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Abstract

Immune checkpoint inhibitors (ICIs) prevent the immune escape of tumor cells, which helps immune cells such as T lymphocytes to
continuously monitor and kill tumor cells, and play powerful anti-tumor role. Immune checkpoint inhibitor-associated myocarditis
has been rarely reported; however, its latent, rapidly developed, and lethal onset has gradually attracted the attention of clinicians.
This study aimed to report cases of fulminant myocarditis in three patients with thymoma who were treated with pembrolizumab,
one of the programmed cell death protein 1 inhibitors (PD-1 inhibitors).
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1. Introduction

Immune-related adverse events (irAEs) after im-
munotherapy, especially fulminant myocarditis, cause
high mortality (1-3). Symptoms of irAEs in thymoma
have been found atypical, with acute progression, poor
prognosis, and limited treatments (4, 5).

2. Case Presentation

2.1. Clinical Summary

2.1.1. Case 1

The patient was a 43-year-old male who used to be phys-
ically healthy. On August 12, 2015, he underwent medi-
astinal tumor resection in our hospital. The postoperative
pathological diagnosis was “thymoma, type B2”, and the
patient received chemotherapy with cyclophosphamide
plus cisplatin. On September 18, 2016, the contrast-
enhanced chest computed tomography (CT) scan revealed
a recurrence of thymoma with left pleural metastasis. On
September 23, 2016, a mediastinal mass resection was per-
formed on him, after which he received chemotherapy

with docetaxel plus lobaplatin. In July 2018, the patient
was admitted due to limb weakness. On admission, serum
levels of creatine kinase (CK) (6370 U/L), Creatine Kinase-
MB Isoenzyme (CK-MB) (97.7 U/L), and troponin T (571.8
pg/mL) increased significantly. The left ventricular ejec-
tion fraction (LVEF) was 73%, estimated by echocardiog-
raphy on July 13, 2018. Moreover, biomarkers of vasculi-
tis such as ANCA-nuclear, and antinuclear antibody (ANA)
were positive. Electromyography (EMG) suggested par-
tial myogenic damage. The patient was diagnosed with
polymyositis (PM), and the symptom was alleviated after
treatment with glucocorticoid. Meanwhile, the chest CT
indicated the thymoma metastasis to the left thoracic cav-
ity and, therefore, the surgery was performed. Later, multi-
ple CT scans performed in 2019 showed that the thymoma
was in progress. After the routine examination such as
the electrocardiogram (ECG) showing substantially nor-
mal, therefore, the patients received chemotherapy with
pembrolizumab (200 mg) plus paclitaxel (300 mg) on June
24, 2019.

On July 2, 2019, symptoms of chest tightness, short-
ness of breath, and limb weakness showed up. The myocar-
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dial enzyme was elevated, and chest CT scan showed re-
duced pleural metastasis lesion. The symptoms did not al-
leviate after the patient was given glucocorticoid (methyl-
prednisolone) and diuretics. On July 6, 2019, moreover, tra-
cheal intubation and ventilator-assisted ventilation were
performed due to dyspnea and respiratory failure. The pa-
tient was transferred to our hospital for intensive care on
July 7, 2019.

Physical examination (PE) on admission: Temperature
(T): 36.5°C, pulse (P): 84 beats per minute (bpm), respira-
tory rate (R): 20 times per min, blood pressure (BP): 122/80
mm Hg, and weight: 70 kg. The patient was conscious, and
there was no rash on the skin or mucosa. The lungs were
clear with no pleural rub, and his heart rate (HR) was 80
bpm with sinus rhythm. No pathological murmur or peri-
cardial friction rubs were detected through auscultation,
and his limbs were not swollen.

The clinical characteristics are summarized in Table 1.
Auxiliary examinations:
(A) Positive acetylcholine receptor antibody (> 20

nmol/L, normal range < 0.45 nmol/L); positive ryanodine
receptor calcium release channel receptor antibody (nor-
mal range: Negative); negative idiopathic inflammatory
myopathy panel; negative paraneoplastic syndrome panel.

