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A B S T R A C T

Background: Immune checkpoint inhibitor (ICI)-induced Myocarditis (irMyocarditis) is a rare adverse event with 
a high mortality rate of 40–50 % and which is mostly not diagnosed until clinical symptoms emerge.
Objectives: This study aims to screen patients for irMyocarditis using high-sensitivity cardiac troponin-T (hs-TnT) 
before and regularly during therapy with ICI.
Methods: A cohort of 280 cancer patients were prospectively screened for levels of hs-TnT at baseline and prior to 
every ICI infusion. In case of elevation of hs-TnT, patients were referred for further work-up.
Results: In total, 196 patients exhibited a baseline hs-TnT ≤ 14 ng/l (99th percentile concentration for general 
population; group A) and 84 patients a hs-TnT > 14 ng/l at baseline (group B). An increase of hs-TnT during ICI- 
treatment was observed in 56 out of 196 (27.6 %) and 56 out of 84 patients (66.7 %) in group A and B. Car-
diovascular assessment was performed in 11.2 % and 27.4 % of patients, respectively, and 4.1 % and 9.5 % of 
patients were diagnosed with irMyocarditis and treated with corticosteroids. No fatalities occurred in any of the 
16 irMyocarditis patients. Defining a threshold with the highest sensitivity and maximum specificity in receiver- 
operating characteristics curves, identified a limit of 22 ng/l (group A) and 60 ng/l (group B) hs-TnT, associated 
with a sensitivity of 100 % in both and a specificity of 91.0 % and 89.6 %, respectively, to detect irMyocarditis.
Conclusion: Screening of hs-TnT can identify irMyocarditis early and lead to reduction of MACE and mortality risk 
through interruption of ICI-treatment and prompt therapy with corticosteroids.

1. Introduction

Immune checkpoint inhibitors (ICI) are a mainstay of therapy for 
many tumor entities. In cutaneous melanoma, ICI-treatment is moving 
to earlier stages in the adjuvant setting and to operable disease in the 
neoadjuvant setting [1–5]. However, severe immune-related adverse 
events (irAE) have been observed and even fatalities occur [6]. 
ICI-induced Myocarditis (irMyocarditis) is observed in 1.14 % of 

patients with a high mortality rate of 40–50 % [7,8]. Of note, in these 
patients a major adverse cardiac event (MACE) was documented in 46 % 
of cases [9,10].

A multicenter retrospective analysis recently suggested this could be 
improved by earlier detection and prompt treatment with corticoste-
roids in case of diagnosis since otherwise cases of irMyocarditis are only 
diagnosed at the onset of clinical symptoms [11]. Screening for 
myocarditis during treatment with ICI is recommended but cardiac 
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biomarker thresholds and frequency of biomarker elevation have not 
been defined [12]. In a clinical trial which included 126 patients treated 
with ICI, a prospective screening for myocarditis using high-sensitivity 
cardiac troponin-I (hs-TnI) revealed an elevation of hs-TnI in 18 pa-
tients (14.3 %), of whom myocarditis was diagnosed in 13 patients 
(10.3 %) [13]. Another trial which included 214 ICI-treated cancer pa-
tients also monitored hs-TnI. Of these patients, 24 (11.2 %) developed an 
increase of hs-TnI above the upper limit of normal (ULN) and were 
further evaluated by a cardio-oncology team. The final diagnosis of an 
ICI-associated myocarditis was made 3 patients (1.4 %) [14].

In this clinical trial we present data from a large prospective cohort 
of skin cancer patients receiving ICI-treatment who were consistently 
screened for myocarditis using high-sensitivity cardiac troponin-T (hs- 
TnT) before and regularly during therapy.

2. Methods

This analysis included all patients with either metastatic or unre-
sectable skin cancer or patients with resected cutaneous melanoma 
stages IIB – IV (according to AJCC 2017) who started treatment with ICI 
at our skin cancer center between 01/2021 and 12/2023. All patients 
who received at least one dose of ICI were included and patients without 
available cardiac biomarkers before treatment start were excluded. The 
analysis was part of a project to investigate immune-related events 
which occur during ICI therapy (MelAutim). The study was approved by 
the institutional review board of the medical faculty of the LMU Munich 
University Hospital (reference number 20–1122) and was conducted in 
accordance with the principles of the Helsinki Declaration. All patients 
gave their written informed consent.

