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[Background]

The ICH S1B (R1) guideline paved the way for assessing carcinogenicity through the weight of
evidence (WoE) approach based on various data, without conducting a two—year rat carcinogenicity
study. However, there is still no consensus on specific methods for additional approaches as WoE
elements. To appropriately assess rat carcinogenicity, there is a strong need for the development
of new evaluation methods utilizing samples obtained from existing toxicity studies. Here, we
aimed to develop a novel method for the detection of rat hepatocarcinogens by combining
immunohistochemistry for DNA damage marker v —-H2AX, AhR activation markers CYP1A and ALDH3AI,

Nrf2 activation marker GPX2, and the marker of rat hepatic preneoplastic lesion GST-P.

[Methods]

A 28-day repeated oral dose toxicity study was conducted using 6-week—-old male F344 rats to
examine 90 chemical substances, including 46 hepatocarcinogens. Immunohistochemical analysis was
performed and positive cell ratio of +y -H2AX, positive area ratio of CYP1A and GPX2, hepatocyte
expression of ALDH3A1 and GST-P, and genotoxicity status were used as predictive variables for
decision tree analysis. To elucidate the mechanisms underlying liver carcinogenesis and identify
novel biomarkers, we also conducted gene expression analysis using liver samples and spatial

transcriptomics analysis of liver tissue specimens.

[Results]

Immunohistochemical analysis of 36 markers, including v -H2AX, EpCAM, CD13/APN, and several new
candidates, showed variable individual performance. GST-P achieved the highest sensitivity,
whereas <y —-H2AX showed the highest specificity. To improve comprehensive evaluation, a decision
tree prediction algorithm was constructed by combining the immunostaining data with Ames test
results. The resulting model, utilizing four key indicators (v -H2AX, ALDH3A1l, CYP1A, and GPX2),
achieved an overall sensitivity of 71.7% (33/46) and a specificity of 93.2% (41/44)

[Conclusion]

This study demonstrates that combining immunohistochemical analysis of markers, such as vy —-H2AX
and ALDH3A1, in 28-day rat liver samples can predict carcinogenicity with high sensitivity and
specificity. Using formalin—fixed paraffin—embedded organs allows easy integration into standard
toxicity studies, without extra animal experiments. Furthermore, elucidating carcinogenic
mechanisms provides a robust rationale for human extrapolation. This approach strengthens the WoE
strategy to waive two—year carcinogenicity studies, shortening drug development timelines. It is
expected to serve as a valid WoE component for future ICH S1B guideline revisions. Additionally,

these biomarkers may apply to carcinogenicity assessments in other organs.