(B) Bedside Chest X-ray: Postoperative mediastinal tu-
mor; proposed left lung and pleural metastasis; unexclu-
sive left 6th rib metastasis; left pneumonia with mild pleu-
ral effusion on the left.

(C) Muscle biopsy of the right quadriceps: Fragmen-
tary specimens, fibrous tissue, fat, and muscle tissue.

(D) Bedside doppler ultrasound showed diastolic dys-
function, mild mitral regurgitation, and mild tricuspid re-
gurgitation. There was no obvious enlargement of the atria
and ventricles or pericardial effusion. The segmental mo-
tion was weakened (poor anteroseptal and anterior wall
contraction). Left ventricular ejection fraction was esti-
mated to be about 50%, and the mitral inflow E/A ratio was
< 1.

Diagnosis: 1, acute severe myocarditis, arrhythmia,
heart failure, New York Heart Association (NYHA) cardiac
function grade IV; 2, suspected acute coronary syndrome;
3, PM; 4, suspected myasthenia gravis (MG); 5, thymic ma-
lignant tumor (recurrence).

Intervention: Methylprednisolone 80 mg ivgtt qd; in-
travenous immune globulin (IVIG) 25 g/day; pyridostig-
mine bromide 60 mg ig q6h; piperacillin sodium and
tazobactam sodium 4.5 g ivgtt q6h. Shortness of breath
was slightly alleviated after treatment. On July 9, 2019,
however, the patient suffered atrioventricular dissociation
and ventricular escape beat with an HR of 35 - 50 bpm.
Temporary pacemaker implantation was performed and
coronary angiography showed no occlusion or slow flow

(TIMI level 2) of the vessels. Within 24 hours, cardiac ar-
rest, ventricular tachycardia (VT), and ventricular fibrilla-
tion showed up repeatedly, and all rescue measures proved
ineffectual.

2.1.2. Case 2

The patient was a 27-year-old female, who used to be
physically healthy and, apparently, had no history of smok-
ing. On May 12, 2019, a contrast-enhanced chest CT scan
revealed a thymic tumor in the anterior superior medi-
astinum with pleural metastasis. The pleural biopsy in-
dicated thymoma (type B2, stage IV with pleural metasta-
sis). On June 5, 2019, the patient received chemotherapy
with albumin-bound paclitaxel (200 mg), carboplatin (740
mg), and pembrolizumab (200 mg). On June 17, 2019, the
patient started to suffer from limb weakness, shortness
of breath, right eyelid ptosis, and stress urinary inconti-
nence. The symptoms gradually worsened, and the patient
was transferred to the intensive care unit on June 21, 2019.

PE: T: 36.2°C, P: 150 bpm, R: 20 times per min, BP: 124/89
mm Hg, weight: 56 kg. The patient was conscious and
there was no rash on the skin or mucosa. The lungs were
clear with no rales or pleural rub, and the HR was 134 bpm
with sinus rhythm. No pathological murmur or pericar-
dial friction rubs were detected through auscultation, and
her limbs were not swollen.

Bedside echocardiogram: The heart rhythm was irreg-
ular, with mild to moderate pericardial effusion (left infe-
rior ventricular wall 0.6 mm, left atrial free wall 0.4 mm,
right inferior atrial free wall 12 mm, right ventricular free
wall 7 mm). The estimated LVEF was 45%, inferior vena cava
was 1.45 cm, and respiratory variation was < 50%.

Diagnosis: 1, acute severe myocarditis, arrhythmia,
heart failure, NYHA cardiac function grade IV; 2, suspected
MG; 3, suspected myositis; 4, thymoma (type B2, stage IV
with pleural metastasis).

