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A B S T R A C T   

We sought to clarify the incidence of major adverse cardiac events (MACE) after the initiation of 
immune checkpoint inhibitors (ICIs). We analyzed the JMDC Claims Database between 2005 and 
2021. The study included 2972 patients with no history of cardiovascular disease and a pre-
scription for an ICI. The primary outcome was the incidence of MACE, including myocarditis, 
pericarditis, Takotsubo cardiomyopathy, atrio-ventricular block, heart failure, myocardial 
infarction, and stroke. The median age of study participants was 59 (Q1-Q3 53–65) years, and 
2163 participants (72.8%) were male. Lung cancer was the most common cancer site (n = 1603). 
Among ICIs, programmed cell death-1 (PD-1) was most frequently used, and a combination ICI 
treatment was conducted in 110 patients (3.7%). During a mean follow-up of 358 ± 327 days, 
419 MACE events were recorded. The incidence rate of myocarditis, pericarditis, Takotsubo 
cardiomyopathy, atrio-ventricular block, heart failure, myocardial infarction, and stroke was 3.4, 
142.3, 10.3, 17.2, 1191.2, 55.2, and 278.5 per 10,000 person-years, respectively. The incidence of 
cardiovascular events was higher within 180 days after the initial prescription of ICI. The 
continuation rate of ICI after MACE was 38.4%. In conclusion, our analysis of a nationwide 
epidemiological dataset demonstrated the incidence of MACE after the initiation of ICI treatment. 
The incidence of heart failure was higher than expected, and the continuation rate of ICI treat-
ment after MACE was low. Our results indicated the importance of monitoring and prevention of 
cardiovascular events in cancer patients requiring ICI treatment.   
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1. Introduction 

Immune checkpoint inhibitors (ICIs) can lead to immune-related adverse events (irAEs) which could occasionally have fatal 
consequences [1–5]. Major adverse cardiac events (MACEs) associated with ICIs are uncommon (1%), but they have numerous effects 
on the cardiovascular system. Myocarditis, congestive heart failure (HF), pericarditis, and arrhythmias are the main components of 
ICI-MACE, and ICI-MACE may potentially pose a life-threatening situation. For example, fulminant myocarditis which typically occurs 
within one month after the initiation of ICIs, is reported to be fatal in 25–50% of cases [6–8]. Despite its clinical significance, there have 
been scarce data on the incidence of ICI-MACE using a large-scale epidemiological dataset. Because patients requiring ICI treatment are 
those with advanced cancer, accurate assessment of the incidence of cardiovascular complications is practically difficult due to loss of 
follow-up or transfer of physicians. Japan has a universal health insurance system, and therefore, all medical records or procedures 
which are conducted under this insurance system are theoretically obtained from administrative claims data. From this point of view, 
utilizing the insurance database in Japan would be an ideal way to accurately assess the incidence of cardiovascular events following 
ICI treatment. Herein, we sought to uncover the incidence of cardiovascular disease (CVD) adverse events after the initial prescription 
of ICIs using the JMDC Claims Database which is a nationwide claims dataset in Japan. 

2. Methods 

2.1. Study design and population 

We performed this retrospective cohort study using the JMDC Claims Database (JMDC Inc., Tokyo, Japan), an administrative 
claims database, between January 2005 and April 2021 [9–11]. The JMDC Claims Database includes administrative claims data 
recorded using the International Classification of Diseases, 10th Revision (ICD-10) coding. This database is available for purchase from 
JMDC Inc. (https://www.jmdc.co.jp/en/). We extracted individuals who were treated using ICIs (nivolumab [WHO-ATC codes: 
L01XC17], pembrolizumab [WHO-ATC codes: L01XC18], ipilimumab [WHO-ATC codes: L01XC11], durvalumab [WHO-ATC codes: 
L01XC28], avelumab [WHO-ATC codes: L01XC31], atezolizumab [WHO-ATC codes: L01XC32]). We excluded 851 individuals with 
prior history of CVD (myocarditis, pericarditis, Takotsubo cardiomyopathy, atrioventricular [AV] block, HF, myocardial infarction 
[MI], and stroke) based on the ICD-10 codes. Finally, 2972 individuals were analyzed in the present study. 

2.2. Ethics 

The Ethical Committee of the University of Tokyo approved the present study (number: 2018–10862), which was conducted in 
accordance with the Declaration of Helsinki. Since all data included in the JMDC Claims Database were anonymized and de-identified, 
the requirement for informed consent was waived. 