All patients were screened for myocardial disorders using the Elec-
sys® Troponin T-high sensitive assay (Roche Diagnostics, Switzerland) 
at baseline (defined as before the onset of ICI-treatment) and prior to 
each ICI infusion. Elevated hs-TnT was defined as > 14 ng/l, defined as 
the 99th percentile concentration for general population. Further car-
diac biomarkers that were used were serum activity of creatine 
phosphokinase-MB (CK-MB) and n-terminal pro-brain natriuretic pep-
tide (NT-proBNP) with the age-adjusted values for the ULN.

At baseline, patient demographics, clinical data regarding tumor, 
comorbidities, and medication were assessed. Patients with elevated 
baseline hs-TnT (>14 ng/l) or preexisting cardiac morbidities were 
referred for cardiologic evaluation.

During the course of ICI-therapy, patients with a normal baseline hs- 
TnT (≤14 ng/l) were referred to the cardiology department for further 
evaluation if hs-TnT-level increased > 14 ng/l and at least one of the 
following occurred: i) presence of clinical symptoms, ii) no normaliza-
tion or no significant decrease of hs-TnT-level upon short-term control 
within 2 days, and iii) additional elevation of CK-MB-serum activity 
and/or NT-proBNP. Patients with elevated baseline hs-TnT (>14 ng/l) 
were referred to the cardiology department for further evaluation if hs- 
TnT-levels increased significantly (defined as elevation of 20 % 

compared to baseline) and at least one of the following: i) presence of 
clinical symptoms, ii) no significant decrease of hs-TnT-level upon short- 
term control, and iii) additional elevation of CK-MB serum activity and/ 
or NT-proBNP. Further cardiologic examination was determined indi-
vidually and included electrocardiogram (ECG), echocardiography, 
cardiac magnetic resonance (CMR), coronary angiography, and endo-
myocardial biopsies (EMB).

Diagnosis of irMyocarditis was based on the definition published by 
the International Cardio-Oncology Society [15] (Table 1) and the case 
definition [16]. For patients diagnosed with irMyocarditis ICI-therapy 
was suspended and high dose corticosteroids initiated. Additionally, 
monitoring and symptomatic treatment was employed as indicated in 
each individual case.

Statistical analyses were conducted with the statistical software SPSS 
Version 29. Continuous data is presented as median and interquartile 
ranges and categorical data is presented as percentages. Receiver oper-
ating characteristic (ROC) curves and area under the curve (AUC) 
measurements for the prediction of irMyocarditis were performed. 
Cutoff was calculated to depict the highest sensitivity and specificity for 
irMyocarditis.

3. Results

3.1. Patients

A total of 280 skin cancer patients were included in this study before 
ICI-treatment onset. Of these, 196 patients (70.0 %) had normal hs-TnT 
at baseline (group A) and in 84 patients (30.0 %) baseline hs-TnT was 
> 14 ng/l (group B) with a median hs-TnT of 21 ng/l (IQR 17–29 ng/l). 
The patients in group B had a higher median age (81 vs. 61 years) and a 
higher percentage of male patients (71.4 % vs. 50.5 %). Among the 
different tumor types, there were more patients with squamous cell 
carcinoma in group B (28.6 % vs. 9.7 %) receiving treatment with 
cemiplimab (28.6 % vs. 10.7 %, Table 2). Patients without elevation of 
hs-TnT did not develop irMyocarditis.

3.2. Patients with normal hs-TnT at baseline

Of the 196 patients with normal baseline hs-TnT, 28.6 % (56 pa-
tients) experienced an increase above 14 ng/L after initiation of ICI- 
therapy with a median peak concentration of 21.5 ng/l (IQR 16–31 
ng/l) after a median duration of 101 days (IQR 59–207 days). Among 
those, an additional elevation of CK-MB serum activity and an increase 
of NT-proBNP above the ULN occurred in 23.2 % (13 patients).