Intervention: The patient was treated with methyl-
prednisolone 80 mg ivgtt qd. The onset of VT (electrocar-
diogram: VT, HR: 163 bpm, QRS: 86 ms, QT/QTc: 292/493
ms, QRS axis: +97°, RV5/SV1: 0.38/0.14 mV) started on the
day of admission, accompanied by the decreasing BP. Car-
dioversion helped to convert sinus rhythm (electrocardio-
gram: Sinus tachycardia, burst polymorphic VT; suspected
second-degree atrioventricular block type 1; intraventric-
ular block; abnormal Q wave in anterior and high lateral
walls; QRS complex low voltage; ST-T changes; HR: 110 bpm,
QRS: 106 ms, QT/QTc: 324/438 ms, QRS axis: +70°, RV5/SV1:
0.49/0.00 mV, P: 5000 ms). Continuous renal replacement
therapy (CRRT) was initiated the same day due to anuria.
However, the patient suffered from frequent premature
ventricular contraction and recurrent VT (electrocardio-
gram: VT, HR: 117 bpm, QRS 176 ms, QT/QTc: 432/605 ms,
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Table 1. Clinical Characteristics of 3 Patients with FM

No. Case 1 Case 2 Case 3

Age (y) 43 27 52

Gender Male Female Male

Previous history None None Kidney stone

Histological type Type B2 Type B2 Type B1 or type AB

Therapeutic effect Pleural metastases are slightly smaller Not reviewed Not reviewed

Duration between hospital
admission and onset (days)

8 12 15

Symptoms

Limb weakness + + +

Dyspnea + + +

Ptosis + + +

Laboratory tests

Index CK (U/L) 5806 10988 7633

Index CK-MB (U/L) 193.5 293.7 159.5

Index CK-MB/CK 3.33% 1.76% 2.09%

Peak CK (U/L) 7273 25862 7633

Peak CK-MB (U/L) 192.5 359.6 433.4

Peak hsTNT (pg/ML) > 10000 6558.0 > 10000

Peak NT-proBNP (pg/mL) 7140 4030.0 5696

MuSK.Ab - Not reviewed -

RyR.Ab + Not reviewed +

AchR.Ab + Not reviewed +

Titin-Ab - Not reviewed -

Auxiliary examination

Electrocardiogram Atrioventricular dissociation,
multi-source ventricular escape
rhythm

Second-degree atrioventricular blocks:
Mobitz type I, intraventricular
aberrant conduction; refractory
ventricular tachycardia after disease
progression

Complete atrioventricular block

LVEF detected by
echocardiogram

50% 41% 21%

Biopsy

Myocardium a Not reviewed Not reviewed

Skeleton muscle Poor specimen sampling Not reviewed Not reviewed

irAEs

Myocarditis + + +

Polymyostitis Suspected Suspected Suspected

Myasthenia gravis Suspected Suspected Suspected

Intervention

Anti-inflammatory agents Methylprednisolone and intravenous
immunoglobulin

Methylprednisolone Methylprednisolone and intravenous
immunoglobulin

Advanced life support Mechanical ventilation; pacemaker Mechanical ventilation; CRRT Mechanical ventilation; pacemaker;
CRRT; ECMO

Outcome Disease progression and withdrawal
of therapy

Death Multiple organ dysfunction syndrome
and withdrawal of therapy

Abbreviations: CK, creatine kinase; CKMB, creatine kinase-MB; hsTNT, high-sensitive cardiac troponin T; NT-proBNP, N terminal pro B type natriuretic peptide; MuSK.Ab,
anti-skeletal muscle receptor tyrosine kinase antibody; RyR.Ab, ryanodine receptor calcium release channel antibody; AchR.Ab, acetylcholine receptor antibody; Titin-Ab,
connexin antibody/human actin antibody; LVEF, left ventricular ejection fraction; irAEs, immune-related adverse events; CRRT, continuous renal replacement therapy;
ECMO, extra-corporeal membrane oxygenation.
a See Figure 1.