2.3. Measurements 

From the JMDC Claims data, we obtained the diagnosis of following malignant neoplasms: malignant melanoma (ICD-10 codes: 
C43), lung cancer (ICD-10 codes: C34), renal cell cancer (ICD-10 codes: C64), Hodgkin lymphoma (ICD-10 codes: C81), head and neck 
cancer (ICD-10 codes: C00–13, C30–33, C432, and C442), stomach cancer (ICD-10 codes: C16), esophagus cancer (ICD-10 codes: C15), 
colorectal cancer (ICD-10 codes: C18-20), urothelial cancer (ICD-10 codes: C65-68), malignant neoplasm without specification of site 
(ICD-10 codes: C80), Merkel cell carcinoma (ICD-10 codes: C44), breast cancer (ICD-10 codes: C50), liver cancer (ICD-10 codes: C22), 
and corpus uteri cancer (ICD-10 codes: C54). ICIs were approved for the treatment of these malignant neoplasms in the Japanese 
healthcare setting. Furthermore, we collected data on blood pressure-, glucose-, and lipid-lowering medications according to the WHO- 
ATC codes. 

2.4. Outcomes 

The primary outcome was the incidence of MACEs, including myocarditis (ICD-10 codes: I40-41), pericarditis (ICD-10 codes: I30- 
32), Takotsubo cardiomyopathy (ICD-10 codes: I518), AV block (ICD-10 codes: I44-45), HF (ICD-10 codes: I500, I501, I509, and I110), 
MI (ICD-10 codes: I210–I214 and I219), and stroke (ICD-10 codes: I630, I631–I636, I638, I639, I600–I611, I613–I616, I619, I629, and 
G459). The secondary outcome was separately defined as myocarditis, pericarditis, Takotsubo cardiomyopathy, AV block, HF, MI, and 
stroke. We followed study participants from the date of the initial ICI prescription to death, leaving insurance coverage, or study end 
date (April 2021). 

2.5. Statistical procedure 

Clinical characteristics at the prescription date of ICIs were presented as numbers (percentages) or medians (interquartile ranges) as 
appropriate. We calculated the incidence rate by dividing the number of cases by person-years of follow-up period. The incidence rate 
of cardiovascular events was presented as per 10,000 person-years. We divided individuals into two groups according to the incident of 
MACEs. Clinical characteristics at the prescription date of ICIs between the two groups were compared using the chi-square or Wil-
coxon rank-sum test. A multivariable Cox proportional hazard regression model was used to examine the predictors of MACE. We 
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described the prescription rate of diuretics (WHO-ATC codes: C03AA, C03CA, and C03CB), renin-angiotensin system-inhibitors (WHO- 
ATC codes: C09), and beta-blockers (WHO-ATC codes: C07) in patients developing HF. Statistical significance was set at a p-value 
<0.05. All statistical analyses were conducted using STATA version 17 (StataCorp LLC, College Station, TX, USA). 

3. Results 

3.1. Clinical characteristics 

Clinical characteristics were presented in Table 1. The median age of study participants was 59 (Q1-Q3 53–65) years, and 2163 
participants (72.8%) were male. Lung cancer was the most common cancer site (n = 1603), followed by stomach cancer (n = 469), 
malignant neoplasm without specification of site (n = 299), head and neck cancer (n = 295), and renal cell cancer (n = 261). Among 
ICIs, programmed cell death-1 (PD-1) was most frequently used (n = 2274), and a combination ICI treatment was conducted in 110 
patients. A total of 581 individuals died during the follow-up period. The loss to follow-up, defined as leaving insurance coverage 
before April 2021, was observed in 1118 individuals. 

3.2. Cardiovascular events 

The number and incidence rate of MACE were summarized in Table 2. During a mean follow-up of 358 ± 327 days, 419 MACE 
events were recorded (1583.9 [1439.2–1743.0] per 10,000 person-years). The incidence rate of myocarditis, pericarditis, Takotsubo 
cardiomyopathy, AV block, HF, MI, and stroke was 3.4 (0.5–24.4), 142.3 (104.8–193.3), 10.3 (3.3–32.0), 17.2 (7.2–41.4), 1191.2 
(1068.0–1328.7), 55.2 (33.8–90.1), 278.5 (223.7–346.7) per 10,000 person-years, respectively. The incidence rate of MACE within 
30/90/180/365 days was 4389.5 (3625.3–5314.8), 2760.1 (2387.8–3190.4), 2323.5 (2060.4–2620.2), and 1956.2 (1761.9–2172.0) 
per 10,000 person-years, respectively. The incidence of cardiovascular events was higher within 180 days after the initial prescription 
of ICI than after 180 days. During an observational period, 322 HF events were recorded. Among them, diuretics, renin-angiotensin 
system inhibitors, and beta-blockers were prescribed in 89, 36, and 37 patients within two months after the diagnosis of HF. 

Table 1 
Clinical characteristics.   

