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The main purpose of this study is to develop technologies for realizing intensity-modulated
proton therapy (IMPT) using proton beam therapy, which is a particle therapy expected to be
effective when used in combination with chemotherapy that has been increasingly used to treat
locally advanced cancer, and thereby to pave the way for the clinical application of IMPT. The
pillars of development of IMPT consist of 1) the development of a proton-beam image-guided
system, 2) development of a proton beam therapy planning device, medico-physical research and
development, and development of a high accuracy therapy planning device, and 3) clinical
application of line scanning irradiation and technology development for the development to IMPT.
From the standpoint of correlations between the pillars, to realize IMPT with a dose concentration
higher than that in the currently used proton beam therapy and with improved flexibility, we
have been attempting to integrate high-precision and high-speed dose distribution calculation
that support these improvements and positional accuracy improvement technologies to enhance
the dose concentration. Some modifications and corrections have been made to the projects after

the initial planning of the study, but the following results were obtained.

1) Development of a proton-beam image-guided system

Among the study tasks, development and installation of the whole system were completed as
planned. Other tasks to be performed by the last fiscal year of the study are: 1) design and
installation of an algorithm to calculate the optimal fine degrader thickness, 2) test using a
human body phantom (prostate cancer) (from therapy planning to irradiation), 3) modification of
the software after the test using a human body phantom, and 4) test to verify the efficacy of the
therapy for liver cancer and head and neck cancer (simulation). Because task 4) had to be started
after obtaining approval from the Ethics Committee, there was some delay due to the state of
progress of tasks 1) to 3). However, the task, which verifies the clinical usefulness and validity of
the whole proton-beam image-guided system, has progressed to a stage that it is expected to be

completed by the end of the study period.

2) Development of a proton beam therapy planning device, medico-physical research and
development, and development of a high-accuracy therapy planning device
This project is important in that it realizes high-precision and high-speed dose distribution

calculation in IMPT, thereby serving as a foundation for clinical application. Application of a



simple Monte Carlo (SMC) method to the therapy planning device and verification of its accuracy
have progressed mostly as planned without greatly affecting eventual achievement of the study
goal, although there were changes and cancellation of parts of the initial study plan. However,
regarding further speed increase compatible with line scanning, collaborative studies with
companies, such as attempts at connection to company devices (optimization algorithm), will be
conducted as describe above, and the task, including preparation of contracts, is currently

ongoing.

3) Clinical application of line scanning irradiation and development to IMPT

This project is also an important part of the study and is deeply interrelated with the
specifications and improvement of the device. The work schedule up to the second year of the
study has progressed mostly as planned. The tasks to be performed in the last fiscal year of the
study include: 1) creation of IMPT dose distributions for head and neck cancer with varying beam
sizes, 2) measurement for reducing the beam size, 3) development of patient dose verification
software, 4) determination of the optimal beam size, 5) identification of beam sizes that can be
reduced, 6) test to verify the patient dose verification software and confirmation of its accuracy, 7)
beam data measurement and modeling beam, and 8) preparation of a paper on the beam size.
Creation of dose distribution for each beam size and development of dose verification software
were implemented partly in cooperation with companies and completed during the last fiscal year

of the study.
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