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OPEN A multimodality score strategy

for assessing the risk of immune
checkpoint inhibitors related
cardiotoxicity
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Diansa Gao' & Zhong Zuo*™*

This study aimed to find the association between four common clinical biomarkers and subsequent
ICICT, developing a risk scoring strategy to assess the ICICT risk. Three terminals for ICICT were :
Terminal 1, cancer therapy-related cardiomyopathies; Terminal 2, myocarditis or heart failure; and
Terminal 3, myocarditis, heart failure, myocardial infarction, cerebral infarction, atrial fibrillation, or
death. The thresholds were : N-terminal-pro-B-type-natriuretic-peptide > 125 pg/mL, cardiac troponin
T > 6 ng/L, high-sensitivity C-reactive protein >3 mg/L, and coronary artery calcium score >10 U.
Each of the four abnormal biomarkers received 1 point. The links between biomarkers, score stage,
and ICICT were analyzed. 375 patients with a mean follow-up of 1.91 years were included. All four
biomarkers measured before immunotherapy were associated with a higher risk of developing ICICT.
These scores were also associated with ICICT risk. The highest risk was the very high stage (score =4)
has 7.29, 8.83, and 7.02 folder higher risk compared to low risk group for Terminal 1-3, respectively.
The cumulation of incidences also showed that the higher stages of score had an earlier onset and
higher incidence of ICICT. 4 biomarkers and the scoring strategy enables clinicians to assess risk easily.

Keywords Immune checkpoint inhibitors, Cardiotoxicity, Multimodality score strategy, Cardio-oncology,
Biomarkers

The increased prevalence of cancer, early detection technologies, and advanced therapies have resulted in a
significant increase in cancer survivors. The cancer-related death rate has declined by 33% since 1991, with
an estimated 3.8 million deaths averted"?. By 2022, there were already more than 18 million cancer survivors
in the United States, which is expected to reach 22.1 million by 2030, and approximately half of them have
been diagnosed with cancer for more than 10 years®. Thus, owing to victories in fighting this disease, cancer
therapy-related side effects, including cancer therapy-related cardiovascular toxicity, have attracted significant
attention®*.

Immune checkpoint inhibitors (ICI) are monoclonal antibodies that can block negative regulators of immune
activation to unleash the cancer cell killing system of CD8-positive T cells, which is a type of revolutionary
anticancer therapy. In melanoma, after the use of ICI, tumor regression and long-term cancer control are
possible in nearly 50% of cases, compared to less than 10% historically>°. However, immune checkpoints are also
important to cardiac immune homeostasis, which is a self-protection mechanism”®. Therefore, over stimulation
of immune system may result in immune related cardiovascular toxicity which may be severe and have a poor
prognosis®®. Studies have shown that ICI-related myocarditis can be fatal with the highest mortality rate of up
to 50% %11 Moreover, ICI-related cardiotoxicity (ICICT) is also associated with atherosclerotic cardiovascular
diseases such as coronary artery disease, myocardial infarction, ischemic stroke, and arrhythmias!>-14.

These poor outcomes not only lead to a poor prognosis but also limit the use of ICIL. Therefore, there is an
urgent clinical need to find a way of assessing the risk of ICICT before therapy. However, there is only one study
by Petricciuolo et al. that provides single-criteria discrimination of ICICT using cTnt before immunotherapy

1Department of Cardiology, The First Affiliated Hospital of Chongging Medical University, No.1 Youyi Street,
Yuzhong District, Chongging 400016, China. 2Department of Radiology, The First Affiliated Hospital of Chongqing
Medical University, Chongging, China. 3Department of Oncology, The First Affiliated Hospital of Chongging
Medical University, Chongging, China. “Department of Clinical Nutrition, School of Medicine, Chongging University
Cancer Hospital, Chongqing University, Chongqing, China. Zhulu Chen and Rui Lan contributed equally. “email:
202115@cgmu.edu.cn

Scientific Reports |

(2024) 14:24821 | https://doi.org/10.1038/s41598-024-76829-5 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-44448-1&domain=pdf

www.nature.com/scientificreports/

through a small number of sample of only 30 patients!”. Previous studies have already suggested the promising
assessment value of cardiac troponin T (cTnT), high sensitive C-reactive protein (hs-CRP), N-terminal-
pro-B-type-natriuretic-peptide (NT-proBNP), and coronary artery calcification score (CAC) for the risk
of cardiotoxicity®!>-2l. For immunotherapy, most previous studies focused only on elevation after the onset
of cardiotoxicity®!®!°. However, there is no clear evidence for their use as risk assessment factors for ICICT
before initiation. Studies in other populations have already used multi-criteria methods to assess the risk of
cardiovascular events, showing better potential for clinical use and efficacy?*?*. Moreover, previous studies of
ICI in cardiovascular disease typically considered a small amount of cardiotoxicity, such as cancer therapy-
related cardiac dysfunction (CTRCD), myocarditis, and cardiac death; however, cardiotoxicity in populations
with immunotherapy extends beyond them, and it is important to pay attention to the hazardous cardiovascular
influence of ICI on the broader spectrum>1214:23-25,

Therefore, we aimed to develop a more effective multimodality clinical risk scoring strategy (combination of
cTnt, hs-crp, NT-proBNP, and CAC) that can be used to assess the broader spectrum of ICICT risk and outcome
in patients using ICI and to assess the association between cTnt, hs-CRP, NT-proBNP, CAC and ICICT.

