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Research on dynamic analysis for non-invasive high-precision radiotherapy for
pancreatic cancer
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When performing volumetric modulated arc therapy (VMAT) for patients with
pancreatic cancer, in about 80% of total breath-holds (BH), the localization of pancreatic cancer
could be represented by that of the external markers placed on the patient"s abdominal wall.
Moreover, a strong correlation was observed between the movement of pancreatic cancer and the
external marker in 60% of BH sessions in which the movement of pancreatic cancer exceeded 2 mm. For
the 20% that cannot be substituted with the external marker, it found that a region that compensates

for the movement of pancreatic cancer (margin) was necessary.

Positioning errors were assessed by comparing treatment planning CT images with a total of 810
cone-beam CT images acquired before VMAT (image matching).Consequently, the optimal margins were
calculated. However, image matching included observer variations. Therefore, an automatic image
matching system that does not depend on the image matching experience should be developed.



15-20%

(volumetric
modulated arc therapy; VMAT)
(organs at risk; OARS)
VMAT
VMAT
1
X CT
X CT
VMAT
VMAT
VMAT
VMAT
13
(1)
KV-X MATLAB
2) VMAT
VMAT VMAT
kV-X
KV-X
(3)
1.2
( |r] <0.4; 0.4<|r] <0.7, Irl =0.7;
. (@ a>1
VMAT
(1) 13 1235 KV-X KV-X
X (LR) (AP) y
(S1) AP

+ 0.6+ 1.5mm(x ) -0.1

+22mm(y ) 0.8+ 2.2mm 1235
+2mm 19.1%

Yy + 2mm



@) 3 10 697 KV-
X (157754 ) 0.8+
0.7mm(y ) 0.5+ 0.5 mm y
93.2% % 2mm
98.7% =+ 2mm +2mm
*2mm 93.8%
3) 697 54% 30%
16% ( 1(a)
+2mm 96.1%
2 mm 60%
( . (a) All BH scssions ) o (b) Displacement of the cxternal marker > 2 mm
1(b)) w | o
2 mm g ‘ ’\; 50
2 40 2 40
g 30 ‘ EE
£ 20 £ 20
10 ‘ 10
0 0
0<l<0.4 0.4=1=0.7 0.71=1.0 0=r<04  04<p<0.7 0724210
70% Corrclation cocfficient (+) Correlation coeflicient ()
(@>1
1
2 -
+ 2mm £ 0 OB
g 4 @
. P
HE i
i b
2 = 3
g -4 a=2.1
z r=0.96
g 6
3 2 -1 0 1 2 3
Displacement of the external marker (mm)
2 1
4)
1 15 54
CT
VMAT Cone-beam CT (CBCT)
GTV )
PTV ) 2 CT CBCT
(vanHerk D)
810 CBCT (GTV 285  PTV 525 ) 3
3 (a-c) CT CBCT
5mm Sl GTV 12.6% PTV 4.8%

( 3()



I
=3

GTV matching; n=285, PTV matching n=525

0 - n
_ (@) AP — (b 81 ~ (©) LR
F o35 g3 Fas
& 30 2 30 EE
ERPH 2 25 ERY
g = g
= 20 = 20 =20
g s s 215
g B 21
5 1w g 10 g10
1 = 2
g s g 5 E)
% [ &
0 0 0
20 -10 E] 0 5 10 20 20 -10 B 0 5 10 20 20 -10 5 0 s 10 20
Target localization error (mm) Target localization crror (mm) Target localization error {(mm)
100 | (DAP ° 100 | 5t 0 [ (OIR °
g g - £
Z 80 % 80 7 % 80
g / H / Z
3 60 Z 60 5 g 60
= & 7 =
2 o / 2
z Z 40 2 w0 :
= —&—All matching = ~@— All matching % ~@-All matching
= =
E 2 ~o—GTV matching | £ 20 ~o—GTV matching | § 20 ~@—GTV matching
~ ~0—PTV matching | ~ i —o-PTV matching | o ~©—PTV matching
0
0 5 10 15 20 0 5 10 15 20 0 5 o 15 20
Absolute positional error (mm) Absolute positional error (mm) Absolute positional error (mm)
mm 27 mm SI 54mm 41mm LR 39 mm 3.0 mm

PTV

10

PTV

3.5

10

4)

GTV

Observer variation (mm)

25 " m
[ 10 years [03.5 months [ 6 months ]
20 . e
15 . °
° °
10 e E .
o o °
o ° °
5 o
% é naRRs
0
GTYV matching PTV matching

4

(1) van Herk M. Errors and margins in radiotherapy. Semin Radiat Oncol 2004;14:52—64.



2 2 0 2

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

Journal of Radiation Research 755-765
DOl

10.1093/jrr/rraa054.

Makoto Sasaki, Mitsuhiro Nakamura, Ryo Ashida, Manabu Nakata, Michio Yoshimura, Takashi in press
Mizowaki
Assessing target localization accuracy across different soft-tissue matching protocols using 2023

end-exhalation breath-hold cone-beam computed tomography in patients with pancreatic cancer

Journal of Radiation Research in press

DOl

Sasaki Makoto

Observer variation in the target matching between groups of radiation therapist with different experience of radiation
therapy in image-guided radiotherapy for pancreatic cancer

the 77th annual meeting of the Japanese Society of Radiological Technology

2021

146

2021