Clinical symptoms were present in 17.9 % (10 patients), including 
shortness of breath (n = 6), fatigue (n = 2), lower extremity edema 
(n = 1), and palpitations (n = 1). Further diagnostic evaluation by the 
cardiology department was performed in 24 patients. No additional 
diagnostic investigations were performed in 32 clinically asymptomatic 
patients due to either normalization of hs-TnT levels in short-term 

Table 1 
Diagnostic criteria of irMyocarditis according to Herrmann et al. [15].

Either pathohistological diagnosis:
Multifocal inflammatory cell infiltrates with overt cardiomyocyte loss by light microscopy of cardiac tissue samples

Or clinical diagnosis:
A troponin elevation (new, or significant change from baseline) with 1 major criterion or a troponin elevation (new, or significant change from baseline) with 2 minor criteria after 

exclusion of acute coronary syndrome or acute infectious myocarditis based on clinical suspicion
Major Criterion

CMR diagnostic for acute myocarditis (modified Lake Louise criteria)
Minor Criteria

Clinical syndrome (including any one of the following: fatigue, muscle weakness, myalgias, chest pain, diplopia, ptosis, shortness of breath, orthopnea, lower extremity edema, 
palpitations, lightheadedness/dizziness, syncope, cardiogenic shock)

Ventricular arrhythmia and/or new conduction system disease
Decline in cardiac (systolic) function, with or without regional wall motion abnormalities in a non-Takotsubo pattern
Other immune-related adverse events, particularly myositis, myopathy, myasthenia gravis
Suggestive CMR (meeting some but not all of the modified Lake Louise criteria)
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controls (n = 25), loss to follow-up of the patients (n = 4) or death of the 
patients due to disease progression (n = 3).

ECG was normal in 16 out of 24 patients. The abnormalities detected 
in 8 patients were atrial fibrillation (n = 2), right bundle branch block 
(n = 2), sinus tachycardia (n = 1), sinus bradycardia (n = 1), and a first- 
degree atrioventricular block (n = 1). Cardiac echocardiography was 
abnormal in 5 out of 18 patients suffering from: pericardial effusion 
(n = 2), left ventricular hypertrophy (n = 2), and akinesia of the pos-
terior wall (n = 1).

An acute coronary syndrome was ruled out by coronary angiography 
in six patients and a new diagnosis of coronary heart disease was made 
in three patients.

According to modified Lake Louise criteria CMR was compatible with 
myocarditis in six out of 12 patients. An EMB was taken in five patients 
and showed typical histopathological signs for ICI-induced myocarditis 
with acute lymphocytic inflammation in three patients and no signs of 
acute myocarditis in two patients.

The definite diagnosis of irMyocarditis was made in 4.1 % of all 
patients (eight patients) with normal baseline hs-TnT, corresponding to 
14.3 % of those with an hs-TnT increase. ICI-treatment was discontinued 
permanently in all irMyocarditis patients and treatment with high dose 
corticosteroids was started in six patients. No death or other MACE 
occurred in this group. In patients where myocarditis was excluded, ICI- 
treatment was continued without any further cardiac issues.

3.3. Patients with elevated hs-TnT at baseline

Altogether, 84 skin cancer patients had elevated hs-TnT (>14 ng/l) 
before initiation of ICI-treatment. Underlying medical conditions with 
potential impact on troponin T levels included arterial hypertension 
(n = 49), atrial fibrillation (n = 16), coronary heart disease (n = 12), 
diabetes (n = 11), heart valve diseases (n = 9), chronic renal insuffi-
ciency (n = 8), and heart failure (n = 1). Median hs-TnT-level at baseline 
was 21 ng/l (IQR 17–29 ng/l). After ICI-treatment onset, a significant 
increase in hs-TnT (defined as elevation of 20 % compared to baseline) 
with a median peak level of 37 ng/l (IQR 26–58 ng/l) was detected in 
66.7 % (56) of patients after a median duration of 70 days (IQR 27–169 
days). In these patients, elevated CK-MB serum activity and NT-proBNP 
above the ULN was detected in 23.2 % and 25.0 % (13 and 14) of pa-
tients, respectively.

