
EXPERIMENTAL AND THERAPEUTIC MEDICINE  28:  333,  2024

Abstract. Immunotherapy is a potent tool used in cancer treat‑
ment, but the occurrence of immune‑related adverse events 
induced by immune checkpoint inhibitors (ICIs) cannot be 
overlooked. This is particularly true for rare but potentially 
fatal cardiovascular complications, such as myocarditis; 
heart muscle inflammation may lead to heart dysfunction and 
arrhythmia. The present case is a 68‑year‑old female breast 
cancer patient who developed palpitations and elevated cardiac 
enzyme levels after 1 day of ICI therapy, and the patient 
was eventually diagnosed with immune myocarditis. After 
receiving hormonal shock therapy, Ctn I, CK, CK‑MB and 
other cardiac enzyme‑related markers improved significantly, 
and electrocardiogram test returned to normal, and the patient 
recovered during hospitalization without any major adverse 
cardiac events. Furthermore, the present study reviewed the 
mechanism of immune myocarditis induced by ICI therapy, 
with the aim of providing a clinical foundation for the preven‑
tion and diagnosis of cardiovascular adverse events in ICI 
therapy.

Introduction

By targeting programmed death receptor 1 (PD‑1), 
programmed cell death ligand 1 (PD‑L1) or cytotoxic 
T‑lymphocyte‑associated protein 4 (CTLA‑4), immune 
checkpoint inhibitors (ICIs) enhance the cytotoxicity of 
T cells against tumor cells and prevent their escape, effec‑
tively controlling tumor cell proliferation (1‑3). Despite the 
important role of ICIs in tumor therapy, the immune‑related 

adverse events (irAEs) caused by them should not be ignored. 
During clinical treatment with ICIs, irAEs have been observed 
in >70% of patients (4‑6).

Among all irAEs, ~10% of patients experience cardio‑
vascular‑related adverse events. These events can include 
arrhythmias, pericardial disease, myocarditis and other cardiac 
symptoms (7,8). One of the most serious conditions is myocar‑
ditis, which is frequently triggered by viral infections but is 
also linked to autoimmune diseases, viral infections, and drug 
use (9). The use of immune checkpoint inhibitors is a known 
trigger for myocarditis. Data from VigiBase, the WHO's global 
international pharmacovigilance database, indicate that the 
incidence of myocarditis with single ICI treatment is 0.54%, 
while the incidence of myocarditis with ICI combination 
therapy is 1.22% (10). The main treatment option for immune 
checkpoint inhibitor (ICI)‑induced myocarditis is immuno‑
suppressive therapy (11). Corticosteroids, cyclosporine, and 
azathioprine are drugs that have been shown to be effective for 
myocarditis (12). Glucocorticosteroids, like prednisone, have 
been proven effective in alleviating immunotherapy‑induced 
myocarditis (13). The current report presents a case with an 
organized treatment plan of a breast cancer patient who expe‑
rienced symptoms, such as palpitations and increased cardiac 
enzyme levels, 1 day after ICI therapy. The patient underwent 
cardiac angiography to confirm the diagnosis of immune 
myocarditis and received hormone shock therapy. The present 
report provides a foundation for the prevention and diagnosis 
of immune myocarditis caused by ICI therapy.

Case report

In August 2020, a 66‑year‑old female patient was admitted 
to Weifang Second People's Hospital (Weifang, China) for 
a biopsy of a left breast mass to determine the nature of the 
pathology. The immunohistochemistry results confirmed 
invasive breast cancer. The patient had type II diabetes but did 
not have a history of heart disease or any other autoimmune 
diseases. There was also no previous family history of heart 
disease or any other autoimmune diseases.

