the mechanism of immune checkpoint
targets discussed above (CTLA-4, PD-1, and PD-L1), followed by
proposed mechanisms of cardiotoxicity.

The tumor microenvironment includes not only cancer cells
but several immune cells. T cells can recognize tumor
neoantigens and become activated and proliferate to attack
the tumor. The activation of T cells requires the recognition of
tumor neoantigen–major histocompatibility complexes by the
T-cell receptor.11 In addition to neoantigen presentation, T-cell
activation requires costimulation of cluster of differentiation
(CD) 28 receptors on the T-cell surface by B7 molecules on
antigen-presenting cells.12 It has been found that as T cells
become activated, they upregulate CTLA-4 receptor presen-
tation, and CTLA-4 has much higher affinity for the B7
molecules on antigen-presenting cells than the costimulatory
receptor CD28.13 Although CTLA-4 was initially thought to be
another costimulatory receptor, it was later found to actually
downregulate the T-cell response.14 Thus CTLA-4 receptors

Table. FDA-Approved ICIs

ICI Target
FDA Approval
Year Types of Cancers With FDA Approval for Treatment

Ipilimumab CTLA-4 2011 Melanoma, renal cell carcinoma, colorectal cancer

Nivolumab PD-1 2014 Melanoma, non–small-cell lung cancer, renal cell carcinoma, Hodgkin lymphoma, head and
neck squamous cell cancer, urothelial carcinoma, colorectal cancer, hepatocellular
carcinoma

Pembrolizumab PD-1 2014 Melanoma, non–small-cell lung cancer, small-cell lung cancer, head and neck squamous cell
cancer, Hodgkin lymphoma, large B-cell lymphoma, urothelial carcinoma, colorectal cancer,
gastric cancer, esophageal cancer, cervical cancer, hepatocellular carcinoma, Merkel cell
carcinoma, renal cell carcinoma

Cemiplimab PD-1 2018 Cutaneous squamous cell carcinoma

Avelumab PD-L1 2017 Merkel cell carcinoma

Atezolizumab PD-L1 2016 Urothelial carcinoma, non–small-cell lung cancer

Durvalumab PD-L1 2017 Urothelial carcinoma

CTLA-4 indicates cytotoxic T-lymphocyte–associated antigen 4; FDA, US Food and Drug Administration; ICI, immune checkpoint inhibitor; PD-1, programmed cell death receptor 1; PD-L1,
programmed cell death ligand 1.
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are key to inhibitory pathways for blocking antitumor T-cell
activation. The first US Food and Drug Administration–
approved ICI was ipilimumab, an antibody for CTLA-4, thus
removing the inhibitory pathway of T-cell activation. Since
then, other immune checkpoint receptors have been identi-
fied, including PD-1. PD-1 works through a different mecha-
nism than CTLA-4 and does not inhibit T-cell costimulation but
rather affects the T-cell antigen receptor–mediated signaling.
In 2014, PD-1 inhibitors nivolumab and pembrolizumab
became US Food and Drug Administration approved; and
because they work through distinct mechanisms as CTLA-4,
they began to be studied as combination therapy for various
malignancies. PD-1 also has 2 ligands, including PD-L1 and
PD-L2, of which PD-L1 has subsequently been used as a
target for immune checkpoint inhibition. Several cell types,
including tumor cells, T cells, endothelial cells, and epithelial
cells, express PD-L1. Increased expression in these cell types
occurs after activated T cells release interferon-c, thus leading
to the suspicion that this pathway is involved in protecting
cells from T-cell attack.15

The exact mechanism of ICI-related myocarditis is unclear.
Suggested mechanisms include a shared antigen between the
tumor and myocardium, T-cell receptor targeting a different
but homologous muscle antigen as the tumor antigen, or
certain T-cell receptors targeting dissimilar antigens.3 The first
2 possible mechanisms are analogous to proposed mecha-
nisms of viral-mediated myocarditis in which the heart is
targeted by a process of molecular mimicry.16 As in viral
myocarditis, ICI-related myocarditis has been described to
have T-cell infiltration of the myocardium.3 Johnson et al
identified T-cell clonal expansion in both tumor and muscle
cells (both striated and cardiac).3 In addition, several studies
have identified the expression of PD-L1 in the myocardium of
patients with ICI-related myocarditis.3 As mentioned above,
PD-L1 expression is upregulated by interferon-c, and this is
suspected to be a protective response also observed in mice
studies.17 PD-1 knockout mice have been described to
develop autoimmune dilated cardiomyopathy and increased
mortality.18 The hearts of PD-1 knockout mice were described
to have decreased left ventricular systolic function and wall
thinning with dilated right ventricles.18 There was diffuse
immunoglobulin G antibody deposition on cardiomyocytes,
and the autoantibodies were specific to cardiac structures.18

