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(English)

Pinpoint irradiation with proton beam therapy is potentially effective for treatment of tumors
adjacent to the heart or intestinal tract, which are often difficult with X-ray therapy modality.
However, safety margins in radiotherapy treatment plans that must be set within a certain range
around the tumor to cope with dose uncertainties during treatment prevent less invasive or more
curative treatment.

In order to contribute to solving these problems, we have developed a technology and software
system to support physicians’ decision making in proton therapy. The developed system quickly
provides physicians with the daily dose distribution that would be irradiated to the patient’s
body while the patient is lying in the treatment bed, based on fast dose distribution calculations.

At the same time, a set of indexes is also presented to help the physician estimate the extent
to which differences in dose distribution from the treatment plan may affect the treatment. Based
on this objective information, the physicians can decide whether or not to re—plan the daily
irradiation.

In order to present the daily dose distribution in the patient’s body and the corresponding
indicators at the current proton therapy site, it is necessary for medical personnel to manually
consolidate information across various medical equipment systems and process the data, which
takes at least one hour or more even for skilled medical personnel. Therefore, this information
is not presented to the physician while the patient is lying on the bed, and the decision of
whether or not to re-plan the daily irradiation has been left to the tacit knowledge of the
physician based on intuition and experience. In contrast, when this newly developed system is
used, it is possible to guide the physician to a decision based on objective dose distribution
information. When a large difference from the dose distribution in the treatment plan is detected
immediately, the necessary re—planning can be executed surely if the treatment site is equipped
with an environment that reduces the effort of re—planning, thereby ensuring irradiation to the
cancer and avoiding unintentional doses to adjacent organs in danger. Furthermore, since the
accuracy of dose distribution in the patient body throughout the treatment period will be improved,
the feasibility of proton therapy with a significantly reduced irradiation margin around the
cancer, which had to be established to deal with uncertainty, will be enhanced. If this can be
realized, it can be expected that the treatment period is shortened and treatment costs are
reduced in the future through hypofractionation therapy while ensuring safety.

In this study, we developed a system that provides information that contributes to the
physician’ s prompt decision on whether or not to re—plan based on 3D images taken daily with a
in—room CT, which has become popular in recent years, within 3 minutes of the acquisition of the
images. In this study, we also developed a method for patient treatment planning QA based on
high-precision calculations to speed up patient treatment planning QA, which is a bottleneck in

terms of time and effort when frequent re-planning is performed
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