Overall (n = 2972) 

Age, years 59 (53–65) 
Men, n (%) 2163 (72.8) 
Malignant Neoplasms 
Malignant Melanoma, n (%) 122 (4.1) 
Lung Cancer, n (%) 1603 (53.9) 
Renal Cell Cancer, n (%) 261 (8.8) 
Hodgkin Lymphoma, n (%) 8 (0.3) 
Head and Neck Cancer, n (%) 295 (9.9) 
Stomach Cancer, n (%) 469 (15.8) 
Esophagus Cancer, n (%) 184 (6.2) 
Colorectal Cancer, n (%) 105 (3.5) 
Urothelial Cancer, n (%) 173 (5.8) 
Malignant Neoplasm without Specification of Site, n (%) 299 (10.1) 
Merkel Cell Carcinoma, n (%) 32 (1.1) 
Breast Cancer, n (%) 79 (2.7) 
Liver Cancer, n (%) 88 (3.0) 
Corpus Uteri Cancer, n (%) 27 (0.9) 
Number of Cancers 
Single, n (%) 2284 (76.9) 
Double, n (%) 560 (18.8) 
Triple, n (%) 111 (3.7) 
Unknown, n (%) 17 (0.6) 
Medication 
Renin-angiotensin System Inhibitors, n (%) 485 (16.3) 
Beta-blockers, n (%) 91 (3.1) 
Glucose-lowering Medications, n (%) 298 (10.0) 
Lipid-lowering Medications, n (%) 321 (10.8) 
The type of Immune Checkpoint Inhibitor 
PD-1 2274 (76.5) 
CTLA-4 4 (0.1) 
PD-L1 584 (19.7) 
Combination 110 (3.7) 

Data are expressed as median (interquartile range) or number (percentage). PD-1 = programmed 
cell death-1. CTLA-4 = cytotoxic T lymphocyte-associated protein-4. PD-L1 = programmed cell 
death ligand 1. 
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Table 2 
Number and incidence rate of cardiovascular events.   

Overall follow-up 
period (n = 2972) 

Within 30 days of 
initial prescription 

Within 90 days of 
initial prescription 

Within 180 days of 
initial prescription 

Within 365 days of 
initial prescription 

After 180 days from 
initial prescription 

Major adverse cardiac events 
Events 419 (14.1) 105 183 266 351 153 
Incidence 

Rate 
1583.9 
(1439.2–1743.0) 

4389.5 
(3625.3–5314.8) 

2760.1 
(2387.8–3190.4) 

2323.5 
(2060.4–2620.2) 

1956.2 
(1761.9–2172.0) 

1019.6 
(870.2–1194.6) 

Myocarditis 
Number of 

Events 
1 (0.0) 0 0 1 1 0 

Incidence 
Rate 

3.4 (0.5–24.4) 0 0 8.3 (1.2–58.7) 5.2 (0.7–36.8) 0 

Pericarditis 
Number of 

Events 
41 (1.4) 8 11 23 29 18 

Incidence 
Rate 

142.3 (104.8–193.3) 328.5 (164.3–656.9) 159.9 (88.6–288.8) 190.8 (126.8–287.1) 151.1 (105.0–217.5) 107.4 (67.7–170.5) 

Takotsubo cardiomyopathy 
Number of 

Events 
3 (0.1) 0 1 2 3 1 

Incidence 
Rate 

10.3 (3.3–32.0) 0 14.5 (2.0–103.0) 16.5 (4.1–66.1) 15.5 (5.0–48.2) 5.9 (0.8–41.8) 

Atrioventricular block 
Number of 

Events 
5 (0.2) 1 1 3 3 2 

Incidence 
Rate 

17.2 (7.2–41.4) 41.0 (5.8–291.3) 14.5 (2.0–103.0) 24.8 (8.0–76.9) 15.6 (5.0–48.2) 11.8 (3.0–47.2) 

Heart failure 
Number of 

Events 
322 (10.8) 87 146 200 270 122 

Incidence 
Rate 

1191.2 
(1068.0–1328.7) 

3626.6 
(2939.3–4474.7) 

2185.4 
(1858.2–2570.3) 

1725.4 
(1502.1–1981.9) 

1480.2 
(1313.8–1667.8) 

790.2 
(661.7–943.6) 

Myocardial infarction 
Number of 

Events 
16 (0.5) 2 7 10 14 6 

Incidence 
Rate 

55.2 (33.8–90.1) 82.1 (20.5–328.2) 101.7 (48.5–213.3) 82.8 (44.6–153.9) 72.7 (43.1–122.8) 35.5 (16.0–79.0) 

Stroke 
Number of 

Events 
80 (2.7) 15 30 50 64 30 

Incidence 
Rate 

278.5 (223.7–346.7) 616.7 
(371.8–1022.9) 

437.6 (305.9–625.8) 416.7 (315.8–549.8) 335.0 (262.2–428.0) 179.3 
(125.4–256.5) 

The incidence rate was per 10,000 person-years.  

Table 3 
Number of continuations of immune checkpoint inhibitors.   

