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Standard evaluation methods for pharmacokinetics and safety have not yet been established on new modality drugs. One
of the most fundamental and critical problems in pharmacokinetic evaluation is that their standard analytical methods for drug
concentrations in biological samples (bioanalysis methods) have not yet been established, and pharmaceutical companies need
to tries and errors. The purpose of this study is to resolve this most important obstacle in the pharmacokinetics of four new
drug modalities (nucleic acid drugs, peptide drugs, antibody-drug conjugates (ADCs), and gene therapy products), and to
provide a basic technology to further promote their development in Japan.

With regard to oligonucleotide therapeutics, we developed a peptide adsorption-controlled LC (PAC-LC)-mass
spectrometry (MS/MS) method for simultaneous determination of liver and kidney concentrations of model antisense drug
mipomersen and their 10 previously reported metabolites and 2 related substances. All the evaluation parameters fulfilled the
acceptance criteria in the ICH M10 guideline. In a multicenter validation study, the method satisfied the guideline
requirements for all evaluation items at the four facilities participating in the study. For siRNA drug, lumasiran was selected
as a model compound. A comprehensive analytical workflow was developed and the major metabolite was identified. A multi-
laboratory validation study of this analytical method is currently in progress.

The development and standardization of a bioanalytical method for peptide-drug conjugates (PDCs) was conducted using
BT1718 as amodel PDC. Bioanalytical methods were established for the parent compound (PDC), its peptide moiety, and the
payload. All the key validation parameters met the criteria in [CH M10, except for matrix effects. The complexity of parameter
was replicated in a multi-laboratory study, and discussions are ongoing to address this issue as a "point to consider."
Additionally, to investigate variability when different analytical methods are used, a multi-laboratory evaluation was
conducted for plasma on cyclorasin 9A5 and 3003pep. For both analytes, ICH M10 criteria were met across all laboratories,
except for carryover, and its mitigated was developed.

The application of Raman microscopy was explored as a technique to evaluate the intracellular dynamics of peptide drugs.
An alkyne-containing amino acid (PAPA) was introduced into a model peptide ATSP-7041 to develop a Raman-detectable
probe, and applied to HeLa cells. Raman imaging revealed a broad intracellular distribution of the peptide, likely due to
passive diffusion driven by its hydrophobicity. To assess the effect of the probe modification, a fluorescein (FAM) labeled
peptide, FAM-ATSP, was also synthesized and evaluated using fluorescence microscopy. Similar distribution patterns were
observed. These findings indicate that Raman microscopy provides comparable effectiveness to fluorescence microscopy in
evaluating intracellular peptide distribution.

For development of an intact LC/MS method for evaluating the drug—antibody ratio (DAR) of ADCs in plasma, an affinity
purification method and the original LC gradient condition for the intact LC/MS analysis of a non-reduced ADC was
established. A validation method for the intact LC/MS approach for analyzing the average DAR and drug load distribution
(DLD) of ADCs in plasma sample was proposed for the first time. A collaborative study revealed the feasibility of our method.
In addition, A method for subunit DAR distribution analysis was also established using partial digestion and intact LC/MS.
Furthermore, an analytical method for evaluating changes in the payload modification level for each site of ADC was
successfully established using peptide mapping and multiple reaction monitoring.

To standardize the method of gene therapy products in biological samples, we developed the quantifying methods using
digital PCR and quantitative PCR. The model products of gene therapy products were recombinant adeno-associated virus
(AAV) serotype 2 and 9 inserted GFP gene. In development of methods, the methods of DNA extraction were optimized based
on recovery of AAV DNA copy number. The developed quantifying methods were fulfilled with our pre-determined
acceptance criteria. Then, multi-laboratory method validation study was performed to evaluate their robustness. Almost all

parameters met the pre-determined acceptance criteria on this validation study.



