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Abstract

With the extensive use of immune checkpoint inhibitors (ICI) in advanced-stage cancers,
immune-related adverse events (irAEs) have been noted in various systems. While most irAEs
are reversible and manageable, cardiac toxicities are rare but life-threatening, with high mortality
rates. We present a case of a 7|-year-old man with cholangiocarcinoma who developed myocar-
ditis related to ICls 29 days after the first infusion of teriprizumab combined with albumin-bound
paclitaxel and gemcitabine. He was initially asymptomatic after admission but with substantial
elevations of troponin | and myocardial enzymes. Sixteen hours after admission, he developed
palpitations, dizziness, and syncope. Electrocardiography confirmed third-degree atrioventricular
block and frequent ventricular premature contractions for which he received high-dose cortico-
steroids and a permanent pacemaker. The patient survived and permanently discontinued immu-
notherapy. Early identification and intervention are the keys to improving the prognosis of
immune myocarditis.
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cells, thus achieving tumor regression.
However, the augmented immune autoreac-
tion can affect any organ or system, creating
a variety of toxicities, such as colitis, hepati-
tis, pneumonitis, thyroiditis, myositis,
hypophysitis, and dermatitis. Although
ICI-associated myocarditis is rare, with an
incidence of 0.27% to 1.14%," the condition
is serious, with a morbidity rate of up to
50%.? Additionally, the combination of
ICI and non-ICI therapies increases the
risk, severity, and fatality of myocarditis
resulting  from  ICI  monotherapy.’
Teriprizumab, a human monoclonal anti-
body targeting programmed death-1 (PD-
1), was developed and approved in China
in December 2018. Here, we describe a
patient with metastatic cholangiocarcinoma
who developed ICI-induced myocarditis
after receiving the first cycle of teriprizumab
and chemotherapy.

Case Report

The reporting of this study conforms to the
CARE guidelines.*

A 7l-year-old Chinese man was diag-
nosed with intrahepatic cholangiocarci-
noma in the second hepatic portal (stage
II, clinical tumor-node-metastasis stage:
c¢T2NOMO) on 20 October 2021, in
Shanghai Zhongshan Hospital. The patho-
logical results of a liver biopsy indicated
small bile duct cholangiocarcinoma, grade
IT to III differentiation, with arginase
(ARG)-1—, cytokeratin (CK)7+, cluster
of differentiation (CD)344, CKI19+,
glutamine synthetase (GS)+, Hepa—,
alpha-fetoprotein (AFP)—, Ki-67 (40+),
hepatocyte nuclear factor (HNF)-1B+,
CD56+, and S-100P focal + by immunohis-
tochemical analysis. The patient had a his-
tory of type 2 diabetes but no history of
cardiovascular disease other than hyperten-
sion. Baseline cardiovascular examination,
namely myocardial zymography, electrocar-
diography, echocardiography, and coronary

