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Background
Immune checkpoint inhibitors (ICIs) are widely used in 
various cancers, including lung cancer and melanoma. 
Thus far, the blockade of cytotoxic T lymphocyte-asso-
ciated protein 4 (CTLA-4), programmed cell death pro-
tein-1 (PD-1), or programmed death-ligand 1 (PD-L1) 
has been reported to enhance antitumor activity and 
improve survival in patients by inhibiting T-cell activa-
tion and function[1, 2]. Meanwhile, immune-related 
adverse events (irAEs) have become a new clinical chal-
lenge. While ICI-associated toxicities can affect a variety 
of organs involving the neurological, endocrine, pulmo-
nary, gastrointestinal, cardiovascular, and renal systems, 
myocarditis is considered a rare but fatal complication [3, 
4]. A multicentre study showed a 40% death rate in 131 
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Abstract
Background Immune checkpoint inhibitors (ICIs) have been widely used in the treatment of cancer. Moreover, 
immune-related adverse events (irAEs) have become a new clinical challenge. ICI-associated myocarditis is a rare but 
fatal condition among diverse organ injuries, and early recognition and effective interventions are critical for patients.

Case presentation In this report, we present the case of a healthy 60-year-old male who was diagnosed with lung 
squamous cell carcinomas following chemotherapy and received ICIs. The patient presented with asymptomatic 
cardiac biomarker elevation followed by immune-related myocarditis. Fortunately, the patient achieved a good 
clinical result after receiving high-dose steroids. The treatment with ICIs was discontinued because of recurrent 
increases in troponin T.

Conclusion ICI-mediated associated myocarditis is an uncommon but potentially life-threatening adverse event. 
The current data suggest that clinicians need to be cautious about reinitiation in low-grade patients; however, further 
study of the diagnosis and treatment is necessary.
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patients suffering from ICI-related myocarditis [5]. Most 
reported patients with ICI-associated myocarditis appear 
to have severe disease but have been successfully treated 
with systemic corticosteroid therapy [6–11]. Here, we 
report the case of ‘subclinical’ ICI-associated myocarditis 
in a patient with lung cancer.

Case presentation
A 60-year-old Chinese male with a history of diabetes, 
hypertension and coronary heart disease was diagnosed 
with lung squamous cell carcinomas T1cN0M0 Stage 
IA3. Consequently, sintilimab combined with carbopla-
tin and albumin paclitaxel as neoadjuvant chemotherapy 
was given for two cycles from Sept 18th, 2021, to Oct 
9th, 2021. After two cycles of the treatment, the patient 
presented with an increase in serum troponin T (TnT) 
of 0.303 ng/mL (Lab reference normal < 0.014 ng/mL) 
without obvious heart-related symptoms. The labora-
tory parameters are displayed in Table 1. Coronary artery 
computed tomography showed no evidence of acute 
coronary syndrome. Electrocardiogram (ECG) revealed 
a normal sinus rhythm without any ST-segment changes 
(Fig.  1A). Chest computed tomography showed that 
the lung lesions were significantly smaller than before, 
with no pulmonary congestion and no pleural effusion 
(Fig. 1B-C). Cardiac ultrasound showed a left ventricular 
(LV) ejection fraction (LVEF) of 67.6%, LV diastolic dys-
function (level II) and LV global longitudinal strain (GLS) 
of -15.8% (Fig.  2A). Cardiovascular magnetic resonance 
(CMR) imaging clearly showed neither late gadolinium 
enhancement (LGE) nor an elevated T2 signal intensity 
(Fig. 2C-D).

