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CLINICAL CASE CHALLENGES
Late-Onset Immunotherapy-Induced
Myocarditis 2 Years After Checkpoint
Inhibitor Initiation
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I mmune checkpoint inhibitor (ICI) myocarditis is an immune-related adverse event (irAE), in which acti-
vated T-lymphocytes infiltrate the myocardium and can cause cardiac biomarker elevation, cardiomyop-
athy, arrhythmias, or even cardiogenic shock/death.1 Although ICI myocarditis typically occurs soon after

initiating checkpoint therapy, cases of delayed ICI myocarditis postimmunotherapy (>90 days) have not been
well characterized in the literature, despite their associations with higher rates of major adverse cardiac
events.1 We report a case of fulminant late-onset ICI myocarditis that occurred after more than 2 years since
starting immunotherapy with pembrolizumab for metastatic colorectal adenocarcinoma, highlighting the
need for long-term vigilance for immune-related cardiotoxicity.

CASE

A 48-year-old woman with a family history of Lynch syndrome and no prior cardiac history presented with a
palpable abdominal mass and unintentional 10-pound weight loss. Biopsy of an ileocecal mass revealed an
invasive, poorly differentiated non-small cell carcinoma. She was diagnosed with stage IV colorectal adeno-
carcinoma with hepatic and retroperitoneal lymph node metastases. Consistent with her Lynch syndrome and
germline MSH2 mutation, the patient’s tumor had microsatellite instability with deficient MSH2 and MSH6 by
immunohistochemistry. Despite initial treatment with traditional chemotherapy, follow-up positron emission
tomography–computed tomography scans showed progression of disease, and thus she was initiated on the
programmed cell death receptor-1 (PD-1) ICI, pembrolizumab. At completion of the study protocol, she received
52 cycles of pembrolizumab over 2 years. Approximately 1 year later after initiating pembrolizumab, she
demonstrated a complete radiographic response with no evidence of disease on computed tomography scan.
Her major side effects from pembrolizumab included new-onset hypothyroidism, and arthralgias and myalgias
that developed 4 months after initiating therapy but resolved upon therapy completion without need for
glucocorticoid treatment. A cardiovascular evaluation was not performed at this time or during her ICI
treatment course.

Nine months after her last dose of pembrolizumab, she presented to the emergency department after
experiencing 5 days of intermittent fevers, nausea, vomiting, and chest pain. In the emergency department,
she had a blood pressure of 96/73 mm Hg, heart rate of 109 beats/min, and an elevated lactate of 3.9 mmol/L
(reference range 0.5-1.9 mmol/L). She received 4 L of intravenous fluids and empiric broad spectrum antibi-
otics, and was directly admitted to the intensive care unit. A bedside transthoracic echocardiogram revealed
significant biventricular systolic dysfunction, global hypokinesis, and severely reduced left ventricular systolic
function. Laboratory findings were significant for serum troponin I >90 ng/mL (greater than assay limits;
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reference range 0-0.04 ng/mL), raising concern for acute coronary syndrome. Of note, her electro-
cardiogram before starting pembrolizumab revealed sinus rhythm with premature ventricular com-
plexes. However, her electrocardiogram on admission to the intensive care unit demonstrated a wide
complex ventricular rhythm with atrioventricular dissociation consistent with ventricular tachycardia.
She was treated with 220-J synchronized, biphasic direct current cardioversion and amiodarone. She
then underwent coronary catheterization, which demonstrated no obstructive coronary disease. Left
ventriculography revealed a left ventricular ejection fraction of 10% with global hypokinesis. Right
heart cardiac catheterization revealed a right atrial pressure of 25 mm Hg, pulmonary capillary wedge
pressure of 26 mm Hg, and a cardiac index of 1.1 L/min/m2. An intra-aortic balloon pump was inserted, and she
was started on dobutamine. Given her immunotherapy history and the lack of reasonable alternative diagnosis,
her cardiogenic shock was attributed to possible ICI-mediated myocarditis. She was treated with 1 g of
methylprednisolone and transferred to Stanford hospital for consideration of venoarterial extracorporeal
membrane oxygenation. On arrival, her ionotropic requirements increased despite intra-aortic balloon pump
support, and she developed ventricular tachycardia and cardiac arrest. Despite repeat electrical cardioversions
and multiple rounds of cardiopulmonary resuscitation, she was unable to be successfully resuscitated.

