
© AME Publishing Company. Cardiovasc Diagn Ther 2025;15(2):277-290 | https://dx.doi.org/10.21037/cdt-24-556

Original Article

Development of peripheral biomarker-based prognostic 
nomograms for short-term and long-term survival in immune 
checkpoint inhibitor-associated myocarditis 

Zhengkun Guan, Tiezhu Yao, Guang Liu, Jing Liu, Ling Guo, Shaoyan Du, Zhenli Li, Ruipu Gao, 
Yansong Wang, Jingtao Ma

Department of Cardiology, The Fourth Hospital of Hebei Medical University, Shijiazhuang, China

Contributions: (I) Conception and design: Z Guan, T Yao, G Liu, J Liu, Z Li, J Ma; (II) Administrative support: Z Guan, T Yao, G Liu, L Guo, J Ma; (III) 

Provision of study materials or patients: Z Guan, T Yao, L Guo, R Gao, J Ma; (IV) Collection and assembly of data: Z Guan, G Liu, S Du, R Gao, 

Y Wang, J Ma; (V) Data analysis and interpretation: Z Guan, T Yao, J Liu, S Du, Z Li, Y Wang; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Jingtao Ma, MD, PhD. Department of Cardiology, The Fourth Hospital of Hebei Medical University, 12 Jiankang Road, 

Shijiazhuang 050011, China. Email: 47100224@hebmu.edu.cn.

Background: Immune checkpoint inhibitor-associated myocarditis (ICI myocarditis) is a rare but highly 
fatal immune-related adverse reaction. This study aimed to develop nomogram prognostic models for both 
short-term and long-term survival outcomes in patients with ICI myocarditis based on key biomarkers in 
peripheral blood. 
Methods: In this single-center retrospective study, we included 90 patients with ICI myocarditis at the 
Fourth Hospital of Hebei Medical University. Critical peripheral biomarkers associated with 40-day and 
1-year overall survival (OS) were identified. Two prognostic models were developed and evaluation of the 
models were performed with receiver operating characteristic (ROC) curves, C-index, calibration curves, and 
decision curve analysis (DCA).
Results: A total of 24 patients (26.7%) succumbed within 40 days, while 40 patients (44.4%) died within 
one year. Cardiac troponin-I (cTnI), N-terminal pro-brain natriuretic peptide (NTBNP) and lactic 
dehydrogenase-to-albumin ratio (LAR) were identified as critical prognostic factors for 40-day OS in patients 
with ICI myocarditis and utilized to develop a nomogram model. The model demonstrates an area under 
the curve (AUC) of 0.867 [95% confidence interval (CI): 0.774−0.960] and a C-index of 0.824. Another 
predictive model for the 1-year OS was developed based on cTnI, NTBNP, LAR and systemic inflammatory 
response index (SIRI) with an AUC of 0.765 (95% CI: 0.664−0.866) and a C index of 0.742. The calibration 
curve demonstrates that both models exhibit strong consistency. The results of the DCA further indicate that 
both nomograms possess substantial clinical utility. 
Conclusions: These two prediction models will enable clinicians to more effectively utilize readily 
available peripheral blood biomarkers for the convenient and efficient identification of high-risk patients 
with poor prognoses, thereby facilitating early intervention.
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Introduction

The application of immune checkpoint inhibitors (ICIs) has 
significantly advanced the field of oncology. ICIs stimulate 
immune cells and enhance the host immune response to 
eliminate cancer cells (1,2), and are currently used in the 
treatment of approximately 20 types of cancer, including 
advanced, metastatic, first-line, and adjuvant settings (1,3). 
However, the administration of ICIs has the potential to 
induce immune-related adverse events (irAEs) that may affect 
various systems, including the cardiovascular system (4-6). 
ICI-associated myocarditis (ICI myocarditis) is a rare but 
highly fatal irAEs, with an incidence rate of approximately 
0.3–1.7% (7-10) and a mortality rate of around 50% (11-14).

While diagnostic methods for this disease continue 
to evolve (15,16), the methods available for prognosis 
evaluation remain limited, particularly the lack of a 
clinically applicable prognostic model. This presents a 
significant challenge for both oncologists and cardiologists. 
Some cardiac magnetic resonance (CMR) parameters are 
related to the prognosis of myocarditis (17,18), but they are 
not convenient for widespread use. Echocardiography and 
electrocardiography (ECG) can aid in prognostic assessment 
(19,20); however, not all patients exhibit specific findings 
(10,21). The levels of cardiac biomarkers are associated with 

the prognosis of patients with ICI myocarditis; however, 
not all cardiac biomarkers exhibit abnormal elevations (22). 
Additionally, the levels of cardiac markers may be influenced 
by other cardiovascular diseases (23). Therefore, further 
research is needed to identify more valuable indicators.

