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Results and Significance of Research and Development

Recent advances in technology and the promotion of the 3Rs in animal experimentation have led to
the development of numerous methods for assessing the safety of chemical substances, including
pharmaceuticals. For these methods to be accepted as reliable tools for protecting public health,
it is essential to conduct validation studies that objectively evaluate their predictive
performance and reliability.

A crucial aspect of validation studies is the selection of reference compounds used to assess
the performance of safety evaluation methods. These compounds are typically selected by experts
based on multiple criteria, such as toxicity potency, chemical structures, and physicochemical
properties, ensuring a balanced representation of the relevant chemical space. However,
optimizing for one specific criterion, such as toxicity distribution, can result in trade—offs
with others, such as structural diversity.

Furthermore, in the early stages of research and development—particularly in academia—reference
compound selection often diverges from the criteria used in formal validation studies. As a
result, performance evaluations conducted during these phases may lack sufficient reliability,
and methods that appear promising in—house frequently demonstrate low inter—laboratory
reproducibility when subjected to validation studies

To address these issues, this study aimed to develop a data—driven and systematic approach to
selecting well-balanced reference compounds that meet validation—level acceptance criteria.
Specifically, we formulated the compound selection problem as a multi-objective optimization task
and applied a Genetic Algorithm (GA), a widely used method in operations research. GA utilizes
evolutionary principles such as natural selection, mutation, and crossover to efficiently explore
complex combinatorial spaces.

The proposed GA-based framework simultaneously maximizes diversity in chemical structure
physicochemical properties, and toxicity profiles. We applied this method to generate optimized
compound lists for validation assays and compared them against established reference lists from
prior studies to evaluate diversity across multiple objectives

Our results demonstrated that the GA-optimized compound lists exhibited significantly greater
overall diversity than randomly generated lists. Moreover, when in silico toxicity prediction
models were tested using these GA-optimized lists, predictive accuracy was notably reduced
compared to that obtained using random compound selections. This reduction in performance
reflects the stringency of GA-optimized lists and suggests their utility in rigorously assessing
model robustness

In summary, the key contributions of this study are as follows:

v" We propose a novel framework that formulates reference compound selection as a multi-—
objective optimization problem solved using GA, introducing a new perspective in the field.

v" Our method produces balanced and diverse compound lists by simultaneously optimizing
multiple criteria.

v" Compound lists closer to the Pareto front, representing high overall diversity, led to
reduced predictive accuracy in toxicity models, indicating their suitability for stress—

testing predictive model robustness



This approach enables the generation of reference compound lists that support rigorous validation
and may help bridge the gap between early-stage research and formal validation studies. By
incorporating this method from the initial stages of method development, the quality and
reproducibility of performance evaluations can be improved, potentially enhancing the likelihood
of successful implementation in regulatory settings. Although expert input remains indispensable
for final compound selection, the proposed framework provides a data—driven foundation to support
efficient and objective list construction.

Several practical considerations were not incorporated into the current algorithm.
1. Size of Compound Lists
In this study, the size of compound lists was fixed to match the number of compounds used in
existing validation assays, enabling direct comparison. However, allowing variable list sizes
could expand the applicability of the method to more complex problems in the future
2. Cost and Experimental Feasibility
Factors such as compound cost, availability, and experimental feasibility are important in real-
world validation studies. For example, it is essential that compounds used in validation assays
exhibit consistent measurement results across laboratories, which depends on handling ease and
chemical stability. Due to the lack of reliable numerical data on these factors, they were not
included in the current optimization framework. If such data become available, these criteria
could be incorporated as additional objectives or constraints in future iterations of the

algorithm.