The patient underwent a left breast mass aspiration 
biopsy in August 2020 under color ultrasound guidance and 
was assessed at the Weifang Second People's Hospital due 
to redness and swelling of the left breast mass for 1 month. 
The patient had been diagnosed with a breast nodule 1 year 
earlier in Weifang Second People's Hospital (Fig. S1A). The 
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ultrasound results revealed heterogeneous cellular streak‑like 
infiltration in the tissues, with local necrosis observed in the 
ducts, consistent with the features of invasive breast cancer 
(Fig. S1B and C). This was further confirmed by magnetic 
resonance imaging (MRI) and computed tomography (CT) 
(Fig. S1D‑G). The diagnosis of stage III inflammatory breast 
cancer (T4N0M0) of the left breast was confirmed on the basis 
of imaging and pathology tests (Fig. 1A) (14). Pathological 
testing was performed by HE staining, tissues were removed 
and immediately immersed in 4% PFA for 6 h for fixation at 
room temperature (RT). After dehydration in a gradient of 
70‑100% alcohol, it was transparent using xylene and finally 
embedded in solid paraffin. Tissue wax blocks were finally cut 
into 4 µm thick sections. After staining with hematoxylin for 
7 min at room temperature to show the nuclei, the cytoplasm 
was stained with eosin for 1 min at room temperature. After 
gradient dehydration and xylene transparency, the sections 
were sealed using neutral resin and then visualized using an 
Olympus orthostatic microscope (Light microscope, objective 
magnification 10X).

Considering the large size of the tumor in the left breast of 
the patient, neoadjuvant chemotherapy (epirubicin + paclitaxel 
regimen, i.v. over a period of 2 days, with 50 mg of epirubicin 
given on the first day and 120 mg of paclitaxel given on the 
second day. Dosing was started once 5 days before surgery and 
once/month after surgery.) was initially administered to shrink 
the tumor before the patient could undergo radical resection 
surgery. Briefly, the patient underwent in September 2020 the 
patient underwent 50 mg (dissolved in 250 ml of saline) of 
epirubicin intravenous drip chemotherapy. The following day, 
120 mg (dissolved in 500 ml saline) paclitaxel IV drip chemo‑
therapy was administered and preoperative preparations were 
completed, with surgery scheduled for day 4 after the comple‑
tion of chemotherapy. After 4 days, the patient underwent a 
modified radical left breast cancer surgery, taking into account 
the relatively small size of the tumor and its location in a 
non‑central area of the breast. Pathology and immunohisto‑
chemistry (IHC) results confirmed a diagnosis of invasive ductal 
carcinoma, grade II, with metastases found in 28/35 axillary 
lymph nodes (Figs. 1B and C, and 2A‑C), 13 days after admis‑
sion, the patient was discharged. IHC was performed using 
paraffin‑embedded tissues; briefly, tissues were removed and 
immediately immersed in 4% PFA for 6 h for fixation (Room 
temperature, RT). After dehydration in a gradient of 70‑100% 
alcohol, it was transparent using xylene and finally embedded 
in solid paraffin. Tissue wax blocks were finally cut into 4 µm 
thick sections. Tissue processing and interpretation of results 
were performed using Roche's Benchmark GX. EDTAVEGTA 
pH 8 was selected for antigen repair and was used for repair 
using machine parameters (100̊C, 30 min). And endogenous 
catalase was closed with 3% hydrogen peroxide for 5 min 
(RT). HER2, PR and ER monoclonal antibodies were used to 
incubate at 37̊C for 30 min (ready‑to‑use antibody, Maixin, 
Fuzhou, China, HER2: Kit‑0043, 0013; ER: Kit‑0012), respec‑
tively. Secondary antibodies were incubated with ready‑to‑use 
HRP‑labeled secondary antibodies from Roche (Roche, 
Cat. No 760‑500) for 8 min at room temperature. This was 
followed by color development using DAB color solution at 
room temperature for 8 min (Roche, Cas. No 760‑500), and 
hematoxylin staining was used for 7 min to show the nuclei 

(RT). After gradient dehydration and xylene transparency, 
the slices were sealed using neutral resin and observed using 
an Olympus ortho‑microscope (Light microscope, objective 
magnification 10X). The patient was admitted to the hospital 
for chemotherapy with a 50 mg (dissolved in 250 ml saline) 
epirubicin IV drip and a 120 mg (dissolved in 500 ml saline) 
paclitaxel IV drip regimen the following day, 21 days after left 
breast surgery (September 2020). The patient received chemo‑
therapy on day 54 (October 2020), day 80 (November 2020), 
day 107 (December 2020), day 134 (January 2021) and day 162 
(February 2021). Chemotherapy was administered according 
to the same regimen for a total of 6 cycles. At 187 days post‑
operatively (March 2021) the patient was readmitted to the 
hospital and discharged after receiving 5 days of adaptive 
intensity‑modulated radiotherapy to the axillary region of the 
left breast. This treatment was administered after consultation 
with a radiologist, who determined that the patient met the 
criteria for radiotherapy. After surgical treatment, the patient 
experienced a progression‑free survival of ~2 years.

