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Emerging pharmaceutical modalities such as gene therapies, mRNA and siRNA drugs, and cell therapies, introduce novel mechanisms of action, biodistribution profiles, and pharmacokinetics that challenge traditional toxicology designs. Due to their complex, long-lasting, and often irreversible biological activity, these drug modalities differ fundamentally from traditional small molecules or biologics. Key challenges often include the selection of pharmacologically relevant animal models, evaluation of off-target effects, managing immune responses, and uncertainties in biodistribution, persistence, and clearance, as well as the lack of formal regulatory guidance. In many cases, conventional toxicology study designs are insufficient, requiring the adaptation of protocols, extended study durations, or the use of surrogate vectors, humanized models, or transgenic animals to generate meaningful safety data. For cell therapies, additional complexities arise from product heterogeneity, viability, and potential for uncontrolled proliferation or differentiation. Regulatory expectations for these modalities continue to evolve, with increasing emphasis on case-by-case justification and risk-based safety strategies. Early scientific engagement with regulatory agencies and tailored development plans are critical to navigating these challenges. Ultimately, the safe and efficient advancement of next-generation therapies demands a multidisciplinary approach that integrates pharmacology, toxicology, and regulatory expertise.

