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mmune checkpoint inhibitor (ICI)-induced
myocarditis is one of the most serious complica-
tions of cancer treatment. Although the inci-
dence is uncommon, physicians should be aware of
this potentially life-threatening immune-related
adverse event (irAE) because of a potential case-
fatality rate that can, in the most severe cases,
approach 50% (1). The prevalence of disease may
also increase as a result of the exponential rise in
the indication and prescription of ICIs.
ICI-induced myocarditis is an autoimmune process
targeting the myocardium, similar to cellular rejec-

tion in heart transplant recipients. It is caused by
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restoration of the immune response and up-
regulation of CD4+ and CD8+ T cells, which
together with macrophages infiltrate and attack
myocytes and cardiac conduction tissue (2). Whereas
the reported incidence of cardiovascular irAEs was
very low in the first trials to study the efficacy of ICIs
in melanoma and lung cancers, myocarditis has sub-
sequently emerged as a life-threatening condition,
described first in case reports and then in larger case
series (1-3). In the Bristol Myers Squibb safety data-
bases, the initial incidence estimates of ICI-induced
myocarditis ranged from 0.06% for monotherapy to
0.27% for combination therapy (2). This incidence
was most likely underestimated, considering the lack
of a systematic screening policy or well-defined
diagnostic criteria for myocarditis when these first
therapeutic trials were conducted; it is plausible that
several cases of myocarditis were undiagnosed. Sub-
sequent cohorts of patients treated with ICIs have
suggested an incidence of myocarditis ranging from
1% to 2%, often occurring early after treatment initi-
ation, following the first few cycles (1).

Patients with ICI-induced myocarditis may not
have any prior cardiovascular symptoms or signs, and
the first manifestation can be a serious cardiac
complication; they are at high risk of ventricular ar-
rhythmias and atrioventricular block despite an often
preserved left ventricular ejection fraction (1-3).
Moreover, severity of illness and clinical course may
exceed imaging findings, leading to underdiagnosis
(3). A high index of suspicion and low threshold of
investigation are therefore essential in all patients
treated with ICIs, especially those on combination
therapy. In our view, any cardiovascular symptoms,
new appearance of electrocardiographic abnormality,
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FIGURE 1 The French Working Group's Pragmatic Approach for ICI CV Monitoring and M
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or rise in troponin level should trigger a cardio-
oncology consult. Treatment consists of the discon-
tinuation of ICIs, administration of high doses of
corticosteroids as first-line therapy, and intensified
immunosuppressive therapy initiated as soon as
there is indication of an unfavorable clinical course.

Continued on the next page

U.S. and European guidelines on the diagnosis and
management of ICI-associated irAEs have been pub-
lished recently (4-6). However, the relatively low
level of evidence supporting these recommendations
has led to numerous discrepancies, leaving clinicians
without a consensus strategy to follow.
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Regarding the screening strategy for ICI-induced
myocarditis, the guidelines recommend that base-
line electrocardiography, troponin, and natriuretic
peptides testing should be evaluated before starting
ICI therapy (especially in patients treated with com-
bination ICIs) (5,6). Whereas some guidelines recom-
mend repeating this evaluation before each infusion
in patients treated with combination ICI (6), others
recommend that this should be based on the occur-
rence of cardiovascular symptoms or signs or if non-
cardiovascular irAEs occur (5).

On suspicion of ICI-induced myocarditis, the
guidelines emphasize that work-up should include
troponin and natriuretic peptides testing, a trans-
thoracic echocardiogram, cardiovascular magnetic
resonance imaging, and endomyocardial biopsy when
possible (4-6). Nevertheless, the diagnosis of ICI-
induced myocarditis may not be easy to establish
given the frequently normal results in the early phase
of the disease. One report suggested normal cardio-
vascular magnetic resonance findings in up to 70% of
patients when performed within 4 days of admission
(7). Furthermore, endomyocardial biopsy is not
available in all centers. Case reports have suggested a
potential role of other imaging modalities such as
positron emission tomography. Recently, diagnostic
criteria have been published, leading to the classifi-
cation of ICI-induced myocarditis as definite, prob-
able, or possible based on the results of clinical,
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biological, and imaging investigations (8). This clas-
sification has yet to be validated in a clinical study.

Regarding the management of patients with a clin-
ical suspicion of ICI-induced myocarditis, guidelines
recommend immediate withholding of ICI treatment,
urgent admission into a coronary (or intensive) care
unit, and prompt investigations to confirm or rule out
the diagnosis of myocarditis without delaying the
introduction of high-dose corticosteroid treatment.
Although early initiation of corticosteroids is associ-
ated with improved cardiac outcomes, it remains un-
clear which treatment should be used when the
patient’s clinical condition deteriorates despite corti-
costeroid therapy. According to the disease patho-
physiology, it is currently recommended to use
therapies similar to those prescribed for acute cellular
rejection in transplanted hearts. Nevertheless, this
strategy is empiric, and recent case series have sug-
gested the efficacy of drugs such as tocilizumab, aba-
tacept, alemtuzumab, or tofacitinib. Furthermore, the
clinical criteria that should lead to the intensification
of the immunosuppressive therapy have yet to be
precisely defined by further studies.

