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Abstract

Introduction Immune checkpoint inhibitor(ICl) induced cardiac immune related adverse events are challenging
to study; Leveraging large data bases like TriNetX global health network may provide needed insights.

Methods We performed a retrospective cohort study including patients diagnosed neoplasm and 18 and older
when receiving ICl therapy from 1/1/2011 to 12/31/2022. Queried ICD 9/10 codes identified patients experiencing
myocarditis, pericarditis, pericardial effusion, and cardiac tamponade within 1 year of ICl initiation. Survival analyses
compared one-year overall survival (OS) of patients experiencing cardiac irAEs against propensity score matched
populations not experiencing them.

Results In 88,928 identified ICI patients, the incidence of myocarditis(0.48%), pericarditis(0.22%), and cardiac tampon-
ade(0.47%) were less than 1% while pericardial effusion occurred in 4.71% of patients. Hazard ratios (HRs) were sig-
nificantly higher in all cardiac irAE groups: myocarditis (HR:1.26, 95% Cl:1.04-1.54, p=0.02), pericarditis (HR:1.36, 95%
Cl:1.02-1.82, p=0.04), pericardial effusion (HR:1.49, 95% Cl:1.39-1.59, p <0.0001), cardiac tamponade (HR:2.15, 95%
Cl:1.79-2.57, p<0.0001), and overall pericardial disease (HR:1.46, 95% Cl:1.37-1.56, p <0.0001). There was no significant
difference in OS between myocarditis and pericarditis or overall pericardial diseases.

Discussion/conclusion Utilizing a uniquely large cohort of ICI patients, this study further shows the rarity of cardiac
inflammatory irAEs and highlights their significant impact on patient survival.

Highlights

- Leveraging TriNetX global health network, we identified a cohort of 88,928 patients receiving immune checkpoint
inhibitors

- Cardiac inflammatory events including myocarditis, pericarditis, and cardiac tamponade occurred in less than 1%
of patients

» Pericardial effusion was more common, occurring in 4.71% of patients

*Correspondence:

Aya F. Ozaki

afozaki@uci.edu

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, 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 changes were made. 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/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40959-025-00300-1&domain=pdf

Ozaki et al. Cardio-Oncology (2025) 11:26

Page 2 of 5

- All cardiac inflammatory events significantly reduced 1-year overall survival compared to matched controls

- Patients having pericardium-based events had similar survival outcomes to myocarditis

Keywords Immune checkpoint inhibitors, Myocarditis, Cardiotoxicity, Immune-related adverse events, Overall

survival

Introduction

Immune checkpoint inhibitors (ICIs) have revolution-
ized cancer treatment by significantly improving mortal-
ity rates across various malignancies. However, ICIs can
induce a wide range of immune-related adverse events
(irAEs) [1]. Among these, cardiac inflammatory adverse
events are particularly severe but less understood due
to their infrequent presentation [2]. Previous stud-
ies have been limited by small sample sizes, largely due
to low incidence of conditions such as myocarditis [3].
Furthermore, the spectrum of ICI-induced pericarditis
and other pericardial diseases remains understudied.
These cardiac inflammatory adverse events (AEs) pre-
sent with various clinical manifestations, contributing to
uncertainty surrounding their clinical impact on cancer
patients [4]. Addressing this gap, our study assessed the
incidence and overall survival outcomes associated with
myocarditis and pericardial diseases in patients under-
going ICI therapy, offering insights into the manage-
ment and prognosis of these potentially life-threatening
complications.

Methods

We conducted a retrospective cohort analysis utilizing
the TriNetX platform, a global health research network
that aggregates real-world data from various health-
care organizations. Our patient population included
those with a diagnosed neoplasm and 18 and older when
receiving ICI therapy from 1/1/2011 to 12/31/2022. First,
utilizing ICD 9/10 codes we identified patients experi-
encing myocarditis, pericarditis, pericardial effusion, and
cardiac tamponade post-ICI initiation (Table 1). We than
determined the incidence of these events within the ICI

patient population. Incidence calculations for cardiac
irAEs excluded patients having any diagnosis history of
each event (based on used ICD 9 and 10 codes to iden-
tify cardiac irAEs) prior to ICI initiation, to eliminate
confounding from past medical histories with cardiac
inflammation prior to ICI initiation.