This suggests the critical role of PD-1 in regulating autoim-
mune responses specifically in regard to the heart.18 Another
animal study evaluated cynomolgus monkeys that received
ipilimumab and nivolumab combination therapy.19 The mon-
keys had CD4+ and CD8+ T-cell infiltration of the heart, with
fewer numbers of macrophages and B cells described.19 The
T-cell infiltration is similar to that described in humans, and
immunohistochemical staining was positive for PD-1 and PD-
L1.19 These 2 animal studies help to identify the immune cell

infiltration of the heart and possible mechanisms tied to PD-1
and PD-L1 inhibition. Further research is needed to establish
the exact mechanisms of ICI-related myocarditis.

Clinical Presentation of ICI-Associated
Myocarditis
The clinical presentation of myocarditis likely has a spectrum
of mild to severe disease, with a classification system
suggested by the American Society of Clinical Oncology
(ASCO) clinical practice guidelines for the management of
IRAE (Figure 1).20–23 Thus, the presentation can vary from
asymptomatic elevations in cardiac biomarkers to severe
decompensation with end-organ damage. The most concern-
ing is the severe end of the spectrum manifesting as a
“fulminant” or life-threatening presentation, which is also the
most reported in the literature. These patients present with a
clinical syndrome of cardiogenic shock, which may be
accompanied by serious arrhythmias, such as advanced
atrioventricular block or ventricular tachycardia.3,4,24 The
low incidence and high mortality observed are in part
explained by almost exclusive reporting of severe cases.
The moderate clinical spectrum of disease can manifest in 3
different clinical syndromes also observed in viral myocarditis:
acute coronary syndrome like,25 new-onset heart failure,26

and chronic heart failure.27 These presentations encompass a
myriad of symptoms, including chest pain, dyspnea, orthop-
nea, paroxysmal nocturnal dyspnea, palpitations, and fatigue.

In addition to the clinical syndromes mentioned above,
patients can also present with concomitant pericardial
effusion with or without pericarditis.28 ICIs have been
described to cause recurrent pericardial and pleural effu-
sions.8,29 The 2013 European Society of Cardiology guidelines
for myocarditis include pericardial effusion as a supporting
diagnostic criterion.27 It is unclear if some of the cases of ICI-
related pericardial effusion may have an underlying myoperi-
carditis. In addition, many malignancies are associated with
pericardial effusions, specifically lung cancer, which is one of
the more common malignancies treated with ICIs. Therefore,
the presence of a new or enlarging pericardial effusion should
raise the suspicion of ICI-related myocarditis but is not
diagnostic in isolation from other findings.

An important distinction, which is made in viral myocardi-
tis, is that the syndromes of myocarditis present in the
absence of obstructive coronary artery disease (CAD) or other
causes of heart failure.27 There are several shared risk factors
between malignancy and CAD, and it is not uncommon for
patients with malignancy to have underlying CAD. Therefore,
in patients with cancer, it is more difficult to differentiate
whether their underlying cardiovascular disease is contribut-
ing to their symptoms versus a concomitant cardiotoxicity.
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The clinical presentation alone may be unable to distinguish
myocarditis from more common acute cardiac disorders, such
as acute coronary syndrome or heart failure due to chronic
ischemic heart disease. Additional diagnostic testing plays a
pivotal role in the appropriate diagnosis and treatment of
patients with suspected ICI cardiotoxicity.

Last, if patients with cardiac symptoms also present with
other IRAEs, then the possibility of ICI-associated myocarditis
becomes higher.22 Furthermore, myocarditis has been
reported more commonly in association with ICI-related
myasthenia gravis and ICI-related myositis compared with
other IRAEs.2 This is likely secondary to the proposed
mechanism of shared antigens given that cardiac muscle
shares more antigens with skeletal muscles compared with
other organ systems. However, symptoms, such as dyspnea,
may also be shared between different IRAEs, and the
diagnosis of myocarditis will be dependent on further testing.

