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Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy over the
past decade. Despite their beneficial effects on treating numerous types of tumors,
cardiotoxicity resulting from ICls is a rare side effect but a concerning one due to its high
mortality rate. We herein describe a case of an 80-year-old woman with recurrent head
and neck squamous cell cancer (HNSCC), who presented with myocarditis complicated
by complete atrioventricular block (CAVB) after second infusion of pembrolizumab. After
quickly ruling out myocardial infarction and viral myocarditis, the strong relationship
between the onset time and pembrolizumab therapy suggested that ICl-induced
myocarditis was the most possible diagnosis. Though CAVB frequently presents with
fulminant myocarditis in the setting of ICl-related cardiotoxicity, the patients kept a
stable hemodynamic status and had normal myocardial function with just a slightly low
global longitudinal strain (GLS) at—16.4%, which implied myocardial injury but was highly
related to good prognosis based on the existing literature. Besides, elderly patients are
vulnerable to adverse outcomes of steroid therapy, notably opportunistic infections. To
balance beneficial effects and adverse effects of immune suppression, she accepted
high-dose steroids without pulse methylprednisolone. Excitingly, she had a dramatic
clinical and laboratory improvement, and heart block quickly returned to normal sinus
rhythm. Another interesting finding was that the patient’s tumor remained stable during
the half-year follow-up from the termination of immunotherapy. Besides, we here firstly
review previously reported cases in terms of their clinical characteristics and prognosis
of ICl-induced myocarditis with CAVB, in particular the reversibility of heart block. In
conclusion, ICl-induced myocarditis can be life-threatening and it therefore warrants
efforts to increase awareness, facilitate early detection, and initiate prompt intervention.
Importantly, CAVB secondary to ICls-induced myocarditis may not always present with
fulminant myocarditis and more than 50% of these surviving patients might recover to
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normal sinus rhythm. For patients with ICl-induced myocarditis with contraindication for
cardiac magnetic resonance (CMR), speckle-tracking echocardiography is a reliable and
sensitive alternative to CMR for detecting myocardial injury, and GLS may be an important

prognostic indicator.

Keywords: immune checkpoint inhibitors, myocarditis, complete atrioventricular (AV) block, head and neck
squamous cancer cells (HNSCC), global longitudinal peak strain

INTRODUCTION

Immune checkpoint inhibitors (ICIs) have transformed the
treatment landscape of many different types of cancers in
recent years (1). Pembrolizumab, a humanized monoclonal 1gG4
antibody, binds to programmed death receptor-1 (PD-1) and
blocks its interaction with programmed death ligand-1 (PD-L1),
thereby triggering the patients’ immune system to recognize and
combat cancer cells (2). Based on the survival results from the
phase III clinical trial Keynote 048, pembrolizumab has been
approved as the preferred first-line treatment for patients with
recurrent or metastatic head and neck squamous cell carcinoma
(HNSCC) who have no surgical or radiotherapeutic option
(3). Despite favorable benefits, immune-related adverse events
(irAEs) have occured in 70-90% of patients treated with ICIs
(2). The most common irAEs have been found in the skin,
colon, liver, lungs, pituitary gland, and thyroid (2). Cardiotoxicity
resulting from ICIs is uncommon but potentially fatal. The
incidence of ICI-induced myocarditis ranges from 0.01 to 1.1%,
with a mortality rate of up to 50% (4). However, due to the
low incidence of cardiac irAEs, data on presentation, diagnosis,
treatment, and outcomes are limited (1). We herein present
a case of recurrent HNSCC who presented with myocarditis
complicated by complete atrioventricular block (CAVB).

CASE PRESENTATION

An 80-year-old woman was diagnosed with primary intraosseous
squamous cell carcinoma of the mandible and underwent
radical resection in December 2020. Adjuvant therapy was
recommended, while the patient could not tolerate chemotherapy
or radiotherapy. Five months after the primary surgery,
the right mandibular mass recurred and was confirmed as
recurrent HNSCC. Immunohistochemistry showed a PD-L1
expression level with a tumor proportion score of 15%
and a combined positive score of 15. Given the patient’s
advanced age and vulnerability, radical resection and adjuvant
chemoradiotherapy were not advantageous. Scholars have
recommended PD-1 inhibitor monotherapy or PD-1 inhibitors
combined with epidermal growth factor receptor (EGFR)
inhibitors for the treatment of recurrent HNSCC with no surgical
or chemoradiotherapeutic option (5, 6). The patient received
pembrolizumab (200 mg) and nimotuzumab (200 mg), with an
intravenous delivery every 3 weeks. She had no previous history
of cardiovascular diseases.