Following this, we implemented Cox-proportional
hazards models and Kaplan—Meier survival curves to
compare one-year overall survival (OS) of patients expe-
riencing targeted cardiac inflammatory AEs against those
that do not. Then, we compared OS between patients
experiencing myocarditis to those experiencing peri-
carditis or overall pericardial disease. Overall pericar-
dial disease grouped patients experiencing pericarditis,
pericardial effusion, cardiac tamponade, and general
non-specific pericardial diseases. For each survival com-
parison, eligible patients were selected using 1:1 propen-
sity score matching, using a nearest neighbors approach
with a caliper width of 0.1. Matching considered the
following variables: age, sex, race/ethnicity, neoplasm
type, presence of secondary malignancies, hyperten-
sion, hyperlipidemia, diabetes mellitus, ischemic heart
diseases, heart failure, cerebrovascular diseases, kid-
ney diseases, nervous system diseases, respiratory sys-
tem diseases, and digestive tract diseases (Supplemental
Table 1). One-year survival rates were reported as haz-
ard ratios; p-values from log-ranked statistical tests less
than 0.05 were considered significant. In the same way
described for incidence determination, survival com-
parisons of matched populations excluded patients hav-
ing any diagnosis history of each cardiac irAE considered
event prior to ICI initiation.

Table 1 ICD 9/10 codes utilized to identify Cardiac inflammatory adverse events. From left to write, the first column represents the of
the cardiac inflammatory adverse event type, followed by ICD-9 codes and ICD-10 codes used to identify them within trinetx data base

ICD 10 Codes

ICD 9 Codes
Myocarditis
Pericarditis 420.0,420.90,420.91,420.99
Pericardial Effusion NA

Cardiac Tamponade 4233

Overall Pericardial Diseases

422.0,422.90,422.91,422.93,422.99,429.0

420.0,420.91,420.99,420.90,423.3,423.8, 4239

140.1,140.8,140.9,141,151.4
130.0,130.8,130.9, 132
131.3,131.31,131.39

1314

130.0,130.8,130.9,131.2,131.3,
31.31,131.39,1314,131.8,131.9,
132
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Each analysis conducted in this study was through
the TriNetX analytics platform. This is including inci-
dence determinations, population matching for survival
comparisons, and Kaplan Meier survival curves with
Cox-proportional hazards statistics. Through our asso-
ciation with the University of California, Irvine, we were
granted access to the TriNetX analytics platform, which
is not freely accessible without paid subscription. This
study, using de-identified data, was exempt from ethical
approval.

Results

In this study of 88,928 patients treated with ICIs, car-
diac inflammatory AEs had incidence proportions
below 1% for myocarditis (0.48%), pericarditis (0.22%),
and cardiac tamponade (0.47%). Pericardial effu-
sion occurred in 4.71% of the patients (Supplemental
Table 2). Hazard ratios (HRs) for OS were significantly
higher for each cardiac inflammatory AE compared
to matched non-AE cohorts: myocarditis (HR:1.26,
95% CI:1.04—1.54, p=0.02), pericarditis (HR:1.36, 95%
CI:1.02-1.82, p=0.04), pericardial effusion (HR:1.49,
95% CI:1.39-1.59, p<0.0001), cardiac tamponade
(HR:2.15, 95% CI:1.79-2.57, p <0.0001), and overall per-
icardial disease (HR:1.46, 95% CI:1.37-1.56, p <0.0001)
(Fig. 1, Table 2, Supplemental Figs. 1-3). There was no
significant difference in OS between myocarditis and
pericarditis or overall pericardial diseases (Table 2, Sup-
plemental Figs. 4-5).
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Discussion
Our study provides a comprehensive view of ICI-induced
myocardial and pericardial inflammatory AEs with a
uniquely large cohort. While previous research has
reported a wide incidence range for ICI-induced myocar-
ditis (from < 0.1% to 2%), our extensive sample size affirms
an incidence of less than 1% [5]. Notably, our findings
also expand on the limited data available for pericardial
diseases, showing their incidence to be comparably rare
except pericardial effusion [6]. These events significantly
reduced survival time for patients who developed cardio-
toxicity from ICIs, which was expected for myocarditis
given available literature. No significant difference was
observed in survival time for patients experiencing per-
icardium-based adverse events compared to myocarditis.
Demonstrating pericardial cardiotoxicity from ICIs
having similar mortality implications as myocarditis
has important inferences. Diagnosing myocarditis ver-
sus pericarditis can be challenging due to varied clinical
presentation [7]. Myocarditis and pericarditis can occur
concomitantly, and testing with biomarkers (i.e., high-
sensitivity cardiac troponin, C-reactive protein) or ECG
interpretation can be inconclusive[8]. Given this, early
detection strategies can improve patient outcomes. Our
study underlines the importance of vigilance for signs
of myocardial or pericardial involvement in ICI-treated
patients, prompting refinement of monitoring protocols.
Retrospective data base studies do have limitations to
consider. Residual confounding may influence results