Diagnostic Testing
Diagnostic testing should aim not only to confirm the
diagnosis of myocarditis, but also to rule out other more
common cardiac causes of the clinical manifestations
described above, such as acute coronary syndrome, chronic
ischemic heart disease with or without heart failure, or other
causes of nonischemic heart failure.

Laboratory

The 2 most common laboratory factors that may initially
suggest the possibility of myocarditis are elevated serum
troponin and natriuretic peptide levels. Troponin I, rather than
troponin T, assays are preferentially recommended in the
setting of suspected ICI myocarditis.30 Similar to creatine
kinase and creatine kinasemuscle/brain, troponin T can be also
elevatedwhen there is concomitantmyositis.30 As noted above,
myositis is one of the more common IRAEs known to overlap
with ICI-associated myocarditis and symptoms of dyspnea and
fatigue tend to overlap between myositis and cardiac dysfunc-
tion. One of the largest clinical case series of 35 patients with
ICI-related myocarditis from multiple institutions evaluated
troponin levels with fourth-generation troponin T assays inmost
of the patients.4 Troponin elevation was present in 94% of cases
of clinically diagnosed myocarditis. They found patients who
developed major adverse cardiovascular events (MACEs) had
significantly higher troponin levels at admission, peak, and
before discharge. MACE was defined as cardiovascular death,
cardiogenic shock, cardiac arrest, or complete heart block. The
discharge or final troponin T value of ≥1.5 ng/mL was
associated with significantly worse prognosis and a 4-fold
increased risk of MACEs.4 Thus, troponin levels aid not only in
diagnosis but also in assessing prognosis, similar to their value
in several other cardiac and even noncardiac conditions.

Figure 1. Spectrum of disease in immune checkpoint inhibitor–related myocarditis. The diagnosis of myocarditis is made after ruling out all
other causes, such as ischemia or supply/demand mismatch. The grades of severity listed are from the American Society of Clinical Oncology
clinical practice guidelines for the management of immune-related adverse events (Brahmer et al23). LVEF indicates left ventricular ejection
fraction; MRI, magnetic resonance imaging; TTE, transthoracic echocardiogram.
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The use of troponin has been proposed in screening and
surveillance for higher-risk patients who are treated with
combination ICI therapy.4,23 Lee Chuy et al used this
strategy in 76 consecutive patients on ipilimumab and
nivolumab but did not identify any patients with overt
myocarditis or subclinical myocarditis.31 However, given
that myocarditis is uncommon, the evaluation of surveil-
lance strategies in small numbers of patients is limited.31

Better predictors of risk for incident myocarditis are needed
to identify those who will benefit most from routine
surveillance.

Natriuretic peptides (B-type natriuretic peptide and NT-
proBNP [N-terminal pro-B-type natriuretic peptide]) are estab-
lished biomarkers that aid in the diagnosis of heart failure,
and are often elevated in the setting of ICI-related myocardi-
tis. Mahmood et al4 reported that 66% of the patients in their
series with ICI-related myocarditis had elevated B-type
natriuretic peptide or NT-proBNP levels. In contrast to
troponin T, the elevation in natriuretic peptides did not
predict MACEs. Similar to troponin, this class of biomarkers is
also nonspecific for ICI-related myocarditis, and the clinical
picture along with imaging modalities should be used to
confirm the diagnosis.

ECG/Telemetry
ECGs can help to identify myocarditis, although the findings
are not specific. For patients receiving ICI, one should
consider the possibility of myocarditis if any of the
following are noted: new prolongation of the PR interval,
atrioventricular block, ventricular arrhythmias, frequent
premature ventricular complexes, ST depression, or diffuse
T-wave inversions (Figure 2). Of course, other causes of
these ECG abnormalities, such as acute coronary syndrome,
must be ruled out. For patients admitted with suspected
myocarditis, the use of telemetry monitoring early in the
admission is helpful to identify intermittent arrhythmias,
such as ventricular tachycardia or nonsustained ventricular
tachycardia, and increasing frequency of premature ventric-
ular complexes. Atrial arrhythmias are also possible, with
up to 30% of patients presenting with atrial fibrillation, as
reported by Escudier et al.10 Although baseline ECG
abnormalities are not predictive of the risk of developing
myocarditis, the baseline ECG is useful as a comparison to
subsequent studies.4

As with troponin assays, ECGs have been proposed for use
in screening and surveillance.4,23 Lee Chuy et al used ECG in
combination with troponin for 76 patients on combination
ipilimumab and nivolumab but did not identify any with
myocarditis.31 As mentioned above, better predictors are
needed to identify those who will benefit most from
surveillance.