In recent years, some emerging combination biomarkers 
have received widespread attention. Increase in neutrophil-
to-lymphocyte ratio (NLR) is identified as a potential 
predictor of poor prognosis (24). Zhuang et al. (25) found that 
platelet-to-lymphocyte ratio (PLR), aspartate transferase-
to-albumin ratio (AAR), and lactate dehydrogenase-to-
albumin ratio (LAR) were associated with short-term 
mortality in patients with myocarditis. Higher neutrophil-
to-eosinophil ratio (NER) is also correlated with a higher 
mortality rate from immune-related cardiotoxicity (26). 
Additionally, systemic inflammatory index (SII) and systemic 
inflammatory response index (SIRI) have been implicated in 
the prognosis of patients undergoing immunotherapy and 
the occurrence of immune-related adverse events, as well as 
the outcomes of cardiovascular diseases (27-30). Moreover, 
monocyte-to-lymphocyte ratio (MLR) is also related to the 
prognosis of patients with myocarditis or other cardiovascular  
diseases (31,32).

Therefore, in this study, we further investigated the 
associations between combination biomarkers, conventional 
markers, and cardiac markers in peripheral blood and the 
overall survival (OS) of patients with ICI myocarditis, all 
of which are readily accessible indicators. Additionally, we 
identified critical risk factors and developed two survival 
models for 40-day and 1-year OS in patients with ICI 
myocarditis, which will assist clinicians in more effectively 
identifying high-risk patients and implementing timely 
interventions. We present this article in accordance with the 
TRIPOD+AI reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-24-556/rc).

Methods

Study population

This was a single-center retrospective study. Inclusion 
criteria: patients who received immunotherapy and 
diagnosed with ICI myocarditis at the Fourth Hospital 
of Hebei Medical University between January 2019 and 
June 2024 were consecutively enrolled in this study. All 
patients were diagnosed with solid tumors and received 
at least one cycle of immunotherapy. Exclusion criteria: 
patients who were lost to follow-up or had incomplete data 
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were excluded. The diagnosis of ICI myocarditis was made 
using clinical criteria (major and minor) according to the 
2022 European Society of Cardiology (ESC) Guidelines 
on cardio-oncology (16): cardiac troponin elevation 
with CMR findings diagnostic of acute myocarditis or at 
least two minor criteria including clinical syndrome, ECG 
changes, decline in left ventricular systolic function and other 
irAEs. This study was approved by the Ethics Committee 
of The Fourth Hospital of Hebei Medical University (No. 
2024KS048) and complied with the Declaration of Helsinki 
(as revised in 2013). Since this is a retrospective study that only 
analyzes existing clinical data and does not involve additional 
interventions or the collection of personal information from 
patients, informed consent has been waived.

Study protocol and data collection

Baseline clinical characteristics of the patients and 
laboratory tests at the onset of myocarditis were collected. 
Data on cardiac markers and echocardiographic parameters 
prior to ICI administration and at the onset of myocarditis 
were also collected. In addition to standard laboratory 
tests, we investigated the association between a series of 
combination biomarkers and the prognosis of patients with 
ICI myocarditis. Peripheral blood data, including absolute 
neutrophil count (NE), absolute eosinophil count (EO), 
absolute monocyte count (MO), absolute lymphocyte count 
(LY), platelet count (PLT), aspartate aminotransferase 
(AST), lactate dehydrogenase (LDH), and albumin (ALB), 
were utilized for the calculation of these combination 
biomarkers based on previous literature (24-27,31):  
SII = NE × PLT/LY, SIRI = NE × MO/LY, NLR = NE/LY, 
NER = NE/EO, MLR = MO/LY, AAR = AST/ALB, and 
LAR = LDH/ALB. OS time was defined as the duration 
from the initial diagnosis of myocarditis to the occurrence 
of all-cause mortality. The primary endpoints for follow-up 
were all-cause mortality assessed at 40 days and 1 year. The 
cutoff date for follow-up was September 10, 2024.

Statistical analysis

Continuous variables were reported as mean ± standard 
deviation or median and interquartile range and were 
compared using the t-test or Mann-Whitney U test. 
Categorical variables were presented as numbers and 
percentages, and comparisons were performed using the 
Chi-squared test. The Cox proportional hazards regression 
model was employed to investigate the association between 

peripheral blood biomarkers and 40-day or 1-year OS. 
Then the aforementioned risk factors were subjected to 
least absolute shrinkage and selection operator (LASSO) 
regression analysis to identify critical biomarkers. Two 
nomogram prediction models for 40-day and 1-year OS 
of ICI myocarditis were developed separately based on 
Cox regression, including biomarkers screened by LASSO 
regression. A test of the proportional hazards assumption 
was conducted on the Cox model, and the hypothesis was 
validated. The predictive performance of the two models 
were assessed using the concordance index (C-index) and 
the area under the curve (AUC) of the receiver operating 
characteristic (ROC) analysis. Brier scores were also calculated 
to reflect the accuracy of the model. The calibration curves 
were derived based on Cox regression analysis utilizing 
bootstrap methods to evaluate the consistency of the models. 
The decision curve analysis (DCA) was performed to evaluate 
the clinical utility of the two nomograms. The Kaplan-Meier 
(K-M) method was employed to compare the 40-day and 
1-year OS of high-risk and low-risk patients stratified by the 
two models respectively. Statistical analysis was performed 
using SPSS 27 and R software (version 4.4.1), with the 
significance level set at P<0.05 based on a two-sided test.

