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Recent developments in immune checkpoint inhibitors (ICIs) have provided new treatment strategies for advanced

cancer. However, ICIs lead to an imbalance between T cell–mediated inflammatory responses and immune tolerance in

the myocardium. Here we report the first case that implicates the contribution of ICI-induced vasculitis to

myocardial injury. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2020;2:1937–41) © 2020 The Authors.

Publishedby Elsevier onbehalf of theAmericanCollege of Cardiology Foundation. This is an open access article under theCC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 79-year-old female patient underwent surgery for
malignant melanoma of the right jaw. Upon identi-
fication of cervical lymph node metastases, immu-
notherapy with a programmed cell death protein–1
(PD-1) inhibitor, pembrolizumab, was initiated at a
dose of 200 mg every 3 weeks. After 10 cycles of
pembrolizumab, the treatment was discontinued
because of exanthema on her limbs and trunk
(Figure 1A). A femoral skin biopsy was performed,
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and the patient was treated with oral prednisolone
30 mg/day. Histopathologically, the biopsy spec-
imen showed infiltration of lymphocytes, neutro-
phils, and eosinophils surrounding the small blood
vessels (Figure 1B). After 1 month on prednisolone,
the patient’s skin condition deteriorated, and she
was hospitalized for treatment with intravenous
immunoglobulin therapy at 17.5 g/day (0.4 g/kg/
day). As no improvement was observed after 5 days
of intravenous immunoglobulin treatment, 3-day
steroid pulse therapy (methylprednisolone
1,000 mg/day) was added to her drug regimen,
followed by oral administration of prednisolone
45 mg/day. Her condition improved, and the dose of
prednisolone was tapered to 5 mg/day for 2 weeks.
At this time, the patient experienced acute onset of
aphasia and right homonymous hemianopsia.
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irAE = immune-related adverse
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PD-1 = programmed cell death

protein–1

PD-L1 = programmed cell death

protein–1 ligand 1
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Computed tomography revealed a cerebral
hemorrhage in the left parietal and occipital
lobe, followed by sudden onset of chest
pain 3 days later. Electrocardiography
showed no specific ST-segment changes,
and transthoracic echocardiography
revealed a left ventricular ejection fraction
of 80% without reduced local wall motion.
C-reactive protein was 2.02 mg/dl, and
serum levels of creatinine kinase (CK) and
CK-MB were within their normal ranges at
40 IU/l and 9 IU/l, respectively, although serum
troponin T was measured at 0.077 ng/ml, which was
somewhat higher than the normal value (<0.014 ng/
ml). Electrocardiography performed on the
following day revealed slight ST-segment elevation
in leads II, III, and aVF (Figure 2) and increases in
serum CK, CK-MB, and troponin T levels to 391 IU/l,
54 IU/l, and 1.340 ng/ml, respectively.

MEDICAL HISTORY

The patient had a history of malignant melanoma and
hypertension.
E 1 Macroscopic and Pathological Findings of Skin Lesion

moral exanthema. (B) Staining of femoral exanthema. The exanth

tion of lymphocytes, neutrophils, and eosinophils around the sma
DIFFERENTIAL DIAGNOSIS

In this patient, acute coronary syndrome was most
suspected, followed by myocarditis, pericarditis, and
stress cardiomyopathy.

INVESTIGATIONS

To exclude acute myocardial infarction, emergency
left heart catheterization was performed. Coronary
angiography showed normal coronary arteries, and
left ventriculography detected focal reduced motion
of the inferior wall (Video 1). On subsequent patho-
logical evaluation, endomyocardial biopsy was per-
formed at the right ventricular septum. We collected
more than 2 myocardial samples to minimize sam-
pling errors. There were no inflammatory infiltrates
within the myocardium in any sample (Figure 3A),
and many neutrophils and a few eosinophils and
lymphocytes negative for PD-1 were detected in the
regions surrounding the small blood vessels, in as-
sociation with obstruction of the vascular lumina
(Figures 3B and 3C). Furthermore, we also detected
prominent expression of immunoreactive PD-1
ema on the patient’s femoral and skin biopsy specimen revealed

ll blood vessels. H&E ¼ hematoxylin and eosin.
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FIGURE 2 Initial Electrocardiogram

An electrocardiogram obtained 1 day after the onset of chest pain revealed slight ST-segment elevation in leads II, III, and aVF.
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ligand 1 (PD-L1) in association with the infiltrates at
the small vessels (Figure 3D), a finding we attributed
to pembrolizumab-mediated oversuppression of PD-
1. These results strongly suggested that the myocar-
dial injury in this case was not related to myocarditis
but due to myocardial vasculitis associated with
pembrolizumab treatment.