A total of 2 years after the radical resection surgery, in 
April 2022, the patient was admitted to the Weifang Second 
People's Hospital after experiencing redness and swelling of 
the right breast mass for 1 month. Considering the medical 
history of the patient, an ultrasound‑guided aspiration biopsy 
of the right breast mass was performed (Fig. 3). The pathology 
results revealed stage III inflammatory breast carcinoma 
(T4N0M1) in the right breast (Fig. 1D). The patient was treated 
with chemotherapy (preoperative chemotherapy twice, postop‑
erative chemotherapy once a month) using an IV drip regimen 
of epirubicin (80 mg dissolved in 250 ml saline) + paclitaxel 
(120 mg dissolved in 500 ml saline). The patient received two 
rounds of chemotherapy in April and May, respectively, and 
underwent a modified radical surgery for right breast cancer 
20 days after the end of chemotherapy in May. In May 2022, 
the updated pathology report of the right breast revealed 
grade III invasive carcinoma, with visible vascular embolus 
and nerve invasion. No cancerous tissues were found in the 
nipple or the base margin. Carcinoma metastasis was identi‑
fied in all 23 axillary lymph nodes and in all 3 of the other 
lymph nodes assessed (Figs. 1E and F, and 2D‑F). CT scan 
showed multiple microscopic nodules in the lung, which raised 
concerns about metastatic tumors (Fig. S2A). The patient was 
discharged from the hospital 14 days after undergoing surgery 
on the right breast and following chemotherapy treatment 
with an epirubicin (90 mg dissolved in 250 ml saline) + cyclic 
AMP (0.8 g). The chemotherapy was administered intravenous 
injection for 2 days, with epirubicin injected on the first day 
and cyclophosphamide on the second day, administered once 
a month.

A total of 34 days after the right breast surgery (June 2022), 
a CT review revealed multiple microscopic nodules in both 
lungs and MRI demonstrated possible secondary metastases 
in the lumbosacral spine (Fig. S2B and C). In conjunction with 
the self‑reported pain of the patient, zoledronic acid (4 mg 
in 100 ml saline intravenous injection) was administered to 
alleviate the pain from the bone metastasis. Additionally, 
chemotherapy with an epirubicin (90 mg dissolved in 250 ml 
saline) + cyclic AMP (0.8 g dissolved in 250 ml saline) 
regimen was initiated 1 day after admission (July 2022). A 
total of 60 days after the right breast surgery (July 2022), 
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chemotherapy with epirubicin (90 mg dissolved in 250 ml 
saline) + cyclic AMP (0.8 g dissolved in 250 ml saline) 
regimen was administered.

The patient was admitted again in August 2022 for the 
fourth time post‑ right breast surgery (The date of the patient's 
current admission was noted as Day 0), and the patient denied 
any recent gastrointestinal illness before admission. On 
admission, the temperature of patient was 36.5˚C, heart rate 
was 70 beats/min, respiratory rate was 20 per min, and blood 
pressure was 139/78 mmHg. The patient presented with a 

cough and wheezing, and a complete chest CT was performed 
to assess any postradiotherapy changes in the left lung 
(Fig. S2D). Additionally, nasopharyngeal swabs were taken 
and tested negative for coronavirus disease 2019 (COVID‑19). 
The patient was initially diagnosed with secondary malignant 
tumors in both lungs, secondary metastases in the ribs and 
secondary metastases in the lumbosacral spine based on the 
lumbar spine MRI and thoracic spiral CT scans.

