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Background and Objective

This research and development initiative aimed to address both scientific and regulatory challenges associated with the
evaluation of bioequivalence (BE) studies. The project took a comprehensive and multifaceted approach, encompassing
international harmonization, refinement of BE assessment methodologies, adaptation to complex dosage forms, and
practical implementation of a novel in vitro dissolution/permeation system. Through active collaboration among
regulatory authorities, academia, and industry, the project sought to improve the reliability, scientific validity, and
practical utility of BE evaluation in support of regulatory science and high-quality generic drug development.

Research Theme 1: Expansion and International Harmonization of BE Guidelines

Two sub-teams were organized under this theme. The first team contributed to the international harmonization of BE
study guidelines under ICH M13. Japan provided input reflecting the risks of bio-inequivalence under hypo-chlorhydric
conditions and introduced an evaluation method based on pH-dependent solubility and the concept of “markedly
different” dissolution behaviors under Japanese guidelines. The second sub-team focused on resolving technical and
operational issues in Japan’s domestic BE guidelines, particularly for dissolution testing. Seven key topics—including
the use of low-buffer media, sinker types for mount formation, enzyme use for gelatin capsules, and applications of
PBBM—were addressed, and the findings were compiled into a technical report. Furthermore, a proposal to manage
formulation changes across the product lifecycle was developed and submitted for stakeholder consultation, including
with MHLW, PMDA, and industry groups.

Research Theme 2: BE Evaluation for Locally Applied Semisolid dosage forms

This study targeted semisolid topical formulations such as ointments and creams, which pose complex challenges for BE
evaluation due to variability in base composition, excipients, and physicochemical properties. A sub-team reviewed
seven BE test methods listed in existing guidelines and concluded that confirmatory clinical studies remain essential for
rigorous BE determination. The DPK (dermato-pharmacokinetic) method may be acceptable only under strict conditions,
such as similarity in dosage form type and base characteristics. Based on these conclusions, the “Basic Principles for BE
Evaluation of Generic Topical Semisolid Formulations” was issued by MHLW in October 2022, and further guideline
revisions and Q&A updates were issued in March 2025. Additionally, a review of global regulatory trends regarding
biowaivers for injectable formulations (e.g., IM and SC) was conducted to support future guideline development in
Japan.

Research Theme 3: Design and Validation of a Novel In Vitro Absorption Evaluation System (BE Checker)

This study focused on the development and validation of the "BE Checker," an innovative in vitro system capable of
simultaneous monitoring of drug dissolution and membrane permeation across GI compartments. Initial validation used
reference and generic formulations of naftopidil under various dosing conditions, including administration without water.
The BE Checker demonstrated its ability to reproduce dissolution-permeation behavior reflective of human BE
outcomes. The system was expanded to evaluate multiple commercial products, including those known to exhibit non-
BE in clinical trials, and a full-scale version with human GI-equivalent volumes was constructed. An open laboratory
was established, and collaborative studies with eight pharmaceutical companies confirmed the system’s potential for
predicting BE, particularly for challenging formulations such as orally disintegrating tablets (ODTs).

Research Theme 4: Functional Evaluation of Formulations Using the BE Checker

Building on Theme 3, this study examined variability under altered physiological conditions such as hypochlorhydria
and fed states. In a fed-state study using telmisartan tablets (known to be affected by food), the BE Checker reproduced
food effects by simulating postprandial GI physiology. It also demonstrated high sensitivity in detecting absorption

differences between ODTs under with vs without water conditions. A multi-site feasibility study involving eight
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companies assessed the BE Checker’s predictive performance using test/reference tablets with known BE or non-BE
outcomes. For basic drugs, interactions between initial disintegration/dissolution rates and gastric pH variation caused
large differences in in vitro dissolution, indicating the necessity for multi-condition testing protocols.

Conclusion

This project contributed significantly to both international and domestic regulatory frameworks for BE studies and
provided scientific solutions to practical challenges. The guidelines and evaluation technologies developed are expected
to be widely utilized by pharmaceutical companies and regulatory agencies, supporting the efficient development of

high-quality, bioequivalent generic medicines.