Echocardiography
Echocardiography is an important tool to aid in the diagnosis of
myocarditis, and tomonitor the response to treatment. Patients
with a severe life-threatening syndrome of myocarditis may
have depressed left ventricular ejection fraction (LVEF) at
presentation.4 Patients may also present with regional wall
motion abnormalities or even abnormalities of diastolic
parameters with a normal LVEF.27 Of note, in the cohort of 35
patients with ICI-associated myocarditis described by Mah-
mood et al, 51% had normal LVEF and 38% of those who
developed MACEs had normal LVEF.4 Supporting evidence of
myocarditis is the presence of a new pericardial effusion, which
is easily assessed by echocardiography. The current ASCO
clinical practice guidelines for prevention and monitoring of
cardiac dysfunction in survivors of adult cancers recommend
obtaining a baseline echocardiogram before initiating any
potentially cardiotoxic therapy,32 but the specific ASCO guide-
lines for the management of IRAEs in patients with ICI therapy
do not recommend for or against the routine use echocardio-
graphy before initiating ICI.23 A baseline echocardiogram could
be useful to evaluate for changes with therapy, such as changes
in LVEF, diastolic function, new wall motion abnormalities, or
pericardial effusion, which could suggest the diagnosis of ICI-
related myocarditis.

Cardiac Magnetic Resonance Imaging
Of all the cardiovascular imaging modalities currently avail-
able, the one with the most robust validation to diagnose any
myocarditis noninvasively at present is cardiovascular mag-
netic resonance (CMR).33 This makes CMR an important test
to obtain when ICI-related myocarditis is clinically suspected.
There are different imaging techniques within CMR that have
been validated to assess for myocarditis, such as T2-weighted
imaging,34–36 late gadolinium enhancement (LGE),36 extracel-
lular volume fraction,37 T1 mapping,37,38 and T2 mapping.37,39

These techniques can provide evidence of myocardial inflam-
mation by demonstrating concomitant myocardial edema and
scar/injury (Figure 3). The Lake Louise Criteria, for the CMR
diagnosis of myocarditis, have been developed and validated,
and have been revised in 2018. They include the following33:

1. Main criteria (2 of 2): If both myocardial edema and
nonischemic myocardial injury are identified, then CMR is
highly suggestive of myocarditis with greater specificity.
Having only 1 main criterion may still support the
diagnosis of myocarditis in the correct clinical setting.

a. Myocardial edema:

i. Abnormal findings in T2 mapping or T2-weighted
images.

b. Nonischemic myocardial injury:
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i. Abnormal findings on T1 mapping, LGE, or extracellular
volume fraction.

2. Supportive criteria (helpful, suggestive, not definitive):
Used alone are not diagnostic of myocarditis but may help
support a diagnosis in the correct clinical setting that lacks
2 of 2 main criteria.

a. Pericarditis:

i Evidence of pericardial effusion or abnormal LGE/T2
or T1 findings in pericardium.

b. Left ventricular systolic dysfunction:

i Regional or global wall motion abnormalities.

However, data are limited for findings on CMR specific
for ICI-associated myocarditis. In the case series of

systematic assessment of ICI myocarditis, Mahmood et al
reported that more than half the affected patients had
preserved LVEF (51%).4 Of the patients with CMR diagnosis
of ICI-associated myocarditis, those who had midmyocardial
LGE tended to have more major cardiovascular events,
although this finding did not reach statistical significance
(P=0.06). However, in the same series, 26% of patients who
were labeled as having ICI myocarditis did not have
evidence of LGE (8/31).4 In another study consisting of a
pooled analysis, only 3 of 13 patients who were diagnosed
with ICI myocarditis and underwent CMR had presence of
LGE.10 This phenomenon of negative LGE myocarditis could
be caused by either imaging early in the disease process or
an incorrect clinical diagnosis of myocarditis. A repeated
CMR in 2 to 3 days could be considered if an endomyocar-
dial biopsy is not possible in cases with an uncertain

