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Establishment of a PET imaging/pharmacokinetic analysis platform to accelerate the development of new

drug modalities and delivery technologies
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Summary of Research Outcomes and Significance

This project aimed to establish a non-invasive and quantitative platform for evaluating the pharmacokinetics of emerging

therapeutic modalities and drug delivery systems (DDS) using positron emission tomography (PET) imaging.

With the rapid expansion of novel modalities such as nucleic acid therapeutics and biologics, conventional pharmacokinetic
approaches based on small molecules are no longer sufficient to capture the complexity of in vivo behavior. In particular,
quantitative assessment of “where, how much, and how long” therapeutic agents are delivered has become a critical challenge
in modern drug development. To address this issue, we developed an integrated platform combining radiolabeling

technologies and PET imaging.

First, we established radiolabeling methods using long-lived radionuclides, enabling probe generation for nucleic acid-
based therapeutics and DDS formulations. These methods allow longitudinal and quantitative tracking of whole-body
distribution while preserving the functional and physicochemical properties of the original formulations. This advancement
enables a transition from conventional endpoint-based biodistribution analysis to continuous, non-invasive pharmacokinetic

evaluation.

Next, we implemented PET imaging across multiple animal species, including rodents and non-human primates, to
construct a cross-species evaluation framework. Using this approach, we successfully visualized time-dependent distribution
patterns following administration, including transport from the injection site to lymph nodes and systemic organs. Importantly,
dose-dependent changes in biodistribution were quantitatively captured. Furthermore, repeated administration studies in non-
human primates revealed alterations in biodistribution profiles, such as reduced lymph node accumulation and increased
retention at the injection site after booster dosing. These findings suggest that immune responses and tissue environments

significantly influence pharmacokinetics.

In addition, we explored the integration of pharmacokinetics (PK) and pharmacodynamics (PD) by comparing PET-derived
distribution data with biological responses such as gene expression and immune activation. This approach demonstrated the

feasibility of linking delivery efficiency with functional outcomes, providing a framework for integrated PK—PD analysis.

The applicability of this platform was further validated through its deployment across multiple therapeutic seeds.
Differences in DDS design parameters, such as formulation composition and molecular structure, were shown to significantly
influence biodistribution, including organ targeting and circulation profiles. These results demonstrate the versatility of the

platform in evaluating diverse modalities.

The key significance of this work lies in enabling a comprehensive understanding of pharmacokinetics by integrating spatial,
temporal, and functional information. This platform provides a scientific basis for optimizing DDS design, selecting promising

candidates in early-stage development, and improving dosing strategies in clinical translation.

Furthermore, this project established a collaborative framework among seed researchers, DDS developers, and
pharmacokinetic scientists, forming a shared evaluation infrastructure. This integrated approach is expected to accelerate drug

development and facilitate the translation of innovative therapeutics into clinical applications.