The patient was treated with antitumor immunotherapy 
with an IV drip of sintilimab (self‑contained; cat. no. Innovent 

Figure 1. Hematoxylin and eosin staining of surgical specimens from the patient (magnification 10x). (A) Left breast puncture specimen. (B) Left mastectomy 
specimen. (C) Lymph node infiltration specimen of the left breast cancer. (D) Right breast puncture specimen. (E) Right mastectomy specimen. (F) Lymph 
node infiltration specimen of the right breast cancer.

Figure 2. Immunohistochemical assessment of the surgical tissue of the patient (Objective lens magnification 10x. Evaluation of (A) ER (3+; 85%), (B) PR (‑) 
and (C) HER‑2 (3+) in the left mastectomy specimen. Evaluation of (D) ER (3+; 80%), (E) PR (3+; 20%) and (F) HER‑2 (2+) in the right mastectomy specimen. 
ER, estrogen receptor; PR, progesterone receptor; HER‑2, human epidermal growth factor receptor 2.
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Co. Suzhou China; DP2201036; 200 mg dissolved in 100 ml 
saline). The patient experienced panic and palpitations. 
Although the patient developed this irAE within 1 day of 
administration, the symptoms did not develop within 1‑3 h 
of the start of the infusion, which indicated that it was not 
an infusion reaction. In Day 6, Creatine kinase (CK) was 
2263.2 U/l (reference values, 40‑200 U/l), cardiac troponin I 
(cTn I) was 18.01 ng/ml (reference values, 0‑0.028 ng/ml), 
CK‑isoenzymes (CK‑MB) was 172 U/l (reference values, 
0‑20 U/l) and N‑terminal pro‑brain natriuretic peptide was 
9,121 pg/ml (reference values, 0‑300 pg/ml), as presented in 

Table I, indication of changes in cardiac enzyme profiles. An 
electrocardiogram (Fig. 4) revealed sinus rhythm, first‑degree 
atrioventricular block, complete right bundle branch block, 
frequent premature ventricular contractions and myocardial 
ischemia. Acute coronary syndrome or immune‑related 
myocarditis was considered. After transfer to the cardiology 
department, a review of the myocardial enzyme profile was 
performed (Fig. 5). The N‑terminal brain‑lysergic peptide 
precursor was detected, and all the indices were elevated 
compared with Day 0. This led to a preliminary diagnosis 
of acute coronary syndrome and was treated with 0.5 g 

Figure 3. Ultrasound‑guided puncture of the right breast mass. Tumor tissue is circled in red and the puncture mark is indicated by the blue arrow.

Table I. Changes in myocardial enzyme profiles.

 Day
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Myocardial enzyme 0 6 10 13 22 Reference values

cTn I, ng/ml 1.761 18.010 9.401 3.598 0.383 0.000‑0.028
LDH, U/l 537.1 1,699.4 1,385.7 906.7 388.2 120.0‑250.0
CK, U/l 2,693.2 2,263.2 443.7 183.5 158.1 40.0‑200.0
CK‑MB, Ul 141.2 172.0 116.6 78.9 73.9 0.0‑25.0
NT‑proBNP, pg/ml 2,834 9,121 10,796 6,849 1,808 0‑300

The date of admission was noted as Day 0; cTn I, cardiac troponin I; LDH, lactate dehydrogenase; CK, creatine kinase; CK‑MB, creatine kinase 
isoenzymes; NT‑Pro BNP, N‑terminal pro‑brain natriuretic peptide.
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methylprednisolone (IV) to prevent further deterioration of 
the patient condition. Coronary angiography combined with 
stenting was proposed on Day 4 to determine the cause of 
the patient's condition. A cardiac ultrasound determined that 
the patient did not have a medically significant myocardial 

infarction (Fig. 6). Cardiac angiography showed that there was 
no stenosis in the left main stem, 40% stenosis in the middle of 
the left anterior descending branch, and no significant stenosis 
in the echogenic branch (Fig. 7). The right crown was thick 
and smooth with no narrowing. Based on the results of the 