QRS axis: +39°, RV5/SV1: 1.04/0.00 mV, P: 5000 ms). Lido-
caine was used as antiarrhythmics and electrolyte distur-
bance was remedied. The dose of methylprednisolone was
increased to 120 mg ivgtt qd. Unfortunately, the patient de-

veloped a pulseless VT (electrocardiogram: VT, HR: 111 bpm,
QRS: 130 ms, QT/QTc: 436/603 ms, QRS axis: -45°, RV5/SV1:
0.82/0.00 mV, P: 5000 ms) on June 23, 2019, and cardiac
arrest occurred after cardioversion. All rescue measures
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proved ineffectual and no return of spontaneous cardiac
rhythm occurred.

2.1.3. Case 3

The patient was a 52-year-old male, with a medical his-
tory of kidney stones and smoking for more than 30 years.
In December 2017, a mass in the lung was found through
an annual health check. On March 27, 2018, the CT scan
found a right lung neoplasm with pleural metastasis. The
lung biopsy showed a thymoma (suspected type B1 or AB).
On April 19, 2018, the therapy of albumin-bound Paclitaxel
(200 mg), carboplatin (740 mg), and pembrolizumab (200
mg) were administered. On May 3, 2018, the patient devel-
oped fever, soreness, limb weakness, shortness of breath,
and left eyelid ptosis. The patient was admitted to the
community hospital on May 8, 2018. Tests on myocardial
enzymes showed elevated CK (25612 U/L) and CK-MB (969
U/L), positive acetylcholine receptor antibody (5.50 nmol/L,
normal range < 0.45 nmol/L), positive ryanodine receptor
calcium release channel receptor antibody (normal range:
Negative), and positive connexin antibody (normal range:
Negative). Chest CT scan showed a mass in the right lung,
and pneumonia on both sides. Between May 8 and May
10, 2018, the patient was treated with methylprednisolone
40 mg/day intravenously, IVIG 35 g/day, and piperacillin-
tazobactam. On May 10, 2018, the patient developed a com-
plete atrioventricular block with the HR decreasing to 24
- 28 bpm. Emergent implantation of the temporary pace-
maker was performed. Between May 11 and May 13, 2018, the
dose of methylprednisolone was increased to 500 mg/day,
combined with IVIG 35 g/day. The disease showed no im-
provement and on May 14, 2018, the patient was transferred
to the intensive care unit in our hospital.

PE: T: 36.0°C, P: 130 bpm, R: 25 times per min, BP: 78/58
mm Hg. The patient was in a coma. There was no rash on
the skin or mucosa. The pupils were equal and round with
a diameter of 3 mm, but no light reflex was observed on ei-
ther side. The lungs were rough with moist rales of both
lower lungs, and no pleural rub was heard. The HR was 130
bpm with sinus rhythm. No pathological murmur or peri-
cardial friction rubs were detected through auscultation,
and his limbs were not swollen.

Auxiliary examinations:
(A) Electrocardiogram: Wide QRS complex tachycardia

with fusion wave, left axis deviation, HR 152 bpm, QRS: 122
ms; QT/QTc: 332/527 ms, RR/PP: 394/377 ms.

(B) Bedside echocardiogram: The left ventricle was en-
larged, the end-diastolic diameter was 52 mm, and the
upper and lower diameter of the section of the apex was
about 90 mm. The left ventricle wall movement was not
coordinated, and the degree of contraction diffusively de-
creased obviously, especially in the middle and lower part

of the ventricular wall. The estimated LVEF was 21%. The aor-
tic valve was slightly enhanced with mild regurgitation;
mild regurgitation of the mitral and tricuspid valve; there
was no obvious fluid sonolucent area in the pericardial cav-
ity. Conclusion: Left ventricular enlargement; left ventricu-
lar systolic function was significantly reduced; Mild mitral
regurgitation; Mild tricuspid regurgitation.

Diagnosis: (1) acute severe myocarditis, arrhythmia,
heart failure, NYHA cardiac function grade IV; (2) MG; (3)
suspected myositis; (4) thymoma (type B1 or AB).

