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Development of hypofractionated high-precision radiotherapy technique based on
statistical respiration dynamic model
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In the highly accurate hypofractionated radiotherapy for moving targets,
there are problems inherent in the dose distribution due to changes in the state of organs iIn the
body, as well as the invasiveness of marker implantation and the non-synchronization with the moving

targets. In this study, to solve these problems, we generated a statistical respiratory dynamic
model describing multi-organ displacement based on a large amount of spatio-temporal image data and
developed a non-invasive I1rradiation technique using the statistical respiratory dynamic model. As a
result, we succeeded in generating a highly accurate model from the upper abdomen to the pelvic
region. The model was extended to non-invasive irradiation of targets that are not visible on X-ray
images, and the usefulness of the proposed method was confirmed.



(IMRT: intensity-modul ated radiotherapy)
(VMAT: volumetric-modulated arc therapy)

CT
( )
( )
1
(1]
(2]
[3.4]
[1] Timmerman R. Semin Radiat Oncol, 18, 215~222, 2008.
[2] Brock K, et al. Med Phys, 44, e43~76, 2017.
[3] Tekamiya M, et a. Med Phys, 43, 1907~1912, 2016.
[4] Nakamura M, et al. Phys Med, 31, 934~941, 2015.
1
2
(1)
(2)
4D-CT X
t
(1)
220 DICOM-RT structure

PLY

(A) +

IMRT



(B) +
(A)
220 10, 20, 50
100

(A) (B) 20
200
(A) 02mm 04mm 05mm 0.4mm
(B) 29mm 59mm 10.9mm 8.6 mm
(A) 53.8s 100.9s 44.1s 70.6s
(B) 38s 154s 38s 52s

SSM sPRV
PTV
sPRV
2009 2 2019 4 IMRT/VMAT PTV
120
R(mm) cPRV(R)
cPRV(R) 1% P(%)
|eave-one-out PRV SPRV(P)
PTV PRV R-P
P=50+50%(0.79/(1+46.61exp(-0.35xR))) P=50+50x(0.90/(1+44.63exp(-0.39xR)))
R=10mm PTV  sPRV(P) cPRV(10) 10%
78.3% (94 ) PTV
sPRV (P) cPRV(R) PTV
PTV
PRV
MR MR
1
MR
95%
90 population-based population-
based ROI
[mm] 5,5, 15, 15, 10, 10
10, 10, 20, 20, 15, 15 popul ation-based [mm]
7,7,11,6,11,7 13,12, 25,18, 18, 20
97% 94-100 99% 82-100 98% 92-100
97% 76-100 Population-based ROI
0.8 0.8-09 12 1214
ROI
ROI
(2
X
25 4D-CT 10
LASSO
2.75+1.70 mm
Image-
to-Graph Convolutional Network (IGCN) IGCN /
1 X

3.6 mm



13 11 1 8

Norimasa Matsushita, Mitsuhiro Nakamura, Makoto Sasaki, Shinsuke Yano, Michio Yoshimura, 21

Takashi Mizowaki

Analyses of integrated EPID images for on-treatment quality assurance to account for 2020

interfractional variations in volumetric-modulated arc therapy

J Appl Clin Med Phys 110~116
DOl

10.1002/acm2.12805.

Takashi Shintani, Mitsuhiro Nakamura, Yukinori Matsuo, Yuki Miyabe, Nobutaka Mukumoto, Takamasa 61

Mitsuyoshi, Yusuke lizuka, Takashi Mizowaki

Investigation of 4D dose in volumetric modulated arc therapy-based stereotactic body radiation 2020

therapy: Does fractional dose or number of arcs matter?

J Radiat Res 325~334
DOl

10.1093/jrr/rrz103.

