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IT Outline of Research and Development

Immunotherapy, especially immune checkpoint inhibition (ICI) therapy, has made significant
progress in the field of cancer treatment in recent years and has demonstrated long-term
durable clinical efficacy against many types of cancer, but only about 20% of patients respond to
the therapy. From the viewpoints of adverse event avoidance and healthcare economics,
stratification markers are being developed to narrow down the patient population for ICI
therapy; PD-L1 and MSI tests are used as companion diagnostics to determine the indication for
ICI therapy, but they do not have sufficient sensitivity and specificity as stratification markers.
As clinical trials for various immunotherapy combinations are underway, stratification markers
are needed to comprehensively understand the immune status of individual cancer patients and
to provide appropriate therapeutic intervention. In addition, ICI therapy is increasingly used in
combination with chemotherapeutic agents and anti-CTLA-4 antibodies, in addition to being
administered as a single agent. These changes in the therapeutic environment will affect the
search for stratification biomarkers and their implementation in clinical and require careful
attention.
In a stratified marker search study for ICI therapy, it has been shown that it is difficult to
accurately estimate the host immune response by conventional pathological tumor tissue
analysis and tumor gene analysis, suggesting the importance of detailed analysis of the immune
cells themselves. At the start of this research and development project, research members Drs.
Kagamu and Nishikawa found that the ratio of CD62L'" CD4* T cell counts to regulatory T cell
(Treg) counts in the peripheral blood of lung cancer patients and the ratio of PD-1* CD8" T cells
to PD-1" activated Tregs in the local tumor area could predict ICI treatment response,
respectively. Furthermore, the application of immune cell analysis to biomarkers by peripheral
blood and local cancer immune monitoring was just getting started in the United States. This
research group has the marker seeds as described above, and possesses cutting-edge
technologies in various fields, such as functions to elucidate immune response mechanisms from
both peripheral blood and cancer tissue, functions to construct a secure database for information
sharing, functions to develop AI analysis tools, and development functions by diagnostic and
pharmaceutical companies with an eye on the future. The company possesses the following
capabilities, and has started work on this R&D project with sufficient competitiveness.
In this R&D project, we will conduct the following four tasks: 1) mathematical understanding of
the immune system by analyzing peripheral blood immune cells of cancer patients; 2)
elucidation of the regulatory mechanism of cancer immune response based on tumor
microenvironment (TME) analysis by assessing local cancer immunity; 3) development of a
system to integrate data obtained from tasks 1 and 2 with a systematic cancer immunity
database and data analysis tools; 4) development and validation of diagnostic equipment for
practical use of patient-specific markers found in tasks 1 and 2. These will allow us to identify
stratification markers by analyzing minimally invasive peripheral blood samples that can be
analyzed over time, and to clarify the biological and pathological significance of the markers by
immunological evaluation of cancer tissues, as well as to examine markers using local cancer
samples. In addition, the database construction and analysis will lead to the creation of an
algorithm to optimize the treatment for each patient, and the development of a novel cancer
immunotherapy diagnosis system will also be considered. In addition, the research and
development were started with a plan to conduct a survey on the research and development
status of stratified markers in the field for the launch of the diagnostic system, and to organize a
corporate consortium as a user forum for appropriate utilization of the research and
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development results in drug discovery.

The following describes the results of Tasks 1 through 4.

Task 1: "Mathematical Understanding of the Immune System by Analyzing Immune Cells in
Peripheral Blood of Cancer Patients.

In addition to the biomarker K-index, which has been in our possession since the beginning of
the study, we discovered a new biomarker Th7R. The relationship of both biomarkers to the
therapeutic effect of immune checkpoint inhibitors has been clarified, and further validation is
underway in a prospective clinical study across cancer tumors and in a clinical study of anti-PD-1
antibody combination.

Task 2: "Elucidation of Regulatory Mechanisms of Cancer Immune Responses Based on Tumor
Microenvironment (TME) Analysis by Evaluation of Local Immunity in Cancer"

We reported that differences in PD-1 expression intensity on CD8+ T cells and regulatory T cells
(Treg) are accurate predictive biomarkers that correlate with therapeutic efficacy of anti-PD-
1/anti-PD-L1 antibodies. To evaluate the usefulness of the biomarker as a stratified biomarker,
we have initiated a corporate clinical trial of the biomarker. Furthermore, we licensed out the
analysis method using biopsy specimens and reagents for the analysis to a company, and the
analysis method has been used in clinical trials by several companies to date.

In addition, local analysis of tumors has revealed several mechanisms by which Treg cells reduce
the immune function of tumors. In addition, we have studied the activation mechanism of Treg
cells in tumor tissues and found an important transcription factor, BATF.

Task 3: Development of a system for integrating a systematic cancer immunology database with
data analysis tools.

The construction of the Cancer Immuno-Vibriotheca has been completed, and information on
about 100 lung cancer cases obtained at Saitama Medical University has been stored. In the
future, we plan to increase the number of cases stored, including data on other carcinomas and
data from other institutions. We invited pharmaceutical companies to a briefing session on
Vibriotheca for Cancer Immunology. Many of the participating companies were interested in the
system. On the other hand, some expressed concern about expanding the number of data and
confirming data usage rights.

Task 4: "Development and Validation of Diagnostic Equipment for Practical Application of Patient
Stratification Markers"

Toward the social implementation of K-index, we have completed an automated staining system
that enables fully automated measurement of K-index, which had been conducted by
complicated manual methods. Based on the results of the clinical needs survey and PMDA
general consultation, we believe that not only efficacy prediction data of anti-PD-1 antibody
monotherapy but also efficacy prediction data of various anti-PD-1 antibody combination
therapies are needed to clarify the use of K-index. We have already started a clinical study
including a cohort of patients treated with anti-PD-1 antibodies to expand the data.

For the phosphorylation reaction measurement instrument, after fabrication and evaluation of a
prototype, a development machine was fabricated and its performance was evaluated. Based on
the results of the needs assessment, the specifications were changed to improve the biosafety
level. A feasibility study has also been initiated. In the future, we recognize the need to generate
additional information, including the preparation of evidence to meet user needs, confirmation of
the stability of the phosphorylation state until the end of sample preparation, and construction of
a cell acquisition process.