Methods

Study population

Our study population consisted of patients who had been diagnosed with carcinoma and undergone
immunotherapy at the First Affiliated Hospital of Chongqing Medical University, a large general hospital located
in southwest China, between January 2018 and February 2022, who met inclusion criteria and none of exclusion
criteria. The detailed process is shown in Fig. 1.

The inclusion criteria were as follows: (1) Patients aged > 18 years. (2) Patients who signed a consent form
upon admission and agreed to the use of their medical data for medical research purposes.

The exclusion criteria were as follows: (1) Patients who had been diagnosed with heart failure, myocarditis,
severe heart valve disease, myocardial infarction, atrial fibrillation, malignant arrhythmia, and cerebral
infarction. (2) Patients who received anthracycline for antitumor therapy. (3) Patients with severe coronary
artery disease diagnosed using coronary angiography and underwent percutaneous coronary intervention
before immunotherapy. (4) Patients whose medical records were incomplete or did not provide us with sufficient
necessary information. (5) Patients who were in another clinical perspective cohort while receiving ICI. (6)
Patients with hematological malignancies.

The study was carried out in accordance with the Declaration of Helsinki, approved by the Ethics Committee
of the Chongqing Medical University, ethics number: 2022-31. Informed consent has been obtained from all the
participants in this study. Informed consent has been obtained from all the participants in this study.

Study endpoints

Three terminals were set for different ICICT as follows: Terminal 1 was cancer therapy-related cardiomyopathies,
which was defined by: (1) An elevation of ¢TnT and NT-proBNP levels from baseline and upper limits of
normal range. (2) New onset of ECG abnormalities (ST-T abnormalities, including pseudo-infarct ST segment
elevation, atrial or ventricular arrhythmias, AV blocks, QRS abnormalities). (3) New onset of echocardiographic
abnormalities (New structural or function abnormalities, regional wall motion abnormalities or global ventricular
dysfunction without ventricular dilatation or with, generally mild, dilatation, increased wall thickness due to
myocardial oedema, pericardial effusion, intracardiac thrombi, not explained by other conditions)>!426-28,
Terminal 2 was defined as the new onset of myocarditis or heart failure after ICI initiation. Terminal 3 was set
as a combination of a new onset of myocarditis, heart failure, myocardial infarction, cerebral infarction, atrial
fibrillation, and death>?*.

Data collection

Doctors diagnosed the patients according to the International Classification of Diseases 10th Revision (ICD-10)
codes, and all other data, including medication information, were recorded in the electronic medical record
system. Two eligible researchers reviewed the medical records and obtained all information about demographic
and clinical characteristics, medication and anticancer therapy information, clinical diagnosis, and test results
including NT-proBNP, c¢Tnt (Tested by Automated Electrochemiluminescence Immunoassay Analyzer cobas
e 411 from Roche Diagnostics GmbH, high sensitivity Cardiac Troponin T assay kit), and hs-CRP; physical
examination (blood pressure and heart rate); echocardiography diagnosis; and ECG diagnosis before and after
therapy. CAC Agatston scores were calculated by a professional radiologist from the computed tomography
(CT) images recorded before the initiation of immunotherapy using the Philips IntelliSpace Portal software
v12.1%. The following thresholds were selected to define elevated biomarker levels according to the previous
research: NT-proBNP > 125 pg/mL, cTnT > 6 ng/L, hs-CRP >3 mg/L, and CAC> 10 U according to the previous
studies?*??. The ICD-10 coded diagnosis recorded on the first page of the medical records was used to identify
new-onset myocarditis, heart failure, myocardial infarction, cerebral infarction, atrial fibrillation, and death.

Statistical analysis

All the analyses were performed using R v4.1.2 (http://www.R-project.org, The R 121 Foundation). P<0.05
represents statistical significance. Follow-up time was calculated from the day immunotherapy was initiated to
the emergence of 3 terminals of ICICT or last follow-up date, whichever occurred first.