Figure 4. Electrocardiograms of the patient. Electrocardiogram performed (A) after the patient developed palpitations (B) prior to hormonal shock therapy 
and (C) prior to discharge from the hospital, the areas marked in red indicate frequent premature ventricular contractions. (D) Parameters related to the 
electrocardiograms performed and their reference ranges.HR, Heart rate; PR, P‑R interval; QRS, Total time from Q‑wave, R‑wave, and S‑wave on the ECG; 
QT, Q wave) to the end of the T wave; Qtc, The corrected QT interval, RV5 Amplitude of the R‑wave recorded on lead V5 in the fifth intercostal space in the 
left anterior axillary line; SV1, Amplitude of the S‑wave recorded on the V1 lead in the fourth intercostal space next to the right sternum.

Figure 5. Changes in myocarditis‑related indicators during hospitalization. Changes in (A) CK, (B) CK‑MB, (C) cTn I, (D) NT‑proBNP, (E) AST and (F) LDH. 
CK, creatine kinase; CK‑MB, creatine kinase isoenzymes; cTn I, cardiac troponin I; NT‑proBNP, N‑terminal pro‑brain natriuretic peptide; AST, aspartate 
aminotransferase; LDH, lactate dehydrogenase.
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Figure 6. Cardiac ultrasound of the patient. The internal diameters of all cardiac chambers were in the normal range, and the thickness and motion of all 
ventricular walls were normal.

Figure 7. Cardiac angiography of the patient. (A) RAO, 30˚ and CRA, 30 .̊ (B) LAO, 30˚ and CRA, 20 .̊ (C) LAO, 45˚ and CRU, 20 .̊ (D) RAO, 30˚ and CAU, 
20 .̊ (E) LAO, 45 .̊ (F) CRA, 30 .̊ RAO, right anterior oblique; CRA, cranial; LAO, left anterior oblique; CRU, caudal.
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electrocardiogram, cardiac enzyme levels and a history of 
immunosuppressant medication, immune myocarditis was 
considered. The patient was treated with hormone shock 
therapy (methylprednisolone sodium succinate, 0.5 g dissolved 
in 100 ml saline IV drip) specifically for this condition, which 
was supplemented with pro‑immunoglobulin (10 g daily by 
intravenous injection until Day 11). As a result, the cTn I level 
decreased to 11.5 pg/ml (reference values, 0‑300 pg/ml). On 
Day 6, paroxysmal ventricular tachycardia was observed 
on monitoring. The electrocardiogram indicated frequent 
ventricular premature beats and a high risk of sudden cardiac 
death due to cardiac arrest (Fig. 4B marked with red line). 
Therefore, the patient was immediately placed on a single 
dose of hormonal therapy with a single dose of the antiar‑
rhythmic drug esmolol administered intravenously along with 
0.5 g methylprednisolone, a hormonal shock treatment drug. 
The cardiac enzyme spectra review on Day 10 demonstrated 
that the patient's CK‑MB levels had decreased compared 
with the previous test (116.6 U/l; reference values, 0‑20 U/l), 
which suggested an improvement in myocardial damage. 
Maintenance of hormone shock therapy and regular review 
of the myocardial enzyme spectrum were performed until 
Day 22. The cardiac enzyme markers improved significantly, 
indicating a good treatment response. The patient's general 
condition was stabilized and the level of care was changed 
from level 1 to level 2, and the patient was observed every 
two hours for changes in condition and vital signs. A new 
coronary nucleic acid test was negative. It was agreed that the 
patient could be discharged. The patient was discharged from 
the hospital on Day 22 and after discharge the patient took 
the medicine of Spironolactone (20 mg), tachycardia (20 mg) 
and potassium chloride extended‑release tablets (0.5 g) were 
administered to enhance the cardiac function of the patient 
and to regulate blood potassium levels. Hormonal therapy was 
continued until the patient was discharged from the hospital 
after 10 days. The patient received 20 mg/day prednisone 
acetate tablets in the morning from Days 1 to 5, which was 
then reduced to 10 mg/day after Day 5 and discontinued on 
Day 10. It was suggested that the patient should improve their 
lifestyle after hospitalization, including paying attention to 
rest, avoiding exertion and emotional excitement, taking medi‑
cation on time, coming to the hospital regularly for review, and 
promptly consulting a doctor if they felt unwell. One month 
after discharged from the hospital, the patient was followed 
up by telephone and there was no recurrence of myocarditis 
or other specific conditions such as chest tightness and 
palpitations.