Regarding the decision on whether to rechallenge
ICI therapy, only the American Society of Clinical
Oncology guidelines have addressed this issue, and
recommend to permanently discontinue ICI treat-
ment regardless of the severity of myocarditis (grades
1 to 4) (6). This recommendation is based on expert
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FIGURE 1 Continued

*For monitoring, troponin testing should be carried out by the same laboratory (same assay and method of measurement). Troponin testing is considered positive if
troponin | or T is >99th percentile of the upper reference limit. Concomitant myositis may result in significant elevations of creatine kinase (CK), CK isoforms, and even
troponin T. Thus, troponin | would be the most specific option for myocardial injury. CK-myocardial band should be used if troponin | measurement is not available. In
patients with pre-therapeutic troponin elevation, a 50% increase of the level may be used as a cutoff, but no evidence currently supports this recommendation. tWe
feel that electrocardiography (ECG) and troponin testing should be performed for at least 6 weeks after initiation of immune checkpoint inhibitor (ICl) therapy
because most ICI-induced myocarditis episodes occur after the first cycles. This is a specific strategy suggested by the French Working Group of Cardio-Oncology. We
acknowledge that there is a need for greater evidence, and thus far, the data to date do not strongly support this strategy. Moreover, we propose that ECG and troponin
are performed within 48 h prior to each cycle. tEspecially pericarditis, vasculitis, myositis, and myasthenia gravis. Immune toxicities can also affect the skin (mac-
ulopapular rash, vitiligo, psoriasis, Lyell syndrome, drug reaction with eosinophilia, and systemic symptoms), the gastrointestinal tract (enterocolitis, gastritis,
pancreatitis, celiac disease), the endocrine glands (abnormal thyroid function, hypophysitis, adrenal insufficiency, diabetes), the lungs (pneumonitis, pleural effusion,
sarcoidosis), the nervous system (peripheral neuropathy, aseptic meningitis, Guillain-Barre syndrome, encephalopathy, myelitis, meningoradiculoneuritis, myasthenia
gravis), the liver (hepatitis), the kidney (granulomatous interstitial nephritis, lupus-like glomerulonephritis), hematological cells (hemolytic anemia, thrombocytopenia,
neutropenia, pancytopenia), the musculoarticular system (arthritis, myopathies), the pericardium (pericarditis), the vessels (vasculitis), and the eyes (uveitis,
conjunctivitis, blepharitis, retinitis, choroiditis, orbital myositis). §Including ECG, transthoracic echocardiogram, troponin, natriuretic peptides [NPs], CK, CK-myocardial
band, and cardiovascular (CV) magnetic resonance imaging. Rule out acute coronary syndrome using coronary angiography or computed tomography according to the
clinical context. Consider excluding acute pulmonary embolism. [|According to Bonaca diagnostic criteria (8) and clinical judgment. #Unfavorable course defined as
hemodynamic instability OR electrical instability OR increasing troponin OR decreasing left ventricular ejection fraction. **There is a lack of data to recommend a
standardized strategy for the intensification of immunosuppressive therapy. For now, case series and case reports have shown the potential efficacy of antithymocyte
globulin, intravenous immunoglobulin, plasma exchange, mycophenolate mofetil, tacrolimus, tocilizumab, abatacept, alemtuzumab, and tofacitinib. The decision
regarding optimal therapy must be multidisciplinary, involving specialists in immunology and organ rejection. Infliximab was also proposed but was not incorporated
into the algorithm because of its contraindication in acute heart failure. 2 mg/kg/day for 14 days, then 1 mg/kg/day for 14 days and then tapered over 4 to 6 weeks.
Consider troponin monitoring at each dose change. i.v. = intravenous; irAE = immune-related adverse event.
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consensus and the perceived concern that recurrence
would be fatal. On the one hand, clinical trials have
demonstrated that patients with noncardiovascular
irAEs may have favorable clinical outcomes even after
ICI discontinuation (9). Thus, many patients with
ongoing stable or responding disease may not need
an ICI rechallenge as maintenance therapy. On the
other hand, case reports have suggested that a
rechallenge might be tolerated in cases of mild irAEs,
including low-grade myocarditis.

The low level of evidence supporting the manage-
ment of ICI-induced myocarditis has not resulted in
clear decisional algorithms in the recent guidelines;
in our view, clinicians would benefit from pragmatic
recommendations to help guide them in their daily
practice.

In the face of an uncommon, fatal, but curable
disease, should we wait for more evidence before
proposing a rapid and standardized management
strategy? This question is certainly relevant to ICI-
induced myocarditis. We urgently need manage-
ment protocols—ones that should be updated as
knowledge evolves and that should be tailored to
specific situations. For now, pending the availability
of a higher level of evidence from randomized trials,
we have to rely on observational studies and the
experience from high-volume centers. A number of
screening protocols, based on local expertise, have
been suggested.

In an effort to comprehensively harmonize the
current guidelines, the French Working Group of
Cardio-Oncology recently proposed a different
approach (10). This expert panel consisted of cardi-
ologists, oncologists, hematologists, and pharmacol-
ogists, who lead regional cardio-oncology programs
involved in the daily management of patients with
cancer therapy-induced cardiovascular toxicity. The
panel analyzed and compared the key components of
the pathways recommended in the most recent
guidelines from the U.S. and European societies of
both oncology and cardiology, then harmonized these
consensus statements into practical roadmaps that
we feel can be adapted by clinicians for use in daily
practice (Figure 1). We fully acknowledge that this is
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not based on stronger evidence than that used to
establish the guidelines, and it will have to be upda-
ted regularly in response to emerging evidence from
future studies.

The increasing prescription of ICIs makes it
imperative to provide new data to address the
following issues related to ICI-induced myocarditis:
1) What are the clinical, biological, and imaging
predictors of this complication? 2) Are there predis-
posing genetic factors? 3) Is it possible to establish a
preventive strategy? 4) What are the predictors of
poor prognosis? 5) What is the best immunosup-
pressive therapeutic strategy? 6) Is it possible to
rechallenge ICIs in some patients after an episode of
myocarditis?

Knowledge of the cardiovascular toxicity associ-
ated with cancer immune therapies is increasing, but
many uncertainties remain. Cardiologists and oncol-
ogists urgently need practical management protocols,
which will need to be updated regularly as research
and our understanding evolves.
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