We used the chi-square test for categorical variables and the Kruskal-Wallis test for continuous variables
to compare the baseline characteristics between different score stages. Multivariable Cox proportional hazard
models were constructed to evaluate the independent association between 4 biomarkers (cTnT, NT-proBNP,
hs-CRP, and CAC) and ICICT and to calculate the hazard ratio (HR) with 95% confidence interval (CI). The
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Fig. 1. Flow diagram of the study population.

biomarker score incorporated each of the four biomarkers, with one point for each abnormal biomarker and
a maximum score of 4. The baseline characteristics and risk of ICICT terminals were assessed across four
biomarker score stages: low (score=0-1); medium (score=2), high (score=3), and very high (score=4).
Multivariable Cox proportional hazard models were constructed to evaluate the association between score stages
and ICICT terminals and to calculate the HR with 95% CI. Multivariate models were constructed using serial
adjustments to control for potential confounders. Model 1 included age, sex, smoking, and alcohol use; model
2 included model 1 and total cholesterol (Tc), hypertension (HTN), diabetes mellitus (DM), body mass index
(BMI), ICI cycles, and ICI types; model 3 included model 2, BMI, statin use, and antihypertension agents use. To
examine the reliability of the results, we also adjusted for chemotherapy, radiotherapy, targeted therapy, and the
other 3 biomarkers. We also constructed a weighted score based on the four scores using the following equation:
weighted work score = (B1 X factor 1+p2 X factor 2 +...4+ B4 X factor 4) X (4/sum of the P coeflicients).
The cumulative rates of the composite outcome were calculated and illustrated using the Nelson-Aalen failure
estimator, and the groups were compared using the log-rank test.
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Results

Basic demographic characteristics

A total of 4,503 patients who had undergone immunotherapy between January 2018 and February 2022 were
identified. After filtration, 375 cases were included in our cohort (Fig. 2a). Patients included in this study had
a mean age of 60.3+10.1 years, and 67 (17.9%) were female. The average follow-up duration was 1.91 years.
Detailed basic characteristics can be found in Supplementary Table 1.

Associations of test results with outcomes

All four tests were independently associated with the three Terminals after adjusting for traditional risk factors
(Table 1). For ICICT Terminal 1, the largest hazards were observed for cTnt (HR 2.64, 95% CI: 1.28-4.3), followed
by hs-CRP, CAC, and NT-proBNP. For ICICT Terminal 2, the largest hazards were observed for hs-CRP (HR
3.27, 95% CI: 1.76-6.09), followed by CAC, cTnt, and NT-proBNP. For ICICT Terminal 3, the largest hazards
were observed for hs-CRP (HR 2.06, 95% CI: 1.28-3.34), followed by cTnt, NT-proBNP, and CAC. Detailed
information is provided in Table 1; Fig. 2b. We re-examined the stability of the discrimination and assessment
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Conclusion:
Both scorc stages and biomarkers are associated with ICICT risk. Doctors can use current data to compute risk scores for

patients ready for immunotherapy to calculate their risk of ICICT. These scores can help decide the level of monitoring
required for a cardiotoxicity risk and whether early cardiovascular protection is necessary.

Low cconomic cost
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Fig. 2. Multivariable-adjusted incident ICICT risk of score stages among immunotherapy patients. (a) Patients
and study design. (b) Incident risk of ICICT terminals according to the four biomarkers. (c) Incident risk of
ICICT terminals according to the multimodal clinical risk score. Multivariable model was adjusted for age, sex,
smoking, alcohol use, TC, DM, ICI cycles, ICI types (PD1, PDL1, or both), BMI, Statin use, AHAs use.
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hs-CRP cTnt NT-proBNP CAC

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
ICICT terminal 1
Model 1 | 2.37 (1.51,3.72) | 2.79 (1.68, 4.66) | 2.56 (1.68, 3.92) | 2.10 (1.38, 3.21)
Model 2 | 2.48 (1.56, 3.94) | 2.76 (1.63,4.66) | 1.96 (1.25,3.07) | 1.99 (1.28, 3.11)
Model 3 | 2.35(1.47,3.76) | 2.64 (1.56,4.47) | 1.75(1.12,2.75) | 1.80 (1.13, 2.86)
ICICT terminal 2
Model 1 | 3.03 (1.68, 5.45) | 2.35(1.28,4.3) | 2.79 (1.66, 4.69) | 2.10 (1.25, 3.54)
Model 2 | 3.40 (1.84, 6.27) | 2.38 (1.26,4.5) | 1.94(1.11, 3.38) | 2.02 (1.16, 3.51)
Model 3 | 3.27 (1.76, 6.09) | 2.28 (1.20,4.31) | 1.79 (1.03,3.11) | 1.84 (1.04, 3.26)
ICICT terminal 3
Model 1 | 1.90 (1.21, 3.00) | 2.14 (1.30, 3.54) | 2.89 (1.85,4.52) | 2.04 (1.31, 3.21)
Model 2 | 2.15(1.34,3.45) | 2.13(1.27,3.57) | 2.12(1.32, 3.42) | 2.01 (1.25,3.23)
Model 3 | 2.06 (1.28,3.34) | 2.02 (1.21,3.39) | 1.93 (1.20, 3.12) | 1.82(1.12,2.98)

Table 1. Multivariable-adjusted ICICT risk of four biomarker results. Model 1: Age, sex, smoking, alcohol
use. Model 2: Model 1+ TC, hypertension, DM, ICI cycles, ICI types (PD1, PDL1, or both). Model 3: Model
2+ BMLI, Statin use, AHAs use. ICICT Terminal 1: Cancer therapy-related cardiomyopathies; ICICT Terminal
2: heart failure, myocarditis; ICICT Terminal 3: heart failure, myocarditis, death, stroke, coronary artery
disease, and atrial fibrillation. ICICT immune check-point inhibitors related cardiotoxicity, ICI immune-
checkpoint inhibitors; CAC coronary artery calcium score, cTht cardiac troponin T, hs-CRP high-sensitivity
C-reactive protein, NTpro-BNP N-terminal pro b-type natriuretic peptide, TC total cholesterol, DM diabetes
mellitus, BMI body massive index, AHAs antihypertension agents, Anti-PD] anti-programmed cell death
protein 1, Anti-PDL1 anti-programmed cell death-ligand.

values by further adjusting for the other 3 biomarkers, and each biomarker was also independently associated
with the three Terminals of ICICT (Supplementary Table 4).