Results

Clinical characteristics of patients with ICI myocarditis

Among the 8,133 cancer patients treated with ICIs at 
our institution, 95 were diagnosed with ICI myocarditis. 
Following the exclusion of cases with incomplete data 
and those lost to follow-up, a total of 90 patients were 
ultimately included in this study (Figure 1A), and their 
survival and clinical data were subsequently analyzed. 
All cases were clinically diagnosed by two cardiovascular 
specialists based on the patients’ clinical symptoms, 
cardiac biomarkers, ECG, echocardiography, and CMR 
results. Acute coronary syndrome was excluded through 
coronary angiography or coronary computed tomography 
angiography.  However,  considering the pat ient ’s 
own wishes, the risk of the procedure and the disease 
condition, we did not perform an endomyocardial biopsy 
(EMB). In the 40-day follow-up after ICI myocarditis,  
24 (26.7%) patients succumbed. During the one-year 
follow-up period, a total of 40 (44.4%) patients expired. By 
the end of the follow-up, a total of 45 (50%) patients died 
(Figure 1A). The most prevalent tumor types in the cohort 
were esophageal carcinoma, lung cancer, and gastric cancer, 



Guan et al. Nomogram survival models for ICI myocarditis280

© AME Publishing Company. Cardiovasc Diagn Ther 2025;15(2):277-290 | https://dx.doi.org/10.21037/cdt-24-556

with the majority of patients receiving anti-programmed 
cell death protein 1 (PD-1) therapy (Table 1, Figure S1). 
Other concomitant irAEs were presented in 43 (47.8%) 
patients, among which myositis was the most frequently 
observed (Figure 1B). Patients with ICI myocarditis 
exhibited a significant elevation in cardiac biomarkers and 
a reduction in left ventricular ejection fraction (LVEF). 
Among them, all patients had elevated cardiac troponin-I 
(cTnI) levels, but not every individual demonstrated 
increases in creatine kinase isoenzyme-MB (CK-MB) and 
N-terminal pro-brain natriuretic peptide (NTBNP), as well 
as reduced LVEF (Figure 1C-1F). Upon diagnosis of ICI 
myocarditis, ICI therapy was halted, and patients received 
corticosteroid treatment at varying doses tailored to their 
condition. In severe cases, supplementary treatments like 
immunosuppressive medications, blood purification, or 
immunoglobulin infusion were administered. The clinical 
characteristics of patients in survival group and non-survival 
group are presented in Table 1. 

Development and assessment of the nomogram for the 40-
day OS of ICI myocarditis

In this study, we aimed to establish a predictive model for 

the 40-day OS of ICI myocarditis based on peripheral blood 
biomarkers. Univariate Cox regression analysis showed 
that 14 factors, including cardiac markers, conventional 
indicators, and combined biomarkers, were associated 
with the OS of patients with ICI myocarditis (Table 2). 
Then the 14 risk factors were subjected to LASSO-
Cox regression analysis to identify critical biomarkers  
(Figure 2A). Tenfold cross-validation was performed and 
NE, ALB, cTnI, NTBNP, NER, LAR were selected at the 
criterion of λ by minimum values, while cTnI, NTBNP 
and LAR were still significantly correlated with OS at the 
optimum value of the parameter λ by 1 – standard error (s.e.) 
(Figure 2B). Considering the sample size and the complexity 
of the model, we ultimately selected cTnI, NTBNP, 
and LAR as key biomarkers and developed a nomogram 
predictive model for the 40-day OS in patients with ICI 
myocarditis (Figure 2C). ROC curve was plotted to evaluate 
the model’s performance in predicting 40-day survival rates, 
with an AUC of 0.867 (95% CI: 0.774−0.960) (Figure 2D). 
The C-index for the nomogram model was 0.824 and was 
0.812 after bootstrapping validation, indicating that the 
model has excellent discriminative ability. The calibration 
curve illustrates a great concordance between the model’s 
predictions and the actual observations (Figure 2E). The 
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Table 1 Characteristics of patients with ICI-associated myocarditis

Characteristics All patients (n=90) Survival group (n=45) Non-survival group (n=45) P value