Patients treated with ICI between two months prior to the onset of 
MACE 

Patients who were re-prescribed ICI within two months after the onset of 
MACE 

MACE 
Number 164 63 (38.4) 

Myocarditis 
Number 1 0 (0.0) 

Pericarditis 
Number 19 6 (31.6) 

Takotsubo cardiomyopathy 
Number 3 0 (0.0) 

Atrioventricular block 
Number 3 1 (33.3) 

Heart failure 
Number 145 58 (40.0) 

Myocardial infarction 
Number 4 0 (0.0) 

Stroke 
Number 2 1 (50.0) 

Data are expressed as number (percentage). Some events were recorded on the same day. Therefore, the sum of each component exceeds the number 
of MACEs (n = 164). ICI = immune-checkpoint inhibitor. MACE = major adverse cardiac event. 
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3.3. Prescription rate of ICI after the onset of MACE 

Given the standard cancer treatment regimen using the ICIs in Japan, we extracted 164 patients treated with ICI between two 
months prior to MACE onset and MACE onset. Among them, 63 patients (38.4%) were re-prescribed ICI within two months after the 
onset of MACE. No patients were re-prescribed ICI within two months after the onset of myocarditis, Takotsubo cardiomyopathy or 
myocardial infarction, whereas 31.6% and 40.0% of patients were re-prescribed ICI within two months after the onset of pericarditis 
and HF, respectively (Table 3). 

3.4. Characteristics of patients with and without MACE 

Median age and sex were not different between patients with and without MACE. Lung cancer was more common in patients with 
MACE than those without MACE. The prescription status of ICI was similar between patients with and without MACE (Table 4). In the 
multivariable Cox model, the hazard ratio (95% confidence interval) for MACE was 0.86 (95% CI, 0.65–1.14) and 1.14 (95% CI, 
0.64–2.04) for use of renin-angiotensin system inhibitors and use of beta-blockers (Table 5). 

4. Discussion 

Our analysis of a nationwide administrative claims dataset including approximately three thousand cancer patients treated with ICI 
showed that the incidence of HF was higher than expected and the most cardiovascular events occurred within 180 days after the 
initiation of ICI treatment. The re-prescription rate of ICI after the onset of cardiovascular events was relatively low. To the best of our 
knowledge, this is the first study demonstrating the incidence of CVD events among cancer patients requiring ICI treatment using a 
large-scale epidemiological database. 

Preceding registry data showed the characteristics of patients treated with ICI [12,13]. Compared with these data, patients included 
in this study were relatively younger, which may be due to the nature of this database. The JMDC Claims Database primarily includes 
working-age population and does not include people aged ≥75 years. We need to recognize this point when we interpret the results of 
the present study. On the other hand, sex, the distribution of cancer sites (mainly lung cancers), and ICI regimen in this study were 
concordant with other data including cancer patients treated with ICI in Japan. In Europe and the United States, PD-1+CTLA4 

Table 4 
Clinical characteristics according to the major adverse cardiac events.   

Major adverse cardiac events (− ) (n = 2553) Major adverse cardiac events (+) (n = 419) P value 

Age, years 59 (53–65) 60 (52–65) 0.81 
Men, n (%) 1853 (72.6) 310 (74.0) 0.55 
Malignant neoplasms 
Malignant melanoma, n (%) 97 (3.8) 25 (6.0) 0.038 
Lung cancer, n (%) 1335 (52.3) 268 (64.0) <0.001 
Renal cell cancer, n (%) 231 (9.0) 30 (7.2) 0.21 
Hodgkin lymphoma, n (%) 6 (0.2) 2 (0.5) 0.37 
Head and neck cancer, n (%) 263 (10.3) 32 (7.6) 0.091 
Stomach cancer, n (%) 415 (16.3) 54 (12.9) 0.08 
Esophagus cancer, n (%) 161 (6.3) 23 (5.5) 0.52 
Colorectal cancer, n (%) 87 (3.4) 18 (4.3) 0.36 
Urothelial cancer, n (%) 154 (6.0) 19 (4.5) 0.22 
Malignant neoplasm without specification of site, n (%) 254 (9.9) 45 (10.7) 0.62 
Merkel cell carcinoma, n (%) 26 (1.0) 6 (1.4) 0.45 
Breast cancer, n (%) 71 (2.8) 8 (1.9) 0.3 
Liver cancer, n (%) 80 (3.1) 8 (1.9) 0.17 
Corpus uteri cancer, n (%) 25 (1.0) 2 (0.5) 0.32 
Number of cancers 
Single, n (%) 1969 (77.1) 315 (75.2) 0.51 
Double, n (%) 476 (18.6) 84 (20.0)  
Triple, n (%) 92 (3.6) 19 (4.5)  
Unknown, n (%) 16 (0.6) 1 (0.2)  
Medication 
Renin-angiotensin System Inhibitors, n (%) 425 (16.6) 60 (14.3) 0.23 
Beta-blockers, n (%) 79 (3.1) 12 (2.9) 0.8 
Glucose-lowering Medications, n (%) 254 (9.9) 44 (10.5) 0.73 
Lipid-lowering Medications, n (%) 272 (10.7) 49 (11.7) 0.52 
Type of immune checkpoint inhibitor 
PD-1 1942 (76.1) 332 (79.2) 0.39 
CTLA-4 3 (0.1) 1 (0.2)  
PD-L1 514 (20.1) 70 (16.7)  
Combination 94 (3.7) 16 (3.8)  