At the time of hs-TnT increase, clinical symptoms were present in 
35.7 % (eight) of patients. These included shortness of breath (n = 5), 
fatigue (n = 2), and cardiogenic shock (n = 1).

In 23 patients a further cardiologic evaluation was performed, 
whereas in 31 patients without any clinical symptoms hs-TnT-levels 
dropped significantly in short-term controls and therefore additional 
diagnostic procedures were not performed. Two patients died due to 
non-cardiac causes: one symptomatic patient with shortness of breath 
succumbed to acute COVID19-infection and one asymptomatic patient 
died after rapid tumor progression.

ECG was normal in 13 out of 22 patients. In 9 patients the following 
abnormal findings were detected: left anterior fascicular block (n = 3), 
atrial fibrillation (n = 2), right bundle branch block (n = 1), first-degree 
atrioventricular block (n = 1), combined right bundle branch block and 
first-degree atrioventricular block (n = 1), and sinus tachycardia (n = 1).

Cardiac echocardiography was performed in 22 patients with 14 
normal results. Abnormal findings related to irMyocarditis were 
decreased left ventricular function (n = 5), left ventricular hypertrophy 
(n = 2), abnormal left ventricular relaxation (n = 1). Coronary angi-
ography was performed in 11 patients and coronary heart disease was 
diagnosed in six patients. In CMR, criteria for the diagnosis of myocar-
ditis were completely fulfilled in 3 patients, and partly fulfilled in 3 
patients. There were no radiologic signs for the diagnosis of myocarditis 
in 5 patients.

EMB revealed histopathologic proof of acute lymphocytic myocar-
ditis in two patient biopsies, chronic lymphocytic myocardial damage in 
two patients and no sign of myocardial damage in another two patients.

Based upon consensus criteria, the definite diagnosis of irMyocarditis 
was made in 9.5 % (eight) of all patients with elevated hs-TnT. In all 
irMyocarditis patients ICI-treatment was discontinued permanently and 
treatment with high dose corticosteroids initiated. One patient devel-
oped ventricular fibrillation and needed resuscitation prior to diagnostic 
evaluation for irMyocarditis. There was no other MACE or death 
observed in this group. Patients without diagnosis of irMyocarditis 
continued ICI-treatment without further cardiac problems (Fig. 1).

3.4. Characteristics of patients with irMyocarditis

Patients with the definite diagnosis of irMyocarditis had a median 
age of 66.6 years (IQR 56–75.5 years) with 8 male and 8 female patients. 
Median onset after start of ICI-therapy until diagnosis of irMyocarditis 
was 91 days (IQR 40–147 days) with asymptomatic patients showing an 
even later onset after a median of 125 days compared to symptomatic 
patients with 84 days after ICI-therapy onset. The median peak level of 
troponin T was 142.0 ng/l (IQR 38.5–200.8). In addition to elevation of 
hs-TnT, there was an increase of CK-MB-serum activity and NT-proBNP 
in 62.5 % and 31.3 % of patients, respectively.

ECG showed conduction pathologies in 37.5 % and decline in cardiac 
systolic function was detectable in echocardiography in 18.6 % of pa-
tients. CMR was abnormal in 68.7 % of which modified Lake Louise 
criteria were completely fulfilled for diagnosis of myocarditis in 72.7 % 

Table 2 – 
Patient characteristics. The total cohort included 280 cancer patients and was 
subdivided according to baseline hs-TnT value. Percentages are given in pa-
rentheses. hs-TnT = high-sensitivity troponin-T; ICI=immune checkpoint in-
hibitor; ECG=electrocardiogram.