Age (years) 64.48±10.93 64.42±11.06 64.53±10.92 0.96

BMI (kg/m2) 23.21±3.67 24.01±3.81 22.41±3.37 0.04

Male 62 (68.9) 30 (66.7) 32 (71.1) 0.65

Smoking 36 (40.0) 16 (35.6) 20 (44.4) 0.39

Drinking 17 (18.9) 9 (20.0) 8 (17.8) 0.79

CAD 12 (13.3) 5 (11.1) 7 (15.6) 0.54

Hypertension 23 (25.6) 13 (28.9) 10 (22.2) 0.47

Diabetes 12 (13.3) 6 (13.3) 6 (13.3) >0.99

Tumor type 0.61

Lung cancer 23 (25.6) 10 (22.2) 13 (28.9)

Esophageal carcinoma 24 (26.7) 15 (33.3) 9 (20.0)

Gastric cancer 15 (16.7) 6 (13.3) 9 (20.0)

liver cancer 7 (7.8) 4 (8.9) 3 (6.7)

Other tumors 21 (23.3) 10 (22.2) 11 (24.4)

Tumor stage 0.02

< III 47 (52.2) 29 (64.4) 18 (40.0)

IV 43 (47.8) 16 (35.6) 27 (60.0)

Therapy mode

Combined chemotherapy 78 (86.7) 37 (82.2) 41 (91.1) 0.22

Combined targeted-therapy 18 (20.0) 10 (22.2) 8 (17.8) 0.60

Combined radiotherapy 24 (26.7) 10 (22.2) 14 (31.1) 0.34

Type of ICIs >0.99

Anti-PD-1 80 (88.9) 40 (88.9) 40 (88.9)

Others 10 (11.1) 5 (11.1) 5 (11.1)

Medication cycles 2 [1, 3] 2 [1, 3] 2 [1, 3.25] 0.68

Time to myocarditis (days) 42 [26, 88] 32 [26, 84] 46 [25, 116] 0.40

Concomitant irAEs 43 (47.8) 21 (46.7) 22 (48.9) 0.83

LVEF at myocarditis onset 60.5 [54, 64] 62 [58, 65] 58 [50, 63] 0.008

Steroid dosage† 0.22

Low-dosage steroid 46 (51.1) 21 (46.7) 25 (55.6)

High-dosage steroid 21 (23.3) 14 (31.1) 7 (15.6)

Other treatments for ICI myocarditis 15 (16.7) 12 (26.7) 3 (6.7) 0.01

Data are presented as mean ± standard deviation, median [interquartile range], or n (%). †, in our study population, oral or intravenous 
steroid therapy ≤80 mg/day is regarded as the low-dose group, while any higher dose or high-dose pulse treatment is regarded as the 
high-dose group. BMI, body mass index; CAD, coronary heart disease; ICIs, immune checkpoint inhibitors; irAEs, immune-related adverse 
events; LVEF, left ventricular ejection fraction; PD-1, programmed cell death protein 1.
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Table 2 Cox regression analysis of biomarkers related to the OS of ICI myocarditis