Multimodality risk score

Participants were assigned one point for each abnormal test result, yielding an integer score ranging from 0 to 4.
Before the initiation of immunotherapy, 182 (48.53%) patients had a low score stage (score=0-1), 118 (31.47%)
patients had a medium score stage (score=2), 57 (15.2%) patients had a high score stage (score=3), and 18
(4.8%) patients had a very high score stage (score=4). The detailed information is presented in Supplementary
Table 1. ICICT risk was independently associated with our score stages. In multivariable-adjusted Cox analysis,
a significant graded association was observed between score stages and the risk of ICICT among patients,
independent of other potential confounders, with the highest risk noted among patients in the very high
stage (score=4) of all three Terminals. Compared with participants with low score, the multivariate-adjusted
HR for those with a very high score was 7.29 (95% CI: 3.35-15.88) for Terminal 1, 8.83 (95% CI: 3.38-23.07)
for Terminal 2, and 7.02 (95% CI: 2.96-16.66) for Terminal 3 in multivariate-adjusted model. Other details
regarding the association between ICICT and score stage of 3 adjusted models are shown in the Fig. 2¢; Table 2.
Even after further adjustment for other cancer therapies, the association was still stable (Supplementary Table
3). The results did not change remarkably for weighted scores (Supplementary Table 2). The Kaplan-Meier
estimates for the cumulation of incidences also showed that higher stages of score had a higher incidence of
ICICT (Fig. 3), and higher score stages also indicated an earlier onset of ICICT. The Time-dependent Receiver
Operating Characteristic Curve (ROC) analysis for 1-year risk prediction using four biomarkers and score stages
is shown in Supplementary Fig. 1. The area under the ROC curve (AUC) for scores stages are 0.847, 0.854 and
0.816 for ICICT T1, T2 and T3, respectively.

Discussion
In this cohort study, we combined four promising biomarkers to stratify the cardiovascular risk among adults
undergoing immunotherapy. Among included patients under immunotherapy, biomarkers of cTnt, NT-proBNP,
CAC, and hs-CRP were independently associated with higher risk of ICICT, and all of them had a significant
risk assessment value of ICICT (Fig. 2b; Table 2). Additionally, a simple integer score based on the levels of
these biomarkers demonstrated good risk stratification of ICICT and had more significant risk gradients than
the single criteria. The low-scoring stage (score=0-1) had the lowest relative risk of ICICT. In contrast, the
risk of ICICT was considerably higher in patients with high biomarker scores. Compared with the low score
stage (Score=0-1), the very high score stage (score=4) had a 7.29-, 8.83-, and 7.02-fold higher risk (p <0.01)
for ICICT Terminal 1, Terminal 2, and Terminal 3, respectively, in the multivariate-adjusted model (Fig. 2c;
Table 2). The Kaplan-Meier estimates for the cumulation of incidences also showed that higher scores stages
had a higher incidence of ICICT (Fig. 3). A higher score stage was associated with a higher risk of poor cardiac-
related outcomes among patients undergoing immunotherapy.

Previous studies didn’t demonstrate a correlation between 3 (hs-CRP, NT-proBNP, CAC) of our 4 chosen
biomarkers before ICI use and the risk of subsequent ICICT, and current research on the last biomarker, ¢TnT, is
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ICICT terminal 1 | ICICT terminal 2 | ICICT terminal 3

Score HR (95% CI) HR (96% CI) HR (97% CI)

Low=0,1 Ref Ref Ref

Medium=2 | 1.84(1.03,3.28) |1.99(0.99,4.01) | 1.76(0.97,3.18)
Model 1

High=3 526 (2.92,9.47) | 4.93(2.36,103) | 5.04 (2.74,9.29)

Very high=4 | 12.62 (6.09, 26.16) | 16.09 (6.62,39.11) | 11.98 (5.38, 26.67)

Low=0,1 Ref Ref Ref

Medium=2 | 1.96 (1.09, 3.5) 2.15(1.06,4.36) | 1.95(1.07, 3.55)
Model 2

High=3 5.19 (2.80, 9.63) 4.85(2.21, 10.64) 5.23(2.73,10.01)

Very high=4 | 9.08 (4.27,19.32) 11.14 (4.37,28.38) | 9.04 (3.89, 21.02)