Data are expressed as median (interquartile range) or number (percentage). PD-1 = programmed cell death-1. CTLA-4 = cytotoxic T lymphocyte- 
associated protein-4. PD-L1 = programmed cell death ligand 1. 

Y. Suzuki et al.                                                                                                                                                                                                         



Heliyon 9 (2023) e16373

6

combination therapy is widely used for malignant melanoma. On the other hand, the frequency of combination therapy is low in Japan 
because malignant melanoma is less common in Japan and the indication for combination therapy of ICIs is limited to certain types of 
colorectal cancer and renal cell carcinoma. In this study, the combination therapy rate was only 3.7%. Taking these points into 
consideration, although lack of data for elderly patients should be recognized as a study limitation, we believe that our dataset could be 
considered a snapshot of cancer patients treated using ICI. 

Acute myocarditis is the most serious complication of cardiovascular events occurring with the ICI use. The incidence of 
myocarditis after ICI use varies with each investigation [8,13–17]. In this study, myocarditis was recorded in only one patient, with an 
incidence of 0.03%, which is lower than previously reported. However, Takotsubo cardiomyopathy was documented in three patients, 
its incidence is consistent with earlier investigations [15,18–20]. The incidence of MI was also close to the reported value in the 
previous meta-analysis [21]. On the other hand, the incidence of HF and stroke was higher than expected. This may be due to the fact 
that the JMDC Claims Database includes diagnoses which were made in not only inpatient settings but also outpatient settings. Un-
fortunately, the JMDC Claims Database is unable to distinguish between diagnoses made in the inpatient or outpatient settings. 
Further, more than 40% of patients developing HF were newly prescribed diuretics and/or cardioprotective medication, suggesting 
that a substantial proportion of patients diagnosed with HF required any medical treatments. These results indicate that HF, even in 
outpatients, is more common than expected and clinically problematic in patients requiring ICI treatment. The results reaffirm the 
importance of cardio-oncology. 

The continuation rate of ICI was low in patients developing MACE. Given the nature of our dataset, we could not conclude that the 
occurrence of MACE led to the discontinuation of the treatment using ICI. However, it is highly plausible that treatment with ICI was 
discontinued (or interrupted) due to the occurrence of MACE. Considering the clinical importance of MACE, it is required to identify 
the predictors of MACE. As previously reported [8,22], age and gender were not associated. On the other hand, although ICI com-
bination treatment was reported to be associated with MACE (particularly myocarditis) in preceding studies [4,15], the association of 
ICI combination treatment with MACE was not significant, which may be due to the low rate of ICI combination treatment in this study. 
Further, some evidence exists that cardiovascular drugs might prevent cardiac dysfunction after treatment of malignant neoplasms 
[23–25]; however, we found no significant association of the renin-angiotensin system inhibitors use and beta-blockers use with the 
risk of MACE. We need further investigations to uncover the predictors of MACE after the treatment using ICI and establish the 
preventive measures for cardiovascular events among cancer patients requiring ICI treatment. 

There are several strengths in our study. Approximately 3000 patients treated with ICI participated in this extensive population- 
based investigation. The JMDC Claims Database also has a high retention rate for research participants. Since this database con-
tains the administrative claims records and Japan has a universal health insurance system for the entire Japanese population, all CVD 
events can theoretically be monitored even if patients enrolled in this study visited multiple medical facilities. The patients treated 
with ICI are patients with advanced stage cancer and frequently have a number of comorbidities. Loss to follow-up is more likely to 
occur in such patients because patients are likely to visit many health care providers (different hospitals). In this study, the use of the 
JMDC Claims Database may have allowed us to follow study participants over a relatively long period of time. 

We acknowledge several potential limitations in the present study. The accuracy (particularly, specificity) of insurance claims 
records in Japan is reported to be high [26,27]. However, we acknowledge that there remains uncertainty about the accuracy of the 
diagnoses and prescriptions using administrative claims data. Our results should be validated using other independent datasets. 
Detailed information on cancer (e.g., cancer stage) and prescription history before insurance coverage was unavailable. The incidence 
of CVD events may be underestimated because death could be considered as a competing risk. Lastly, it cannot be claimed that all of the 
cardiovascular events recorded in this study (including HF) were adverse events of ICI. However, given that the onset of cardiovascular 
events is skewed toward those within the first few months of initiation of treatment using ICI, we should consider that treatment with 
ICI would have some influence on many of these cardiovascular events. 