Biomarkers
40-day OS 1-year OS

HR (95% CI) P value HR (95% CI) P value

NE 1.266 (1.133, 1.415) <0.001 1.199 (1.079, 1.332) <0.001

LY 0.387 (0.111, 1.343) 0.14 0.4485 (0.196, 1.201) 0.12

MO 1.969 (0.940, 4.162) 0.07 2.392 (1.298, 4.406) 0.005

EO 0.001 (0.001, 1.098) 0.052 0.249 (0.010, 6.182) 0.40

PLT 1.001 (0.996, 1.005) 0.71 1.000 (0.997, 1.004) 0.87

ALT 1.003 (1.003, 1.005) <0.001 1.002 (1.001, 1.004) 0.007

AST 1.003 (1.001, 1.004) <0.001 1.002 (1.001, 1.004) 0.001

ALB 0.862 (0.793, 0.936) <0.001 0.920 (0.863, 0.980) 0.01

CK-MB 1.001 (1.000, 1.002) 0.15 1.000 (0.999, 1.001) 0.51

LDH 1.001 (1.001, 1.001) <0.001 1.001 (1.001, 1.001) <0.001

cTnI 1.122 (1.071, 1.176) <0.001 1.113 (1.067, 1.162) <0.001

NTBNP 1.000 (1.000, 1.000) <0.001 1.000 (1.000, 1.000) <0.001

SII 1.000 (1.000, 1.000) 0.005 1.000 (1.000, 1.000) 0.004

SIRI 1.037 (1.008, 1.068) 0.01 1.043 (1.017, 1.069) <0.001

NLR 1.033 (1.010, 1.057) 0.005 1.033 (1.012, 1.055) 0.002

PLR 1.001 (0.999, 1.003) 0.20 1.001 (0.999, 1.003) 0.20

NER 1.001 (1.001, 1.002) 0.002 1.001 (1.000, 1.002) 0.04

MLR 1.506 (1.041, 2.177) 0.03 1.637 (1.205, 2.223) 0.002

AAR 1.111 (1.060, 1.164) <0.001 1.092 (1.044, 1.143) <0.001

LAR 1.037 (1.023, 1.052) <0.001 1.034 (1.020, 1.048) <0.001

AAR, aspartate transferase-to-albumin ratio; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, 
confidence interval; CK-MB, creatine kinase isoenzyme; cTnI, cardiac troponin-I; EO, absolute eosinophil count; HR, hazard ratio; ICI, 
immune checkpoint inhibitor; LDH, lactate dehydrogenase; LAR, lactic dehydrogenase-to-albumin ratio; LY, absolute lymphocyte count; 
MLR, monocyte-to-lymphocyte ratio; MO, absolute monocyte count; NE, absolute neutrophil count; NER, neutrophil-to-eosinophil ratio; 
NLR, neutrophil-to-lymphocyte ratio; NTBNP, N-terminal pro-brain natriuretic peptide; OS, overall survival; PLR, platelet-to-lymphocyte 
ratio; PLT, platelet count; SII, systemic immune-inflammation index; SIRI, system inflammation response index.

Brier score for this model is 0.12, indicating good accuracy. 
DCA indicates that when the threshold probability ranges 
from 10% to 80%, the application of the model yields more 
benefits (Figure 2F). Subsequently, we employed this model 
to stratify patients into high-risk and low-risk groups. The 
K-M analysis revealed that the high-risk group exhibited 
a significantly poorer 40-day OS (Figure 2G). In addition 
to the peripheral blood parameters, we also analyzed the 
relationship between the clinical features and their 40-day 
OS, of which only LVEF was related to the prognosis of the 
patients (Table S1). 

Development and assessment of the nomogram for the 
1-year OS of ICI myocarditis

We employed a similar methodology to develop a predictive 
model for the 1-year OS of ICI myocarditis based on 
peripheral blood biomarkers. Univariate Cox regression 
analysis showed that 15 factors were associated with the OS 
of patients with ICI myocarditis (Table 2), which were then 
subjected to LASSO-Cox regression analysis to identify 
critical biomarkers (Figure 3A). Tenfold cross-validation 
was performed and SIRI, cTnI, NTBNP, NER, LAR were 
selected at the criterion of λ by minimum values (Figure 3B). 

https://cdn.amegroups.cn/static/public/CDT-24-556-Supplementary.pdf
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survival curves of 40-day survival for patients with high and low risk stratified by the model (G). AUC, area under the curve; cTnI, cardiac 
troponin-I; ICI, immune checkpoint inhibitor; LAR, lactic dehydrogenase-to-albumin ratio; LASSO, least absolute shrinkage and selection 
operator; NTBNP, N-terminal pro-brain natriuretic peptide; OS, overall survival; pr 40-day, prediction model for 40-day OS; ROC, 
receiver operating characteristic; s.e., standard error.

We then developed a nomogram prognostic model based on 
SIRI, cTnI, NTBNP, and LAR for the 1-year OS in patients 
with ICI myocarditis (Figure 3C). ROC curve was plotted 
to evaluate the model’s performance in predicting 40-day 
survival rates, with an AUC of 0.765 (95% CI: 0.664−0.866) 
(Figure 3D). The C-index for the nomogram model was 
0.742 and was 0.728 after bootstrapping validation. The 
calibration curve shows a great concordance between the 
model’s predictions and the actual observations (Figure 3E).  
The Brier score for this model is 0.18, indicating good 
accuracy. DCA reveals that when the threshold probability 
ranges from 35% to 87%, the application of the model 
added more benefits (Figure 3F). When we utilized this 
model to stratify patients into high-risk and low-risk group, 

the K-M analysis demonstrated that the high-risk group 
exhibited a significantly lower 1-year OS (Figure 3G). 
Besides, the relationship between clinical characteristics and 
the 1-year OS was also assessed, and only LVEF was related 
to the prognosis of the patients (Table S1). 

Dynamic nomogram and web-based app

To promote the broad use of the models, we developed 
dynamic nomograms for both models and made them 
available on our websites: https://hebmugzk.shinyapps.io/
DynNomapp40DAY/ (Figure 4A) and https://hebmugzk.
shinyapps.io/DynNomapp1YEAR/ (Figure 4B). Clinicians 
can modify the values of different parameters according to 

