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Cancer causes over 9.6 million deaths annually, with healthcare costs exceeding 140 trillion yen. Approximately
90% of cancer-related mortality results from metastasis, with lymph node metastasis often preceding distant organ
dissemination. In breast, head and neck cancer, even a single lymph node metastasis signifies advanced-stage disease,
and treating lymph node metastases alone can significantly improve survival. Therefore, early-stage intervention
targeting lymph node metastases is critical for preventing distant spread.

Standard cancer treatment integrates surgery, radiation therapy, chemotherapy, and immunotherapy. Notably,
immuno-radiotherapy (radiation + immunotherapy) has synergistic therapeutic effects, but radiation therapy requires
large-scale infrastructure and carries radiation exposure risks, limiting accessibility. Photothermal therapy is a non-
radiation alternative but is constrained by limited tissue penetration, restricting its application.

This project aims to develop a compact magnetic hyperthermia cancer treatment probe using magnetic nanoparticles
and an alternating magnetic field, offering a non-invasive alternative to radiation and photothermal therapy. By
integrating a magnetic hyperthermia system and a cancer diagnostic system with a metastatic mouse model featuring
human-sized lymph nodes, we aim to validate its therapeutic efficacy in superficial metastatic lymph nodes. Additionally,

we propose "magneto-immunotherapy" as a novel multimodal strategy for breast and head and neck cancer. This research



represents the first global and Japan-originated validation of a magnetic hyperthermia cancer therapy system for
metastatic lymph nodes, aiming to prevent distant metastasis and provide a minimally invasive treatment for a broader
patient population.

To enable wireless real-time temperature monitoring during treatment, we developed a temperature measurement
system utilizing magnetic harmonic signals from nanoparticles. We also constructed a compact treatment system suitable
for operating room use and designed a custom magnetic heating coil and pulsed power supply to enhance heating
efficiency. Comparative analysis of pulsed and sinusoidal magnetic fields revealed that pulsed magnetic fields improve
energy efficiency several-fold and enhance nanoparticle magnetization, leading to better heating performance.
Additionally, we determined the optimal pulse repetition frequency for therapeutic applications and demonstrated real-
time temperature monitoring during hyperthermia treatment.

To optimize coil design for treating head and neck cancer and breast cancer, we conducted finite element method
(FEM) simulations to refine magnetic field distribution and heating profiles. Our proposed coil design significantly
improved spatial uniformity and expanded the treatment area, enhancing therapeutic efficacy.

This research represents a world-first effort to develop and validate a magnetic hyperthermia cancer treatment
system for metastatic lymph nodes, offering a minimally invasive alternative to conventional therapies.

Validation of Therapeutic Efficacy Using a Metastatic Mouse Model Mimicking Human Lymph Nodes
A metastatic mouse model with lymph nodes of comparable size to human lymph nodes was used to evaluate the
proposed system's performance. Pathological analysis confirmed an optimized treatment protocol (temperature,
frequency, and magnetic nanoparticle dosage) that maximized cancer cell eradication while minimizing damage to
normal tissue. System modifications enhanced temperature stability, and treated mice exhibited tumor reduction,
indicating the potential for curative treatment of lymph node metastases via magnetic hyperthermia. Experiments
adjusting temperature, treatment duration, and magnetic field distribution further validated conditions for improved
therapeutic efficacy.

Additionally, a magneto-immunotherapy model was developed to examine the synergistic effect of hyperthermia
and immunotherapy, demonstrating enhanced treatment efficacy. Since this model closely mimics human lymph node
metastasis, findings are potentially translatable to clinical trials for head and neck cancer and breast cancer, where lymph
node metastases are prominent.

A comprehensive analysis of device requirements for head and neck cancer and breast cancer treatments confirmed
its cost-effectiveness and superior performance compared to existing solutions, indicating strong clinical demand.
Different market entry strategies will be required for hospitals with and without radiation facilities.

Given variations in surgical approaches and clinical guidelines, consultations with PMDA regulatory authorities
and expert clinicians (breast cancer and head and neck cancer specialists) were conducted to refine target patient
classifications and clinical needs. Notably, in head and neck cancer, lymph node recurrence post-dissection presents
surgical challenges, highlighting the clinical significance of this alternative treatment. In breast cancer, patients
undergoing partial mastectomy typically receive radiation therapy, making this method a viable non-radiation alternative.

For future, safety and efficacy evaluations will be conducted through phased clinical trials to establish its therapeutic

validity as a medical device.



