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This study aimed to identify biomarkers for predicting serious immune-related adverse events (irAEs)
associated with immune checkpoint inhibitor (ICI) therapy and to develop a predictive model
integrating genomic and clinical data. While ICIs have improved outcomes in advanced cancers,
approximately half of patients develop irAEs, with 20-40% being severe (Grade >3), posing major
challenges for treatment management. However, reliable predictive markers remain lacking.

We conducted an integrated analysis of multi-omics and clinical data, primarily using a cohort
from the National Cancer Center (NCC). Whole—genome and RNA sequencing were performed to obtain
genomic variants, HLA alleles, T-cell receptor repertoires, and immune cell fractions, which were
analyzed in relation to severe irAEs. Clinical information, including treatment history, was also
incorporated. A key component was the use of real-world data from the MDV database, one of Japan’ s
largest healthcare claims databases, containing longitudinal data from approximately 38 million
patients, including over 57,000 ICI-treated cases. This enabled large-scale analyses reflecting
real-world clinical practice and diverse patient populations. MDV analysis confirmed that clinical
factors such as age, sex, and medical history are associated with irAE development, consistent
with NCC findings. In addition, a temporal shift in irAE incidence around 90 days after treatment
initiation was identified, highlighting the importance of early-onset irAEs and time—dependent
risk stratification. An independent cohort from Okayama University was used to assess
reproducibility, confirming consistency of key genomic and clinical factors despite limited sample
size.

Integrated analyses identified several HLA class II alleles and immune cell fractions as
significant biomarkers. An elastic net—based model achieved high predictive accuracy (AUC = 0.87)
for Grade 23 irAEs prior to treatment. A model for lung-related irAEs was also successfully
developed, although modeling of less frequent toxicities such as gastrointestinal events was limited
by sample size.

This study demonstrates that severe irAEs can be predicted with high accuracy by integrating
genomic and clinical data. The inclusion of large—scale real-world data enhances generalizability
and clinical relevance, supporting personalized risk assessment and improved management of ICI
therapy. Future study will focus on external validation and prospective evaluation of the model.
Incorporating additional factors such as rare HLA variants and clonal hematopoiesis (CHIP), as
well as leveraging large clinicogenomic resources like C-CAT, will further refine predictive
performance and facilitate clinical implementation. Ultimately, this work is expected to advance

precision oncology and contribute to safer immunotherapy.



