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[Background)
In solid tumors, stromal barriers and the tumor microenvironment (TME) critically limit drug delivery, particularly for
macromodalities such as antibodies and nucleic acid therapeutics. Cancer-associated fibroblasts (CAFs) and immune cells
create both physical and functional barriers that hinder tumor penetration and represent a major rate-limiting step in
therapeutic efficacy. Conventional fluorescence imaging cannot distinguish passive targeting via the enhanced permeability
and retention (EPR) effect from antigen-specific active targeting, limiting accurate evaluation of pharmacokinetics (PK) and
mechanisms of action (MOA). In addition, conventional CDX models lack clinical relevance, highlighting the need for
translational research (TR)-oriented models that reflect cancer heterogeneity (C/He) and TME.

[Objective]
This study aimed to establish a next-generation drug evaluation platform capable of high-precision PK/PD/MOA analysis by
integrating fluorescence imaging technologies with TME-reflective nonclinical models across diverse modalities, including
small molecules, antibodies, bispecific antibodies (BsAbs), nucleic acids, mRNA-LNPs, and fusion proteins.

[Strategy]
We developed near-infrared (650—700 nm) fluorescence probes based on SiR dyes for high-sensitivity in vivo imaging. For
macromolecules, OFF—ON switching probes combined with mass spectrometry enabled quantitative discrimination of active
and passive targeting. TR-oriented in vitro and in vivo models incorporating CAFs and immune components were constructed,
and the platform was applied to multiple therapeutic seeds, including mRNA-LNPs, fusion proteins, and nucleic acid
modalities.

[Results]
We successfully established a high-signal-to-noise in vivo imaging platform using SiR-based probes, enabling precise PK
analysis in small- and mid-sized modalities. OFF—ON probes enabled antigen-dependent fluorescence activation, while the
newly developed ACES method allowed quantitative separation of active and passive targeting, providing a novel PK
evaluation approach.
TR-oriented models revealed that antibody penetration is strongly dependent on stromal architecture and that macrophages
significantly influence drug distribution and efficacy. In vivo imaging demonstrated that active targeting directly regulates T-
cell recruitment and therapeutic outcomes, whereas stromal barriers and BBB/BBTB heterogeneity critically restrict drug
delivery.
Applications across multiple modalities demonstrated the platform's versatility: mRNA-LNP showed modality-specific
PK/PD characteristics linked to immune activation, fusion proteins revealed immune-dependent antitumor mechanisms, and
nucleic acid therapeutics (ExHijack-Oligo and oHPs) were successfully visualized without compromising function.

[Significance)
This study establishes a modality-agnostic PK/PD evaluation platform that quantitatively defines active targeting and
integrates TME-aware models. It introduces a new paradigm for understanding drug efficacy based on target engagement and
enables a fundamental shift toward predictive, efficient drug development.

[Outlook]
Future work will integrate this platform with PDX models and human-derived samples to further enhance clinical
predictability. By combining optical imaging with molecular and multi-omics analyses, we aim to develop a theranostic DDS
evaluation system capable of integrated PK/PD/immune profiling. This platform is expected to guide optimal design across
modalities, accelerate translational research, and drive industrial implementation, ultimately contributing to next-generation

precision medicine.