https://hebmugzk.shinyapps.io/DynNomapp40DAY/
https://hebmugzk.shinyapps.io/DynNomapp40DAY/
https://hebmugzk.shinyapps.io/DynNomapp1YEAR/
https://hebmugzk.shinyapps.io/DynNomapp1YEAR/
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Figure 3 The development and evaluation of a nomogram prognostic model for 1-year OS in patients with ICI myocarditis: LASSO-Cox 
regression analysis of 15 risk factors (A), and 4 risk factors were selected from tenfold cross-validation at the optimum value of the parameter 
λ by minimum criteria (B). Nomogram for 1-year OS in patients with ICI myocarditis (C). ROC curve of the nomogram model (D), 
calibration curve for nomogram by bootstrap with 1,000 repetitions (E), and decision curve analysis of the nomogram (F). Kaplan-Meier 
survival curves of 1-year survival for patients with high and low risk stratified by the model (G). AUC, area under the curve; cTnI, cardiac 
troponin-I; ICI, immune checkpoint inhibitor; LAR, lactic dehydrogenase-to-albumin ratio; LASSO, least absolute shrinkage and selection 
operator; NTBNP, N-terminal pro-brain natriuretic peptide; OS, overall survival; pr 1-year, prediction model for 1-year OS; ROC, receiver 
operating characteristic; SIRI, system inflammation response index.

the patient’s clinical information to calculate the predicted 
survival rate. As this is a single-center retrospective study, 
we did not have access to data for external validation of 
the model. To address this, we developed a web-based app 
and made it available on https://hebmuguan.shinyapps.io/
APP-for-OS-model/ (Figure 5). Researchers from other 
institutions can use their own data as an external validation 
dataset, following the usage instructions provided on 
the site. They can upload a .csv file and then click the 
corresponding buttons to perform model validation for 
40-day and 1-year survival rates, and generate calibration 
curves and DCA curves.

Discussion 

In this retrospective study, we separately identified key 
biomarkers from peripheral blood associated with the 
40-day and 1-year OS of patients with ICI myocarditis, 
and subsequently developed two nomogram prognostic 
models for 40-day and 1-year OS respectively. To the best 
of our knowledge, this is the first study to develop visual 
and efficient nomogram models for predicting the OS of 
patients with ICI myocarditis, aiming to help clinicians in 
evaluating for both short-term and long-term survival rates 
and facilitating timely interventions.

https://hebmuguan.shinyapps.io/APP-for-OS-model/
https://hebmuguan.shinyapps.io/APP-for-OS-model/


Cardiovascular Diagnosis and Therapy, Vol 15, No 2 April 2025 285

© AME Publishing Company. Cardiovasc Diagn Ther 2025;15(2):277-290 | https://dx.doi.org/10.21037/cdt-24-556

A Dynamic nomogram for 40-day OS B Dynamic nomogram for 1-year OS

Follow-up time, days Follow-up time, days

Estimated survival probability

10 20 30 40 100 200 3000 0

1.00

0.75

0.50

0.25

0.00

1.00

0.75

0.50

0.25

0.00

S
 (t

)

S
 (t

)

Estimated survival probability

Figure 4 The online dynamic nomogram for the prediction of 40-day (A) and 1-year (B) OS in patients with ICI myocarditis. The user can 
refer to the patient’s peripheral blood test results to adjust the values of various indicators on the left panel. Afterward, click the “Predict” 
button and select the corresponding button at the top right to obtain the predicted survival rate and the patient’s survival curve. Among these 
indicators, LAR = LDH/ALB, and SIRI = NE × MO/LY. Please note the units of measurement for each indicator: NTBNP (ng/L), cTnI 
(mg/L), LDH (U/L), ALB (g/L), NE (1×109/L), MO (1×109/L), LY (1×109/L). Additionally, there are “time40” and “time360” buttons at the 
bottom of the left panel that allow users to view the patient’s survival probability at other time points, within 40 days and 1 year. To maintain 
the reliability of the prediction results, it is recommended to adjust these to the default maximum values. ALB, albumin; AUC, area under 
the curve; cTnI, cardiac troponin-I; ICI, immune checkpoint inhibitor; irAE, immune-related adverse event; LAR, lactic dehydrogenase-
to-albumin ratio; LDH, lactate dehydrogenase; LY, absolute lymphocyte count; MO, absolute mononuclear count; NE, absolute neutrophil 
count; NTBNP, N-terminal pro-brain natriuretic peptide; OS, overall survival; ROC, receiver operating characteristic; SIRI, system 
inflammation response index.

