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(A) Development of a technique for tracking a target with the minimum number of markers
We have developed a technique for tracking a target with the minimum number of markers. We have treated 10
lung cancer patients with this function at Kyoto University, and the tracking accuracy was compared with that
with more than 3 markers. Differences in the tracking accuracy between those two functions were within 3 mm.
In addition, interfraction variations of the tracking accuracy with the minimum number of markers were mostly
within 0.5 mm. From these results, we have decided that this technique is clinically available. This technique
has been implemented to the Vero4DRT and used in clinical practice.

(B) Development of a technique for identifying a target without fiducial markers
We have developed four-dimensional cone-beam computed tomography (4D-CBCT) system to identify a target
without fiducial markers. First, we have conducted a phantom study to assess imaged target positions. Positional
differences between imaged and actual target positions were around 3 mm and 4 mm in lateral and longitudinal
directions, respectively. Next, we have acquired 4D-CBCT images for 18 lung cancer patients under the approval
of the institutional review board (C862-1). Positional differences between imaged and actual target positions
were then measured. To quantitatively assess the target positions, we have developed in-house software that
compare fluoroscopic images acquired during 4D-CBCT scans with digitally reconstructed radiographs.
In addition, to shorten acquisition time, we have developed dual-source (DS) CBCT function utilizing
orthogonal kV-X ray imaging subsystem. The acquisition time reduced from 29 seconds to 15 seconds. Image
quality on CBCT images was also improved by implementing DS-CBCT. We have obtained pharmaceutical
approval of this function. DS-CBCT has been implemented to the Vero4DRT.

(C) Development of a technique for visualizing and verifying delivered four-dimensional dose
distribution
We have developed an algorithm for detecting a target on kV-X ray fluoroscopic images. First, we have
conducted a phantom study to assess the tracking accuracy using a lung phantom. The tracking accuracy ranged
from 1 to 3 mm in 3D direction. Next, the tracking accuracy was assessed for 12 lung cancer patients. The
tracking accuracy was around 1 mm.
We acquired log data of device motion, respiratory signal data and imaging data by Vero4DRT system in
radiation therapy. We decided development specifications of the module for calculation of delivered dose
distribution. Moreover, the calculation module of delivered dose distribution and the evaluating software for
image viewer of dose difference between actual beam irradiation and planned dose distribution were developed
by use of output data from Vero4DRT system.

(D) Development of a technique for optimizing and modifying irradiation area
We decided development specifications of correction method for dose optimization in the irradiation area. And
the software of dose optimization based on the specifications was developed. In addition, it was developed the
software of function cooperated with the irradiation schedule by feedback of evaluation results in our project
team. Development of the software for dose optimization was carried out by use of optimization algorithm for
IMPT.

(E) Development of a technique for accelerating four-dimensional dose calculation
We decided development specifications and developed software of four-dimensional dose calculation algorithm
by feedback of evaluation results in our project team. Moreover, proto type software development of function

and algorithm for high-speed dose calculation was carried out by using convolution-superposition dose
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calculation method. Also, we developed software of discretization algorithms with Boltzmann transport equation

for calculation dose in symmetric space.

(F) Intellectual property strategy and commercialization strategy

We argued about an intellect fortune about various techniques, functional elements of the treatment plan device.

We established patent application contents about "ROI" based on the result of the discussion. We applied for the

production sale approval as a general name "radiation therapy plan program” by development software and

received approval.
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