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[ Abstract] Objective To develop a risk assessment scale for immune checkpoint inhibitor (ICI)-associated myocarditis
based on multidisciplinary collaboration, and to evaluate its diagnostic performance. Methods Based on multidisciplinary
cooperation, integrating clinical experience from oncology and cardiology, literature data, and patient conditions, a risk assessment
scale for ICI-associated myocarditis was developed. A total of 101 patients with malignancies who received immunotherapy at
Zhongshan Hospital, Fudan University, from October 2020 to October 2024 were included as the validation cohort. Patients were
stratified into low-risk (0-1 point), medium-risk (2-4 points), and high-risk (=5 points) groups based on their scale scores. The
association between pretictive risk stratifications and actual assessment results was assessed using the Cox proportional hazards
regression model. The predictive value of the scale for ICI-associated myocarditis was evaluated using receiver operating
characteristic (ROC) curve. Agreement between the scale scores and actual assessment results was assessed using Cohen’s Kappa
coefficient. Results Based on the scale pretictive results, 28(27.7%), 8(7.9%), 65(64.4%) patients were at low risk, medium
risk, and high risk for ICI-related myocarditis, respectively; however, 46(45.5%), 8(7.9%), 47(46.5%) were at low risk, medium
risk, and high risk actually. Kaplan-Meier survival analysis showed that the cumulative incidence of ICI-related myocarditis in the
high-risk group was significantly higher than that in the medium- and low-risk groups (P<<0.05). In the multivariable-adjusted
Cox proportional hazards model, the ICI-related myocarditis risk in high-risk group was about 4 times that in the low-risk
group. ROC curve analysis demonstrated that the average area under the curve (AUC) for predicting ICI-related myocarditis was
0.81, with an accuracy of 0.74. The Cohen’s Kappa coefficient was 0.55, indicating moderate agreement. In the actual high-risk
group, no patient was predicted to be at low risk; in the actual low-risk group, 16 patients were predicted to be at high risk.
Conclusions This risk assessment scale for ICI-associated myocarditis shows high predictive performance. It provides oncologists
with a simple yet effective multidisciplinary diagnostic reference tool, potentially enhancing early identification of ICI-associated

myocarditis.

[ Key Words] immune checkpoint inhibitor; myocarditis; risk assessment scale; multidisciplinary diagnosis
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Table 1 Risk assessment scale for ICI-associated myocarditis

Item Notes Score
Age =75 years 1
ECOG PS =2 points 1
Coronary artery disease 1
Valvular disease 1
History of rheumatic connective tissue disease 1
Chest tightness and dyspnea 1
Muscle soreness and ptosis 5
C-reactive protein Elevated 1
BNP/NT-proBNP Elevated 1
D-dimer Elevated 1
Elevated troponin Not exceeding three times the ULN 2

Elevated more than three times the ULN 5
Electrocardiogram abnormality New-onset conduction block or premature beats 2
Echocardiographic abnormality LVEF=50% 1

LVEF<50% 5
Optional Cardiac MRI indicating cardiac dysfunction 5
Total score Sum of all the above scoring items

0-1 Low risk: treatment can be continued

2-4 Medium risk: cardiology consultation recommended

=5 High risk: suspend ICI treatment

ICIL: immune checkpoint inhibitor; ECOG PS: Eastern Cooperative Oncology Group Performance Status; BNP: brain natriuretic
peptide; ULN: upper limit of normal; LVEF: left ventricular ejection fraction.
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Table 2 Baseline characteristics of the validation

cohort
n=101

Index n(%)
Male 67(66.3)
Smoke 2(2.0)
Alcohol consumption 1(1.0)
Total cholesterol abnormality 1(1.0)
Hypertension 16(15.8)
Diabetes 5(5.0)
Age=75 years 12(11.9)
ECOG PS =2 points 7(6.9)
Coronary artery disease 9(8.9)
Valvular disease 7(6.9)
History of rheumatic connective tissue disease 0
Chest tightness and dyspnea 14(13.8)
Muscle soreness and ptosis 8(7.9)
Elevated C-reactive protein 14(13.9)
Elevated BNP/NT-proBNP 36(35.6)
Elevated D-dimer 14(13.9)
Elevated troponin 67(66.3)
Electrocardiogram abnormality 22(21.8)
Echocardiographic abnormality 44(43.6)
MRI abnormality 12(11.9)
Use of statin 7(6.9)
Use of antihypertensive medication 15(14.9)
Endpoint event 47(46.5)

ECOG PS: Eastern Cooperative Oncology Group
Performance Status; BNP: brain natriuretic peptide.

g Low  Medium = High
£ 100
E 0.75
2 0.50
5 0.25
= . . .
g 0 250 500 750 1 000 1250
& .
Time/days
No. at risk
4 0 0 0 0
h____
E1 KABEHRE ICI HXOALKA Kaplan-
Meier £ FY # 2 5 47

Figure 1 Kaplan-Meier analysis for ICI-associated
myocarditis in three groups of patients

ICI: immune checkpoint inhibitor.
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Table 3 Cox proportional hazards analysis of risk assessment scale predicting ICI-associated myocarditis

Model Prediction HR 95%ClI P
Model 1 Low Ref
Medium 1.03 1.00-1.53 0.03
High 4.65 2.48-8.60 0.01
Model 2 Low Ref
Medium 1.02 1.00-1.25 0.02
High 4.33 2.35-7.81 0.01

ICI: immune checkpoint inhibitor. Model 1: adjusted for age, sex, hypertension, and diabetes; Model 2: adjusted for statin use

and antihypertensive medication use based on Model 1.
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Figure 2 Time-dependent ROC curves analysis of risk-
assessment scale predicting ICI-associated myocarditis

ICI: immune checkpoint inhibitor.
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