At 10h after the second administration of pembrolizumab
plus nimotuzumab in the stomatology department, the patient

complained of palpitation, faintness, and general fatigue,
with no typical symptoms of anginal pectoris. She denied
recent prodromal infection. Except for pembrolizumab and
nimotuzumab, she did not receive any other medicine. The
electrocardiogram (ECG) showed CAVB with a ventricular
escape rate at 37 bpm (Figure 1A), which was normal prior
to therapy with combined pembrolizumab. The high-sensitivity
troponin I (hsTnl) assay showed a moderate elevation of 440
pg/mL (normal < 10.4 pg/mL). Serum electrolytes were within
normal range, which did not support electrolyte disturbance-
induced CAVB.

The patient was then urgently transferred to the cardiology
department. Vital signs upon admission indicated heart rate of
37 bpm, blood pressure of 128/54 mmHg, respiratory rate of 18
rpm, temperature of 36°C, and oxygen saturation of 98% in room
air. The physical examination revealed a vegetable mass in the
right mandibular region. There was no rash, cyanosis, edema or
bibasilar rales in the lungs. Except for the abnormal heart rate,
cardiovascular examination revealed no other abnormality. She
was awake and oriented, with no focal neurologic deficit.

Repeat ECG showed CAVB with a ventricular escape rate at
37 bpm. The initial work-up showed elevated levels of hsTnl
of 1,026.5 pg/mL (normal < 10.4 pg/mL), creatine kinase (CK)
of 510 U/L (normal < 165 U/L), CK-MB of 39.8 U/L (normal
< 5 U/L), and brain natriuretic peptide (BNP) of 2,171 pg/mL
(normal < 125 pg/mL). Moreover, her white blood cell was 11.8
x 10°/puL (normal 4 to 10 x 10°/pL), while her C-reactive
protein level and erythrocyte sedimentation rate were both
within normal limits. Urgent transthoracic echocardiography
and chest computed tomography showed unremarkable results.

Considering the possibility of myocardial infarction and the
potential high risk of cardiac arrest, the patient underwent urgent
coronary angiography, which did not reveal any significant
stenosis, and a dual-chamber pacemaker was subsequently
implanted. The pacemaker was programmed with DDD pacing
mode and ECG recorded a ventricular pacing rhythm with a
wide QRS complex (Figure 1B). Further diagnostic work-up was
performed. Hepatitis B, human immunodeficiency virus (HIV),
Epstein-Barr virus, and cytomegalovirus were negative on the
basis of serology while thyroid hormone was unremarkable.
Therefore, neither viral myocarditis nor thyroid disorder could
be considered as the cause of myocarditis. Myocardial contrast
echocardiography showed that the perfusion of myocardium
was normal (Figure1C), with a normal left ventricular
ejection fraction (LVEF) of 65%. However, speckle tracking
echocardiography revealed a slightly decreased left ventricular
global longitudinal strain (GLS) of—16.4%. Longitudinal strain
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FIGURE 1 | Electrocardiogram and myocardial contrast echocardiography. (A) Electrocardiogram at the onset showed complete atrioventricular block with a
ventricular escape at a rate of 37 beats per minute. (B) Echocardiogram after pacemaker implantation indicated a ventricular pacing rhythm with a wide QRS
complex. (C) Myocardial contrast echocardiography examinations showed homogenous and equal enhancement intensity in the basal, middle and apical segments.
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was mainly impaired in the basal segments of the anterior and
lateral walls (Figure 2A).

Nimotuzumab is marketed and has been administered to
over 38,000 patients with limited adverse events (7). Until
now, no reports have been published yet regarding myocarditis
caused by nimotuzumab. Thus, the strong relationship between
the onset time and pembrolizumab therapy suggested that
pembrolizumab-induced myocarditis was the most likely
diagnosis. In the light of hemodynamic stability as well as
advanced age and vulnerability, high-dose glucocorticoids
were initiated (1 mg/kg/day intravenous methylprednisolone)
without pulse steroids within 24 h after onset. Excitingly, the
patient’s symptoms rapidly resolved, and repeat ECG revealed
the recovery of atrioventricular conduction (Figure 2B) on the
5th day of admission. The treatment response to steroids further
supported the diagnosis of pembrolizumab induced myocarditis.
The patient was then discharged on the 7th day of admission,
and the dosage of glucocorticoids was gradually tapered during
the regular outpatient follow-up. The levels of hsTnl, BNP, and

CK were gradually reduced to normal limits within 3 weeks
after onset. On the 6th month of follow-up, the patient had a
normal active life, and the mandibular mass showed no marked
enlargement after discontinuation of pembrolizumab therapy.
The overview of the clinical course of this patient is illustrated in
Figure 2C.

