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Introduction

Sintilimab is an immune checkpoint inhibitor (ICI), known 
to activate cytotoxic T lymphocytes and improve their anti-
tumor activity by inhibiting the binding of programmed 
cell death 1 (PD-1) ligands on tumor cells [programmed 
cell death ligand 1 (PD-L1) and PD-L2] to the PD-1 
receptors on T cells (1). Increased used of ICIs in a variety 
of malignancies has led to a subsequent increase in the 
proportion of patients eligible for ICIs, from 1.5% in 2011 
to 43.6% in 2018 (2). Despite the benefits, immune-related 
adverse events (irAEs) have been detected more frequently 
than initially estimated (3). These include, but are not 
limited to, endocrinopathies, hepatitis, pneumonitis rash, 

and colitis (4). Amongst these, ICI-induced myocarditis is of 
particular concern. Despite a reported incidence of less than 
1%, it is considered one of the most serious complications 
due to a high mortality rate of up to 50% (5-7). The present 
study highlights the clinical importance of early recognition 
of this relatively uncommon but fatal complication of 
sintilimab.

In this investigation, the clinical characteristics, 
diagnosis, and treatment of 20 cases of ICI-induced 
myocarditis in patients with lung cancer were reviewed and 
summarized in Table 1 (8-25). We present the following 
article in accordance with the CARE reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-2449).
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Case presentation

A 68-year-old Asian male was admitted to the Affiliated 
Hospital of Qingdao University presenting with a history 
of productive cough and progressive dysphagia for the past 
three days. These symptoms appeared on day 6 after the 
third cycle of intravenous sintilimab (200 mg, q21d). The 
patient did not report chest tightness, chest pain, dyspnea, 
wheezing, hemoptysis, syncope, or peripheral edema. 
Thirty years ago, he had a history of smoking approximately 
24 packets of cigarette per year for 10 years. 

Two months ago, the patient was diagnosed with non-
small cell lung cancer (NSCLC). It was classified as a poorly 
differentiated squamous cell carcinoma, cT3N3M0, stage 
Ⅲb, and the programmed cell death ligand 1 (PD-L1) 
tumor proportion score (TPS) was 60% (as assessed by the 
Dako PD-L1 IHC 22C3 pharmDx kit). The patient initially 
received two cycles of chemotherapy with carboplatin 
and paclitaxel. As recent studies have suggested that the 
combination of immunotherapy with chemotherapy could 
improve the survival rate of patients with lung cancer (26), 
the patient was also administered immunotherapy with 
sintilimab. 

At admission, the patient’s vital signs were unstable, 
with a temperature of 36.3 ℃, irregular  heart rate of 
40–50 beats per minute, a respiratory rate of 17 breaths 

per minute, low blood pressure of 109/70 mmHg, 
and oxygen saturation of 95% on room air. Physical 
examination revealed blepharoptosis  and  akinesia, 
however, no abnormalities were found in pulmonary 
and abdominal examinations. Electrocardiogram (ECG) 
suggested the possibility of myocardial infarction 
(Figure 1), while blood tests  indicated  disturbances in 
the serum  myocardial  enzyme  spectrum. No obvious 
abnormalities were found in the coronary angiography 
(Figure 2). The patient did not consent to cardiovascular 
magnetic resonance (CMR) examination.

The patient was diagnosed with sintilimab-induced 
myocarditis based on the abnormal serum myocardial 
zymogram, abnormal ECG manifestations while presenting 
a normal coronary angiograph, and a correlation between 
the use of sintilimab and the onset of clinical symptoms. 
Sintilimab-induced myocarditis was considered a fourth-
degree adverse event, and therefore the drug was 
permanently discontinued and methylprednisolone was 
administered on admission, meanwhile, it is supplemented 
with low-molecular heparin anticoagulation, aspirin to 
inhibit platelet aggregation, rosuvastatin calcium tablets 
to regulate blood lipid, isosorbide mononitrate to dilate 
blood vessels and other treatments. Due to the gradual 
improvement in the symptoms of dysphagia as well 

Figure 1 Electrocardiogram showing idioventricular rhythm, complete right bundle branch block, second-degree atrioventricular block, and 
diffuse ST segment depression.
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as in the serum myocardial zymogram. Subsequently, 
the dose of methylprednisolone was gradually reduced 
from 80 to 40 mg/d (Figure 3). To reduce the side 
effects of methylprednisolone,Proton pump inhibitors 
protect the gastric mucosa,Vitamin D and calcium 
prevent osteoporosis，short-term use of zopicron or 
benzodiazepines may be required if patients have poor sleep 
quality.

The patient was discharged on day 13 after admission 
and the corticosteroid prednisolone was prescribed at 16 mg  
daily for 15 days, followed by 8 mg daily for 45 days. 
The patient showed good compliance during follow-up. 
However, subsequent chemotherapy again resulted in an 
increase in the patient’s high-sensitivity troponin I (hs-TnI) 
levels (Figure 3A), and the patient returned to normal after 
methylprednisolone treatment. Apart from this, no other 
remarkable adverse events were reported throughout the 
treatment. At present, myocarditis has not re-occurred and 
lung cancer is at a stable stage.