hs-TnT ≤ 14ng/l at 
baseline (group A) 
n = 196

hs-TnT > 14ng/l at 
baseline (group B) 
n = 84

Age – years  
median 61 81
interquartile range 52.8 – 71.5 73.0 – 84.5

sex – no. (%)  
male 99 (50.5) 60 (71.4)
female 97 (49.5) 24 (28.6)

documentation of medical 
condition with impact on hs- 
TnT

 

present 57 (29.1) 76 (90.0)
absent 139 (70.9) 8 (10.0)

tumor type  
cutaneous melanoma 148 (75.5) 49 (58.3)
mucosal melanoma 7 (3.1) 3 (3.6)
uveal melanoma 19 (9.7) 7 (8.3)
squamous cell carcinoma 19 (9.7) 24 (28.6)
basal cell carcinoma 2 (1.0) 0 (0)
Merkel cell carcinoma 6 (3.1) 1 (1.2)
Kaposi’s sarcoma 1 (0.5) 0 (0)

treatment indication – no. (%)  
neoadjuvant 12 (6.1) 2 (2.4)
adjuvant 41 (20.9) 10 (11.9)
metastatic 143 (73.0) 72 (85.7)

ICI-treatment (%)  
ipilimumab + nivolumab 114 (58.2) 43 (51.2)
nivolumab 18 (9.2) 8 (9.5)
pembrolizumab 37 (18.9) 8 (9.5)
cemiplimab 21 (10.7) 24 (28.6)
avelumab 6 (3.1) 1 (1.2)

irMyocarditis 8 (4.1) 8 (9.5)
median onset after ICI-start - 

days
83.5 125.5

with clinical symptoms – no. 
(%)

4 (50.0) 5 (62.5)

with ECG abnormalities – no. 
(%)

3 (37.5) 4 (50.0)
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and partly fulfilled in 27.2 % of abnormal cases. EMB showed acute 
lymphocytic inflammation in 57.1 % of cases where a biopsy was per-
formed. In the seven patients who underwent both, EMB and CMR, 
diagnosis of myocarditis was consistent in both examinations in two 
patients only, while the results were compatible with myocarditis in 
either EMB or CMR in two and three patients, respectively (Table 3). 
Among all assessments performed in patients with elevation of hs-TnT, 
EMB showed the highest positive and negative predictive value, as 
well as sensitivity and specificity of 100 % for detecting irMyocarditis 
(Fig. 2). After treatment, ECG pathologies disappeared in 42.9 % of 
patients during follow-up in the cardiology department.

3.5. Definition of the optimal threshold value

ROC curves to determine an optimal threshold for the detection of 
irMyocarditis were generated and assessed. The predictive accuracy of 
hs-TnT-screening for irMyocarditis as quantified by the AUC was 0.958 
(95 % CI 0.928–0.989) for patients without elevated baseline hs-TnT 
and 0.961 (95 % CI 0.920–1.000) for patients with elevated baseline 
hs-TnT. Defining a threshold of 22 ng/l (1,57 times the ULN in patients 
without elevated baseline hs-TnT resulted in a sensitivity of 100 % and 
specificity of 91.0 %. For patients with elevated baseline hs-TnT a 
threshold of 60 ng/l (4.29 times the ULN) was associated with a sensi-
tivity of 100 % and specificity of 89.6 % (Fig. 3).

4. Discussion

This clinical study is the first to determine threshold values of serum 
levels of hs-TnT for the detection of immune checkpoint inhibitor 
induced Myocarditis in a large cohort of cancer patients. Depending on 
baseline hs-TnT this threshold proved to be 22 ng/l for patients with 
normal baseline hs-TnT, and thus able to predict irMyocarditis with a 
specificity and sensitivity of 91.0 % and 100 %, respectively. In patients 
with elevated baseline hs-TNT a threshold of 60 ng/l had a specificity of 
89.6 % and a sensitivity of 100 % to predict irMyocarditis.