LITERATURE REVIEW

The largest retrospective study of the WHO VigiBase
demonstrated that cardiac irAEs comprise 2,215 (2.09%) of
106,025 irAEs (8). Among the cardiac irAEs, myocarditis
was the most common form accounting for 14.1%, followed
by pericardial disease (13.6%), conduction abnormalities
(6.87%) and stress cardiomyopathy (0.72%) (8). Case
reports of ICI-induced CAVB were often assessed to be
secondary to myocarditis involving the conduction system.
One multicenter trial, involving 30 cases of ICI-associated
myocarditis, showed that atrioventricular conduction
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FIGURE 2 | Speckle tracking echocardiography, repeat electrocardiogram, and timeline of disease diagnosis and treatment. (A) Global longitudinal strain (GLS)
bull’s-eye plot showed a slightly decreased GLS of—16.4% and mainly impaired strain in the basal segments of anterior and lateral wall. (B) Electrocardiogram on the
5th day of admission showed sinus rhythm with a normal rate of 69 beats per minute. (C) Timeline of disease diagnosis and treatment. ICI, immune checkpoint

inhibitor; CAVB, complete atrioventricular block; IV, intravenous.

disorders were observed in 17% of patients with ICI-induced
myocarditis (9). Albeit, the clinical characteristics and prognosis
of CAVB secondary to ICI-induced myocarditis are less
well defined.

We searched PubMed for articles published from inception
to March 31th, 2022 in the English language. Search terms
included “immune checkpoint” and “myocarditis”. Case reports
on human myocarditis concurrent with CAVB caused by ICIs
were selected. Totally, we reported 30 cases of ICI-induced
myocarditis concurrent with CAVB, with a fatality rate of 60%
(see Table1 for details). The median age of patients was 67
(interquartile range, 63-74) years old and 63% of the patients
were male. The median time from ICI administration to the
onset of myocarditis was 21 days (interquartile range, 15-
26 days). Among these cases, 63% of the patients occurred
after the first ICI infusion and 23% occurred after the
second ICI infusion. Besides, Most of the patients (87%)
had no previous history of cardiovascular diseases and 30%
presented EF-reduced heart failure. Of these patients with
improved outcomes other than our case, they all received

pulse methylprednisolone in the presence or absence of other
immunosuppressive therapy. Additionally, 7 out of 12 (58%)
surviving patients recovered from conduction disorders after
immunosuppressive treatment.

DISCUSSION

Cardiotoxicity caused by ICIs is a rare adverse event, while
its high mortality rate makes it worthy of further investigation
(4). Patients can present with myocarditis, heart failure,
arrhythmia, pericardial involvement, myocardial infarction,
Takotsubo cardiomyopathy, vasculitis, etc. (2). Among these
cardiac irAEs, myocarditis is the most common form with
an incidence of 0.27-1.14% (38). The mechanism of ICI-
induced myocarditis is still under research. Histopathological
analyses of patients with ICI-induced myocarditis revealed
that the infiltration of predominant CD8" T lymphocytes
and a few macrophages might be the main cause of ICI-
induced myocarditiss (39). This inflammation sometimes
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TABLE 1 | Published cases of immune checkpoint inhibitor-induced myocarditis concurrent with complete heart block.

No Ref. Age Sex CVvD Tumor ICIs ICIs cycles/days EF% Pulse GC oIT Pacing Outcome
1 (10 63 M - Melanoma IP+NI 1/15 50 + INFI TP Death
2 (10) 65 F - Melanoma IP+NI 112 73 - - - Death
3 (11) 68 M - Sarcoma IP+NI 1/14 35 + MYCO PP Improved
4 (12) 63 M HTN Melanoma NI 2/21 N - - TP Death
5 (13) 66 M - CMML P 1/7 70 + - - Death
6 (14) 76 F - Lung cancer NI 7/98 15 + IVIG+PLAS+INFI CRT-D Improved
7 (15) 69 F - Lung cancer NI 3/38 N + - TP Improved?’
8 (16) 79 M - Gastric cancer PE 2/35 N -+ IVIG+PLAS+MTX TP Death?
9 (17) 64 F - Glioblastoma NI 2/22 37 + INFI+ATG+MMF TP Improved’
10 (18) 73 M - Lung cancer PE 1/16 70 + - PP Improved?
11 (19) 67 M - Melanoma IP+NI 116 20 + ATG PP Death
12 (20) 67 F - Myeloma PE 1/16 30 - INFI - Death
13 21) 67 M HTN Melanoma IP-+NI 1/16 N + IVIG - Death

