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Next-generation medium-sized molecular peptide drugs are being developed around the world. To facilitate their
practical application, well-controlled manufacturing methods and quality and safety evaluation methods based on the
characteristics of these drugs should be established. However, developing such methods for novel peptide drugs is not easy
with conventional technologies, and guidelines should be established to specify appropriate regulatory requirements.

In this study, we proposed (1) process-control strategies for medium-sized molecular peptides based on a production and
evaluation pilot; (2) a quality/characteristic analysis method for medium-sized molecular peptides; and (3) a safety evaluation
method for medium-sized molecular peptides, and summarized the findings of relevant studies and overseas regulatory trends
in order to (4) prepare a points-to-consider document, “Evaluation requirements (draft) for ensuring the quality and safety of
next-generation peptide drugs”. The following is a summary of the study’s results.

(1) We investigated impurities that could have critical effects on peptide production quality by using cyclic peptides as a
model. We synthesized the cyclic peptides using a solid-phase method under various conditions (e.g., we changed the
resin/coupling reagents, changed the number of times peptide coupling was performed, used non-heated/heated conditions,
and used microwave irradiation, etc.). The optimal tag-synthesis method was also investigated, and the target peptide was
synthesized by repeating the condensation, deprotection, and extraction operations without performing purification during the
intermediate stages. Structural characterization of the produced and purified peptides showed that about 0.5% of the products
contained impurities that were difficult to separate out, mainly oxidized forms and/or stereoisomers of amino acids.

(2) We conducted biological activity and structural analyses of the peptide drugs, impurities, degraded samples, and
metabolites produced by the research group to establish a method for developing a quality-control strategy for peptide drugs,
taking into account effects on biological activity, PK, PD, safety, and immunogenicity, according to the quality control strategy
for biopharmaceuticals. Peptides lacking a single amino acid and oxidized peptides were found as impurities among the
synthesized peptides, and, together with the analysis of degraded samples, it was clarified that many of these impurities do
not retain activity.

(3) In this study, we experimentally verified whether any of the examined peptides were cytotoxic, whether the product could
be used as a substrate for human transporters, and whether any off-target effects were observed, as necessary, in order to
predict safety in humans, which cannot be predicted by conventional non-clinical evaluation methods using animals. In
addition to the safety of the peptides as active ingredients, the safety of impurities, degraded samples, metabolites, etc., and
the safety of metabolites derived from unnatural amino acids were also examined, since many medium molecular weight
peptides contain unnatural amino acids. The cytotoxicity of the peptides and their impurities was evaluated, and the impurities
showed slightly higher cytotoxicity than the peptide active pharmaceutical ingredients. Furthermore, there were slight
differences in toxicity depending on the peptide manufacturing process.

(4) In order to clarify the points that need to be considered to ensure the quality and safety of medium-sized peptide drugs,
we analyzed information on the quality and safety of recently approved peptide drugs, trends in peptide drug development,
and overseas regulatory trends. In addition, based on the ideas presented in the latest ICH guidelines, we organized the relevant
quality assessment and non-clinical safety assessment concepts, and prepared a document of points to note regarding the
quality assessment and non-clinical safety assessment of small-molecule peptide drugs.

Determining the evaluations that should be performed when formulating guidelines allows regulators to ask researchers
appropriate questions and make appropriate recommendations during the various consultations that take place during
applications for approval and drug development. This helps pharmaceutical companies to develop drugs more efficiently (e.g.,
it shortens the developmental period, reduces costs, and increases the probability of success) and reduces the manpower
required by regulators. In addition, innovative peptide drugs can be distributed to patients more quickly to meet unmet medical

needs.