 All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee(s) 
and with the Declaration of Helsinki (as revised in 2013). 
Written informed consent for publication was obtained 
from the patient.

Discussion

Immunotherapy is a promising and emerging line of therapy 
for malignancies, and in 2013, it was hailed by Science 
magazine as “breakthrough of the year” (27). Sintilimab is 

a humanized monoclonal IgG4 antibody that acts as an ICI 
against PD-1. It has been reported to prolong the survival 
of NSCLC patients. Unfortunately, immunoglobulin-
based drugs are known to cause a series of irAEs which are 
different from traditional chemotherapy drugs. Currently, 
sintilimab is undergoing phase I, II, and III clinic trial in 
NSCLC patients (26,28). To the best of our knowledge, 
this is the first report on immune myocarditis caused by 
sintilimab and the first review on ICI-induced myocarditis 
in lung cancer patients. The recent addition of sintilimab 
to the repertoire of anti-cancer agents along with the 
scarcity of its usage means there is a dearth of literature on 
its potential side-effects. This leaves the practitioners with 
very little reference when determining the optimal course 
of treatment. 

The present study reviewed the case reports available in 
the literature for lung cancer patients who suffered from 
ICI-induced myocarditis. For the 20 cases reviewed, the 
clinical features, pathological types, and treatment of these 
patients were compiled (Table 1). 

In the case study of our patient, ICI-induced myocarditis 
occurred on day 6 after receiving the third cycle of 
sintilimab, which is consistent with the timeframe of 
myocarditis reported in most cases (29). This highlights the 
observation that ICI-induced myocarditis is more likely 
to occur after using this drug for 2–3 cycles. Long-term 
application of this treatment did not appear to cease or 
lower the incidence of myocarditis as the patient showed 
symptoms even on day 4 of the 29th cycle. Thus, clinicians 
should be wary of the potential side-effect in both short- 
and long-term usage of sintilimab.

Figure 2 Coronary angiography did not show any vasculopathy. LCA, left coronary artery; RCA, right coronary artery. 
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Clinical manifestations of ICI-induced myocarditis may 
include typical symptoms (30), such as chest tightness, 
shortness of breath, chest pain, and exertional dyspnea. 
However, the patient examined in this case report did 
not present with these classical signs. Instead, he was 
admitted to the hospital complaining of dysphagia, hinting 
at the possibility of myasthenia gravis (14). Therefore, 
it is advisable to assess the serum acetylcholine receptor 
antibody levels upon admission to aid early diagnosis. 
Furthermore, accurate diagnosis of myocarditis is further 
complicated by the fact that some patients may not show 
any symptoms and present with a normal ECG pattern 
(19,23). However, third degree atrioventricular block (AVB) 
may be a risk factor for increased mortality (17,23). Early 
recognition of the signs of myocarditis exacerbation is the 
key to reducing mortality. 

Since the ECG of a patient with myocarditis may have 
similar presentation to other acute cardiac syndromes such 
as myocardial infarction, an array of tests is required to 
make a definitive diagnosis. A coronary angiography may 
be considered. However, in our review of the literature, 
a statistical analysis of the coronary angiography in 10 

patients found the results to be within normal limits, 
which was consistent with previous observations made 
by O’Neill et al. in 1985 (31). Therefore, we suggest that 
echocardiographic findings may complement the diagnosis 
of myocarditis if it is clinically correlated with extremely 
reduced left ventricular ejection fraction (LVEF), impaired 
diastolic function, cardiac hypertrophy, or myocarditis 
spots. 

Among the various cardiovascular imaging modalities 
available, cardiac magnetic resonance (CMR) imaging 
is the first choice for the non-invasive diagnosis of  
myocarditis (32). The Lake Louise Criteria for CMR 
diagnosis of myocarditis includes three parameters: 
myocardial edema, hyperemia, and necrosis, these criteria 
correspond to abnormal findings in signal-enhanced T2-
weighted imaging, early gadolinium-enhanced (EGE) 
imaging, as well as on late gadolinium-enhanced (LGE) 
T1-weighted imaging. The presence of any two of the three 
diagnostic criteria may still support myocarditis with a 
diagnostic accuracy of 78%, and sensitivity and specificity of 
67% and 91%, respectively, when clinically correlated (33). 
Recent meta-analyses showed that if only one of the criteria 
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Figure 3 Changes in the serum myocardial markers during corticosteroid administration. (A) The time-dependent relationship between 
plasma hs-cTnI levels and corticosteroid dose. (B) The time-dependent relationship between serum CK levels and corticosteroid dose. (C) 
The time-dependent relationship between serum CK-MB levels and corticosteroid dose. (D) The time-dependent relationship between 
plasm BNP levels and corticosteroid dose. hs-cTnI, high sensitivity cardiac troponin I; CK, creatine kinase; CK-MB, creatine kinase MB; 
BNP, B-type natriuretic peptide.
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is met, the specificity is reduced to 78%, but the diagnostic 
accuracy is improved to 83%, while the sensitivity is 
increased to 78–80%. Meanwhile, invasive examinations 
such as coronary angiography and endomyocardial biopsy 
may be avoided (34,35). Therefore, it is recommended that 
patients should be assessed with CMR examinations. 