INFI
14 (22) 33 M - Lymphoma NI 8/150 NM - MMF+IVIG - Death
15 (23) 70 F - Thymoma PE 116 N + PLAS PP Improved
16 (24) 81 M - Renal cancer IP+NI 1/21 62 + PLAS TP Death
17 (25) 88 M - Melanoma NI 1/22 N + INFI+MMF PP Death
18 (26) 48 F - Thymoma PE 113 45 + INFI PP Death
19 27) 66 M - Gastric cancer NI 1/24 NM + IVIG+PLAS TP Death
20 (28) 47 F - Thymoma TO 1/28 NM + - TP Improved?
21 (29) 57 M - Renal cancer IP+NI 112 50 + ABAT+MMF PP Improved
22 (30) 79 F - Melanoma IP+NI 2/25 NM NM - P Death
23 31) 73 F - Melanoma NI 1/18 N - - PP Death
24 (32) 57 M - Lung cancer IP+NI 2/60 N + TCZ P Improved
25 (83) 70 M HTN Renal cancer IP+NI 114 N + MMF+PLAS TP Death
26 (34) 66 M - Lung cancer Sl 2/25 N + VIG PP Improved?
27 (35) 59 M - Renal cancer IP+NI 1/21 N -+ IVIG+PLAS - Improved’
28 (36) 78 M CHD Lung cancer IP+NI 1/15 45 - - - Death
29 37) 74 M - Gastric cancer NI 12/240 10 + IVIG+PLAS TP Death
30 ours 80 F - HNSCC PE 2/21 65 - - PP Improved?

CVD, cardiovascular disease; ICls, immune checkpoint inhibitors; EF, gjection fraction; OIT, other immunosuppressive therapy; GC, glucocorticoids; M, male; F, female; HTN, hypertension;
CMMIL, chronic myelomonocytic leukemia; HNSCC, head and neck squamous cell cancer; CHD, coronary heart disease; IR, ipilimumab; NI, nivolumab;, PE, pembrolizumab; S, sintilimab;
TO, toripalimab, INFI, infliximab; MMF, mycophenolate mofetil; PLAS, plasmapheresis; IVIG, intravenous immunoglobulins;, MTX, methotrexate; ATG, anti-thymocyte globulin; ABAT,
abatacept; TR, temporary pacemaker; PR, permanent pacemaker; F, pacemaker; CRT-D, cardiac resynchronization therapy defibrillator; TCZ, tocilizumab; N, normal; NM, not mention.

7‘,‘—?ecovery to sinus rhythm from complete heart block.

involves the cardiac conduction system, leading to conduction
disorders (39). Therefore, conduction abnormalities frequently
present with myocarditis. Furthermore, compared to the
mortality rate (50%) of ICI-induced myocarditis in the existing
literature, CAVB appeared a trend of increasing the mortality
of ICI-induced myocarditis based on the mortality (60%)
we reviewed.

The most widely recommended therapy for ICI-associated
myocarditis is discontinuation of ICI therapy and administration
of high-dose corticosteroids (1-2 mg/kg/day) as soon as
possible, which is mainly initiated with pulse methylprednisolone
(500-1,000 mg/day) for 3 days and subsequently gradually
tapered and off (38). For cases who are unresponsive to
corticoids, escalation to other immunosuppressive therapies