computed tomography angiography (CTA)
indicated no abnormalities. He enrolled in a
phase II clinical study of teriprizumab com-
bined with gemcitabine and oxaliplatin
(GEMOX) as first-line therapy for advanced
or unresectable intrahepatic cholangiocarci-
noma on 27 October 2021. He was scheduled
to undergo GEMOX (gemcitabine 160 mg
d1/8; oxaliplatin 120mg d1/8) combined
with teriprizumab (200mg dl) every
3 weeks. After the first stage of treatment
of the first cycle, he dropped out of the clin-
ical study and came to our hospital for the
remaining treatment, for which he provided
fully informed written consent. The sched-
uled dose of gemcitabine in the second
stage was reduced to 140mg owing to
second-degree myelosuppression; treatment
was delayed until 4 November 2021.
Routine examination (electrocardiography
(ECG); serum myocardial markers) (Figure
la and Figure 2) indicated normal findings,
and the chemotherapy was completed suc-
cessfully. When the patient was admitted
for the second cycle of treatment at 4:30
pm on 23 November 2021, he had no com-
plaints of discomfort. His blood pressure,
heart rate, pulse, and oxygen saturation
were in the respective normal ranges.
Although he was still asymptomatic the
next morning, laboratory tests revealed
increases in myocardial enzyme levels to
varying extents, and the cardiac troponin I
(cTnl) level was 14 times higher than the
normal value. Creatine kinase-myocardial
band (CK-MB), CK, and myoglobin levels
were elevated to 47U/L (normal value:
<19U/L), 938 U/L (normal value: <164 U/
L), and 706.1 ng/L (normal value: <70 pg/
mL), respectively. Additionally, the cTnl
level was markedly elevated (0.87 ng/mL vs
normal: <0.06 ng/mL) (Figure 2). Although
he presented with a normal (77%) left ven-
tricular ejection fraction (LVEF) on ECG
(normal value: 50%-78%), repeat ECG
revealed an abnormal change to complete
right bundle branch block and left anterior
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Figure |. ECG findings.
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(2) sinus rhythm, 79 bpm (8 days after the first cycle of teriprizumab infusion); (b) right bundle branch block
and left anterior branch block with a heart rate of 95bpm (28 days after the first cycle of teriprizumab
infusion); (c) sinus arrest (29 days after the first cycle of teriprizumab infusion); (d) third-degree atrioven-
tricular block and frequent ventricular premature contractions (the same day as in the image in (c)) and
(e) sinus rhythm of ventricular origin (after the instalment of a permanent pacemaker).

ECG, electrocardiography.

branch block with a heart rate of 95 bpm
(Figure 1b). Suspecting immune myocardi-
tis, intravenous methylprednisolone was ini-
tiated immediately at 200 mg (4 mg/kg/day).
However, at 1:30 am on 24 November 2021
(16 h later), he suddenly experienced palpi-
tations, dizziness, and syncope. His heart
rate was 30 to 45bpm with a sinus arrest
on the cardiac monitor. ECG further
revealed third-degree atrioventricular block
and frequent ventricular premature contrac-
tions (Figure 1c and d). He was diagnosed
with ICI-related myocarditis and was imme-
diately transferred to the cardiac care unit
(CCU) for temporary pacemaker placement
and intravenous methylprednisolone admin-
istration. After 4 days of methylpredniso-
lone (200 mg; 4 mg/kg/day) therapy, the
CK level decreased to 303 U/L, and CK-
MB increased slightly to 59 U/L (Figure
le); however, the low heart rate did not
improve. On 29 November 2021, a permanent
pacemaker was installed. CK and CK-MB

levels decreased to 216 U/L and 55U/L,
respectively, after 160 mg methylprednisolone
treatment. On 10 December 2021, the dose of
intravenous methylprednisolone was reduced
to 80mg (1.6 mg/kg), and CK, CK-MB, and
cTnl levels decreased to 190 U/L, 30 U/L, and
1.6 pg/L, respectively (Figure 2). The patient
was discharged from the hospital and was
maintained on a tapering regimen of oral
methylprednisolone for 2 weeks (Figure 3).
He permanently discontinued immunothera-
py and refused to undergo further examina-
tion or any anti-tumor treatment. The patient
was still alive and able to perform light phys-
ical activity with no discomfort, with an
Eastern Cooperative Oncology Group
(ECOG) score of 1, at the last follow-up on
11 September 2022.

Discussion

With the widespread application of immu-
notherapies, immune-related adverse events
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Figure 2. Changes in serum myocardial biomarkers before and after glucocorticoid therapy with methyl-
prednisolone 4 mg/kg/day, intravenously, which was decreased to 1.6 mg/kg after 17 days and tapered after
another 14 days. (a) CK changes over time; (b) CK-MB changes over time and (c) cTnl changes over time.
CK, creatine kinase; CK-MB, creatine kinase-myocardial band; cTnl, cardiac troponin I.