Discussion

Myocarditis is the clinical and histologic manifestation of a 
widespread pathologic immune process in the heart, which is 
divided into acute myocarditis and chronic myocarditis (15). 
The common causes of myocarditis include viral infections or 
immune responses to viral infections (16). The wide range of 
clinical manifestations makes the diagnosis of the disease chal‑
lenging. An attack of myocarditis is typically characterized by 
the acute onset of chest pain, dyspnea and palpitations (17). 
The diagnosis of acute myocarditis is typically made by 
considering clinical symptoms, electrocardiographic findings, 

echocardiographic results and troponin levels; however, the 
gold standard for confirming the diagnosis and distinguishing 
it from other conditions is an endomyocardial myocardial 
biopsy, despite its limitations due to the invasive nature of the 
procedure (18). Here, the patient developed symptoms related 
to myocarditis at an early stage and was treated appropriately, 
which can provide a clinical reference for the use of chemo‑
therapeutic agents in the PD‑1 class resulting in myocarditis.

Worldwide, viral infections are the most common cause 
of myocarditis, the incidence of myocarditis is estimated to 
be about 10 to 22 cases per 100,000 people (19). Although 
myocarditis caused by other factors is less common, it still 
requires attention. For example, myocarditis caused by 
autoimmune diseases, such as systemic lupus erythema‑
tosus, accounts for ~7% of patients with myocarditis (20). 
Additionally, drug‑induced myocarditis primarily occurs in 
patients who are vaccinated, particularly following smallpox 
vaccination, with 13.2 cases per 100,000 doses. Following 
COVID‑19 vaccination, the median incidence was 1.9 cases 
per 100,000 people for the first two doses of the BNT162b2 
vaccine and 3.5 cases for the mRNA‑1273 vaccine. Influenza 
vaccination had an incidence of 0.13 cases per 100,000 doses, 
while other non‑smallpox vaccines had an incidence of 
5.7 cases per 100,000 doses (21).

The patient in the present study developed palpitations 
after treatment with Sintilimab. Myocardial enzyme profiling 
revealed increased levels of markers of myocardial injury, 
and cardiography indicated no significant stenotic lesions. 
Considering the temporal association between the administra‑
tion of the ICI and the onset of clinical symptoms, as well as the 
exclusion of other potential causes (such as normal coronary 
arteries, no history of rheumatoid virus infections, no chronic 
medications that could be linked to myocarditis, no history of 
autoimmune disease and negative swabs for COVID‑19 infec‑
tion), it was determined that the patient experienced immune 
myocarditis caused by ICIs.

ICIs are commonly used as the initial treatment for 
numerous types of cancer. These inhibitors work by blocking 
either CTLA‑4 or PD‑1, which helps to reactivate the T‑cells 
and enhance their ability to eliminate tumors (22‑24). 
Sintilizumab is a recombinant, fully human IgG4‑type 
anti‑PD‑1 monoclonal antibody that blocks the interaction 
between PD‑1 and its ligands, thereby helping T cells to 
regain their anti‑tumor effects (25‑27). Typically, the heart 
is susceptible to immune‑mediated injury due to its dense 
vascular system providing access to immune cells and anti‑
bodies. Normally, the presence of cardiomyocytes, including 
Th1 cells that secrete the cytokine IFN‑γ, causes cardiac endo‑
thelial cells to upregulate PD‑L1 to suppress effector T cells. 
Sintilimab was able to block the interaction between PD‑1 and 
its ligand, which may lead to effector T cell attack on cardiac 
endothelial cells (28). According to its antitumor mechanism, 
this drug may cause irAEs.