In conclusion, we conducted a comprehensive analysis of the incidence of CVD events after the initiation of ICI treatment in cancer 
patients using a large-scale administrative claims database. Among CVD events, the incidence of HF was higher than expected. The rate 
of ICI re-prescriptions after the documentation of CVD events was low, indicating the clinical importance of CVD events in cancer 
patients requiring the ICI treatment. 

Table 5 
Multivariable Cox proportional hazard model result of the major adverse cardiac events.   

Hazard ratio (95% CI) P value 

Age 1.00 (0.99–1.01) 0.751 
Male Sex 1.03 (0.82–1.28) 0.820 
Lung cancer 1.19 (0.97–1.46) 0.104 
Use of renin-angiotensin system inhibitors 0.86 (0.65–1.14) 0.303 
Use of beta-blockers 1.14 (0.64–2.04) 0.654 
Type of immune checkpoint inhibitor 
PD-1 1 (Reference)  
CTLA-4 1.64 (0.23–11.76) 0.621 
PD-L1 0.84 (0.64–1.09) 0.187 
Combination 1.31 (0.78–2.18) 0.295 

95% CI = 95% confidence interval. PD-1 = programmed cell death-1. CTLA-4 = cytotoxic T lymphocyte-associated protein- 
4. PD-L1 = programmed cell death ligand 1. 

Y. Suzuki et al.                                                                                                                                                                                                         



Heliyon 9 (2023) e16373

7

Data availability 

The JMDC Claims Database is available for purchase from JMDC Inc. (https://www.jmdc.co.jp/en/). 

Funding 

This work was supported by grants from the Ministry of Health, Labour and Welfare, Japan (21AA2007) and the Ministry of 
Education, Culture, Sports, Science and Technology, Japan (20H03907, 21H03159, 21K08123, and 22K21133). The funding sources 
had nothing regarding the current study. 

Author contribution statement 

Yuta Suzuki; Hidehiro Kaneko; Yuichi Tamura; Akira Okada; Katsuhito Fujiu; Norifumi Takeda; Hiroyuki Morita; Koichi Node; Issei 
Komuro: Conceived and designed the experiments; Analyzed and interpreted the data; Wrote the paper. 

Nobuaki Michihata; Taisuke Jo; Hideo Yasunaga: Conceived and designed the experiments; Analyzed and interpreted the data; 
Contributed reagents, materials, analysis tool or data; Wrote the paper. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper 

References 

[1] D.B. Johnson, S. Chandra, J.A. Sosman, Immune checkpoint inhibitor toxicity in 2018, JAMA 320 (16) (2018) 1702–1703, https://doi.org/10.1001/ 
jama.2018.13995. 

[2] M.A. Postow, R. Sidlow, M.D. Hellmann, Immune-related adverse events associated with immune checkpoint blockade, N. Engl. J. Med. 378 (2) (2018) 
158–168, https://doi.org/10.1056/NEJMra1703481. 

[3] L. Zimmer, S.M. Goldinger, L. Hofmann, C. Loquai, S. Ugurel, I. Thomas, et al., Neurological, respiratory, musculoskeletal, cardiac and ocular side-effects of anti- 
PD-1 therapy, Eur. J. Cancer 60 (2016) 210–225, https://doi.org/10.1016/j.ejca.2016.02.024. 

[4] N. Rubio-Infante, Y.A. Ramírez-Flores, E.C. Castillo, O. Lozano, G. García-Rivas, G. Torre-Amione, Cardiotoxicity associated with immune checkpoint inhibitor 
therapy: a meta-analysis, Eur. J. Heart Fail. 23 (10) (2021) 1739–1747, https://doi.org/10.1002/ejhf.2289. 

[5] J.R. Hu, R. Florido, E.J. Lipson, J. Naidoo, R. Ardehali, C.G. Tocchetti, et al., Cardiovascular toxicities associated with immune checkpoint inhibitors, 
Cardiovasc. Res. 115 (5) (2019) 854–868, https://doi.org/10.1093/cvr/cvz026. 

[6] J.E. Salem, A. Manouchehri, M. Moey, B. Lebrun-Vignes, L. Bastarache, A. Pariente, et al., Cardiovascular toxicities associated with immune checkpoint 
inhibitors: an observational, retrospective, pharmacovigilance study, Lancet Oncol. 19 (12) (2018) 1579–1589, https://doi.org/10.1016/s1470-2045(18) 
30608-9. 

[7] H.A. Tawbi, D. Schadendorf, E.J. Lipson, P.A. Ascierto, L. Matamala, E. Castillo Gutiérrez, et al., Relatlimab and nivolumab versus nivolumab in untreated 
advanced melanoma, N. Engl. J. Med. 386 (1) (2022) 24–34, https://doi.org/10.1056/NEJMoa2109970. 

