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Objectives of this R&D Project

The purpose of this study was to identify the characteristics of patients with PAH who are likely to benefit from
anti-IL-6 receptor antibodies as a new treatment for refractory pulmonary arterial hypertension (PAH), to embody the
approach of Precision Medicine, and to develop a physician-led clinical trial protocol.

A phase 2 study of the humanized anti-IL-6 receptor antibody tocilizumab in PAH (Transform-UK study (N=19): UK,
2018), which did not use biomarker assessment as an inclusion criterion, demonstrated that although some responders
were highly effective, the overall response was not significantly improved, as in other studies. In this context, it is difficult
to develop new PAH drugs other than pulmonary vasodilators unless a precision medicine approach is used, in which
biomarkers are assessed in advance and clinical trials are conducted after identifying groups that are expected to be
effective. In addition, since PAH is a rare disease and it is difficult to conduct randomized controlled trials with a control
group, we think that it is efficient to use the registry as an external control in evaluating efficacy in Phase 2 trials. So, we
planned to use the Japanese patient registry of PAH (JAPHR) to perform the physician-initiated clinical trial for PAH

using humanized anti-IL-6 receptor antibody.

Results and significance of this research and development

To realize this research, clinical data from the pulmonary arterial hypertension patient registry (JAPHR) and
comprehensive cytokine analysis data were collated to identify immune responsive phenotypes in PAH patients that have
high autoimmune activity and are expected to benefit from immune modulation. The following four phenotypes were
identified. Specifically, we set the following four milestones for the study

(a) Extraction of target patients from the JAPHR registry and sharing of phenotype data

(b) Comprehensive analysis of cytokines in PAH patients

(c) Clustering of data and identification of immune responsive- phenotype using Al

(d) Protocol development for investigator-initiated clinical trials

Milestone (a): Extraction of eligible patients from JAPHR registry and sharing of phenotype data
We selected 143 patients with pulmonary arterial hypertension (PAPH) from the six centers with the largest number of
patients in the JAPHR registry, because the patients in the JAPHR registry had already given written consent to provide

information to third parties. Anonymized information was obtained from the database.

Milestone (b): Comprehensive analysis of cytokines in PAH patients
Comprehensive cytokine analysis by protein array using RayBio® Glass Slide Antibody Array manufactured by

RayBiotech was performed for the cases identified in milestone (a).

Milestone (c¢): Clustering of data and identification of immune responsive- phenotypes using Al
Clustering of cytokine data obtained through milestones (a) and (b) was performed using a machine learning approach.
We used unsupervised machine learning to handle all cytokine data and Al clustering to identify the characteristics of a
group of cytokines increase clusters including IL-6, i.e., immune responsive- phenotypes, and the threshold of cytokine
levels in that group. In addition, the threshold of cytokine levels in the group was identified. The method of therapeutic

intervention using them was commercialized.

Milestone (d): Development of protocol for investigator-initiated clinical trials
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We established a system for efficient implementation of academia-led clinical trials by utilizing ARO (Keio University
Hospital). In collaboration with the ARO, we developed a protocol for investigator-initiated clinical trials targeting the
identified immune responsive-phenotype, and held multiple meetings with PMDA to determine the policy for protocol
development. At the same time, we shared information on the reliability assurance for conducting investigator-initiated

clinical trials using the registry.

The results of this research were commercialized as intellectual property through industry-academia collaboration. In
the future, this research will be continued as Step 2 of the Clinical Research and Clinical Trial Promotion Research
Project, and physician-led clinical trials will be conducted based on the protocol developed.

Since the humanized anti-IL-6 receptor antibody is a domestic drug marketed globally by Chugai Pharmaceutical Co.
He will be involved in the revision of the international guidelines based on the evidence generated from this issue. The
global use of this drug as an orphan drug will contribute to the improvement of Japan's medical economic balance by

about 30-50 billion yen per year, considering the market size of other therapeutic drugs for PAH.
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