Intervention: The patient was treated with imipenem
and cilastatin sodium 1 g ivgtt q8h, terlipressin, nora-
drenaline, dopamine, and dobutamine. Within 24 hours
after admission, the ventricular escape rhythm emerged
with an HR of approximately 30 bpm (electrocardiogram:
Ventricular rhythm, non-specific intraventricular block;
HR 40 bpm, QRS 144 ms, QT/QTc: 408/332 ms, RR/PP:1492/0
ms), accompanied by the loss of BP and oxygen satura-
tion. After cardiopulmonary resuscitation, the patients re-
turned to sinus rhythm but no spontaneous circulation oc-
curred. Extra-corporeal membrane oxygenation was im-
plemented. However, the heart function did not improve
and was succeeded by multiple organ failure. The family
withdrew treatment on May 15, 2018.

2.2. Pathological Findings

Myocardial biopsy of case 1 suggested inflammatory
cell infiltration, myocardial cell degeneration, and non-
ischemic necrosis. Myocardial histopathology was charac-
terized by T lymphocyte infiltration (Figure 1).

3. Discussion

The application of ICIs has provided a new hope for
tumor treatment. However, the side effects have re-
mained unnoticed. Studies revealed that the incidence
of myocarditis after immunotherapy was 0.06 - 1% (6).
Immunotherapy-associated fulminant myocarditis was
rare but progressed rapidly, resulting in high mortality
and poor prognosis (1-3).

Recent phase II clinical trials showed a therapeutic ef-
fect of pembrolizumab in thymoma (4, 5). The chemother-
apy regimen of pembrolizumab combined with albumin-
bound Paclitaxel was promoted worldwide (4). However,
the thymus participated in the maturation of T lympho-
cytes, and patients with thymoma were more likely to have
autoimmune diseases such as MG, nephritic nephrotic syn-
drome, rheumatoid arthritis, and lupus erythematosus
(4). Studies also indicated that the incidence of irAEs in
patients with thymoma after immunotherapy was signif-
icantly higher (4, 5). Cases of immunotherapy-associated
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Figure 1. A, HE-10X: Cardiomyocyte degeneration, necrosis, atrophy, interstitial lymphocyte infiltration, 10x; B, HE-20X: Cardiomyocyte degeneration, necrosis, atrophy, inter-
stitial lymphocyte infiltration, 20x; C, CD3-10X: T lymphocyte marker, distributed among cardiomyocytes, 10x; D, CD3-20X: T lymphocyte marker, distributed among cardiomy-
ocytes, 20x; E, CD4-10X: Helper T lymphocyte subtype marker, distributed among cardiomyocytes, 10x; F, CD4-20X: Helper T lymphocyte subtype marker, distributed among
cardiomyocytes, 20x; G, CD8-10X: Cytotoxic T lymphocyte subtype marker, distributed among cardiomyocytes, 10x; H, CD8-20X: Cytotoxic T lymphocyte subtype marker, dis-
tributed among cardiomyocytes, 20x
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myocarditis were reported previously with favorable prog-
noses. However, there were no detailed case reports of my-
ocarditis after immunotherapy in patients with thymoma.

Case 1 had a history of PM before receiving im-
munotherapy, suggesting that it was already autoimmune
dysfunction before the patient received immunotherapy.
Studies have found that patients with thymoma are more
likely to develop autoimmune diseases after receiving im-
munotherapy, with PM and myocarditis being the most
common complications (5). The pathological feature of PM
is that the CD8+ T lymphocytes invade non-necrotic muscle
fibers, where T lymphocyte-mediated immune responses
play an important role (7). Myocardial histopathology of
myocarditis caused by immunotherapy is also character-
ized by T lymphocyte infiltration, suggesting that there
may be an intersection of autoimmune damage. A retro-
spective study, published in 2018, found that myositis and
myocarditis were co-morbidities when referring to irAEs,
implying similar or shared pathogenesis (3). In the present
three cases, moreover, PM was diagnosed since CK was sig-
nificantly elevated. Accordingly, for patients with previ-
ous autoimmune diseases, especially those with a history
of PM, immunotherapy might have been risky due to the
higher probability of developing immune-associated my-
ocarditis. Most of the current clinical trials have excluded
cases with previous autoimmune diseases, leading to the
unclear safety endpoints of immunotherapy in those pa-
tients (5).