Immune myocarditis is a rare but highly lethal complica‑
tion, and the mechanism underlying this condition has not 
yet been fully elucidated, the incidence ranges from 0.06% 
in patients treated with single‑agent anti‑PD‑1 therapy to 
0.27% in patients treated with a combination of anti‑CTLA‑4 
and anti‑PD‑1 therapy (29). A retrospective analysis of the 
World Health Organization Pharmacovigilance Database 
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revealed that immune‑associated myocarditis had the highest 
mortality rate among all immune‑related adverse events 
(irAEs), with fatalities reported in ~ 40% of the 131 cases (30); 
however, previous studies have reported that the presence of 
high‑frequency T‑cell receptor sequences in cardiomyocytes 
suggests that they may share targets with tumor cells (31,32). 
Animal model studies have reported that CTLA‑4, PD‑1 and 
PD‑L1 have cardioprotective effects against immune‑mediated 
injury following stress (28,33,34). This suggests a potential 
mechanism for the development of myocarditis in ICIs. 
However, since the median time to onset of immune myocar‑
ditis due to ICIs is 34 days after initiation of ICI therapy, early 
symptoms can be easily dismissed as other cardiovascular 
diseases, leading to delayed treatment (29).

The present study reports a case of immune myocarditis 
induced by ICIs. The cardiac enzyme profiles throughout the 
course of the disease were recorded and detailed. Although 
the incidence of immune myocarditis due to ICIs is relatively 
low (about 0.06‑0.27%), the median time of onset of the 
disease is typically ~1 month after starting ICI therapy (35). 
However, in the present study, the patient developed palpita‑
tions 2 days after receiving the drug. Additionally, there was 
a marked increase in the levels of cardiac enzyme‑related 
markers within a short period of time. It was hypothesize 
that this phenomenon could be due to several reasons: First, 
the patient had diabetes mellitus. A retrospective study 
by Mahmood et al (36),found that a higher proportion of 
patients who developed myocarditis had a higher prevalence 
of diabetes mellitus (both type I and type II) compared with 
those who did not, suggesting that diabetes mellitus may be 
an unfavorable factor for the elicitation of myocarditis while 
undergoing ICIs (37). Second, the patient received the EC‑T 
regimen (Epirubicin, Cyclophosphamide and Paclitaxel) of 
chemotherapy before ICIs. The cardiotoxicity of epirubicin 
accumulated and resulted in a notable increase in cardioac‑
tive enzymes in the patient prior to treatment with ICIs. 
Certain patients may exhibit myocardial damage prior to 
treatment with ICIs, which could also contribute to the early 
onset of immune myocarditis (38). Notably, when considering 
myocarditis caused by ICIs, it is important to also consider 
other potential diagnoses, which may include acute coronary 
syndrome, stress cardiomyopathy and viral myocarditis. 
These conditions can be challenging to accurately diagnose 
based solely on clinical presentation (39‑41). Comprehensive 
coronary CT angiography, invasive coronary angiography, 
electrocardiogram, infection indicators and patient history can 
help clinicians make a differential diagnosis.

Finally, there are certain limitations in the present study. 
Detection of anti‑myosin antibodies and anti‑cardiac troponin 
antibodies by flow cytometry could have provided more 
accurate data to help clinicians make a diagnosis; however, 
the Weifang Second People's Hospital did not have this kind 
of testing equipment to carry out anti‑myosin antibody and 
anti‑cardiac troponin antibody testing, and there was insuf‑
ficient time to send patient samples to a third‑party testing 
organization with relevant capabilities for testing or to carry 
out this kind of testing, due to the patient's condition dete‑
riorating rapidly and the need to carry out rescue as soon as 
possible. There was also insufficient time to send samples to a 
competent third‑party testing organization for testing.

In summary, although immune myocarditis is a rare side 
effect of ICI therapy and has a delayed onset, it is important 
to closely monitor patients for any signs of myocarditis. 
Additionally, timely detection of myocardial enzyme 
profiles should be performed after the drug is administered 
clinically. For patients with underlying medical conditions 
such as diabetes mellitus, and patients who have received 
chemotherapy using anthracyclines prior to dosing, it may be 
advisable to administer a specific dosage of hormones before‑
hand to mitigate potential adverse effects, if deemed necessary.
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