MR BT 5677 2020 4E 9 H 55 33 %55 9 ] J Cancer Control Treat, September 2020, Vol. 33, No. 9 . 753 .

:5: Ko 30 At A £ A "'°ll"‘J'7EEJ$§T:°

i #5837 FR R IR 52 30 3 R AR 0 &b = = AN TE
7 = RS20

W, BARME N et AR, BME, KB B2
650118 ELHH , 7= w48 e = Bt/ B W R B R 250 = I I R e/ 2 P A8 R e HP O IR B

[(HWZE] B WETPRZ s 0 IE . R X7 0 i O AL SR = R A i R . T A I R
12 5], PUZE CT 52107, e K% BE B A 5 PN KA B8 (internal gross target volume, IGTV ) , 4Ny Il BREEIX ( clinical target
volume, CTV) [ J+XJ# X ( planning target volume, PTV ) , 1} J5 BT IRSR BT AT W BT, Kt R R 2 pu 4R 42
SR QUASAR A sBIATTHRI, i JE7E QUASAR - LAFRIE R 0.3.6.8.10,15 .20 mm FIAF K A 15 20F/min fif“ 5
PUFE )7 B ST WP REAAT Sl g oAb P 700 8 60 1 790 o 0 700 0, 6 4 A 000 P 0 o R 1 ) o 5 3 )
2R . R A O Ab 5 R 225 08 BE A E EE R S, IR R B AR /DN s 24 4R IE > 8 mm,
T 77 2 1y A 3R (3mm, 3% ,10% FIARHE) <60% ,FlRRZER . G518 MPR1E =8 mm B, Rl 6] Hho O AL 7 19 5%
MAAR K , 32 WP G2 B2 i T ) 4 y I R BRAR T 30%

[RBEIR ] Fitidis s DUZE T 0] 5 A v s s B BRI 5 T ) St 9 ik

[HE43S] R730.55;:R734.2 [ XERAREE] A doi:10.3969/j. issn. 1674-0904. 2020. 09. 005

5| 32483 :Bai H, Xia YX, Liu XH, et al. Impact of respiratory motion on point and planar radiation dose for thoracic tumor at off-center lo-
cation [ J]. J Cancer Control Treat, 2020,33(9) :753 =759. [ ARG , S , XIMBLT , 25 350 HeJg Jiscrr A o W 3z s % O A O Ak 5591
TR B s ()] R TR 56T ,2020,33(9) 1753 -759. ]

Impact of Respiratory Motion on Point and Planar Radiation Dose for

Thoracic Tumor at Off-Center Location

Bai Han, Xia Yaoxiong, Liu Xuhong, Chen Feihu, Yan Jiawen, Zhu Sijin, Li Yijiang

Yunnan Cancer Hospital & The Third Affiliated Hospital of Kunming Medical University & Yunnan Cancer
Center, Kunming 650118, Yunnan, China

Corresponding author : Liu Xuhong, E-mail; cqxlxh@ sina. com

This study was supported by grants from Sciences & Technology Department of Yunnan Province and Kun-
ming Medical University [ NO. 2019FE001 ( —224) ].

[ Abstract] Objective: To evaluate the impact of the amplitude and frequency of respiratory movement on the physical ra-
diation dose at off-center location. Methods: A total of 12 patients with lung cancer were enrolled. Internal gross target vol-
ume, clinical target volume and planning target volume were determined by four-dimensional computed tomography and maxi-
mum density projection; and then IMRT plan was designed for every patient. We transplanted plans into a four dimensional
QUASAR phantom, and generated a phantom plan. Point and planar radiation dose at off-center location were measured by
the QUASAR phantom when patients breathed with amplitude of 0, 3, 6, 8, 10, 15 or 20 mm and frequency of 15 or 20 {/
min. Acquired data were compared with planned output. Results: At the off-center location, the deviation of point dose was
proportional to the amplitude, and the frequency had little effect on point dose. When the amplitude was greater than § mm,

the vy pass rate of planar dose (3 mm, 3%, 10% standard)
[ BH] 2020-04-13 (fEEBHI] 2020-05-23 was less than 60% , which was a large dose deviation. Con-

[E&WH] ~osmMARIT-RYERRZN AR  clusion: When the amplitude is greater than 8 mm, the ampli-
AL g 4 5 H [ 4% :2019FE001 (-224) ] tude has a great influence on the dose at the off-center loca-
[EREH]  “XIBLT, E-mail : cqxIxh@ sina. com tion, the y pass rate of planar dose affected by respiratory
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movement has decreased by 30% .

[ Key words |

TG T A fili 8 A A B i) 36 97 T B, T
BT RRBOR B S X B R OCHE S, U4k
CT(four-dimensional computed tomography,4DCT) H
BRLAHT , %o fiif i iz sh 48 DBV FBAR AR, £ 2
IR RSB . 4DCT HELLLS
B X NHLIX (internal target volume, ITV ) Flli% i1 4D
T BRI E B AR G R U X A L (HAE
BRI RIPA TS, 32 gl 3T ) i P 8h— i &
PHELPR ARSI R A R 2 L AR AR
2R 22 RIS, FIT e B3 A AF 52 067 1 22 00 S AR 3R
A T i 0 DA B 70 e 22 G TR AN 8
1717 i P DA B P79 o i 22 7 B S P R 5 T
AN — ST 5 ECEE B SO () G A ) #
BN o AR LERT I 4D 07 TR
75O B SRERE b, SR DU 4E AR ¥ 52 BB R QUASAR
Xof W 328 )5 6] i o Ak S B BESRE5) £ R2 me iFE AT T
I, AL Iz Sl R R R i RO AL T )
PRy AR S AR B, D R A [8] B8 I Wz 3l A
PRSI .