Endomyocardial biopsy is the “gold standard” for the 
diagnosis of myocarditis. However, it is rarely performed 
due to its invasive nature and risk of complications such 
as major perforation (36). Among the 20 cases reviewed, 
only four patients received an endomyocardial biopsy 
test, of which one was a diagnostic autopsy (9,14,20,23). 
The pathological sections showed scattered inflammatory 
lesions, necrosis of cardiomyocytes and granulated tissue, 
and infiltrating T cells and macrophages. Persistent 
inflammatory stimulation of the endocardium and the 
inferior wall myocardium is a characteristic manifestation 
of myocarditis (37), while giant cell and lymphocyte 
infiltration are the histologic markers of necrosis (38). 
Samantha et al. divided checkpoint inhibitor myocarditis 
into high grade (≥50 CD3+ cells per high power field) and 
low grade (≤50 CD3+ cells per high power field ). The 
study showed that all patients with high grade myocarditis 
died (39) and statistical analyses demonstrated a strong 
correlation between endomyocardial biopsy pathology 
and death, suggesting that higher grade is associated with 
higher mortality. Recent reports indicate that the relatively 
distinctive histologic feature of ICI-induced myocarditis is 
diffuse lymphocytic infiltration. This conclusion needs to be 
further verified due to the low number of endomyocardial 
biopsy (40).

In most patients with ICI-induced myocarditis, standard 
response is to terminate immunosuppressive therapy and 
switch to high-dose corticosteroids (methylprednisolone 
or prednisone 1 to 2 mg/kg/d) to prevent further damage. 
If symptoms persist with no corresponding improvement 
in laboratory results, additional administration of 
immunosuppressants such as infliximab, rituximab, 
and mycophenolate mofetil should be considered (41). 
Abatacept, a cytotoxic T-lymphocyte-associated antigen 4 
(CTLA-4) immunoglobulin, may also be considered (25).  
Corticosteroid therapy should be gradually reduced over 
a 4- to 6-week period. Statistical analyses of the literature 
revealed that the overall mortality of ICI-induced 
myocarditis in lung cancer patients was 23.8% (5/21), which 
was consistent with previous reports (42). The efficacy of 
corticosteroid therapy in the management of ICI-associated 

myocarditis was approximately 83.3% (15/18). It is believed 
that the use of methylprednisolone can help the patient 
through the acute phase of cardiotoxicity. As for whether 
hormone therapy affect the follow-up tumor treatment 
of sintilimab induced myocarditis, there are currently no 
relevant guidelines and reports, which require further 
clinical observations to obtain exact relevant conclusions.

Corticosteroid therapy is a double-edged sword which 
may induce new allergic reactions while treating other 
immune reactions (43,44). Previous case reports have shown 
high levels of myocardial biomarkers such as N terminal 
pro-hormone B-type natriuretic peptide (NT-proBNP), 
high sensitivity (hs)-troponin, and creatine kinase (CK) 
(10,18,20). In contrast, our lung cancer patient did not 
present with drastically altered levels of these biomarkers. 
This may be due to the early stage of his condition. 
Interestingly, during the course of treatment, the levels of 
hs-TnI, CK, and creatine kinase myocardial band (CK-MB) 
decreased steadily with the use of corticosteroids (Figure 3). 
A previous study reported that corticosteroids resulted in 
decreased levels of CK-MB compared to other biomarkers 
such as cardiac troponin I (cTnI), and this study showed 
similar changes (19). Therefore, patients may require 
specific dose adjustments of corticosteroids depending 
on the severity of the condition, and this will need to be 
verified by prospective experimental studies. In the absence 
of experience, Brahmer JR et al.’s report can be referred to 
achieve the purpose of individualized treatment (41).

In conclusion, this case reported the use of methylprednisolone 
to successfully treat a lung cancer patient suffering from 
ICI-induced myocarditis caused by sintilimab. Due to the 
life-threatening nature of this adverse event, particular 
attention is required when diagnosing lung cancer patients 
who present with myocarditis and are on a course of 
PD-1 inhibitors. Initial patient evaluation of potential 
cardiovascular toxicity should include ECG, troponin, BNP, 
chest CT, and so on. Baseline information may be useful 
when patients present with acute nonspecific symptoms 
and ambiguous diagnostic testing. This is particularly 
important as the clinical symptoms overlap with other 
cardiac syndromes. This, together with the novelty of the 
disease, and the absence of sufficient diagnostic evidence, 
makes ICI-induced myocarditis a difficult condition to 
diagnose and treat. However, due to the severity associated 
with this condition, it is imperative to continue research in 
this field to gain a better understanding, so as to improve 
diagnosis and treatment for these patients. Finally, increased 
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awareness and close cooperation between respiratory 
specialists, oncologists, cardiologists, and ICU specialists 
are essential for the well-being of the patient.

Patient perspective

I trusts the doctor’s choice of treatment at all times, even in 
the absence of cardiac biopsy pathology, has been proven to 
increase my probability of saving my life.
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