MANAGEMENT

Although repeat steroid pulse therapy was consid-
ered, we decided to continue the existing steroid
treatment because on the day after endomyocardial
biopsy, the patient’s chest pain disappeared, and CK,
CK-MB, and troponin T levels improved to 105 U/L, 8
IU/L, and 0.700 ng/ml, respectively. CRP reached its
peak value of 19.14 mg/dl at 5 days after the onset of
chest pain, then tended to improve, decreasing to
1.07 mg/dl 25 days later.

DISCUSSION

Immune checkpoint inhibitors (ICIs) have provided a
paradigm shift in cancer treatments, extending sur-
vival particularly in patients with cancer at advanced
stages who could not overcome their incurable
conditions (1). One critical disadvantage of ICI treat-
ment is the possibility of immune-related adverse
events (irAEs) (2). Untoward activation of the immune
system may contribute to adverse events associated
with ICI therapy (3). In recent years, cardiovascular
complications of ICI therapy, especially ICI-
associated myocarditis, with an incidence of fatality
of 30% to 50%, have attracted attention (4,5). In
addition to ICI-associated myocarditis, ICI-associated
vasculitis is also an important irAE (4). An observa-
tional, retrospective pharmacovigilance study iden-
tified 82 cases of vasculitis among 31,321 adverse
events (0.26%) reported in patients receiving ICIs,
with a mortality rate of 6.1% (6). Although vasculitis
associated with ICI therapy could affect any size
blood vessel, a systematic review of case reports (7)
indicated that large-vessel vasculitis (giant-cell
arteritis and aortitis) and vasculitis of the nervous
system (primary angiitis of the central nervous sys-
tem and isolated vasculitis of the peripheral nervous
system) were among the most common types associ-
ated with ICI therapy. Here, we report a case of
myocardial injury due to myocardial vasculitis in a
patient undergoing treatment for malignant mela-
noma with pembrolizumab. To the best of our



FIGURE 3 Staining of Myocardial Tissue

Hematoxylin and eosin (H&E) staining of myocardial tissue revealed no inflammatory cell infiltrates within the myocardium (A). Neutrophils

and eosinophils were detected around the small blood vessels in association with obstruction at the vascular lumina (B). Immunostaining

identified programmed cell death protein–1 (PD-1)–negative (C) and PD-1 ligand 1 (PD-L1)–positive (D) cells.
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knowledge, this is the first report of myocardial
vasculitis associated with ICI therapy. Although the
mechanisms underlying the development of vascu-
litis in this setting are not clearly understood, PD-1
inhibition enhances the activation of CD4þ T cells
and can result in the release of proinflammatory cy-
tokines and cytotoxic mediators within the arterial
tissue. A significant point to be emphasized is that
these factors can also promote remodeling processes
that ultimately lead to intimal proliferation and
vascular occlusion (8). Grabie et al. (9) reported that
although the initiation of cardiac injury is dependent
on T cells, secondary inflammatory events involving
polymorphonuclear leukocytes play an essential role
in myocardial damage in a mouse model. Further-
more, PD-L1 is up-regulated in the myocardium dur-
ing drug-induced cardiac injury. This expression of
PD-L1 was dependent on interferon gamma
produced by infiltrating T cells and performing an
important role in protecting the myocardium from
immune-mediated excessive inflammation (9).

Our findings, which include PD-1-negative neutro-
phil infiltration together with PD-L1 up-regulation in
the periarterial region, may reflect cytokine-induced
inflammatory processes. Likewise, myocardial
vasculitis with neutrophils dominant, rather than
lymphocyte infiltration into the myocardium, may
explain the limited efficacy of prednisolone in this
case. As such, during prednisolone tapering, one
should consider the possibility that additional irAEs
such as vasculitis may develop.

FOLLOW-UP

One month later, transthoracic echocardiography
showed a left ventricular ejection fraction of 62%
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without reduced local wall motion, and CK, CK-MB,
and troponin T levels were further improved to
16 IU/l, 3 IU/l, and 0.050 ng/ml, respectively. No signs
of worsening myocardial vasculitis were detected.

CONCLUSIONS

ICIs including pembrolizumab may cause myocardial
injury due not only to myocarditis but also to
myocardial vasculitis.
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