(irAEs) are increasingly attracting atten-
tion. Although any organ or system can
be involved, irAEs most commonly affect

the gastrointestinal  tract, endocrine
glands, skin, and liver.> ICI-related cardio-
vascular  toxicities often occur as

myocarditis, pericardial disease, or vasculi-
tis, and patients less commonly present with
Takotsubo-like syndrome and other non-
inflammatory left ventricular dysfunctions.
These presentations almost never overlap.®
The mechanism of ICI-related myocarditis
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Figure 3. Summary of the clinical course of the case.

is unclear. Off-target attack of immuno-
therapy is suggested to originate from the
presence of common epitopes shared by
tumor cells and immune cells.”

ICI-associated myocarditis usually occurs
early, with a median time of 17 to 34 days
after onset of ICI therapy, approximately
after the first or second ICI infusion." Our
patient was diagnosed with immune myocar-
ditis 29 days after the initial treatment with
teriprizumab, which was consistent with this
timeframe. However, there are also reports
of the occurrence of immune myocarditis
after 28 cycles of immunotherapy or even
after the cession of immunotherapy.'
Therefore, the possibility of immune myo-
carditis should not be excluded at any time
when immunotherapy has been used. The
prevalence of myocarditis varies with the
type of ICI, in the decreasing order of
anti-cytotoxic ~ T-lymphocyte  antigen-4
(anti-CTLA-4) monotherapy (3.3%), and
anti-PD-ligand 1 (anti-PD-L1) (2.4%)
and anti-PD-1 agents (0.5%).%

The risk factors for myocarditis due to
ICI therapy are not fully clarified; however,
combination immunotherapy is considered
the predominant risk factor. Additionally,
many chemotherapies or targeted drugs
may cause drug-related myocarditis. espe-
cially in patients who received ICIs
combined with chemotherapies, targeted
therapies, or other non-ICIs or who

received non-ICIs previously. This issue
makes determining the exact cause of cardi-
ac toxicity very challenging. Moreover,
combination therapy exacerbates cardio-
toxicity and increases treatment difficulty.
Chemotherapy drugs that can cause cardi-
otoxicity mainly comprise anthracyclines,
antimicrotubule molecules, and 5-fluoro-
uracil.” Rhythm and conduction disturban-
ces are often caused by antimicrotubule
molecules, such as vinca alkaloids or tax-
anes, whereas cardiotoxicity caused by gem-
citabine and oxaliplatin is reported rarely in
the literature. In our case, the patient expe-
rienced severe conduction disturbances
after only one cycle of an ICI and
GEMOX. The fulminant course and the
specific types of chemotherapeutic drugs
used in this case indicated a relationship
between myocarditis and ICIs. A study
using a mouse model found that cardiac
irradiation increased the risk of and mor-
bidity associated with cardiac toxicity
from  immunotherapy alone. Some
researchers suspected that cardiomyocyte
injury from non-immune therapy exposed
cardiac antigens and, combined with immu-
notherapy, activated T cells, triggering or
exacerbating  cardiomyocyte  immune
damage.'” Additional possible risk factors
are pre-existing cardiac disease, diabetes
mellitus, obesity, and autoimmune dis-
ease.'! Our patient had no history of heart
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disease or autoimmune disease but did have
a history of type 2 diabetes for more than
5 years. Therefore, patients must be fully
evaluated at baseline, and patients with
high-risk factors must be closely monitored
after immunotherapy initiation, especially
in the early stages.