ICI myocarditis poses a significantly higher risk 
compared to other irAEs and has attracted significant 
attention from both oncologists and cardiovascular 
specialists (5). Among patients with varying degrees of 
disease severity, mortality represents the most adverse final 
outcome for patients diagnosed with ICI myocarditis who 
exhibit a poor prognosis. However, research investigating 
prognostic factors associated with OS in patients with ICI 
myocarditis remain limited (25,26,33). Although certain 
cardiac and peripheral blood biomarkers can be utilized to 
assess the OS of ICI myocarditis, a convenient and effective 
predictive model remains absent, hindering clinicians’ 
ability to readily apply these indicators. Therefore, we 
separately analyzed the influencing factors for 40-day and 
1-year OS and developed two nomogram models for short-
term and long-term prognosis based on readily accessible 
peripheral blood biomarkers. In our cohort, the mortality 
rate for myocarditis patients at 40 days was 26%, while the 
1-year mortality rate reached 44%. This is similar to the 
short-term mortality rate reported by Zhuang et al. (25), but 

slightly lower than the 1-year mortality rates documented 
by Itzhaki Ben Zadok et al. (14). These subtle differences 
may be attributed to variations in tumor type, disease 
severity, and other factors among patients from different 
cohorts. These findings reflect a high short-term mortality 
rate among patients with myocarditis, which continues 
to rise over time. This poor OS can be attributed not 
only to myocarditis itself and its associated cardiovascular 
complications, but also to the interruption of effective anti-
cancer treatment (34). 

Among a wide array of cardiac markers, conventional 
indicators, and combined biomarkers, cTnI, NTBNP, 
and LAR were finally identified as critical indicators 
significantly associated with 40-day survival rates, and 
were used to construct the subsequent prediction model. 
Cardiac troponin, particularly cTnI, has been used for the 
diagnosis of ICI myocarditis (16). Previous studies have 
also shown that elevated troponin levels are correlated with 
major adverse cardiovascular events (MACEs) and poor 
survival rates in patients with myocarditis (10,22,33,35). 

https://hebmugzk.shinyapps.io/DynNomapp1YEAR/https://hebmugzk.shinyapps.io/DynNomapp40DAY/

https://hebmugzk.shinyapps.io/DynNomapp1YEAR/
https://hebmugzk.shinyapps.io/DynNomapp40DAY/
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Figure 5 The online app webpage for external validation of the model. We developed a web application to facilitate the external validation 
of the model. Researchers from various institutions can upload their own data as an external validation dataset. By following the instructions 
provided on the website, they can organize the data into a .csv file and upload it. Afterward, they can click on the “40-day Survival Model” 
and “1-Year Survival Model” buttons to perform the external validation for both the 40-day and 1-year survival models. The website will 
automatically generate calibration and DCA curves. The figure shows a screenshot of an example where we used simulated data to perform 
external validation of the model. ALB, albumin; cTnI, cardiac troponin-I; DCA, decision curve analysis; LDH, lactate dehydrogenase; LY, 
absolute lymphocyte count; MO, absolute mononuclear count; NE, absolute neutrophil count; NTBNP, N-terminal pro-brain natriuretic 
peptide; pr 40-day, prediction model for 40-day overall survival.

Compared to them, our study highlights the role of cTnI, 
rather than cardiac troponin T (cTnT), which is consistent 
with the study by Zhuang et al. (25), suggesting the role 
of cTnI in evaluating the short-term mortality rate of 
patients with myocarditis. cTnI is considered to have a 
higher specificity, while cTnT has a higher sensitivity 
(16,22,36). An elevation in cardiac troponin levels 
reflects severe myocardial injury and may lead to cardiac 
dysfunction, resulting in poor prognosis and even death 
(37,38). NTBNP is a well-established biomarker for heart 
failure diagnosis, but not all patients with myocarditis 
have significantly elevated NTBNP levels, similar to the 
findings of Mahmood et al. (10). While Zhuang et al. 
did not establish a correlation between BNP and short-
term OS, our study (25), based on a larger sample size, 
found a relationship between NTBNP and OS, which 
further indicates that patients with ICI myocarditis and 
concomitant cardiac dysfunction have a worse survival 
rate. LDH is extensively distributed in cardiac tissue, and 
elevated LDH levels may indicate myocardial damage 

and inflammation (39,40). ALB not only reflects the 
nutritional status of cancer patients, but also plays an 
important role in inflammation and immune responses 
(41,42). Consequently, an elevated LAR level may 
comprehensively reflect the patient’s inflammatory status, 
nutritional condition, and myocardial injury, thereby 
influencing their prognosis. A predictive model for the 40-
day OS in patients with ICI myocarditis was developed 
based on cTnI, NTBNP, and LAR. The combined use of 
these indicators also suggests that, among various factors, 
the short-term risk of death in ICI myocarditis patients 
may be more closely related to the extent of myocardial 
injury and the patient’s overall condition, particularly their 
tolerance to heart function damage and inflammatory 
response. However, this view requires further in-depth 
research into the pathophysiological mechanisms and 
more clinical findings to confirm. The model showed good 
discriminatory ability, with an AUC of 0.867 (95% CI: 
0.774–0.960) and a C index of 0.824. DCA result suggests 
that the application of the model provides greater benefits 
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when the threshold probability ranges from 10% to 80%, 
indicating its substantial clinical applicability.

