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Since clinical responses to immune checkpoint inhibitors (ICIs: anti-PD-1/PD-L1 antibodies) are not
consistent among patients, it is desirable to develop a stratification technique to accurately select
patients who are likely to benefit from ICIs. The purpose of this study is to develop a reliable
stratification technique in ICI-treated patients by analysis of plasma amino acid profiles. The
results are as follows.

1. Optimization of stratification technique by amino acid profiling in ICI-treated patients.

The objective is to conduct clinical development of a stratification technique using plasma amino
acid/metabolite concentrations through exploratory and validation two-stage clinical studies in
patients with advanced/recurrent non-small cell lung cancer (NSCLC) treated with ICIs. In the
exploratory clinical study (104 patients were enrolled from February 2021 to February 2022), we
developed overall survival (0S) discrimination formulas based on combination of up to four types of
amino acids/metabolites and applied for a patent for them in April 2022. Furthermore, in the validation
clinical study (143 patients were enrolled from March 2022 to December 2023), we verified the
performance and reproducibility of the discriminant formulas obtained in the exploratory clinical
study.

Using blood, stool, and tumor tissue samples from the patients enrolled in the clinical studies
we performed (single—cell) RNA-Seq analysis of peripheral blood mononuclear cells, comprehensive
analysis of plasma humoral factors, phenotype analysis of peripheral blood immune cells, and
metagenomic analysis of intestinal microflora. From these analyses, we identified genes involved in
the regulation of amino acids/metabolites that constitute the 0S discriminant formulas. In addition,
we found that plasma amino acids/metabolites important for OS prediction were correlated positively
or negatively with many cytokines and/or immune cells in peripheral blood, suggesting that plasma
amino acids/metabolites may be involved in ICI responsiveness by regulating systemic immune cell
activation and cytokine secretion.

2. Elucidation of the correlation mechanism between amino acid profiles and ICI effects in mouse

transplant tumor models.

We aimed to develop mechanistic insights of the correlation between amino acid profiles and ICI
effects in mouse transplant tumor models. A positive correlation between plasma and tumor tissue was
observed in the concentrations of amino acids/metabolites that constituted the O0S discriminant
formulas in the clinical trials, suggesting that metabolic changes in the tumor microenvironment
might be reflected by the plasma amino acid profiles. In addition, we demonstrated that a gene X
strongly correlated with plasma amino acid profiles useful for predicting ICI treatment efficacy
regulates responses to ICI treatment possibly through amino acid profile changes in a mouse transplant
tumor model.

3. Practical application of the stratification technology by amino acid profiling in ICI-treated

patients.
PMDA consultations were repeated (6 general consultations and 1 pre—development consultation) on

the evaluation package for filing a regulatory application for the OS discrimination algorithm based
on amino acid/metabolite analysis and on how to proceed with validation clinical trials. The PMDA
provided advice and guidance on the need to “evaluate the survival rate in an RCT study of patients
stratified by this technology with and without a therapeutic drug” in order to file a regulatory
application as a standard therapeutic drug selection index, but such study design was judged to be
difficult to implement due to ethical concerns about RCT studies of already approved drugs. Therefore,
in order to increase the recognition of this stratification technology as an adjunctive diagnostic
test and accumulate evidence for conducting an RCT test, we decided to proceed with the
commercialization of this technology as an unrestricted research test in FY2025

In order to increase the versatility of the stratification technology by amino acid profiling in

ICI-treated patients, new formulas with high OS discrimination performance were developed by using
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blood samples from ICI-treated advanced/recurrent gastric and esophageal cancer patients (122
patients) and urothelial carcinoma patients (72 patients). In addition, the 0S discrimination formulas
developed in the NSCLC exploratory clinical study were shown to have a certain level of discrimination
performance in other cancer types (gastric cancer and urothelial carcinoma), but it was suggested
that the optimal combination of amino acids/metabolites for OS discrimination may differ among cancer
types.

4, Development of new diagnostic reagents and medical devices for amino acid profiling with high

accuracy, simplicity, and low cost

LC-MS/MS mass spectrometry was developed and standardized as a highly accurate method for measuring
trace Trp metabolites. The technology was transferred to a clinical laboratory company for
standardization of analysis of clinical specimens, and validation data of the analytical method was
obtained. Furthermore, it was confirmed that the blood stability of Trp metabolites was ensured by
following the sample SOP for amino acid analysis already applied in the clinical studies. Using the
standardized analytical methods, we conducted amino acid/metabolite analysis of specimens from
patients enrolled in the clinical studies and confirmed that it is possible to create highly accurate
discriminant formulas to predict ICI treatment efficacy. In order to enable simple and low—cost
analysis of multiple amino acids/metabolites selected for the discriminant formula, we developed an

integrated analysis method of the selected amino acids/metabolites



