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Study on quantification and visualization of displacement of divided regions on
patient positioning in heavy-ion therapy
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This study aims development of automatic patient positioning software for
radiotherapy and further development of a function to quantify and visualize the displacement of
separated parts in patient bodies by dividing the images. We developed a “ Multi-Volume Matching”
technique based on our 2D-3D patient positioning software. In this technique, a 3D-CT volume was
divided into multi-volumes such as a volume of interest (VOI) and a base volume (BV). The VOl was
segmented so as to include structure whose motion appears in X-ray images. Then, 2D-3D matching was
processed using X-ray images and Digitally Reconstructed Radiographs, which were repeatedly
generated by changing 3D positions and angles of VOl and BV independently to match most with the
X-ray images. Using this technique, we could visualize and quantify the displacement of VOI, as well

as bony structure of the base body.



CT

digitally reconstructed radiograph (DRR)

CT

X

CT

X

3

CT

(N

X
cT

DRR
@)
512x512
8bit
X (FPD)
DRR

CT
(3)
(1)

X DRR

DRR

GPU



2

3

)

DRR
2
()
2 3
1
2
2
1
6
DRR
1
10

DRR

CT

AT (mm) AR (°) Time (s)
2D+R [ 0.38+0.18 | 0.23+0.13 222
3D |0.33+£0.26 | 0.25+0.14 31.2
2D+R [ 0.93+0.30 | 0.49+0.31 21.0
3D |0.79+0.34| 0.47+0.38 24.8
2D+R [ 0.51+0.18 | 0.15+0.05 19.5
3D |0.45+0.30| 0.18+0.06 242
2D+R [ 1.70+1.45| 0.68+0.25 214
3D |2.15£1.51 | 0.76+0.36 26.4
2D+R [3.03+2.39 | 1.38+0.94 22.7
3D |3.57+£2.62| 1.47+1.12 28.4
1
2D+R 2 +
3D 6
3
AT AR
Imm 0.5°
2mm
2D+R 2
2 1 DRR
128%128
1.792 mm  256x256 0.896 mm
512x512 0.448 mm  1024x1024 0.224
mm 4
256%256
(1

mAT m4R

2 w
&

i\

=
o

°
-

o
w

AT. AR (mm, degree)

<

e
.

DRR size DRR size
256%256 512%512

El

DRR =ize
128%128

1 DRR

DRR size
1024%1024




3

2D
5%5
2
CT
(VOI) VOI
3 DRR
X
VOI
3D-2
VoI
DRR
X
2 CT
(MIP) (MinIP)
3D-CT VOI
2
2(a) CT VOI
VoI
CT 3 DRR
2d) X
CT
DRR(b) DRR(c)
(®) (©
(d)
X
VOI 3 +3
12
12
12
VoI
ROI

(€) X (d)
DRR

2 (b) (d)




8
Tajiri S, Tashiro M, Mizukami T, Tsukishima
C, Torikoshi M, Kanai T, Margin estimation
and disturbances of irradiation field in
layer-stacking carbon ion beams for
respiratory moving targets, Journal OF
Radiation Research, Feb 23:1-9, 2017.

DOI: 0.1093/jrr/rrx001

Abe T, Shirai K, Saitoh J, Ebara T, Shimada
H, Tashiro M, Okano N, Ohno T, Nakano T,
Incidence, risk factors, and dose-volume
relationship of radiation-induced rib fracture
after carbon ion radiotherapy for lung cancer,
Acta Oncol.,55 2016, 163-166.

DOI: 10.3109/0284186X.2015.1088169

Kubota Y, Tashiro M, Shinohara A, Abe S,
Souda S, Okada R, Ishii T, Kanai T, Ohno T,
Nakano T, Development of an automatic
evaluation method for patient positioning
error, J Appl Clin Med Phys 16, 2015,
100-111.

DOI: 10.1120/jacmp.v16i4.5400

T. Ebara, H. Shimada, H. Kawamura, K.

Shirai, J. Saito, M. Kawashima, M. Tashiro, T.

Ohno, T. Kanai, T. Nakano, Dosimetric
analysis between carbon ion radiotherapy and
stereotactic body radiotherapy in stage I lung
cancer, Anticancer Research 34, 2014
5099-5104.
http://ar.iiarjournals.org/content/34/9/5099.1o

ng

M. Tashiro, T. Ishii, J. Koya, R. Okada, Y.
Kurosawa, K. Arai, S. Abe, Y. Ohashi, H.
Shimada, K. Yusa, T. Kanai, S. Yamada, H.
Kawamura, T. Ebara, T. Ohno, T. Nakano,
Technical approach to individualized
respiratory-gated carbon-ion therapy for
mobile organs, Radiological Physics and
Technology 6, 2013, 356-366.

DOI: 10.1007/512194-013-0208-3

9
H. Hayashi, Y. Kubota, S. Abe, S. Souda, R.
Okada, M. Tashiro, M. Torikoshi, T. Kanai, T.
Ohno, T. Nakano, Evaluation  of
High-Precision Automatic Patient Positioning
System in Carbon lon Radiotherapy: Patient
study of 5 sites, 3rd International Symposium
of Gunma University Medical Innovation and
8th International Conference on Advanced
Micro-Device Engineering, 2016 12 09

>

H. Hayashi, Y. Kubota, S. Abe, S. Souda, R.
Okada, T. Ishii, M. Tashiro, M. Torikoshi, T.

Kanai, T. Ohno, T. Nakano, Evaluation of
High-Precision Automatic Patient Positioning
System with Fast Calculation in Carbon Ion
Radiotherapy; Patient study, 111

, 2016 04 15

H Hayashil, Y Kubota, S Abe, S Souda, R
Okada, T Ishii, M Tashiro, M Torikoshi, T
Kanai, T Ohno, T Nakano, Development of a
High-Precision Automatic Patient Positioning
Software with Fast Calculation in Carbon Ion
Therapy: Verification for Prostate Cancer
Cases, 28
,2015 11 20 ,

Y Kubota, T Ohno, K Tsuda, M Tashiro, M
Sakai, Y Hirano, N Okonogi, K Murata, S
Noda, M Torikoshi, T Kanai, T Nakano,
Development of an In-Vivo Spacer that
Verifies Irradiated Position and Dose
Distribution in Carbon Ion Therapy for
Uterine Cervical Cancer,
28 ,2015 11 20

Kubota Y, Kawamura H, Tashiro M,
Matsumura A, Shimada H, Yusa K, Sato H,
Kawahara M, Kanai T, Ohno T, Nakano T,
The influences of dose changes in beam
angles for setup uncertainty and range
uncertainty in carbon ion radiotherapy for
prostate cancer patients, 15th International
Congress of Radiation Research, 2015 5

25

M. Tashiro, T. Ishii, J. Koya, R. Okada, Y.
Kurosawa, K. Arai, S. Abe, Y. Ohashi, H.
Shimada, K. Yusa, T. Kanai, S. Yamada, H.
Kawamura, T. Ebara, T. Ohno, T. Nakano,
Technical approach to individualized
respiratory-gated carbon-ion therapy for
mobile organs, JRC2014, 2014 4 13

M. Tashiro, Respiratory motion management
for carbon-ion therapy at GHMC, The 2nd
International ~ Symposium  of  Gunma
University Program for Leading Graduate
Schools, 2014 01 24



2017-031732
2017 2 23

(1)
TASHIRO, Mutsumi

60447274

“)
KUBOTA, Yoshiki
HAYASHI, Hayato



