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[Development Purpose]

As the number of cancer patients continues to rise, advancements in diagnostic and treatment technologies are
expected to enable early detection and treatment, facilitating a quicker return to society. This not only reduces the
burden on the patient but also minimizes social and economic losses. Radiation therapy, including particle beam
therapy, is a minimally invasive treatment method that can preserve organ structure and function. In radiation
therapy, a treatment plan is prepared based on CT images taken before treatment, and treatment is carried out
over a period of several days to several weeks. However, as the condition of tumors and organs varies daily, the
initial plan may not be appropriate in some cases. In this development, we have developed a particle beam therapy
system that realizes “the extreme-minimum invasive real-time adaptive radiotherapy” adapted to daily changes in
the condition of internal organs. This system enables a treatment workflow that reduces the burden on patients
and medical staff.

[Development Items]

We developed three key technical elements for the extreme-minimum invasive real-time adaptive radiation
therapy system: (i) Adaptive Therapy Platform (ii) Tumor Tracking Function (iii) Replanning Function within a day.
For element (i), we built a treatment platform that can handle real-time tumor position information during treatment
from images and respiratory information, and can also visualize organ and tumor shape on a daily basis. Adaptive
therapy requires more precise positioning and irradiation than ever before, as the therapy follows daily patient
changes. It's essential to efficiently operate the treatment system in a short time due to the increased items that
doctors and technicians need to check. In such a situation, we aimed to create a system that can access necessary
information after properly managing image information and treatment information that support daily treatment
decisions. Furthermore, we focused on developing flexibility and extensibility of new functions for the workflow of
adaptive therapy. For element (ii), based on the data accessible on this platform, we developed real-time tumor
tracking irradiation. We developed several technologies to accommodate various types of patients for the tumor
tracking irradiation technology. Finally, for element (iii), we developed a technology to quickly re-plan the treatment
plan adapted to each treatment day. This is for quickly performing treatment re-planning based on the initial plan,
and resuming treatment on the same day, when patient condition changes during treatment period, and there is a

possibility that a dose distribution different from that in the initial plan.

[Results and Significance]

The results of each of the elements (i)(ii)(iii) are as follows. By integrating these results, we can provide a particle
beam therapy system that can accurately irradiate while accurately grasping the patient’s situation without
increasing the burden on medical staff and patients. (i) Adaptive Therapy Platform: We created prototype software
for the adaptive therapy platform, conducted verification tests along the workflow from image acquisition to
irradiation, and confirmed that it operates as expected. (ii) Tumor Tracking Function: We developed a tumor
tracking technology without metal markers and confirmed its accuracy to less than 1 mm and its real-time speed
in irradiation tests using a phantom. (iii) Replanning Function within a day: We completed the construction of
prototype software for replanning. With the software we developed, we achieved a replanning time of less than 10

minutes.