Programmed cell death protein 1 gene is mainly ex-
pressed on the surface of activated T cells. When it binds
to PD-L1 on the surface of tumor cells, it down-regulates
the activity of cytotoxic T cells, so that tumor cells avoid
immune surveillance (4). Immune checkpoint inhibitors
(e.g., pembrolizumab) enhance the immune surveillance
and immune clearance of T cells by inhibiting the binding
of PD-1 to PD-L1 (8). The mechanism of ICI-associated acute
myocarditis is still unclear (9). In mice, PD-1 functions
in the myocardial immune response and inhibits inflam-
matorily cardiomyocyte injury (10). On the contrary, di-
lated cardiomyopathy in PD-1 gene-deficient mice explains
the effect of PD-1 on protecting cardiomyocytes due to the
production of autoimmune antibodies against troponin I
(TNI) (11, 12).

Previous studies found T lymphocytes- and/or
macrophages-infiltrated myocardial tissue in patients
with immunotherapy-associated myocarditis (1, 2), which
was consistent with the result of myocardial biopsy in our
study. It indicated similar pathogenic and pathological
characteristics in thymoma, compared with other tumors.

At present, glucocorticoid pulse therapy is the main
treatment of ICI-associated myocarditis (3). Mahmood et
al. summarized 35 cases of immunotherapy-associated my-

ocarditis and found that high-dose glucocorticoid pulse
therapy reduced the incidence of major adverse cardiac
events (13). In addition, the IVIG can block autoimmune
antibodies and inhibit autoimmune reactions, which
has been widely used in treating viral myocarditis and
rheumatic immune diseases. However, cases 1 and 3 in
our study did not recover after glucocorticoid plus IVIG
therapy. Mahmood et al. also reported two cases treated
with IVIG with one death and one survival (13). Salem
et al. reported a successful case of fulminant myocardi-
tis after nivolumab (a PD-1 inhibitor) with Abatacept (a
CTLA-4 agonist) in a patient with terminal lung cancer (6).
Esfahani et al. reported a case of melanoma complicat-
ing fulminant myocarditis after immunotherapy, who was
treated with alemtuzumab (14). Abatacept is mainly rec-
ommended for rheumatoid arthritis and Alemtuzumab
for chronic lymphocytic leukemia and multiple sclerosis.
There was no evidence of their safety and effectiveness.
Frigeri et al. reported a case of early use of extra-corporeal
membrane oxygenation (ECMO) and IABP on fulminant
myocarditis after immunotherapy (15). In our study, case
3 received ECMO and IABP only after repeated cardiac ar-
rest and cardiopulmonary resuscitation. However, it was
recommended that further studies should be carried out
to determine whether early use of heart-assist devices such
as IABP, Impella, or ECMO helped in the treatment.

Footnotes

Authors’ Contribution: Daozheng Huang, Weidai Zhang
and Xingtao Lin contributed to patients care. Feier Song
drafted the manuscript. Huan Ma revised the manuscript.
Shouhong Wang and Tiehe Qin conceived of the study and
participated in its design and coordination, and helped to
draft the manuscript. All authors read and approved the
final manuscript.

Conflict of Interests: The authors declare that they have
no conflict of interest.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author dur-
ing submission or after publication. The data are not pub-
licly available due to ethics.

Ethical Approval: The study was conducted in accor-
dance with the Declaration of Helsinki, and was approved
by the institutional ethics committee (KY-Q-2022-254-01).

Funding/Support: This study was supported by the grant
from Medical Scientific Research Foundation of Guang-
dong Province, Guangdong, People’s Republic of China
(grant number: A2018064).