Low=0,1 Ref Ref Ref

Medium =2 1.92 (1.07, 3.43) 2.16 (1.06, 4.39) 1.93 (1.06, 3.52)
Model 3

High=3 4.70 (2.52, 8.78) 4.35(1.97,9.59) 4.64 (2.40, 8.98)

Very High=4 | 7.29 (3.35, 15.88) | 8.83(3.38,23.07) 7.02 (2.96, 16.66)

Table 2. Multivariate-adjusted model of the association between four score stages and ICICT terminals. Model
1: Age, sex, smoking, alcohol use. Model 2: Model 1+ TC, hypertension, DM, ICI cycles, ICI types (Anti-PD1,
Anti-PDLL1, or both). Model 3: Model 2+ BM], tatin use, AHAs use. ICICT Terminal 1: Cancer therapy-related
cardiomyopathies; ICICT Terminal 2: heart failure, myocarditis; ICICT Terminal 3: heart failure, myocarditis,
death, stroke, coronary artery disease, and atrial fibrillation. ICICT immune check-point inhibitors related
cardiotoxicity, ICI immune-checkpoint inhibitors, CAC coronary artery calcium score, cTnt cardiac troponin
T, hs-CRP high-sensitivity C-reactive protein, NTpro-BNP N-terminal pro b-type natriuretic peptide, TC total
cholesterol, DM diabetes mellitus, BMI body massive index, AHAs antihypertension agents, Anti-PD1 anti-
programmed cell death protein 1, Anti-PDLI anti-programmed cell death-ligand.

also insufficient; however, similar previous studies support our research findings. CRP and hs-CRP are essential
cardiovascular biomarkers used for assessing cardiovascular disease risks?>?!?%-%, They are inflammatory
indicators associated with immune-related diseases®*~*. Previously, livanainen et al. and Ried! et al. found
that elevated CRP or hs-CRP levels indicated poor progression-free and overall survival in patients receiving
immunotherapy®*%. Isik et al. suggested that elevated serum CRP levels help differentiate acute kidney injury
due to ICI from other causes®. cTnt is regarded as the most important and effective indicators of myocardial
injury>?%21, Kitayama et al. found that the Tnt assay could be used to assess anthracycline- and trastuzumab-
induced cardiotoxicity in patients with breast cancer®”. Lehmann et al. showed that cTnt is associated with major
adverse cardiovascular events in patients with ICI myocarditis'®. The only study examining the assessment
value of cTnt for ICICT prior to immunotherapy was conducted by Petricciuolo et al., who found that baseline
hs-Tnt could predict cardiovascular outcomes and cardiac progression through a sample of only 30 cases'.
BNP/NT-proBNP is another traditional cardiac biomarker used to detect cancer therapy-related cardiovascular
toxicity (CTR-CVT)*1620:2138 Bouwer et al. found that elevated BNP/NT-proBNP levels were associated with
a higher risk of trastuzumab-induced cardiotoxicity®. Skovgaard et al. found that BNP levels could assess
cardiotoxicity and overall death in patients with cancer receiving cardiotoxic chemotherapy*’. A meta-analysis
by Michel et al. suggested the reverse idea. Their result does not suggest that NT-proBNP is a marker of cancer
therapy-related cardiotoxicity*!. This study primarily paid attention to the rise in NT-proBNP levels and left
ventricular dysfunction post-cancer therapy, without other cardiotoxicity types, noting a lack of research on
immunotherapy. CAC is a crucial marker for cardiovascular risk evaluation, demonstrated by earlier extensive
cohort studies like the Multi-Ethnic Study of Atherosclerosis (MESA), Heinz Nixdorf Recall (HNR), and
Coronary Artery Risk Development in Young Adults (CARDIA). It not only strongly predicts cardiovascular
risk but also provides additional value beyond conventional risk factors, showing significant hazard ratios for
cardiovascular events®**2 In cardio-oncology, Mascalchi et al. and Phillips et al. found a significant association
between CAC and higher cardiovascular mortality and events risk in cancer patients***%. Overall, our study is
the first to demonstrate that the elevation of three (hs-CRP, NT-proBNP, and CAC) in our 4 chosen biomarkers
before ICI initiation are strongly associated with a higher risk of ICICT later. Additionally, our study reassessed
the risk assessment value of the remaining biomarker (cTnt) in a larger sample size.

Using a single indicator for risk prediction is often inadequate. Therefore, additional biomarkers are widely
recommended in the clinical guidelines. The JCS 2023 guidelines for the myocarditis recommend inflammatory
markers, myocardial injury markers, heart failure markers, and other tests to discriminate myocarditis®!. Cardio-
oncology guidelines also recommend NT-proBNP (or BNP), cTnt, ECG, and other criteria as risk factors for
CTR-CVT?. However, these articles did not evaluate combinations of tests, and previous studies by de Lemos et
al. and Pandey et al. have already substantiated the benefits of employing a multimodality testing approach with
these biomarkers for specific individuals seeking additional risk stratification???3. hs-CRP, cTnt, NT-proBNP,
and CAC cover various pathological cardiac processes, such as atherosclerosis, neurohormonal activation,
cardiomyocyte injury, and inflammation. These processes may involve multiple mechanisms that, when acting
together, can synergistically amplify the risk of ICICT. Therefore, using these tests jointly as a multifaceted
scoring strategy to assess the risk of ICICT shows promising potential.
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Fig. 3. Kaplan Meir estimates for the cumulation of ICICT incidence events. (a) ICICT Terminal 1
(cardiomyopathies); (b) ICICT Terminal 2 (heart failure, myocarditis); (¢) ICICT Terminal 3 (heart failure,
myocarditis, death, stroke, coronary artery disease, atrial fibrillation). ICICT immune check-point inhibitors
related cardiotoxicity.

