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ABSTRACT

BACKGROUND Myocarditis is an uncommon, but potentially fatal, toxicity of immune checkpoint inhibitors (ICI).

Myocarditis after ICI has not been well characterized.

OBJECTIVES The authors sought to understand the presentation and clinical course of ICI-associated myocarditis.

METHODS After observation of sporadic ICI-associated myocarditis cases, the authors created a multicenter registry

with 8 sites. From November 2013 to July 2017, there were 35 patients with ICI-associated myocarditis, who were

compared to a random sample of 105 ICI-treated patients without myocarditis. Covariates of interest were extracted from

medical records including the occurrence of major adverse cardiac events (MACE), defined as the composite of cardio-

vascular death, cardiogenic shock, cardiac arrest, and hemodynamically significant complete heart block.

RESULTS The prevalence of myocarditis was 1.14% with a median time of onset of 34 days after starting ICI (inter-

quartile range 21 to 75). Cases were 65 � 13 years of age, 29% were female, and 54% had no other immune-related side

effects. Relative to controls, combination ICI (34% vs. 2%; p < 0.001) and diabetes (34% vs. 13%; p ¼ 0.01) were more

common in cases. Over 102 days (interquartile range 62 to 214) of median follow-up, 16 (46%) developed MACE; 38% of

MACE occurred with normal ejection fraction. There was a 4-fold increased risk of MACE with troponin T of $1.5 ng/ml

(hazard ratio 4.0; 95% confidence interval 1.5 to 10.9; p ¼ 0.003). Steroids were administered in 89%, and lower

steroids doses were associated with higher residual troponin and higher MACE rates.

CONCLUSIONS Myocarditis after ICI therapy may be more common than appreciated, occurs early after starting

treatment, has a malignant course, and responds to higher steroid doses. (J Am Coll Cardiol 2018;-:-–-)
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I mmune checkpoint inhibitors (ICI)
represent a novel category of drugs
that help direct the immune system to

recognize and target cancer cells (1,2). The
suppression of immune regulation is associ-
ated with immune-mediated adverse events.
During initial regulatory approval in 2014,
immune-mediated adverse events involving
the neurological, endocrine, pulmonary,
gastrointestinal, and renal systems were re-
ported (3,4). Recently, in small case series,
myocarditis was identified as a side effect
of immune checkpoint inhibitors (5), but
data on presentation, risk factors and out-
comes are limited (6–9). At present, in the
United States, there are almost 600,000 pa-
tients who may be eligible for ICI therapy
(10), and the use of ICI is expected to in-
crease significantly in the coming years (11).
Hence, there is a need to better characterize

ICI-associated myocarditis. After the observation of
sporadic cases of ICI-associated myocarditis, we
created a retrospective and prospective multicenter
registry to provide data on 35 patients with myocar-
ditis following ICI and compared them with contem-
poraneous ICI-treated patients who did not develop
myocarditis; we detail the cardiovascular outcomes,
as well as the presentation, treatment, and testing
variables associated with those outcomes.

METHODS

PATIENTS. Cases were derived from an 8-center
institutional registry (Online Table 1). The registry
was formed in 2016 specifically designed for collating
suspected cases of myocarditis related to ICI. The
registry included both retrospective and prospective
cases; the first case in the registry was from November
2013, and cases were included until July 2017.
Controls were randomly derived from a single-center
registry (Massachusetts General Hospital, Boston,
Massachusetts) of all 964 patients started on ICI in the
same time interval who did not develop clinical
myocarditis. The number of patients treated with ICI
therapy at Massachusetts General Hospital during the

study period was confirmed by 2 independent
researchers. Controls (3:1 ratio) were not pre-selected
to match cases on any variables. To compare different
types of steroids, the dose was converted to equiva-
lent methylprednisolone units using standard
conversion factors (12). The study was approved by
each center’s institutional review board, and the
requirement forwritten informed consentwaswaived.

COVARIATES. Data on covariates of interest were
extracted retrospectively from electronic medical
records including standard demographics, cardio-
vascular risk factors, medications, electrocardiograms
(ECGs), and echocardiographic variables. Admission
troponin was defined as first measured serum
troponin; peak troponin was maximum measured
troponin; and discharge/final troponin was defined as
troponin measured at discharge from index hospital-
ization or the troponin before an event if that event
occurred on the index admission. Cancer-specific
covariates included the type, ICI treatments, prior
cardiotoxic chemotherapy, and prior radiation.
Covariates specific to myocarditis also included
clinical presentation, physical exam, coronary angi-
ography (invasive or computed tomography) or stress
testing, admission, peak and discharge cardiac
biomarkers, and if available, cardiac magnetic reso-
nance data, endomyocardial biopsy, and autopsy
results, as well as treatments for myocarditis.

DEFINITIONS AND OUTCOME OF INTEREST. Myocarditis
was diagnosed in 2 ways: 1) standard histological
features present on endomyocardial biopsy or au-
topsy; and 2) a guideline-recommended scoring sys-
tem for clinically suspected myocarditis that
incorporates several variables including the clinical,
biomarker and imaging features (13). Adverse event
grading was performed using Common Toxicity
Criteria for Adverse Events (version 4.0) (14). The
outcome of interest, major adverse cardiac events
(MACE), was a composite of cardiovascular death,
cardiac arrest, cardiogenic shock, and hemodynami-
cally significant complete heart block (CHB). In cases
where cardiac arrest, cardiogenic shock, or CHB led to
a death, that case was counted as a cardiac death.
Standard definitions were used for cardiovascular
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AND ACRONYMS

anti-CTLA4 = anti-cytotoxic

T-lymphocyte-associated

protein 4

anti-PD1 = anti-programmed

cell death protein 1

anti-PDL1 = anti-programmed

death-ligand 1

AUC = area under the curve

CHB = complete heart block

ECG = electrocardiogram

ICI = immune checkpoint

inhibitor

LVEF = left ventricular ejection

fraction

MACE = major adverse cardiac

events

MRI = magnetic resonance

imaging
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