Autopsy revealed an enlarged heart that weighed 440 g (>99th percentile), with mild 4-chamber dilation
and a small pericardial effusion. Coronary arteries had minimal atherosclerosis. Sections of the myocardium
demonstrated myocyte necrosis and dense chronic inflammatory infiltrates composed predominantly of
lymphocytes and monocytes (Figure 1). Immunohistochemical staining revealed immune subpopulations of
CD3þ T lymphocytes, with a slight predominance of CD8þ cytotoxic T cells over CD4þ helper T cells, as well as
scattered CD163þ macrophages (Figure 2). A PD-L1 stain was performed on the myocardial sections, which
demonstrated strong cytoplasmic staining in cardiomyocytes with lymphocytic infiltration and necrosis,
consistent with myocarditis. Endomyocardial tissue culture from the left ventricle was negative for bacterial
and fungal growth. To exclude the possibility of a viral myocarditis, viral polymerase chain reaction and
culture was performed on myocardial tissue, which were negative for influenza (A, A-H1, A-H3, H1N1, B),
respiratory syncytial virus, parainfluenza virus (types 1-4), human metapneumovirus, cytomegalovirus,
adenovirus, enterovirus, coxsackievirus, and human herpesviruses (HHV1 and HHV2). The remainder of her
autopsy did not reveal pathologic findings of noncardiovascular irAE.
E 1 Post-Mortem Histology of the Left Ventricular Free-Wall

gical findings by hematoxylin and eosin stain show diffuse lymphocytic and monocytic infiltration of myocardium, expanding the

itial spaces (�100).



FIGURE 2 Immunohistochemical Stains Identifying T-Cell Populations

CD4 stains the T-helper cell population (left) and CD8 stains the cytotoxic T-cell population (right). The CD8 staining demonstrates a slight excess of cytotoxic T cells

over T-helper cells (�100).
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DISCUSSION

ICI are monoclonal antibodies that block inhibitory T-cell signaling pathways, including PD-1/PD-L1 and CD80/
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) utilized by tumors to evade immune surveillance. By
inhibiting immune checkpoints, ICI allow T lymphocytes to activate and target tumor cells. Although ICI have
revolutionized cancer therapy, the resultant hyperactivated immune response can precipitate autoimmune
disorders, including fulminant ICI myocarditis. The estimated prevalence of ICI myocarditis is approximately
1.14% of patients, but is rising due to increasing recognition by clinicians.1 Although ICI myocarditis is un-
common, it has a high rate of mortality with reports between 40% to 50% of cases.2-4

ICI myocarditis typically occurs within the early phase of initiating therapy (<90 days).5 The median time of
onset for ICI myocarditis has been reported to be 34 days after initiation of ICI therapy, and most commonly
after the first or third infusion.1 The latest presentation of ICI myocarditis reported in literature occurred at
approximately 500 days after initiating ICI.1 In our patient, ICI myocarditis occurred at 987 days (141 weeks)
after initiating ICI and after receiving 52 infusions of pembrolizumab, which is more than twice the length of
time previously reported. Additionally, she had been off ICI for 33 weeks prior to the development of ICI
myocarditis, the longest time reported in literature to our knowledge. Delayed immune-related events
occurring after discontinuation of ICI therapy are becoming a recognized phenomenon.6 Importantly, for
cardiac irAE, these delayed immune-related events have been associated with higher rates of left ventricular
systolic dysfunction and heart failure, highlighting the importance of earlier recognition and diagnosis.5

Prospective troponin surveillance screening for ICI myocarditis has successfully detected early cases, and
implementation remains an open area of investigation for earlier detection of cardiotoxicity.7

Active hypotheses for the pathophysiology behind ICI myocarditis include T cells targeting cardiac-specific
antigens or shared antigens between tumor and heart. Common antigens have been demonstrated by
sequencing of CDR3 regions of T-cell receptors, revealing shared sequences between tumor and cardiac and
skeletal muscle.8 With our patient’s defective DNA mismatch repair genes (Lynch syndrome and germline
MSH2 mutation), frameshift mutations in tumor generate a high burden of neoantigens, which results in a
more robust T-cell response.9 Although specific mechanistic studies are necessary, it is plausible that just as
neoantigens enhance immunogenicity against tumor, a neoantigen with cross-reactivity to myocardium could
stimulate a profound autoimmune response in the heart. Because defective DNA repair continually creates
neoantigens, prolonged T-cell stimulation occurs, which may allow for a late-onset autoimmunity. It is
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possible that our patient had also developed low-grade, subclinical myocarditis around this time, which may
have been detected with further cardiac work-up. Our patient had also experienced autoimmune thyroiditis
early in treatment, suggestive of a predisposition to autoimmunity that became unmasked by checkpoint in-
hibition. Understanding the mechanisms of ICI myocarditis can inform long-term risk stratification as well as
potential therapies against ICI myocarditis. In patients who achieve control of tumor from immunotherapy, it
is important to recognize late-onset cases of ICI myocarditis, and the role of extended vigilance for irAE
requires further investigation.

Our case emphasizes the importance of recognizing that ICI myocarditis can present as a delayed irAE after
discontinuation of ICI therapy. Although fulminant ICI myocarditis is a well-documented phenomenon,
diagnosing it involves a high index of suspicion because presenting symptoms vary widely, and may range
from nonspecific symptoms such as fatigue and myalgia, to malignant arrhythmias and cardiogenic shock. This
case highlights the importance of awareness, developing early clinical suspicion, and rapid detection of
delayed-onset ICI myocarditis to avoid decompensation to fulminant myocarditis. As the indications for
immunotherapy continue to grow, recognizing delayed-onset ICI myocarditis will be important as life
expectancy after cancer treatment continues to improve.
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