To the best of our knowledge, this study is the first to use cTnt, hs-CRP, NT-proBNP, and CAC before the
initiation of ICI to jointly create a multifaceted scoring strategy with more significant risk gradients than single
criteria. Furthermore, this study is the first to reveal that the 3 (hs-CRP, NT-proBNP, and CAC) of our 4 chosen
biomarkers measured before immunotherapy are strongly associated with a higher risk of subsequent ICICT.
Additionally, our study reassessed the risk assessment value of the remaining biomarker (cTnt) in a larger
sample size. Importantly, previous studies of ICI in cardiovascular disease typically consider a small amount of
cardiotoxicity, such as CTRCD, myocarditis, and cardiac death, while the ICICT extends beyond them, and our
study paid attention to the hazardous effect of ICI on the broader spectrum of other cardiovascular complications
such as myocardial infarction, arrhythmia, and stroke, providing an excess cardiovascular risk in a wider range
of cardiovascular diseases among patients using ICI.

Our study found the elevation of NT-proBNP, cTnt, hs-CRP, CAC and the higher scoring stages before
the initiation of immunotherapy is related to the higher risk of subsequent ICICT of all three terminals. All
four biomarkers are convenient, inexpensive, and clinically feasible. They do not add any difficulty to clinical
practice. Doctors can easily calculate the risk scores for patients who are about to receive immunotherapy using
the existing data and assess the subsequent risk ICICT. Based on the scores and grading, they can determine
whether it is necessary to pay closer attention to the patient’s cardiac condition and provide early cardiovascular
protection if needed.

Limitation

First, it was a retrospective cohort study and bias is inevitable. Therefore, further studies are warranted. Second,
biomarkers were evaluated once before immunotherapy without considering the impact of fluctuating biomarker
levels after immunotherapy on ICICT risk. However, single biomarker score assessment is a straightforward and
practical method for risk stratification. Third, the scores utilized categorical rather than continuous measures,
may overlooking critical information at the distribution tails. However, this categorical method simplifies the
usage and is potentially more amenable to adoption. Fourth, even CAC scoring can be calculated by the previous
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non-contrast, non-cardiac CT scans, and various methods, such as Agatston scoring, ordinal scoring, and even
visual estimation, can effectively assess the degree of coronary artery calcification, which make it easy to access
in clinical practice?’, not enough attention has been paid to CAC testing and it is not yet implemented in routine
clinical work, which might influence the clinical use of our research. Therefore, more attention should be paid to
CAC by clinicians as the guidelines suggests. Fifth, the established cardiovascular diseases are also the important
risk factors of ICICT, which may additionally increase the risk of ICICT. Therefore, attention should be paid to
this group of patients in the future research. Additionally, because our study excluded patients with established
cardiovascular diseases that could lead to the outcomes, or those that are part of our outcomes, to avoid
confounding factors and ensure that the cardiotoxicity is as closely related to ICI as possible, the cutoffs for the
biomarkers in this study may not be applicable to a cohort that includes patients with established cardiovascular
diseases.

Conclusions

Among patients who underwent immunotherapy, our study found that four biomarkers (cTnT, hs-CRP, NT-
proBNP, and CAC) are associated with a higher risk of ICICT before the initiation of ICI therapy, with the
elevation of three (All except cTnt) being reported for the first time. Our study first used a biomarker-based
integer risk-scoring strategy with these four tests before immunotherapy to assess the risk of ICICT and paid
attention to the hazardous effect of ICI on a broader spectrum of other cardiovascular complications compared
to previous studies. Patients with a higher biomarker score before immunotherapy have a higher risk of ICICT
in real world.

Data availability
The study’s datasets are not public due to privacy and ethical reasons but can be requested from the correspond-
ing author.

Received: 19 February 2024; Accepted: 16 October 2024
Published online: 22 October 2024

References

1. Siegel, R. L. et al. Cancer statistics, 2023. CA Cancer J. Clin. 73, 17-48 (2023).

2. Lyon, A. R. et al. 2022 ESC guidelines on cardio-oncology developed in collaboration with the European Hematology Association
(EHA), the European Society for Therapeutic Radiology and Oncology (ESTRO) and the International Cardio-Oncology Society
(IC-0S). Eur. Heart J. 43, 4229-4361 (2022).