[8] S.S. Mahmood, M.G. Fradley, J.V. Cohen, A. Nohria, K.L. Reynolds, L.M. Heinzerling, et al., Myocarditis in patients treated with immune checkpoint inhibitors, 
J. Am. Coll. Cardiol. 71 (16) (2018) 1755–1764, https://doi.org/10.1016/j.jacc.2018.02.037. 

[9] H. Kaneko, Y. Yano, H. Lee, H.H. Lee, A. Okada, Y. Suzuki, et al., Blood pressure classification using the 2017 ACC/AHA guideline and heart failure in patients 
with cancer, J. Clin. Oncol. (2022), Jco2200083, https://doi.org/10.1200/jco.22.00083. 

[10] H. Kaneko, Y. Yano, H. Itoh, K. Morita, H. Kiriyama, T. Kamon, et al., Association of blood pressure classification using the 2017 American College of 
cardiology/American heart association blood pressure guideline with risk of heart failure and atrial fibrillation, Circulation 143 (23) (2021) 2244–2253, 
https://doi.org/10.1161/circulationaha.120.052624. 

[11] H. Kaneko, H. Itoh, T. Kamon, K. Fujiu, K. Morita, N. Michihata, et al., Association of cardiovascular health metrics with subsequent cardiovascular disease in 
young adults, J. Am. Coll. Cardiol. 76 (20) (2020) 2414–2416, https://doi.org/10.1016/j.jacc.2020.09.545. 

[12] L. Zhang, M. Awadalla, S.S. Mahmood, A. Nohria, M.Z.O. Hassan, F. Thuny, et al., Cardiovascular magnetic resonance in immune checkpoint inhibitor- 
associated myocarditis, Eur. Heart J. 41 (18) (2020) 1733–1743, https://doi.org/10.1093/eurheartj/ehaa051. 

[13] A.R. Naqash, M.Y.Y. Moey, X.W. Cherie Tan, M. Laharwal, V. Hill, N. Moka, et al., Major adverse cardiac events with immune checkpoint inhibitors: a pooled 
analysis of trials sponsored by the national cancer institute-cancer therapy evaluation program, J. Clin. Oncol. 40 (29) (2022) 3439–3452, https://doi.org/ 
10.1200/jco.22.00369. 

[14] S. Wu, H. Bai, L. Zhang, J. He, X. Luo, S. Wang, et al., Cardiovascular adverse events induced by immune checkpoint inhibitors: a real world study from 2018 to 
2022, Front Cardiovasc Med 9 (2022), 969942, https://doi.org/10.3389/fcvm.2022.969942. 

[15] D.B. Johnson, J.M. Balko, M.L. Compton, S. Chalkias, J. Gorham, Y. Xu, et al., Fulminant myocarditis with combination immune checkpoint blockade, N. Engl. J. 
Med. 375 (18) (2016) 1749–1755, https://doi.org/10.1056/NEJMoa1609214. 

[16] R. Ma, Q. Wang, D. Meng, K. Li, Y. Zhang, Immune checkpoint inhibitors-related myocarditis in patients with cancer: an analysis of international spontaneous 
reporting systems, BMC Cancer 21 (1) (2021) 38, https://doi.org/10.1186/s12885-020-07741-0. 

[17] S. Waliany, J.W. Neal, S. Reddy, H. Wakelee, S.A. Shah, S. Srinivas, et al., Myocarditis surveillance with high-sensitivity troponin I during cancer treatment with 
immune checkpoint inhibitors, JACC CardioOncol 3 (1) (2021) 137–139, https://doi.org/10.1016/j.jaccao.2021.01.004. 

[18] S. Ederhy, C. Dolladille, F. Thuny, J. Alexandre, A. Cohen, Takotsubo syndrome in patients with cancer treated with immune checkpoint inhibitors: a new 
adverse cardiac complication, Eur. J. Heart Fail. 21 (7) (2019) 945–947, https://doi.org/10.1002/ejhf.1497. 

[19] N. Palaskas, J. Lopez-Mattei, J.B. Durand, C. Iliescu, A. Deswal, Immune checkpoint inhibitor myocarditis: pathophysiological characteristics, diagnosis, and 
treatment, J. Am. Heart Assoc. 9 (2) (2020), e013757, https://doi.org/10.1161/jaha.119.013757. 

[20] S.G. Al-Kindi, G.H. Oliveira, Reporting of immune checkpoint inhibitor-associated myocarditis, Lancet 392 (10145) (2018) 382–383, https://doi.org/10.1016/ 
s0140-6736(18)31542-3. 

[21] C. Dolladille, J. Akroun, P.M. Morice, A. Dompmartin, E. Ezine, M. Sassier, et al., Cardiovascular immunotoxicities associated with immune checkpoint 
inhibitors: a safety meta-analysis, Eur. Heart J. 42 (48) (2021) 4964–4977, https://doi.org/10.1093/eurheartj/ehab618. 

