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Research and Development Achievements and Their Significance

{Significance of the R&D>

Epilepsy is a chronic neurological disorder affecting approximately one in every 100 people,
characterized by recurrent epileptic seizures. About 30% of patients have drug-resistant epilepsy,
for whom surgical resection or neuromodulation (electrical stimulation therapy) is considered.
Although the seizure—-free rate after surgical resection is relatively high at 70-80% for temporal
lobe epilepsy, it remains around 50% for other types. Moreover, the seizure-free rate of
neuromodulation is extremely limited, at 13% or lower.

The suboptimal outcomes of surgical therapy are largely attributable to the difficulty in accurately
identifying the epileptogenic zone, the brain region responsible for seizure generation. Currently,
chronic intracranial EEG recording using implanted electrodes is the primary method for identifying
the epileptogenic zone. However, existing chronic recording methods face two major limitations. The
first is a spatial limitation caused by restricted electrode coverage and density, and the second is
a temporal limitation because the electrodes are connected by wires, which prevents long—term EEG
monitoring. These spatial and temporal limitations prevent current chronic EEG recording methods from
accurately identifying the epileptogenic zone, which ultimately contributes to the limited
effectiveness of existing epilepsy therapies

This study aims to address the unmet medical needs in the therapy of drug-resistant epilepsy by
developing an implantable, integrated diaghostic—therapeutic device that utilizes flexible thin—film
electrodes and wireless power transfer. The distinctive feature of the proposed device is that its
flexible thin—film electrodes, composed of elastomeric films less than 10 um thick, enable wide—area
and high—density intracranial electrode placement without increasing intracranial pressure, thereby
overcoming the spatial limitation of current chronic EEG recording methods. In addition, by
transmitting recorded EEG data wirelessly instead of through wired connections, the device removes
constraints on the duration and environment of EEG monitoring, thereby overcoming the temporal
limitation and improving the accuracy of identifying the epileptogenic zone

Furthermore, the originality of this device lies in its ability to enhance the accuracy of
epileptogenic—zone identification, enabling case—specific optimal therapy strategies. When surgical
resection is feasible, wide—area and high—density EEG recordings allow for a more precise definition
of the resection margin, which is expected to improve seizure—free rates. Conversely, when the
epileptogenic zone is located in eloquent cortex and surgical resection is not an option, the device
allows seamless transition to neuromodulation therapy without requiring a second surgical procedure,
thus functioning as an integrated diagnostic—therapeutic system. By leveraging the advantages of
wide—area and high—density flexible thin—film electrode placement, the device enables closed-loop,
real—-time neurostimulation based on brain activity recordings that are unattainable with conventional
neuromodulation systems. This approach is expected to markedly improve the therapeutic outcomes of

neuromodulation, which currently achieves seizure—free rates of 13% or less (Figure 1).
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Figure 1. Solution Proposed by Our Developing Device

{Achievements of the R&D>

Using this grant, we conducted research and development across five components:
(1) Verification of the Required Specifications for the Device Under Development
Content: After determining the device concept, we confirmed the electrode placement procedure for the
flexible thin—film electrodes using a 3D brain model and cadaver studies, taking actual clinical use
into consideration. We then performed implantation in animal experiments according to the intended
use of the device. Based on the findings obtained from the animal experiments, we finalized the
specifications of the device under development
Outcomes: In the animal experiment using Japanese macaques, we successfully placed the flexible thin-
film electrodes in the subdural intracranial space, implanted the fabricated prototype in the body,
and completed the procedure to connect the two components. In preparation for the clinical study
planned after the completion of this project, we updated the required specifications by incorporating
considerations from the study design as well as the outcomes of the PMDA consultation.

Achievement Level: 100%

(2) Development of the Flexible Thin-Film Electrodes

Content: We developed and improved flexible thin—film electrodes designed for long—term implantation,
and completed the evaluation of their insulating properties and biocompatibility. We also explored
the technology transfer of the electrode manufacturing process

Outcomes: To enhance long—term durability, we carried out improvement and development of the
electrodes and confirmed stable insulation performance over a period exceeding one month. Using the
improved electrodes, we conducted cytotoxicity and skin sensitization tests as a screening for

biocompatibility, and the electrodes passed both tests



Achievement Level: 100%

(3) Fabrication of a Prototype for Animal Experiments

Content: We developed an implantable device, a wearable device, and a remote monitoring system for
use in rat and Japanese macaque experiments during the project period

Outcomes: In animal experiments using Japanese macaques, we placed the flexible thin—film electrodes
in the subdural intracranial space, implanted the fabricated prototype in the body, and confirmed
that EEG recordings obtained from the electrodes could be transmitted wirelessly to the programmer.
The implementation of the closed—loop neurostimulation function had already been verified ahead of
schedule in animal experiments using epilepsymodel rats conducted in fiscal year 2023.

Achievement Level: 100%

(4) Verification Through Animal Experiments

Content: Using the developed flexible thin—film electrodes and the prototype for animal experiments,
we conducted studies in rats and Japanese macaques. We evaluated the sensing function, the stimulation
function, and the closed—loop neurostimulation function.

Outcomes: In the animal experiments using Japanese macaques, we placed the flexible thin—film
electrodes in the subdural intracranial space, implanted the fabricated prototype in the body, and
completed the procedure to connect the two components, consistent with the results described in R&D
Component (1). The implementation of the closed-loop neurostimulation function had already been
verified ahead of schedule in animal experiments using epilepsy—model rats conducted in fiscal year
2023, consistent with R&D Component (3).

Achievement Level: 100%

(5) Development and Promotion of the Commercialization Plan

Content: We finalized the implementation scenario and the commercialization plan. We also examined
the future development plan and the schedule for conducting non—clinical and clinical studies after
the completion of this project.

Outcomes: Following the PMDA Regulatory Science consultation on the electrodes conducted in fiscal
year 2023, we held a PMDA Regulatory Science consultation for the integrated diagnostic—therapeutic
device. We received concrete advice regarding the adequacy of the conceptual requirements and
verification items. Based on the PMDA guidance, we refined the plans for the non—-clinical and clinical
studies to be conducted after the completion of this project and updated both the implementation
scenario and the commercialization plan. To secure research and development funding for the post-—
project period, we have been preparing applications for public funding. In parallel, based on the
progress of this research and development, we are also preparing to seek investment from venture
capital.

Achievement Level: 100%