3. Miller, K. D. et al. Cancer treatment and survivorship statistics, 2022. CA Cancer J. Clin. 72, 409-436 (2022).

4. Pituskin, E. et al. Cardio-oncology and cancer rehabilitation: is an integrated approach possible? Can. J. Cardiol. 39, S315-S322
(2023).

5. Ribas, A. & Wolchok, J. D. Cancer immunotherapy using checkpoint blockade. Science 359, 1350-1355 (2018).

6. Carlino, M. S., Larkin, J. & Long, G. V. Immune checkpoint inhibitors in melanoma. Lancet 398, 1002-1014 (2021).

7. Li, S. et al. Programmed death-ligand 2 deficiency exacerbates experimental autoimmune myocarditis in mice. Int. J. Mol. Sci. 22,
1(2021).

8. Moslehi, J. et al. Immune checkpoint inhibitor-associated myocarditis: manifestations and mechanisms. J. Clin. Investig. 131, 1
(2021).

9. Zhang, C. et al. Real-world cardiovascular toxicity of immune checkpoint inhibitors in cancer patients: a retrospective controlled
cohort study. Am. J. Cancer Res. 11, 6074-6085 (2021).

10. Awadalla, M. et al. Influenza vaccination and myocarditis among patients receiving immune checkpoint inhibitors. . Immunother.
Cancer 7, 53 (2019).

11. Neilan, T. G. et al. Myocarditis associated with immune checkpoint inhibitors: an expert consensus on data gaps and a call to
action. Oncologist 23, 874-878 (2018).

12. Sussman, T. A. et al. Incidence of thromboembolism in patients with melanoma on immune checkpoint inhibitor therapy and its
adverse association with survival. J. Immunother. Cancer 9, 1 (2021).

13. Hu, J. R. et al. Cardiovascular toxicities associated with immune checkpoint inhibitors. Cardiovasc. Res. 115, 854-868 (2019).

14. Herrmann, J. Adverse cardiac effects of cancer therapies: cardiotoxicity and arrhythmia. Nat. Rev. Cardiol. 17, 474-502 (2020).

15. Petricciuolo, S. et al. Pre-treatment high-sensitivity troponin T for the short-term prediction of cardiac outcomes in patients on
immune checkpoint inhibitors. Eur. J. Clin. Investig. 51, €13400 (2021).

16. Xiao, H. et al. Advances in biomarkers for detecting early cancer treatment-related cardiac dysfunction. Front. Cardiovasc. Med. 8,
753313 (2021).

17. Velusamy, R. et al. Screening for coronary artery disease in cancer survivors. JACC CardioOncol. 5, 22-38 (2023).

18. Xie, X. et al. Multi-organ immune-related adverse event is a risk factor of immune checkpoint inhibitor-associated myocarditis in
cancer patients: a multi-center study. Front. Immunol. 13, 879900 (2022).

19. Lehmann, L. H. et al. Cardiomuscular biomarkers in the diagnosis and prognostication of immune checkpoint inhibitor
myocarditis. Circulation 148, 473-486 (2023).

20. McDonagh, T. A. et al. 2021 ESC guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 42,
3599-3726 (2021).

21. Nagai, T. et al. JCS 2023 guideline on the diagnosis and treatment of myocarditis. Circ. J. 87, 674-754 (2023).

22. Pandey, A. et al. Biomarker-based risk prediction of incident heart failure in pre-diabetes and diabetes. JACC Heart Fail. 9,215-223
(2021).

23. de Lemos, J. A. et al. Multimodality strategy for cardiovascular risk assessment: performance in 2 population-based cohorts.
Circulation 135, 2119-2132 (2017).

24. Zhang, C. et al. Incidence of adverse cardiovascular events associated with immune checkpoint inhibitors and risk factors for left
ventricular dysfunction: a single-center prospective clinical study. Front. Cardiovasc. Med. 10, 1052699 (2023).

25. Laenens, D. et al. Incidence of cardiovascular events in patients treated with immune checkpoint inhibitors. J. Clin. Oncol. 40,
3430-3438 (2022).

26. Delombaerde, D. et al. Extensive cardiovascular characterization and follow-up of patients receiving immune checkpoint
inhibitors: a prospective multicenter study. Pharmaceuticals (Basel) 16, 1 (2023).

Scientific Reports |

(2024) 14:24821 | https://doi.org/10.1038/s41598-024-76829-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

27. Ros, J. et al. Advances in immune checkpoint inhibitor combination strategies for microsatellite stable colorectal cancer. Front.
Oncol. 13, 1112276 (2023).

28. Thompson, J. A. et al. NCCN guidelines insights: management of immunotherapy-related toxicities, version 1.2020. J. Natl. Compr.
Cancer Netw. 18, 230-241 (2020).

29. Hecht, H. S. et al. 2016 SCCT/STR guidelines for coronary artery calcium scoring of noncontrast noncardiac chest CT scans: a
report of the Society of Cardiovascular Computed Tomography and society of thoracic Radiology. J. Cardiovasc. Comput. Tomogr.
11, 74-84 (2017).