Ryo Ashida, Mitsuhiro Nakamura, Michio Yoshimura, Takashi Mizowaki 21

Impact of interfractional anatomical variation and setup correction methods on interfractional 2020

dose variation in IMPT and VMAT plans for pancreatic cancer patients: A planning study

J Appl Clin Med Phys 49~59
DOl

10.1002/acm2.12883

Makoto Sasaki, Mitsuhiro Nakamura, Tomohiro Ono, Ryo Ashida, Michio Yoshimura, Manabu Nakata, 61

Takashi Mizowaki, Naozo Sugimoto

Positional repeatability and variation in internal and external markers during volumetric- 2020

modulated arc therapy under end-exhalation breath-hold conditions for pancreatic cancer

patients

J Radiat Res 755~765

DOl
10.1093/jrr/rraa054




Noriko Kishi, Mitsuhiro Nakamura, Hideaki Hirashima, Nobutaka Mukumoto, Keiichi Takehana,
Megumi Uto, Yukinori Matsuo, Takashi Mizowaki

21

Validation of the clinical applicability of knowledge-based planning in single-isocenter 2020
volumetric modulated arc therapy for multiple brain metastasis.
J Appl Clin Med Phys 141~150
DOl
10.1002/acm2.13022
tl tl I I 156
Cone-beam CT 3 2020
45~50
DOl
Fei Tong, , s s 156
X-ray 3 2020
51~56
DOl
Mitsuhiro Nakamura, Megumi Nakao, Hideaki Hirashima, Hiraku lramina, Takashi Mizowaki 60
Performance evaluation of a newly developed three-dimensional model-based global-to-local 2019
registration in prostate cancer
J Radiat Res 595-602

DOl
10.1093/jrr/rrz031




Marc Ziegler, Mitsuhiro Nakamura, Hidekaki Hirashima, Ryo Ashida, Michio Yoshimura, Christoph 46

Bert, Takashi Mizowaki

Accumulation of the delivered treatment dose in VMAT with breath-hold for pancreatic cancer 2019

patients based on daily CBCT images with limited field-of-view

Med Phys 2969-2977
DOl

10.1002/mp. 13566

Yuta Miyamae, Mami Akimoto, Makoto Sasaki, Takahiro Fujimoto, Shinsuke Yano, Mitsuhiro Nakamura 21

Variation in target volume and centroid position due to breath- holding during four- 2019

dimensional computed tomography scanning: A phantom study

J Appl Clin Med Phys 11-17
DOl

10.1002/acm2.12692

Makoto Sasaki, Mitsuhiro Nakamura, Nobutaka Mukumoto, Yoko Goto, Yoshitomo Ishihara, Manabu 20

Nakata, Naozo Sugimoto, Takashi Mizowaki

Variation in accumulated dose of volumetric-modulated arc therapy for pancreatic cancer due to 2019

different beam starting phases

J Appl Clin Med Phys 118-126
DOl

10.1002/acm2.12692

Mitsue Kawamura, Michio Yoshimura, Hiromi Asada, Mitsuhiro Nakamura, Yukinori Matsuo, Takashi 14

Mizowaki

A scoring system predicting acute radiation dermatitis in patients with head and neck cancer 2019

treated with intensity-modulated radiotherapy

Radiat Oncol 1~9

DOl
10.1186/s13014-019-1215-2




118

2018

7~12
DOl
33
2020
63
2019 2020
58

2019 2020




Shugiong Wu Megumi Nakao Keiho Imanishi Mitsuhiro Nakamura Tetsuya Matsuda

Computed Tomography Image Reconstruction from Neighbor Slices using 2D U-Net Convolutional Networks

38

2019 2020
32

2019 2020

Iwai T, Nakao M, Nakamura M, Matsuda T

A Preliminary Study on a Statistical Deformation Model of Multiple Organs for Reconstructing Respiratory Displacement

40th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC*18)

2018

Nakamura M, Nakao M, Hirashima H, lramina H, Mizowaki T

Performance Evaluation of 3D Model-Based Global-To-Local Deformable Surface Registration of Multi Organs in Prostate Cancer

AAPM2018

2018




57

2018

32

2018

(Nakao Megumi)

(10362526)

(14301)