Informed Consent: Written informed consent was ob-
tained from the patients. In all cases, the authors obscured

6 Int J Cardiovasc Pract. 2022; 7(1):e130990.



Huang D et al.

the identity of the deceased.

References

1. Norwood TG, Westbrook BC, Johnson DB, Litovsky SH, Terry NL, Mc-
Kee SB, et al. Smoldering myocarditis following immune checkpoint
blockade. J Immunother Cancer. 2017;5(1):91. [PubMed ID: 29157297].
[PubMed Central ID: PMC5697345]. https://doi.org/10.1186/s40425-017-
0296-4.

2. Johnson DB, Balko JM, Compton ML, Chalkias S, Gorham J,
Xu Y, et al. Fulminant Myocarditis with Combination Im-
mune Checkpoint Blockade. N Engl J Med. 2016;375(18):1749–
55. [PubMed ID: 27806233]. [PubMed Central ID: PMC5247797].
https://doi.org/10.1056/NEJMoa1609214.

3. Wang DY, Salem JE, Cohen JV, Chandra S, Menzer C, Ye F, et al. Fatal
Toxic Effects Associated With Immune Checkpoint Inhibitors: A
Systematic Review and Meta-analysis. JAMA Oncol. 2018;4(12):1721–
8. [PubMed ID: 30242316]. [PubMed Central ID: PMC6440712].
https://doi.org/10.1001/jamaoncol.2018.3923.

4. Giaccone G, Kim C, Thompson J, McGuire C, Kallakury B, Chahine JJ, et
al. Pembrolizumab in patients with thymic carcinoma: a single-arm,
single-centre, phase 2 study. Lancet Oncol. 2018;19(3):347–55. [PubMed
ID: 29395863]. https://doi.org/10.1016/S1470-2045(18)30062-7.

5. Cho J, Kim HS, Ku BM, Choi YL, Cristescu R, Han J, et al. Pembrolizumab
for Patients With Refractory or Relapsed Thymic Epithelial Tumor: An
Open-Label Phase II Trial. J ClinOncol. 2019;37(24):2162–70. [PubMed ID:
29906252]. https://doi.org/10.1200/JCO.2017.77.3184.

6. Salem JE, Allenbach Y, Vozy A, Brechot N, Johnson DB, Moslehi JJ, et
al. Abatacept for Severe Immune Checkpoint Inhibitor-Associated My-
ocarditis. N Engl J Med. 2019;380(24):2377–9. [PubMed ID: 31189043].
https://doi.org/10.1056/NEJMc1901677.

7. Dalakas MC, Hohlfeld R. Polymyositis and dermatomyosi-
tis. Lancet. 2003;362(9388):971–82. [PubMed ID: 14511932].
https://doi.org/10.1016/S0140-6736(03)14368-1.

8. Pardoll DM. The blockade of immune checkpoints in can-
cer immunotherapy. Nat Rev Cancer. 2012;12(4):252–64.
[PubMed ID: 22437870]. [PubMed Central ID: PMC4856023].
https://doi.org/10.1038/nrc3239.

9. Atallah-Yunes SA, Kadado AJ, Kaufman GP, Hernandez-Montfort J. Im-
mune checkpoint inhibitor therapy and myocarditis: a systematic
review of reported cases. J Cancer Res Clin Oncol. 2019;145(6):1527–57.
[PubMed ID: 31028541]. https://doi.org/10.1007/s00432-019-02927-x.

10. Tarrio ML, Grabie N, Bu DX, Sharpe AH, Lichtman AH. PD-
1 protects against inflammation and myocyte damage in T
cell-mediated myocarditis. J Immunol. 2012;188(10):4876–84.
[PubMed ID: 22491251]. [PubMed Central ID: PMC3345066].
https://doi.org/10.4049/jimmunol.1200389.

11. Nishimura H, Okazaki T, Tanaka Y, Nakatani K, Hara M, Matsumori
A, et al. Autoimmune dilated cardiomyopathy in PD-1 receptor-
deficient mice. Science. 2001;291(5502):319–22. [PubMed ID: 11209085].
https://doi.org/10.1126/science.291.5502.319.