Figure 2. ECG abnormalities: Presented is an example of ECG abnormalities encountered during immune
checkpoint inhibitor myocarditis. The severe prolongation of the PR interval on presentation can be a
harbinger of potentially serious rhythm abnormalities, such as complete heart block, which occurred in this
patient. Top, Baseline ECG before initiating immune checkpoint inhibitors. Normal PR interval (red box with
short double arrow) and no premature ventricular complexes. Bottom, After 4 doses of nivolumab, patient
presented with dyspnea and decompensated heart failure. ECG reveals new prolongation in PR interval (red
box with long double arrow) and frequent premature ventricular complexes (red ovals). The patient had a
temporary pacemaker placed and progressed to advanced atrioventricular block, which later recovered, and
PR interval returned to normal after initiation of steroids, plasmapheresis, and infliximab.
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diagnosis. Further studies will continue to define the role of
CMR and specific findings, if any, in this recently described
disease process.

Invasive Diagnostics
Endomyocardial biopsy is considered the gold standard
diagnostic test for myocarditis. The myocardial tissue is
evaluated using the Dallas criteria, which are histologic criteria
requiring 2 main components: inflammatory infiltrate and
myocardial necrosis.40 The inflammatory infiltrate can be either
global or focal with patchy disease. The appearance of the
inflammatory infiltrate in myocarditis has been described as
similar in appearance to that of rejection seen in transplanted
hearts.3 In addition, immunohistochemical staining has typi-
cally shown predominantly CD8+ T cells interspersed with CD4+

T cells and macrophages (Figure 4).3 Johnson et al identified T-
cell clonality in the 2 patients reported with similar T-cell clones
in the tumor, skeletal muscle, and cardiac muscle.3 In addition,
several articles have described the upregulation and positive
staining of PD-L1 in myocardial tissue that is positive for ICI-
related myocarditis3 (Figure 4).

Endomyocardial biopsy is a fundamental tool for diagnosing
ICI-related myocarditis that also brings insight into mecha-
nisms and pathophysiological characteristics of the disease.
Endomyocardial biopsy has its own technical limitations,
especially in cases of patchy or focal ICI-related myocarditis.
Traditional endomyocardial biopsy with focus on sampling the
right ventricular septal wall may miss the affected myocardium,
despite the minimum 4 to 6 samples obtained during the
procedure to improve the diagnostic yield.40 Endomyocardial
biopsy is an invasive diagnostic procedure with risk of a rare

major complication of perforation reported at <1% in experi-
enced centers. Challenges in interpreting the endomyocardial
biopsy add another layer of complexity to the diagnosis. Biopsy
specimens should be analyzed by a pathologist with experience
in myocarditis or heart transplant.

Often, coronary angiography is performed with the
endomyocardial biopsy to rule out significant CAD. Coronary
angiography does not have a role in diagnosing myocarditis
other than to rule out CAD as a cause of the clinical
presentation, biomarker increase, or imaging modality abnor-
malities that may be seen in both disease processes.

Establishing the Diagnosis
The initial guidelines for the management of IRAE, developed
by ASCO, separated myocarditis into 4 grades of severity
(grade 1–grade 4; Figure 1), with grade 1 being the mildest
and grade 4 being the most severe by way of a life-
threatening clinical presentation.23 The guidelines recom-
mended that any grade of severity required further workup,
which entailed cardiac biomarkers, ECG, chest x-ray film,
echocardiogram, and cardiology consultation for considera-
tion of CMR and invasive testing, such as coronary
angiography and endomyocardial biopsy.23 These recom-
mendations were based on anecdotal data because the
reported literature and recognition of myocarditis attributa-
ble to ICI therapy at the time were limited. The problem
many physicians face is deciding at what point myocarditis
becomes a diagnosis. For example, an increase in troponin
without symptoms was classified per these guidelines as
grade 1 severity myocarditis. However, troponin is a
nonspecific test of myocardial injury or loss and many other

Figure 3. Cardiac magnetic resonance imaging of myocarditis. This case meets updated Lake-Louise
Criteria for fibrosis and edema, which is the current definition of myocarditis by cardiac magnetic resonance
imaging. Left, Late gadolinium enhancement (LGE) image of replacement fibrosis at the interventricular
septum with midmyocardial distribution not following a coronary vascular distribution. Right, Precontrast
T2-weighted image of the same slice location as the image in the left panel. There is an increase in signal in
the septum at the same area were the LGE was present.
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factors can contribute to its elevation in addition to
myocarditis.41 Subsequently, a white paper on myocarditis
in the setting of cancer therapeutics attempts to guide
physicians to develop more standardized definitions and
categorize suspected cases into 3 groups, including definite
myocarditis, probable myocarditis, and possible myocarditis,
as detailed below.30

1. Definite myocarditis: presence of at least one of the
following:

a. Pathology consistent with myocarditis.
b. Diagnostic CMR, clinical syndrome of myocarditis, and

positive biomarker or ECG.
c. Echocardiography with wall motion abnormality, clinical

syndrome of myocarditis, positive biomarker, positive
ECG, and negative angiography for CAD.