In our trial investigating 280 skin cancer patients, 28.6 % experi-
enced an increase of hs-TnT compared to 11.2 % with an increase in hs- 
TnI in a mixed patient cohort with mainly non-small cell lung cancer and 
renal cell carcinoma [14]. Since Troponin-I was considered to be more 
cardio-specific in comparison to Troponin-T, hs-TnI has previously been 
used for screening [17,18]. However, in a biomarker study of 60 patients 
with ICI-induced myocarditis, an increase of hs-TnT was observed in 
98 % of patients whereas an increase of hs-TnI was documented in only 
88 % of cases, making hs-TnT likely a more suitable and sensitive car-
diac biomarker to detect irMyocarditis [19]. Furthermore, this trial also 
included patients who had already started ICI-therapy and baseline 
hs-TnI was therefore not available in half of the patients [14].

Surprisingly, our cohort documented irMyocarditis in 5.7 % of cases, 
which is much higher than the to date reported 1–1.5 % of cases. This 
could be due to a failure to detect asymptomatic patients in the absence 

Fig. 1. Flow diagram. ICI=immune checkpoint inhibitor, hs-TnT=high-sensitivity troponin-T, CK-MB=creatine phosphokinase-MB, NT-proBNP=n-terminal pro- 
brain natriuretic peptide, irMyocarditis=immune-related myocarditis.

Table 3 – 
Frequency of diagnostic results in patients with irMyocarditis. Percentages are given in parentheses. CK-MB=creatine phosphokinase-MB, NT-proBNP=n-terminal pro- 
brain natriuretic peptide, ECG=electrocardiogram, CMR=cardiac magnetic resonance, EMB=endomyocardial biopsy.

CK-MB serum activity NT-proBNP ECG echocardiography CMR EMB

normal 6 (37.5) 11 (68.7) 10 (62.5) 13 (81.3) 3 (18.6) 3 (18.6)
abnormal 10 (62.5) 5 (31.3) 6 (37.5) 3 (18.6) 11 (68.7) 4 (25.0)
not done - - - - 2 (12.5) 9 (56.3)
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of stringent monitoring. This was also observed in another trial in 126 
cancer patient that monitored hs-TnI and suspected myocarditis in 
10.3 % of patients after initiation of ICI-therapy. Diagnosis was limited 

solely to serum biomarkers, ECG and echocardiography without per-
forming coronary angiography to rule out coronary heart disease or 
more specifically CMR or EMB. Thus, myocarditis may have been 

Fig. 2. Specificity, Sensitivity and predictive values CK-MB=Creatine phosphokinase-MB, NT-pro-BNP=n-terminal pro-brain natriuretic peptide, 
ECG=electrocardiogram, TTE=transthoracic echocardiogram, CMR=cardiac magnetic resonance, EMB=endomyocardial biopsy.

Fig. 3. Receiver-operating characteristics (ROC) curves for prediction of irMyocarditis patients treated with immune checkpoint inhibitors. A) Patients with normal 
baseline high-sensitivity troponin T (hs-TnT). B) Patients with elevated baseline hs-TnT.
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misdiagnosed in this patient-population [13].
Importantly, in contrast to the high MACE and irMyocarditis mor-

tality of 46 % and 50 %, respectively, reported in earlier studies [7,10], 
we observed only one MACE (12.5 %) without any fatalities. This is most 
likely due to optimized medical therapy, early ICI-interruption and 
prompt treatment with high dose systemic steroids [11]. Additionally, 
our cases occurred much later (median 91 days) than in other studies (34 
days 10) which could be due to our different patient cohort which only 
included skin cancer patients.

The limitations of our study are that the evaluation was set in a 
population consisting of skin cancer patients only. Furthermore, base-
line ECG or echocardiography was only performed in a small fraction of 
patients with cardiovascular risk or preexisting cardiovascular disease.

This study determines the optimal threshold for hs-TnT to diagnose 
even asymptomatic patients with irMyocarditis, with a limit of 22 ng/l 
(1,57 times the ULN) in patients with normal baseline hs-TnT and 60 ng/ 
l (4,29 times the ULN) in patients with elevated baseline hs-TnT, both 
with a sensitivity of 100 % and a specificity of 91.0 % and 89.6 % for the 
detection of irMyocarditis, respectively. These findings need to be 
validated in an independent cohort.
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