Table 2 One-year overall survival models utilized. From Left to write, the first two columns represent the two comparison populations
for the survival analysis conducted. Following this, the matched population sizes and number of morality events in each comparison
group are represented. Finally, the median survival time for each comparison group are represented followed by the hazard ratio
comparing survival probability and its associated p-value. The hazard ratio with its associated 95% confidence interval below it (in
parenthesis). Hazard ratios are reported relative to group 1 (ie Values greater than 1 suggest group 1 has increased 1 year mortality risk

relative to group 2)

Analysis Conduced Matched Mortality Events (n) Median Survival Time  Hazard Ratio, (95% Cl) P-value
Population (days)
Sizes
Group 1 Group 2 Group1 Group2 Group1 Group?2
Myocarditis Non- myocarditis 424 204 185 323 Majority alive  1.26, 0.02
(1.04- 1.54)
Pericarditis Non- pericarditis 192 101 85 249 Majority alive  1.36, 0.04
(1.02-1.81)
Tamponade Non- tamponade 415 288 204 84 324 2.15, <0.01
(1.79- 2.57)
Pericardial effusion  Non- pericardial effusion 3,756 1,928 1,542 266 Majority alive  1.49, <0.01
(1.39-1.59)
Pericarditis Disease ~ Non- pericardial disease 3,945 2,027 1,659 263 Majority alive  1.46, <0.001
(1.37-1.56)
Myocarditis Pericarditis 144 69 75 267 249 097, 0.87
(0.70- 1.35)
Myocarditis Pericardial Disease 376 184 191 289 251 0.95, 0.60

(0.77-1.16)
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Fig. 1 Kaplan Meier Survival Curves Comparing 1 Year Overall Survival Patients Experiencing Myocarditis and Pericardial diseases. A represents
myocarditis patients (n=424) and matched non-myocarditis patients (HR:1.26, 95% Cl:1.04-1.54, p=0.02). B represents pericardial disease patients
and matched non-pericardial disease patients (n= 3,945, HR:1.46, 95% Cl:1.37-1.56, p <0.0001). A.O. and M.S. conceived and designed the study;
A0, M.S., and H.H acquired and performed data analysis; A.O, M.S, HH, MN,, B.L, J.D., AN, N.N,, Y.Z, and PP.interpreted the results, drafted,

and revised the final manuscript

despite extended propensity score matching. Using
diagnostic codes to identify cardiac inflammatory AEs
may underestimate incidence if events are underdiag-
nosed or coded incorrectly. Excluding patients with
prior cardiac inflammatory events might have elimi-
nated those at highest risk, potentially underestimat-
ing the incidence and impact of these events post-ICI
therapy. There are various matching criteria that would

have made our analysis more robust that simply not
available; Future researchers can explore further cri-
teria such as explicit cancer staging information, year
of initiation, or other patient demographic factors (IE
BMI or familial history). Furthermore, within the plat-
form competing risk analysis was not available which
may have provided additional insights. Within a cohort
of cancer patients, mortality risk can come from many
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different factors. Future efforts can implement com-
peting risk survival models. Nonetheless, our diverse
cohort provides robust estimates of the incidence and
survival impact of rare cardiac inflammatory AEs.

Conclusion

With the largest cohort studied to date, our findings pro-
vide valuable insights into the incidence and survival
impact of rare but clinically significant cardiac inflamma-
tory AEs associated with ICI therapy. While myocarditis
and pericarditis presented with similar incidence rates
and associated mortality, pericardial effusion was more
prevalent and equally severe. These insights emphasize
the necessity for clinicians to closely monitor for early
signs of cardiac involvement. This study reaffirms the
importance of vigilance regarding cardiac irAEs and lays
groundwork for future research on predictive models and
preventative strategies for such adverse events in ICI-
treated patients.
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