The presentation of immune myocarditis
is non-specific and varies, but the condition
shows a fulminant course. The symptoms
are those of acute heart failure and arrhyth-
mias, varying from shortness of breath,
chest pain, and syncope to cardiac
shock.'? In our case, the patient was asymp-
tomatic at first but showed abnormal labo-
ratory findings. Just 16 hours later, his
symptoms developed rapidly to palpita-
tions, dizziness, and syncope. Various
arrhythmias have been described in patients
receiving ICI therapy, namely conduction
delays, ventricular arrhythmias, and atrial
fibrillation. Notably, arrhythmic complica-
tions have been implicated as a major driver
of mortality and sudden cardiac death. '

The diagnosis of myocarditis can be very
challenging and requires a very high index
of clinical suspicion. All of our cases with
prior ICI use had elevated troponin and
abnormal ECGs at the time of clinical pre-
sentation. Mahmood et al. noted that
nearly all cases of myocarditis had
increased troponin levels (94%) and abnor-
mal ECGs (89%) at the time of presenta-
tion.! A combination of clinical symptoms,
biochemistry and imaging can be used to
diagnose ICI-associated myocarditis. With
its 94% to 100% sensitivity, cardiac tropo-
nin appears to be one of the most important
markers for ICI-induced myocarditis, not
only in the diagnosis but also in predicting
prognosis.'® Our patient’s condition was
initially notable for the obvious elevation
of cTnl. In ICI-associated myocarditis,
CK-MB levels almost always increase to
varying degrees, and the elevation is not
limited to myocarditis but also occurs with
skeletal muscle inflammation. Clinically,

many patients treated with ICIs show vary-
ing degrees of CK-MB elevation; however,
very few patients develop immune myocar-
ditis, which needs to be excluded as a diag-
nosis by combining troponin and ECG
data. ECG is a quick and simple test, and
is the first option when patients present
with cardiovascular symptoms. In our
case, abnormal ECG changes were
observed even when the patient was asymp-
tomatic, and significant abnormalities were
observed in the ECG when the patient
showed obvious heart symptoms. Thus,
dynamic ECG examination is necessary
for patients with suspected immune myo-
carditis. Cardiac ECG is also preferred for
the first-line diagnosis of immune myocar-
ditis; however, compared with cardiac
markers and ECG, its sensitivity is relative-
ly poor. Even a normal LVEF does not
exclude immune myocarditis.'* The gold
standard for the diagnosis of myocarditis
is endomyocardial biopsy.'> However, this
method is not recommended as a first-line
test because it is invasive, is associated with
the lethal risk of cardiac perforation, and
has sampling limitations, which could
result in false-negative outcomes.'®

When a patient is diagnosed with sus-
pected immune myocarditis, ICI treatment
should be discontinued, and corticosteroids
should be administered immediately. In a
retrospective study by Wang et al.,'” a
patient developed marked eclevations of
myocardial enzymes on zymography only
12 days after the first nivolumab infusion,
with no obvious symptoms. The patient did
not receive any treatment, including corti-
costeroids. The patient was then admitted
to the hospital with palpitations and chest
tightness only 16 days later; she subsequent-
ly developed third-degree atrioventricular
block and died soon after.!” For patients
with severe ICl-related myocarditis, high-
dose glucocorticoids and even immunosup-
pressants are recommended. An awareness
of immune myocarditis and early



Ye et al.

corticosteroid intervention are crucial for
improving the prognosis and even saving a
patient’s life. High-dose corticosteroids
(i.e., methylprednisolone 1000 mg/day for
3 days followed by prednisone 1mg/kg) is
recommended as the first-line therapy in the
acute phase.'® However, the use of cortico-
steroids, especially in high doses, is a
double-edged sword that could aggravate
some underlying diseases or result in new
diseases.1 In our patient, considering the
diabetes history, we initially chose 200 mg/
day methylprednisolone (4 mg/kg/day), and
the patient developed a noticeable increase
in blood glucose during treatment. For
patients with underlying diseases, choosing
the dose of corticosteroids to maximize the
benefits while minimizing the side effects is
a challenge. ICI-related myocarditis is a
rare but fatal disease. The key in cases of
suspected immune myocarditis is to raise
awareness of the condition and initiate cor-
ticosteroid therapy immediately to alleviate
symptoms and decrease the risk of death.
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