30. Yu, N. etal. Circulating metabolomic signature in generalized pustular psoriasis blunts monocyte hyperinflammation by triggering
amino acid response. Front. Immunol. 12, 739514 (2021).

31. Shen, Y. et al. Relationship between the dynamic changes of serum 2019-nCoV IgM/IgG and patient immunity after 6 month
hospital discharge. Inflamm. Res. 70, 241-247 (2021).

32. Zhang, L. et al. Accurate quantification of disease markers in human serum using iron oxide nanoparticle-linked immunosorbent
assay. Theranostics 6, 1353-1361 (2016).

33. Hayes, J. E et al. Childhood interleukin-6, C-reactive protein and atopic disorders as risk factors for hypomanic symptoms in
young adulthood: a longitudinal birth cohort study. Psychol. Med. 47, 23-33 (2017).

34. Iivanainen, S. et al. Elevated CRP levels indicate poor progression-free and overall survival on cancer patients treated with PD-1
inhibitors. ESMO Open 4, €000531 (2019).

35. Riedl, J. M. et al. C-reactive protein (CRP) levels in immune checkpoint inhibitor response and progression in advanced non-small
cell lung cancer: a bi-center study. Cancers (Basel) 12 (2020).

36. Isik, B. et al. Biomarkers, clinical features, and rechallenge for immune checkpoint inhibitor renal immune-related adverse events.
Kidney Int. Rep. 6,1022-1031 (2021).

37. Kitayama, H. et al. High-sensitive troponin T assay can predict anthracycline- and trastuzumab-induced cardiotoxicity in breast
cancer patients. Breast Cancer 24, 774-782 (2017).

38. Bracun, V. et al. Cardiac biomarkers in patients with cancer: considerations, clinical implications, and future avenues. Curr. Oncol.
Rep. 22, 67 (2020).

39. Palumbo, I. et al. Brain natriuretic peptide as a cardiac marker of transient radiotherapy-related damage in left-sided breast cancer
patients: a prospective study. Breast 25, 45-50 (2016).

40. Skovgaard, D., Hasbak, P. & Kjaer, A. BNP predicts chemotherapy-related cardiotoxicity and death: comparison with gated
equilibrium radionuclide ventriculography. PLoS ONE 9, €96736 (2014).

41. Michel, L. et al. Troponins and brain natriuretic peptides for the prediction of cardiotoxicity in cancer patients: a meta-analysis.
Eur. J. Heart Fail. 22, 350-361 (2020).

42. Greenland, P. et al. Coronary calcium score and cardiovascular risk. J. Am. Coll. Cardiol. 72, 434-447 (2018).

43. Mascalchi, M. et al. Moderate-severe coronary calcification predicts long-term cardiovascular death in CT lung cancer screening:
the ITALUNG trial. Eur. J. Radiol. 145, 110040 (2021).

44. Phillips, W. J. et al. Comparison of Framingham risk score and chest-CT identified coronary artery calcification in breast cancer
patients to predict cardiovascular events. Int. J. Cardiol. 289, 138-143 (2019).

Acknowledgements

Thanks to Dr. Kanghua Lu, Dr. Zhilan Lu, Mr. Xinwu Chen and the whole research group of professor Zhong
Zuo for helping with this study. Thanks to all clinicians in The 1st affiliated hospital of CQMU for medical data
recording.

Author contributions

Z.C. and R.L. led this study, conducted data collection and processing, wrote the manuscript, conducted statis-
tical analysis, and drew tables, figures. T.R. assist data collecting and manuscript submission. W.L. and M.M.
assisted data collection and processing. L.T. conducted the CT image collection and CAC scoring. C.Z., Y.Z. and
D.G. edited the manuscript before submission and provided consultations. Z.Z. conceived and designed this
study and revised the manuscript and provided consultations. All authors have read and agreed to the published
version of the manuscript.

Fundin

The studyg was carried out in accordance with the Declaration of Helsinki, approved by the Ethics Committee
of the Chongqing Medical University, ethics number: 2022-31. ZZ is supported by Chongqing Medical Scien-
tific Research project (Joint project of Chongqing Health Commission and Science and Technology Bureau)
(N0.2023ZDXM011) and CQMU Program for Youth Innovation in Future Medicine (No. W0188); DSG is sup-
ported by National Natural Science Foundation of China (No. 81701384) and Municipal Education Commission
(No.KJQN202100462).

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-024-76829-5.

Correspondence and requests for materials should be addressed to Z.Z.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:24821 | https://doi.org/10.1038/s41598-024-76829-5 nature portfolio


https://doi.org/10.1038/s41598-024-76829-5
https://doi.org/10.1038/s41598-024-76829-5
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:24821 | https://doi.org/10.1038/s41598-024-76829-5 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿A multimodality score strategy for assessing the risk of immune checkpoint inhibitors related cardiotoxicity
	﻿Methods
	﻿Study population
	﻿Study endpoints
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Basic demographic characteristics
	﻿Associations of test results with outcomes
	﻿Multimodality risk score

	﻿Discussion
	﻿Limitation

	﻿Conclusions
	﻿References


