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1. Background and Objectives of the Research and Development

Pulmonary arterial hypertension (PAH) is a severe rare disease characterized by progressive
narrowing and occlusion of small pulmonary arteries, leading to increased pulmonary vascular resistance,
right heart failure, and ultimately death. Current PAH therapy has evolved primarily around pulmonary
vasodilators, including endothelin receptor antagonists, agents targeting the nitric oxide—cyclic guanosine
monophosphate pathway, and prostacyclin pathway agents. However, these therapies mainly improve
hemodynamics through vasodilation, and treatments that directly target the underlying disease processes,
such as pulmonary vascular remodeling and inflammatory or immune dysregulation, have not yet been fully
established. Recent evidence indicates that inflammatory cytokines and immune responses are closely
involved in PAH pathobiology. Among these pathways, interleukin-6 (IL-6) signaling is considered an
important molecular pathway associated with pulmonary vascular remodeling, right ventricular dysfunction,
and poor prognosis.

Previous trials that applied IL-6 receptor blockade to unselected PAH populations did not
demonstrate a clear overall hemodynamic benefit. This suggests that PAH is not a biologically uniform
disease entity, but rather a heterogeneous condition comprising patients in whom immune inflammation is
central to disease pathogenesis and others in whom this pathway is less dominant. Therefore, successful
development of immunomodulatory therapy for PAH requires a precision-medicine approach in which
patients are stratified before treatment and those most likely to respond are prospectively selected.

In the present study, we used clinical data accumulated in the Japan PH Registry (JAPHR), a
nationwide registry of patients with pulmonary hypertension, together with comprehensive serum biomarker
profiling. Using Al-based clustering, we identified an “immune-responsive phenotype” within PAH
characterized by elevated IL-6 levels. Based on these findings, a serum IL-6 threshold of >2.73 pg/mL was
defined as an enrichment criterion for trial eligibility, and a phase 2 investigator-initiated trial of
satralizumab, an anti—IL-6 receptor antibody, was conducted. The objective of this study was to evaluate
whether satralizumab could improve pulmonary vascular resistance in patients with IL-6-high PAH and to

demonstrate the feasibility of biomarker-stratified therapy in PAH.

2. Research and Development Methods

This study was conducted as the SATISFY-JP trial, a multicenter, single-arm, open-label, phase 2
investigator-initiated trial. Eligible patients were those with Group 1 PAH who had a centrally measured
high-sensitivity serum IL-6 level of >2.73 pg/mL and were therefore considered to have a highly immune-
responsive PAH phenotype. The main inclusion criteria were World Health Organization functional class 1
to III, stable PAH-specific therapy for at least 90 days, and right heart catheterization findings showing a
mean pulmonary arterial pressure of >25 mmHg and pulmonary vascular resistance greater than 4 Wood
units.

In this trial, satralizumab 120 mg was administered subcutaneously at weeks 0, 2, and 4, and every
4 weeks thereafter through week 24. The primary endpoint was the percent change in pulmonary vascular
resistance (PVR) from baseline to week 24, assessed by right heart catheterization.

The target sample size was set at 20 patients. This was determined based on PVR reductions
reported in previous Japanese clinical trials of PAH therapies. Assuming a mean PVR reduction of 20% at
week 24, a threshold reduction of 5%, a one-sided significance level of 0.025, and 80% statistical power, 16

patients were estimated to be required. The final target sample size of 20 patients was set after accounting



for potential dropouts.
After institutional review board approval was obtained at the lead institution, International
University of Health and Welfare Mita Hospital, the first patient was enrolled in July 2022. Ultimately,

enrollment of 20 patients from 9 centers in Japan was completed, and patient enrollment ended in June 2024.

3. Results

In this trial, 110 patients underwent screening using high-sensitivity IL-6 testing. Among them, 43
patients, corresponding to 39.1%, met the predefined IL-6 criterion of >2.73 pg/mL. This is an important
finding, indicating that the IL-6-high immune-responsive phenotype is not an exceptionally rare subgroup
among patients with PAH, but rather a clinically relevant disease phenotype observed at a measurable
frequency in real-world practice. Ultimately, 20 patients were enrolled, and all initiated treatment with the
investigational drug. Eighteen patients with right heart catheterization data available at week 24 were
included in the primary analysis.

Among the 20 enrolled patients, the mean age was 59.3 years, and 65.0% were women. WHO
functional class was class II in 25.0% and class III in 75.0%, indicating that most patients had symptomatic,
at least moderately advanced disease. PAH etiologies included idiopathic or heritable PAH in 45.0%,
connective tissue disease—associated PAH in 45.0%, and congenital heart disease—associated PAH in 10.0%.
At baseline, the mean PVR was 6.733 Wood units, and the mean 6-minute walk distance was 301.7 m.
Regarding background therapy, 80.0% of patients were already receiving two or more PAH-specific drugs,
and 40.0% were receiving triple combination therapy. Therefore, this trial did not primarily target treatment-
naive or mildly affected patients, but rather a clinically relevant population with residual disease despite
contemporary PAH therapy.

The primary endpoint, percent change in PVR from baseline to week 24, showed a mean change of
—16.64% in the full analysis set, with a 95% confidence interval of —32.22% to —1.07%. The one-sided P value
for the primary analysis was 0.067, and the result did not meet the prespecified threshold for statistical
significance. Nevertheless, PVR showed a consistent direction of reduction. The absolute mean change in
PVR was —1.072 Wood units. In the sensitivity analysis population, the mean percent reduction in PVR was
similarly —17.40%. These findings represent a clinical signal suggesting that satralizumab may improve

pulmonary vascular resistance in patients with IL-6-high PAH.

4. Future Perspectives

The results of this trial indicate a hemodynamic improvement signal associated with IL-6 receptor
blockade and demonstrate the value of a new rare-disease drug development model that integrates registry-
based analysis, biomarker measurement, Al-based stratification, and investigator-initiated clinical trials.
This work provides an important foundation for advancing therapeutic development targeting immune-
inflammatory pathobiology in PAH from the exploratory stage to the confirmatory stage. The results strongly
support future development strategies, including biomarker-stratified randomized controlled trials and

subsequent regulatory approval pathways.