As for the long-term prognosis of patients with 
ICI myocarditis, cTnI, NTBNP, LAR, and SIRI were 
identified as key factors associated with OS. It is worth 
noting that cTnI, NTBNP and LAR are significantly 
associated with both the 40-day and 1-year survival rates, 
which also indicates that the extent of myocardial injury 
and cardiac function significantly influence both short-
term and long-term patient prognosis. Additionally, 
LDH levels also reflect the degree of tumor burden to 
some extent (43), thereby enabling LAR to reflect both 
myocardial injury and tumor status in patients, which 
subsequently influences long-term survival rates (25). SIRI 
is composed of neutrophils, monocytes, and lymphocytes, 
and has been reported to be associated with mortality in 
myocardial infarction patients as well as with coronary 
atherosclerosis (44). Additionally, in cancer patients 
treated with ICIs, higher levels of SIRI are linked to 
poorer OS and progression-free survival (45). However, 
its association with prognosis in patients with ICI 
myocarditis has not been fully explored. In tumor tissues, 
infiltrating neutrophils and monocytes may promote tumor 
growth and counteract immune responses by enhancing 
angiogenesis and releasing cytokines, while lymphocytes 
can suppress tumor occurrence and recurrence through 
cytotoxic effects and cytokine release, playing a crucial 
role in cell-mediated anti-cancer responses (45). Previous 
research has demonstrated that the infiltration, activation, 
and reciprocal regulation of neutrophils, lymphocytes, and 
monocytes-macrophages are intricately associated with the 
pathogenesis of ICI myocarditis (46,47). Therefore, SIRI 
may comprehensively reflect the inflammatory infiltration 
state of myocarditis and the immune and inflammatory 
status in cancer patients with ICI myocarditis, which could 
be associated with long-term prognosis (30). Further 
investigation into the underlying mechanisms is warranted. 
A predictive model for the 1-year OS in patients with ICI 
myocarditis was developed based on cTnI, NTBNP, LAR 
and SIRI. This suggests that the long-term mortality risk 
in patients with ICI myocarditis is influenced not only by 
myocardial damage and its physiological consequences, 
but also by the patient’s prolonged tumor burden, tumor 
progression, and inherent immune-inflammatory status, 
reflecting a complex interplay of multiple factors. The 
model showed good discriminatory ability, with an AUC of 
0.765 (95% CI: 0.664−0.866) and a C index of 0.742. DCA 
result suggests that the application of the model provides 

greater benefits when the threshold probability ranges from 
35% to 87%, indicating its substantial clinical applicability.

In summary, we have developed two prognostic models 
that can be used to evaluate the 40-day and 1-year OS of 
patients with ICI myocarditis, with key predictive factors 
comprising easily accessible peripheral blood markers. 
This advancement will assist clinicians in identifying high-
risk patients with poor prognosis and facilitating timely 
interventions. Our study also has some limitations. First, 
this was a single-center retrospective study, which inevitably 
has a selection bias and limits the generalizability of the 
findings. Owing to the low incidence rate of the disease and 
the limited sample size, we were unable to perform external 
validation of our model and instead conducted internal 
validation, which may introduce bias in the assessment of 
the model’s performance. However, we have also created a 
dynamic nomogram and an app for external validation of 
the model, both of which are made available on our website. 
This will facilitate the widespread application and validation 
of the model. Secondly, considering the patient’s wishes, 
the disease status, and the associated procedural risks, we 
did not perform an EMB. Third, during the retrospective 
follow-up, the causes of death for many patients were 
unclear, so we were unable to further distinguish between 
cardiovascular death and non-cardiovascular deaths such as 
tumor progression, and perform corresponding subgroup 
analyses. Finally, considering the patients’ preferences and 
physical tolerance, not all patients in our cohort underwent 
CMR, and as a result, we did not include parameters 
from CMR in our model. Nevertheless, we established 
a predictive model based on easily accessible biomarkers 
from peripheral blood, which demonstrates good accuracy 
and practical value. Further multicenter prospective 
research is needed, including a detailed analysis of various 
examination and laboratory indicators, such as CMR and 
echocardiographic parameters, troponin T, and a range of 
inflammatory factors. A more complete follow-up of cases 
is also crucial in order to develop a more convenient and 
reliable survival model for ICI-related myocarditis.

Conclusions

In this study, we investigated a series of peripheral blood 
biomarkers that have prognostic value for short-term and 
long-term survival rates in patients with ICI myocarditis 
based on their clinical data, particularly cTnI, NTBNP, 
LAR and SIRI. Based on these key factors, we further 
developed two nomogram prognostic models to assess the 
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40-day and 1-year OS of patients with ICI myocarditis, 
which demonstrated great performance and clinical utility 
during the initial evaluation and validation process. These 
findings will enable clinicians to more effectively utilize 
readily available peripheral blood biomarkers for the 
convenient and efficient identification of high-risk patients 
with poor prognoses, thereby facilitating early intervention.
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