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Team 2 of the Development of Molecular Target-Track-
ing X-Ray Radiation Therapy System (led by Professor 
HIRAOKA Masahiro, Kyoto University) from the Advanced 
Radiation Therapy Project is currently working on this Real-
Time Tumor-Tracking with Molecular Imaging Technique in 
the FIRST Program. This theme is being addressed through 
close cooperation between medical and engineering staff with 
the aim of adding a tumor-tracking stereotactic irradiation ca-
pability and a tracking IMRT feature to the X-ray radiation 
therapy system. Tumor-tracking stereotactic irradiation is 
designed to follow tumor movements for continuous irradia-
tion. The tracking IMRT combines tumor-tracking irradia-
tion with intensity modulated radiation therapy, which is an 
improved dose distribution technology. The development is 
conducted on the basis of the performance of the radiation 
therapy system MHI-TM2000, which has been jointly devel-
oped by Kyoto University, Institute of Biomedical Research 
and Innovation, and Mitsubishi Heavy Industries, Ltd.

Development of the Ultimate 
X-Ray Therapy System

The MHI-TM2000 has a beam positioning control that 
incorporates a gimbal system. However, to develop and 
widely deploy the molecular target-tracking X-ray radiation 
therapy system, it will be necessary to develop diverse features 
based on the mechanism of the MHI-TM2000, including fast, 
high-accuracy beam positioning control, real-time affected-
area determination, and a provision for therapy workflow that 
works in the field of clinical implementation.

A development platform has been provided at the Center 
in order to incorporate these features with high efficiency. The 
hub may be used as a gathering space for development staff, 
so that physical scientists and those in the medical and engi-
neering fields and physical scientists will be able to collaborate 
at any time with medical and corporate staff so as to achieve 
the highest level of success in these developments.

World’s-First Tumor-Tracking Stereotactic 
Therapy Follows Tumor Movements

Already, activities of the Center have begun to produce 
positive results. Cooperation between medical and engineer-
ing staff has led to early developments in the success of a real-

time affected-area determination 
technique that uses markers both 
internally and externally, beam posi-
tioning control, and a clinical work-
flow for tumor-tracking stereotactic 
irradiation. Moreover, these features 
are currently being incorporated in 
actual therapy systems.

On September 14, 2011 at Kyoto 
University Hospital, tumor-tracking 
stereotactic therapy incorporating 
continuous monitoring of beams 
and kV radioscopic images, which 
is the primary goal of the project, 
began to be applied for treating lung 
cancer. This is the world’s first case. 
In conventional radiation therapy, 
beams irradiated the entire region of 
respiration-driven tumor movement 
but with this tumor-tracking stere-
otactic therapy, irradiation is limited 
to the tumor only. This contributes 
to reduced doses to healthy tissues 
around the tumor, which has been 
proven through preliminary simula-
tions. We are please to announce that 
the therapy has been favorably completed.

While data collection on cases and functional improve-
ment continue, the final goal aims to achieve tumor-tracking 
IMRT irradiation that makes the best use of such clinical data, 
for significant improvements in dose localization to deal with 
tumor movements. These technologies will continue to evolve 
and will be deployed to meet the challenges surrounding the 
issue of tumor movement in current radiation therapies.
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Development of a Molecular Target-Tracking
X-Ray Radiation Therapy System to 
Implement Innovative Radiation Therapy
Under the Funding Program for World-Leading Innovative R&D on Science 
and Technology (FIRST Program), the Advanced Radiation Therapy Project 
known as the Real-Time Tumor-Tracking with Molecular Imaging Technique 
will develop innovative therapies to deal with tumor movements, a chal-
lenge that has long been facing the field of radiation therapy.

Development of Molecular target-tracking X-Ray Radiation therapy system

Grand Expectations for CRCMeD
Faced with intense competition from overseas businesses, radiation 
therapy system developers need to continuously focus and work on the 
latest developments, while making quick responses. Conventionally, 
corporate staff had been working on development remotely, separated 
from the actual field of clinical implementation and this caused difficulties 
in enabling short-term development. One major strength of the Center 
is its novel framework, which ensures the most efficient and effective 
cooperation between medical and engineering staff. Expectations are high 
that, when optimally used, the Center's streamlined structure coupled 
with the pharmaceutical consultation scheme implemented in the 
special innovation promotion zone will substantially reduce the system 
development period and enable early deployment of new systems.
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