2. Probable myocarditis:

a. Diagnostic CMR without clinical syndrome of myocardi-
tis, positive ECG, or positive biomarker, OR

b. Suggestive CMR with one of the following:

i Clinical syndrome of myocarditis.
ii Positive ECG.
iii Positive biomarker, OR

c. Echocardiography with wall motion abnormality and
clinical syndrome of myocarditis with either positive
ECG or biomarker, OR

d. Clinical syndrome of myocarditis with positron emission
tomography scan evidence and no alternative diagnosis.

3. Possible myocarditis:

a. Suggestive CMR without clinical syndrome of myocardi-
tis, positive ECG, or positive biomarker, OR

b. Echocardiography with wall motion abnormality and
clinical syndrome of myocarditis or positive ECG, OR

c. Elevated biomarker with clinical syndrome of myocardi-
tis or positive ECG and no alternative diagnosis.

Some have suggested that CMR has adequate sensitivity
and specificity for myocarditis, thus obviating the need for
endomyocardial biopsy.41 We suggest that it is ideal for
patients who present with a suspicion for myocarditis to have
all or most of the diagnostic studies listed above until more
definitive data become available (Figure 5). However, we
recognize that there may be factors preventing some of this
testing, such as patient instability, inability to lie flat, severe
thrombocytopenia, and/or nonavailability of some tests. The
physician’s clinical decision must be centered on patient
safety and balance all the available clinical and diagnostic
studies to determine if myocarditis is present. The clinical
presentation and level of suspicion for myocarditis will then
guide the treatment.

Treatment of ICI-Associated Myocarditis
The treatment of ICI-associated myocarditis has largely been
based on the use of glucocorticoids, including both oral
prednisone and intravenous methylprednisolone.4,23 Mah-
mood et al described 86% of their patients receiving gluco-
corticoids, with lower peak and discharge troponins when
high-dose glucocorticoids were used.4 In addition, the MACEs
were lower in patients receiving high-dose compared with

Figure 4. Pathological characteristics of immune checkpoint inhibitor–associated myocarditis. Top left,
Hematoxylin and eosin stain of lymphocytic infiltration of myocarditis. Top right, Cluster of differentiation
8+ (CD8+) T-cell immunohistochemical staining. Bottom left, CD4+ T-cell immunohistochemical staining.
Bottom right, Programmed death-ligand 1+ immunohistochemical staining.
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those receiving low-dose glucocorticoids. Although it is not
entirely clear what determined use of high-dose versus low-
dose steroids in this retrospective series, the authors
recommend pulse dose steroids at 1000 mg daily, followed
by 1 mg/kg daily of either oral or intravenous steroids.4 The
ASCO clinical practice guidelines for IRAE suggest initiation at
1 mg/kg daily of either intravenous or oral steroids.23 There
is no consensus on how long the steroids must be continued
or how to taper the steroids. The ASCO clinical practice
guidelines for IRAE recommend a taper of at least 4 to
6 weeks, which is a shorter taper in comparison to trials of
steroid taper for viral myocarditis.23 Trials of viral myocarditis
have examined steroid durations of at least 3 months and up
to a year.27 For ICI-related myocarditis, most case reports and
case series track the response to steroids by monitoring
troponin levels. If the troponin level begins to increase again,
steroid dosing is increased and tapered over a longer period,
although criteria for the increase are not yet standardized.
Using these limited data, we recommend the use of high-dose
steroids at initial presentation, followed by a taper, pending
clinical response and troponin monitoring. If there is a lack of
adequate clinical or biomarker response to steroids, consid-
eration may be given to other immune modulators.