[22] A. Furukawa, Y. Tamura, H. Taniguchi, A. Kawamura, S. Nagase, A. Hayashi, et al., Prospective screening for myocarditis in cancer patients treated with 
immune checkpoint inhibitors, J. Cardiol. (2022), https://doi.org/10.1016/j.jjcc.2022.07.009. 

Y. Suzuki et al.                                                                                                                                                                                                         

https://www.jmdc.co.jp/en/
https://doi.org/10.1001/jama.2018.13995
https://doi.org/10.1001/jama.2018.13995
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.1016/j.ejca.2016.02.024
https://doi.org/10.1002/ejhf.2289
https://doi.org/10.1093/cvr/cvz026
https://doi.org/10.1016/s1470-2045(18)30608-9
https://doi.org/10.1016/s1470-2045(18)30608-9
https://doi.org/10.1056/NEJMoa2109970
https://doi.org/10.1016/j.jacc.2018.02.037
https://doi.org/10.1200/jco.22.00083
https://doi.org/10.1161/circulationaha.120.052624
https://doi.org/10.1016/j.jacc.2020.09.545
https://doi.org/10.1093/eurheartj/ehaa051
https://doi.org/10.1200/jco.22.00369
https://doi.org/10.1200/jco.22.00369
https://doi.org/10.3389/fcvm.2022.969942
https://doi.org/10.1056/NEJMoa1609214
https://doi.org/10.1186/s12885-020-07741-0
https://doi.org/10.1016/j.jaccao.2021.01.004
https://doi.org/10.1002/ejhf.1497
https://doi.org/10.1161/jaha.119.013757
https://doi.org/10.1016/s0140-6736(18)31542-3
https://doi.org/10.1016/s0140-6736(18)31542-3
https://doi.org/10.1093/eurheartj/ehab618
https://doi.org/10.1016/j.jjcc.2022.07.009


Heliyon 9 (2023) e16373

8

[23] G. Gulati, S.L. Heck, A.H. Ree, P. Hoffmann, J. Schulz-Menger, M.W. Fagerland, et al., Prevention of cardiac dysfunction during adjuvant breast cancer therapy 
(PRADA): a 2 × 2 factorial, randomized, placebo-controlled, double-blind clinical trial of candesartan and metoprolol, Eur. Heart J. 37 (21) (2016) 1671–1680, 
https://doi.org/10.1093/eurheartj/ehw022. 

[24] N. Kalay, E. Basar, I. Ozdogru, O. Er, Y. Cetinkaya, A. Dogan, et al., Protective effects of carvedilol against anthracycline-induced cardiomyopathy, J. Am. Coll. 
Cardiol. 48 (11) (2006) 2258–2262, https://doi.org/10.1016/j.jacc.2006.07.052. 

[25] M.S. Avila, S.M. Ayub-Ferreira, M.R. de Barros Wanderley Jr., F. das Dores Cruz, S.M. Gonçalves Brandão, V.O.C. Rigaud, et al., Carvedilol for prevention of 
chemotherapy-related cardiotoxicity: the CECCY trial, J. Am. Coll. Cardiol. 71 (20) (2018) 2281–2290, https://doi.org/10.1016/j.jacc.2018.02.049. 

[26] H. Yamana, M. Moriwaki, H. Horiguchi, M. Kodan, K. Fushimi, H. Yasunaga, Validity of diagnoses, procedures, and laboratory data in Japanese administrative 
data, J. Epidemiol. 27 (10) (2017) 476–482, https://doi.org/10.1016/j.je.2016.09.009. 

[27] K. Fujihara, M. Yamada-Harada, Y. Matsubayashi, M. Kitazawa, M. Yamamoto, Y. Yaguchi, et al., Accuracy of Japanese claims data in identifying diabetes- 
related complications, Pharmacoepidemiol. Drug Saf. 30 (5) (2021) 594–601, https://doi.org/10.1002/pds.5213. 

Y. Suzuki et al.                                                                                                                                                                                                         

https://doi.org/10.1093/eurheartj/ehw022
https://doi.org/10.1016/j.jacc.2006.07.052
https://doi.org/10.1016/j.jacc.2018.02.049
https://doi.org/10.1016/j.je.2016.09.009
https://doi.org/10.1002/pds.5213

	Cardiovascular events after the initiation of immune checkpoint inhibitors
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Ethics
	2.3 Measurements
	2.4 Outcomes
	2.5 Statistical procedure

	3 Results
	3.1 Clinical characteristics
	3.2 Cardiovascular events
	3.3 Prescription rate of ICI after the onset of MACE
	3.4 Characteristics of patients with and without MACE

	4 Discussion
	Data availability
	Funding
	Author contribution statement
	Declaration of competing interest
	References


