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Background

Primary vitreoretinal lymphoma (PVRL) is a rare and highly aggressive malignancy of the eye and represents one
of the most life-threatening ocular diseases. Despite initial responsiveness to local ocular therapy, approximately
60-80% of patients subsequently develop central nervous system (CNS) involvement. Historically, the 5-year
overall survival rate has been only 30—40%. With an incidence of approximately 4.6 cases per million population
annually, PVRL is classified as a rare cancer, and no globally accepted standard therapy has been established.
To elucidate the molecular pathogenesis of PVRL, we conducted genetic analyses using patient specimens
collected since 2009. These studies revealed that mutations in MYD88 and CD79B are present in approximately
85% of patients. These genetic alterations activate the Bruton tyrosine kinase (BTK) signaling pathway, suggesting
that BTK represents a rational therapeutic target. Tirabrutinib, a highly selective BTK inhibitor with excellent CNS
penetration, was therefore identified as a promising candidate for preventing CNS relapse in patients with PVRL.
The principal investigator was previously supported by the Japan Agency for Medical Research and Development
(AMED) through the Project Promoting Support for Drug Discovery and Clinical Research (2018) for protocol
development and subsequently through the AMED Innovative Cancer Research Program (2019—2021). Following
a formal consultation with the Pharmaceuticals and Medical Devices Agency (PMDA) on March 24, 2020, approval
was obtained for the clinical trial protocol. Importantly, the establishment of a national PVRL patient advocacy
group in 2019 played a significant role in supporting and accelerating the development of this investigator-initiated

trial.



Study Implementation and Achievements

We conducted a nationwide, multicenter, investigator-initiated, randomized, double-blind, placebo-controlled
clinical trial to evaluate whether BTK inhibition could prevent CNS relapse in patients with PVRL following
successful local ocular treatment.

The study enrolled patients with newly diagnosed PVRL who achieved complete remission after local ocular
therapy. Participants were randomly assigned to receive either tirabrutinib (ONO-4059) or placebo. The primary
endpoint was relapse-free survival, centrally adjudicated by an independent review committee. Secondary
endpoints included overall survival, CNS relapse, and ocular relapse.

To establish a nationwide collaborative framework, major institutions specializing in PVRL treatment and capable
of multidisciplinary collaboration between ophthalmology and hematology departments were invited to participate.
The study was conducted under an All-dJapan consortium involving leading university hospitals, including the
University of Tokyo, Hokkaido University, Jichi Medical University Saitama Medical Center, Tokyo Medical
University, Tokyo Medical and Dental University, Yokohama City University, Kyoto Prefectural University of
Medicine, Kyushu University, Fukushima Medical University, Kanazawa University, Osaka University, Yamagata
University, and additional participating centers, ultimately expanding to 14 university hospitals nationwide.
Patient recruitment began in February 2021. However, enrollment was significantly affected by the COVID-19
pandemic, the rarity of the disease, and the challenges associated with participation in a double-blind placebo-
controlled trial. To overcome these obstacles, extensive recruitment activities were undertaken, including
investigator meetings, communication with referring hospitals, patient outreach programs, dedicated websites,
collaboration with patient advocacy organizations, and public information campaigns. As a result, the enroliment
period was extended until March 2024.

A total of 40 patients were successfully enrolled by March 31, 2024, achieving the target sample size. Follow-up
was completed in March 2026, marking the successful completion of one of the largest prospective clinical trials
ever conducted in PVRL.

In response to recommendations from AMED and the Program Officer, an additional translational research
component was incorporated to evaluate intraocular penetration of BTK inhibitors. Collaborating with Professor
Ken-ichi Hosoya and Professor Shinya Akanuma of the University of Toyama, experts in ocular pharmacology, we
established a quantitative analytical platform for measuring BTK inhibitor concentrations in ocular tissues. This
enabled a detailed assessment of drug distribution within the eye during the trial and provided valuable
pharmacokinetic information supporting future clinical development.

Clinical Significance and Competitive Advantages

Previously, our group demonstrated that intensive treatment combining ocular therapy, systemic chemotherapy,
and prophylactic whole-brain radiotherapy could reduce CNS relapse rates to approximately 10% and improve the
4-year survival rate to 74.9% (Taoka et al., British Journal of Haematology, 2012 and 2017). However, these
approaches are associated with substantial toxicity, particularly in elderly patients, including severe delayed
neurotoxicity, white matter injury, and cognitive impairment.

In contrast, BTK inhibitors offer several potential advantages. They are orally administered, selectively target the
molecular drivers of PVRL, exhibit excellent CNS penetration, and avoid the severe neurocognitive adverse effects
associated with cranial irradiation. Given that most PVRL patients are elderly, BTK inhibition represents a
potentially transformative treatment strategy that preserves quality of life while reducing relapse risk.

To our knowledge, this study represents the first randomized investigator-initiated clinical trial worldwide
specifically designed to prevent relapse in PVRL using a targeted molecular therapy. As such, it holds substantial

scientific and clinical significance and may establish a new treatment paradigm for this rare and devastating
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disease.

Patient and Public Involvement (PPI)

Patient and public involvement has been an integral component of this project. The principal investigator presented
the progress of the trial at the 61st Annual Meeting of the Japanese Society of Clinical Oncology in 2023 and has
maintained close collaboration with the national PVRL patient advocacy group. Patient meetings were conducted
in October 2025 and March 2026 through educational and interactive programs, including the “Rare Cancer Meet
the Expert” online forum. These activities have promoted bidirectional communication between researchers,
clinicians, patients, and families, contributing to greater awareness of this rare disease and supporting patient-
centered clinical research.
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