12. Okazaki T, Tanaka Y, Nishio R, Mitsuiye T, Mizoguchi A, Wang J, et al.
Autoantibodies against cardiac troponin I are responsible for dilated
cardiomyopathy in PD-1-deficient mice. Nat Med. 2003;9(12):1477–83.
[PubMed ID: 14595408]. https://doi.org/10.1038/nm955.

13. Mahmood SS, Fradley MG, Cohen JV, Nohria A, Reynolds KL,
Heinzerling LM, et al. Myocarditis in Patients Treated With Im-
mune Checkpoint Inhibitors. J Am Coll Cardiol. 2018;71(16):1755–
64. [PubMed ID: 29567210]. [PubMed Central ID: PMC6196725].
https://doi.org/10.1016/j.jacc.2018.02.037.

14. Esfahani K, Buhlaiga N, Thebault P, Lapointe R, Johnson NA, Miller
Jr WH. Alemtuzumab for Immune-Related Myocarditis Due to PD-
1 Therapy. N Engl J Med. 2019;380(24):2375–6. [PubMed ID: 31189042].
https://doi.org/10.1056/NEJMc1903064.

15. Frigeri M, Meyer P, Banfi C, Giraud R, Hachulla AL, Spoerl D, et al.
Immune Checkpoint Inhibitor-Associated Myocarditis: A New Chal-
lenge for Cardiologists. Can J Cardiol. 2018;34(1):92–e1-3. [PubMed ID:
29275889]. https://doi.org/10.1016/j.cjca.2017.09.025.

Int J Cardiovasc Pract. 2022; 7(1):e130990. 7

http://www.ncbi.nlm.nih.gov/pubmed/29157297
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5697345
https://doi.org/10.1186/s40425-017-0296-4
https://doi.org/10.1186/s40425-017-0296-4
http://www.ncbi.nlm.nih.gov/pubmed/27806233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5247797
https://doi.org/10.1056/NEJMoa1609214
http://www.ncbi.nlm.nih.gov/pubmed/30242316
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6440712
https://doi.org/10.1001/jamaoncol.2018.3923
http://www.ncbi.nlm.nih.gov/pubmed/29395863
https://doi.org/10.1016/S1470-2045(18)30062-7
http://www.ncbi.nlm.nih.gov/pubmed/29906252
https://doi.org/10.1200/JCO.2017.77.3184
http://www.ncbi.nlm.nih.gov/pubmed/31189043
https://doi.org/10.1056/NEJMc1901677
http://www.ncbi.nlm.nih.gov/pubmed/14511932
https://doi.org/10.1016/S0140-6736(03)14368-1
http://www.ncbi.nlm.nih.gov/pubmed/22437870
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4856023
https://doi.org/10.1038/nrc3239
http://www.ncbi.nlm.nih.gov/pubmed/31028541
https://doi.org/10.1007/s00432-019-02927-x
http://www.ncbi.nlm.nih.gov/pubmed/22491251
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345066
https://doi.org/10.4049/jimmunol.1200389
http://www.ncbi.nlm.nih.gov/pubmed/11209085
https://doi.org/10.1126/science.291.5502.319
http://www.ncbi.nlm.nih.gov/pubmed/14595408
https://doi.org/10.1038/nm955
http://www.ncbi.nlm.nih.gov/pubmed/29567210
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6196725
https://doi.org/10.1016/j.jacc.2018.02.037
http://www.ncbi.nlm.nih.gov/pubmed/31189042
https://doi.org/10.1056/NEJMc1903064
http://www.ncbi.nlm.nih.gov/pubmed/29275889
https://doi.org/10.1016/j.cjca.2017.09.025

	Abstract
	1. Introduction
	2. Case Presentation
	2.1. Clinical Summary
	2.1.1. Case 1
	Table 1

	2.1.2. Case 2
	2.1.3. Case 3

	2.2. Pathological Findings
	Figure 1


	3. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