Based on the clinical presentation, laboratory results 
and medical history, we suspected immune checkpoint 
inhibitor (ICI)-associated myocarditis. The patient was 
given methylprednisolone (approximately 1  mg/kg/day) 
intravenously for 3 days, and then the dose was gradually 

decreased. The troponin T levels then decreased over 
the subsequent 2 weeks (Table  1). The patient received 
a right lower thoracoscopic pulmonary lobectomy on 
Nov 22nd, 2021. Twenty days later, the patient’s TnT 
was significantly elevated at 0.188 ng/mL, and his serum 
N-terminal pro-brain natriuretic peptide (NT-proBNP) 
was 2333 pg/ml (Lab reference normal < 125 pg/ml). Car-
diac ultrasound showed a LVEF of 67.9%, LV diastolic 
dysfunction (level II) and a LV global longitudinal strain 
(GLS) of -14.5% (Fig. 2B). The myocardial biopsy showed 
degeneration of myocardial cells and an inflammatory 
infiltrate consisting of predominantly CD3+CD4+CD8+ 
cells in the myocardium (Fig. 3A-D).

Discussion and conclusions
ICIs are being widely used in the treatment of lung can-
cer and can contribute to a significant improvement in 
cancer-free survival, and they are well known to induce 
a variety of irAEs affecting the pulmonary, gastrointes-
tinal, renal, neurological and endocrine systems[12–17]. 
Although the incidence of ICI-associated myocarditis is 
0.06-1.14% [18, 19], it has a high mortality rate of up to 
46% [20].

Patients suffer from irAEs due to sintilimab therapy, 
which has proven to be effective in non-small cell lung 
cancer (NSCLC) [21, 22]. Sintilimab is a recombinant 
humanized monoclonal antibody that binds to pro-
grammed death-ligand 1 (PD-L1) and has a different 
binding site and potentially greater affinity against PD-1 
[22, 23]. Myocarditis has not been reported as an irAE of 
sintilimab. This is similar to the patient in this case who 
was treated with sintilimab and who demonstrated char-
acteristics of subclinical ICI-associated myocarditis after 
a diagnostic examination and therapeutic interventions.

The diagnosis of ICI-associated myocarditis is based 
on the drug history, clinical features, cardiac biomarkers, 
ECG, and imaging examinations [24]. The typical clini-
cal presentations include chest pain, shortness of breath, 
dyspnea, etc. However, there may be only asymptomatic 
TnT elevation in the early stage of the disease, so early 
screening and close monitoring are required [24]. The 
cardiac biomarkers usually include CK, CK-MB, and tro-
ponin. Troponin can be of great value in the diagnosis of 
ICI-related myocarditis [25]. By endomyocardial biopsy 
on autopsy, patients who were treated with ICIs and 
diagnosed with myocarditis (associated with chemother-
apy) had elevated levels of cTn (94%). In addition, 46% of 
these patients developed serious cardiac events, includ-
ing complete heart block with haemodynamic instability, 
cardiac arrest, and cardiovascular death [26]. Mahmood 
et al. reported a 4-fold increased risk of myocarditis with 
a TnT of ≥ 1.5 ng/ml [27]. In fact, troponin elevation may 
indicate not only myocarditis but also myocardial injury 
from other causes, such as acute coronary syndrome 

Table 1 The patient’s laboratory findings from starting point of 
immunotherapy (sintilimab) on hospital admission
Parameter CK

(U/L)
CK-MB
(U/L)

TnT
(ng/ml)

NT-
proBNP
(pg/ml)

Reference values <164 <24 <0.014 <125

Baseline 61 7 0.014 217

Hospital admission 106 14 0.379 474

Day 1 after the steroids 
therapy

92 11 0.175 353

Day 2 after the steroids 
therapy

49 12 0.153 155

Day 11 after the steroids 
therapy

39 16 0.030 174

20 days after operation 107 5 0.188 2333
CK, creatine kinase; CK-MB, creatine kinase-myocardial band; TnT, troponin T; 
NT-proBNP, N-Terminal pro-brain natriuretic peptide
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(ACS), chronic kidney disease or pneumonia. The thor-
ough clinical evaluation of a patient with suspected ICI-
triggered myocarditis is important. Some patients have 
had increased troponin after ICI treatment, indicating 
some cardiac damage, but without obvious cardiovascu-
lar symptoms [28]. One single-central study found abnor-
mal serum troponin I in 17.1% of patients without clinical 
implications [29]. Although elevated levels of cTn are not 
a specific indicator of cardiotoxicity induced by ICIs, 
they predict a poor prognosis and should be interpreted 
as an indication of adverse cardiac events [26]. Therefore, 
it is important to identify early and dynamically monitor 
the occurrence of myocarditis [30]. A baseline value of 
troponin may be helpful in cases of subsequent unclear 
symptoms or equivocal diagnostic examinations [31]. In 