There have been case reports or small case series of
successfully treated ICI-related myocarditis with intravenous
immunoglobulin,20,42 mycophenolate,42 infliximab,43 anti–thy-
mocyte globulin,44 plasmapheresis,43 alemtuzumab,45 and
abatacept.46 The effectiveness of these agents in ICI-related
myocarditis is unclear, and they are generally reserved for
those patients who have an inadequate response to gluco-
corticoids. Even in viral myocarditis, there are limited studies
for the use of these agents, with mixed results of their efficacy
and with varying end points from overall survival to change in
LVEF. We recommend the use of ≥1 of these agents in
addition to steroids for those patients who do not respond
clinically or continue to have elevated troponin levels despite
high-dose glucocorticoids (Figure 6). With infliximab, caution
is required when given to patients with acute decompensated

heart failure because of the risk of worsening heart failure.
There are limited data suggesting that the lower dose of
5 mg/kg of infliximab may be safer in heart failure as
opposed to the 10 mg/kg dose.47 Alemtuzumab is a CD52
monoclonal antibody that has been used in cardiac allograft
rejection. A case report described its effectiveness for
treating pembrolizumab-related myocarditis in a patient who
did not respond to high-dose steroids, plasmapheresis, and
rituximab.45 Abatacept is a CTLA-4 agonist, and recent case
reports suggest that this may be of benefit in ICI-related
myocarditis, even in patients receiving PD-1 or PD-L1
inhibitors because of the upstream effects of CTLA-4 on PD-
1 and PD-L1 function.46 However, only one case each has
been reported for alemtuzumab and abatacept, and further
studies are therefore needed.

If there is any suspicion of ICI-related myocarditis, current
consensus recommends holding the ICI, even for mild toxicity.
The ASCO guidelines for the management of IRAE grade the
severity of toxicity into 4 categories (grade 1–grade 4), with
grade 4 being the most severe.23 For most other organ system
IRAE, it is not recommended to hold the ICI for grade 1 toxicity,
but in the case of ICI-related myocarditis, it is recommended to
hold the ICI even for this mild grade of toxicity.23 This is
because of the concern for high mortality related to this IRAE. It
is also not known whether ICI therapy can be safely restarted
after an episode of successfully treated ICI-related myocarditis.
There is one case report in which a patient developed
myocarditis on nivolumab, followed by reinitiation of therapy
with a different ICI, pembrolizumab. Within 2 weeks of the first
dose, the patient developed worsening heart failure requiring
hospitalization, followed by permanent discontinuation of the
ICI.48 Therefore, we do not recommend a repeated trial of ICI in
patients with previous ICI-related myocarditis.

In addition to immunosuppression, patients should also be
treated with conventional cardiac therapy. For acute decom-
pensated heart failure, intravenous diuretics, inotropes, and
mechanical circulatory support are recommended, as per the
American College of Cardiology/American Heart Association

Figure 5. Diagnostic workup of suspected myocarditis. BNP indicates B-type natriuretic peptide; CK, creatine kinase; CK-MB, CK muscle/
brain; NT-proBNP, N-terminal pro-BNP.
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heart failure guidelines.49,50 Arrhythmia management for
ventricular tachycardia is also guided by the appropriate
guidelines.51 Bradyarrhythmias, specifically advanced atri-
oventricular block, require temporary pacemaker insertion
with the expectation that atrioventricular block may improve
with treatment of myocarditis and discontinuation of the ICI.52

There are instances when permanent pacemaker insertion is
needed, but the timing of the transition is unpredictable and is
currently dependent on clinical judgement of the treating
cardiologist. After the short-term stage, guideline-directed
therapy for chronic left ventricular dysfunction and/or heart
failure may be needed.49,50

Conclusions
ICI-related myocarditis is a complex disease that has similar-
ities in presentation to many other acute cardiac syndromes.
This overlap, along with the relative novelty of the entity with
only a preliminary understanding about the pathophysiological
characteristics, makes this a difficult condition to diagnose
and treat. In addition, ICI-related myocarditis is uncommon,
making it difficult to study in a randomized manner, with most
guidance being available from case reports and small case
series. It is necessary for both the oncologist and cardiologist
to have a high suspicion for this ICI-related cardiac toxicity.
Studies evaluating multimodality imaging and invasive testing
with endomyocardial biopsy will guide development of better
diagnostic algorithms for this condition. Current treatment is

largely based on glucocorticoids with a possible role for more
targeted immune modulators, depending on the clinical
course of individual patients. As the indications and use of
ICI continue to expand, more cases of ICI-related myocarditis
will likely be identified. Further research is therefore needed
to establish mechanisms and diagnostic strategies, and to
guide treatment of this disease entity.
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