should be evaluated, frequently involving plasmapheresis,
intravenous immunoglobin, mycophenolate, and infliximab (38).
Notably, steroid therapy may be accompanied by several
adverse effects, particularly in elderly patients, who are
vulnerable to adverse outcomes of steroid therapy, notably
opportunistic infections. Thus, it is imperative to balance
treatment effects of irAEs and adverse effects according
to risk stratification. In most cases with cardiac irAEs,
myocarditis concomitant with CAVB was clinically categorized
as fulminant myocarditis, and pulse methylprednisolone thereby
was initiated early after the onset (Table1). In this report,
the patient received high-dose steroids rather than pulse
methylprednisolone therapy while clinical and laboratory
results were noticeably improved. Importantly, repeated ECG
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revealed recovery of conduction disorder on the 5th day
after its onset. This successful treatment indicated that CAVB
does not always portend worse outcomes and may not
need aggressive immunosuppressive therapy in such cases.
Additionally, suspicion of ICI-induced myocarditis in our
patients was raised early, and intravenous corticoids were
quickly administrated after ruling out myocardial infarction
and viral myocarditis based on medical history and quick-
easy examination. As a consequence, early initiation of steroid
treatment also contributed to good clinical outcomes.

Despite the limited available data, numerous risk factors
for developing cardiac irAEs have been reported, including
combination ICI therapy, underlying cardiovascular disease,
previous cancer therapy-induced cardiac dysfunction, and
underlying autoimmune diseases (38). Additionally, it should
be noted that thymic epithelial tumors are associated with
a higher incidence of irAEs than other types of cancers
(23). Among these patients, cardiac biomarkers and
electrocardiograms should warrant monitoring.
To our knowledge, we report the first case of CAVB secondary
to ICI-induced myocarditis complicated with recurrent HNSCC,
and the above-mentioned risk factors were not found in
this patient.

Among patients with ICI-induced myocarditis, more than
half of patients had a normal LVEEF, while they could still develop
severe cardiac events (40). GLS has been found as a sensitive
marker of cardiac injury with traditional cytotoxic therapy.
A recent study on patients with cardiac irAEs showed that
each percent reduction in GLS was correlated with a 1.5-fold
increase in major adverse cardiovascular events (MACE:)
in patients with a reduced EF and a 4.4-fold increase with
a preserved EF (41). Importantly, GLS lower than 16% was
significantly associated with a higher incidence of MACEs in
patients with the preserved LVEF (41). In our case, the patient
underwent myocardial contrast (MCE) echocardiography
and speckle-tracking echocardiography. Although the slightly
decreased GLS with normal MCE demonstrated that myocardial
injury was irrelevant to myocardial ischemia, a GLS higher
than 16% with a preserved LVEF highly indicated that the
patient had a lower risk of subsequent cardiac events based
on the existing literature. In support of our speculation,
the patient showed an exceedingly good outcome after
steroid therapy.

Another interesting finding was that the patient’s tumor
remained stable during the half-year follow-up after termination
of immunotherapy. Of note, current literature has shown
that patients with recurrent or metastatic HNSCC who
are not amenable to curative therapies have poor survival
(6). Despite receipt of aggressive chemotherapy or anti-
EGFR monotherapy, the median progression-free survival
only ranges from 3 to 4 months in these patients (6).
Conceivably, the patient may obtain prolonged disease
stabilization from pembrolizumab. However, in the
setting of cardiac irAEs, ICIs are frequently recommended
for discontinuation.

intensive

There are several limitations in the present case report.
First, endomyocardial biopsy was not performed due to
the patients refusal given procedural risks. Second, cardiac
magnetic resonance (CMR) has been regarded as an gold-
standard noninvasive imaging to confirm myocarditis. But
our patient refused to further perform CMR due to the
improved clinical course. Third, the patient underwent
permanent pacing early, but conduction disorder disappeared
rapidly after steroid therapy. Although permanent pacing
was performed in the majority of the aforementioned cases
with concurrence of myocarditis and CAVB (Tablel),
we here firstly reviewed that more than half of surviving
patients with conduction disorders secondary to ICIs might
recover to normal sinus rhythm under immunosuppressive
therapy. Consequently, temporary pacemakers should be
recommended first. Nevertheless, given the paucity of
data on the reversibility of heart block related to ICIs, the
indication for and timing of permanent pacemaker placement
remains elusive.

In general, ICI-induced myocarditis can be life-threatening
and it therefore warrants efforts to increase awareness, facilitate
early detection, and initiate prompt intervention. Importantly,
CAVB may not always present with fulminant myocarditis
and more than 50% of these surviving patients could recover
to normal sinus rhythm. When CMR is contraindicated
in patients with ICI-related myocarditis, speckle-tracking
echocardiography is a reliable and sensitive alternative to CMR
for detecting myocardial injury, and GLS may be an important
prognostic indicator.
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