addition, increased troponin (94%) and abnormal ECG 
(89%) can be found in these patients [32]. ECG showed 
atrial or ventricular arrhythmias, such as atrial premature 
contraction, ventricular premature contraction, atrio-
ventricular block and ST-segment changes. Although a 
decrease in LV function is often found by TTE or CMR 
imaging, the LVEF is relatively preserved in the early 
stages of the disease. Currently, CMR imaging and histo-
pathological findings are the gold standard for the diag-
nostic criteria [33, 34]. CMR has become the primary 
tool for noninvasive assessment of myocardial inflam-
mation in patients with suspected myocarditis [35, 36]. 
The typical CMR findings in myocarditis include oedema 
and myocardial delayed enhancement sparing the sub-
endocardial region in a nonischaemic distribution [37]. 

Fig. 1 The examination of Electrocardiogram (ECG) and Chest CT in the patient with immune checkpoint inhibitor-associated myocarditis. (A) ECG show-
ing normal sinus rhythm. (B) CT scan before the therapy. (C) CT scan after two cycle of chemotherapy with sintilimab
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However, an absence of abnormal findings on CMR does 
not rule out myocarditis [38]. Some reports suggest CMR 
might be less sensitive to early stages of myocarditis, and 
fewer than 50% of patients had LGE, which was consis-
tent with ICI-associated myocarditis, and 42% of patients 
had neither LGE nor an increased T2 intensity signal [39, 
40].

Although myocardial biopsy is not considered a first-
line diagnostic test because of its invasive nature, due to 
the risk of cardiac perforation, and the localized nature of 
the biopsy sample [6], it is still the gold standard for the 
diagnosis of ICI-associated myocarditis, with a patholog-
ical definition based on immune infiltration and the pres-
ence of myocyte death [41]. Myocardial biopsy should be 
considered in all patients suspected to have ICI-associ-
ated myocarditis because a timely and accurate diagnosis 
is of great importance to patients. Furthermore, cardiac 
histology can not only be diagnostic but may also influ-
ence prognosis [32]. If ICI-associated myocarditis is 
suspected, all patients should be further evaluated with 

additional diagnostic studies, which may include invasive 
testing, including myocardial biopsy or coronary angi-
ography. Justification for myocardial biopsy is based on 
the impact on patients, especially given the high mortal-
ity rate and false-negative rates of CMR. Additionally, 
immunosuppressive therapy beyond glucocorticoids is 
needed for patients with ICI-related myocarditis. The 
diagnosis of myocarditis results in the discontinuation 
of ICIs, which may lead to cancer progression in these 
patients. Whether corticosteroid therapy affects sensitiv-
ity to myocardial biopsy is unknown. Therefore, biopsy 
should be performed as soon as possible, while the initia-
tion of corticosteroid therapy should not be delayed. In 
our case, in which elevated troponin levels, a longitudi-
nal LV strain and a history of immunotherapy suggested 
immune-associated myocarditis, biopsy should be con-
sidered to formally confirm the diagnosis. The primary 
cardiomyopathic effects of chemotherapy are caused by 
myocardial cell loss, necrosis, and apoptosis mediated by 
oxidative stress on the myocardium [42]. ICI-associated 

Fig. 2 The cardiac ultrasound and cardiovascular magnetic resonance (CMR) in the patient with immune checkpoint inhibitor-associated myocarditis. 
(A) Cardiac ultrasound demonstrated the LV global longitudinal strain (GLS) was − 15.8%. (B) 20 days after treatment, the LV GLS improved to -14.5%. CMR 
imaging showed the patient without significantly late gadolinium enhancement (C) and T2 signal intensity (D)
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myocarditis (associated with chemotherapy) is caused by 
inflammatory cell infiltration in the myocardium [43–45]. 
In our case, inflammatory infiltration of predominantly 
CD3+CD4+CD8+ cells was observed in the myocardium.

Some clinical analyses demonstrated that myocardi-
tis could present with asymptomatic cardiac biomarker 
elevation or pericardial diseases [17, 34]. Therefore, it is 
crucial for doctors to diagnose ICI-related cardiotoxici-
ties early and discontinue ICIs immediately [33, 46]. Ste-
roids and immunosuppressants are recommended in the 
treatment of ICI-associated myocarditis [47]. A previous 
study showed that lower doses of steroids were associated 
with higher residual troponin and major adverse cardiac 
event rates [27]. The patient in this case achieved a good 
clinical response after receiving high-dose steroids.

The treatment of patients with ICI-associated myo-
carditis has been largely based on expert consensus. It 
is not recommended to restart ICI therapy in patients 
with irAE-associated severe myocarditis (grade ≥ 3 toxic-
ity) [48]. However, it is controversial whether ICI therapy 
should be restarted after the cardiotoxicity has resolved 

in patients with subclinical ICI-associated myocarditis. 
According to the American Society of Clinical Oncology 
guidelines, permanent cessation should occur in patients 
with grade 1 toxicity (abnormal cardiac biomarker test-
ing including ECG) [49], while it has been proposed that 
some patients can have careful reinitiation of ICI therapy 
[50]. In our study, the treatment with sintilimab was dis-
continued, and the patient with subclinical myocarditis 
(grade 1 toxicity) was not rechallenged because of the 
elevated level of TnT. Several studies on ICI rechallenge 
have shown that it may have some clinical benefits for 
some patients. However, only a small number of patients 
who were treated with anti-PD-1 antibody were included 
in previous studies. Escudier et al. reported that ICIs 
were reintroduced in four patients without any recur-
rences [33]. Hasson et al. successfully demonstrated 
two patients diagnosed with low grade (I and II) who 
renewed therapy without recurrence and had improve-
ment in their disease [50]. Another case series showed 
that two patients with subclinical myocarditis were rein-
troduced to immunotherapy following the normalization 

Fig. 3 Histology (hematoxylin-eosin (H&E) and using anti-CD3, anti-CD4, anti-CD8) of myocardial biopsies with the indicated staining. (A) The myocardial 
biopsy stained with H&E revealed focal myocyte necrosis with multiple lymphocytic infiltrates. (B-D) Immunohistology detected numerous CD3+ T cells 
and proportions of CD4+ and CD8+ T cells. Scale bar: 100 μm
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of cardiac parameters [47]. One of them discontinued ICI 
therapy because of troponin elevation [47]. The current 
studies have several limitations, including retrospective 
designs, small sample sizes, and selection bias. The reini-
tiation of ICI therapy in patients with subclinical irAE-
associated myocarditis (grade 1–2) remains to be further 
investigated.

The patient was observed in the subclinical period 
when taking glucocorticoid treatment, so that the bio-
markers of the heart were rapidly reduced. However, the 
patient had a slight elevation in troponin without symp-
toms or signs. Puzanov et al. and his colleagues recom-
mend baseline (before ICI initiation) followed by weekly 
troponin monitoring. The significance of its association 
with myocarditis outcomes may be questioned in the 
absence of a randomized study [47]. Actually, major con-
cerns exist about assessing troponin to detect asymp-
tomatic myocarditis during irAE treatment [51]. The 
experience has come from only one case so far, and fur-
ther studies about the precise diagnosis and treatment of 
subclinical ICI-associated myocarditis are necessary to 
guide clinical work.

We reported a case of asymptomatic myocarditis asso-
ciated with the novel PD-1 inhibitor sintilimab. ICI-
associated myocarditis is rare but fatal to patients, so it 
is essential to provide early preventive and therapeutic 
treatments. The irAE suggests that the baseline levels of 
cardiac parameters should be tested and closely moni-
tored. In addition, the cautious reinitiation of ICI therapy 
in patients with subclinical irAE-associated myocarditis 
should be considered. Due to the rarity of ICI-associated 
myocarditis, more high-quality evidence is necessary to 
rely on in the future.
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