1 HES %

1.1 E&EH

JNEE R Modus QA 24 w) Az 7 [ PO 4E A5 4512 Bl 18
& Quasar ; Quasar A E—A~ %% 30 cm 75 20 cm K
12 em BIRGIETEAT HLIEE A, LA i o £k — M 5 1
AL AT HEG A 8 em EARMAAAE, [BIFL A OB R
BARE LT AL 10 em JflFERAE T A0, 6cc 53K

hant
platform i

drive unit plug-in

ion chamber support
power
cable

pillar

CD software -A ""
1 Quasar & & Dy #E AR+ B
Figure 1. Quasar Phantom and Function Component

cable adapter plug

Lung cancer; 4DCT plan; Off-center location; Point dose verification; Planar dose verification

TERECAS AN 6.0 cm x 12.0 em i idi Bl & (& 1) 5
Farmer 0. 6¢cc #5 7Y i % =, cafchromic EBT3 4t T
JEE R B IS A A AN B 22 IX i A% (6MV X
28,60 X R, a] 40 X R SEEE R 5 mm, B3 20
Xp i B S B A 10 mm) Fil Pinnacle3 1R &4, BH7
AIRBIHL B = PR 1) QUASAR LA, 78 % CT
SENLARF ) 25T 23 Bl #EAT CT @ r, Jids CT K
1% 2 Wy B A 3, A 44 9 Quasar (point) , Quasar
(film) 5 .
1.2 HARFAE

BRI AL 12 il ifides 52 2, 4DCT 44 3R U
HWFGEE) 10 AR CT P4 R, M 4% 2%
FHEIT 1T R & 48 (treatment planning system, TPS)
VH5E FUST (intensity-modulated radiation therapy, IM-
RT) Yy HRI B, 6 U W 52 5y 209% AR X R
1) CT FPHIE Sy 3 UG (FERTI R 4D 5o 1Rk
THOFTEI A, 20% IEARDG LY CT 51 b fi e g 44
R SR ) A 2 B RIS 15 B 5 T 250 S
10 MR AT BE L) , HE 9 & CT 75
VE M 5 N K AK Bl 983 (internal gross target volume,
IGTV) (ITV) FCHERIER . B E TR 25 T 5 AR AT
IRF I PR K T, B & TR 0 0 B A 2 Quasar
(point) , Quasar (film ) F {4 A= il i A AR T K1) Qplan
(point) ,Qplan(film) . 2 XY TPS B & K JH
—(EORIF 2, I Farmer 0. 6¢c 45 HL B % 25 1
X 35 N 9575 5 - 31E Dmean 1 cafchromic EBT3 ik
TR T AE ) O 25 v O A P T 57 £ 53 AT

viewing screen

indicator light

power interface network interface

Panel A shows the Quasar phantom and common parts. The plug-in can be pulled out from the other side of the ellipsoid of human body

shape for replacement. Point dose measurements can be carried out when the plug-in is an ion chamber support. Planar dose measure-

ments can be carried out when the plug-in is a planar adapter. Panel B shows components for the adjustment to amplitude of Quasar

phantom. The amplitude of the plug-in can be controlled by adjusting the thumbscrew on the translation unit. Panel C shows compo-

nents for the adjustment to frequency of Quasar phantom. The frequency of the plug-in can be controlled by adjusting the control knob

on the translation unit.
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Figure 2. Film for Calibration
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Table 1. Dosimetric Deviations in 12 Patients when Amplitude (A) =0
Dosimetric No. 1 No.2 No.3 No. 4 No. 5 No. 6 No.7 No. 8 No. 9 No. 10 No. 11 No. 12
deviation
8i(% ) 1.5 1.1 1.0 2.2 2.8 1.7 2.0 2.3 1.6 1.4 1.9 2.4
F2 $HFESHH A 15F/min 1 20F/min B ARRIET 12 flEEN ST ENEREER (LAL:%)
Table 2. Dosimetric Deviations in 12 Patients when Amplitude =15F/min or Amplitude =20F/min
Dosimetric ~ Devia- No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No. 10 No.11 No.12 8 =s
tion (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
15F/min 3mm 1.1 1.6 1.0 20 39 1.5 42 24 1.6 1.4 1.9 2.4 2.08+0.98
6mm 1. 2.1 1.4 20 59 20 38 25 1.7 1.6 2.2 3.0 2.50+1.20
8mm 30 4.1 2.8 36 7.3 34 55 38 29 2.6 3.4 4.1  3.88x1.27
10mm 4.6 3.9 33 40 68 42 66 42 3.3 3.6 4.6 4.0 4.43£1.09
15mm 6.4 5.9 52 61 86 56 81 45 4.1 4.9 5.7 6.1  5.93x1.27
20mm 9.8 7.3 6.0 8.8 10.1 6.3 9.6 5.7 4.8 4.9 6.7 6.0 7.17+1.84
20F/min 3mm 1.2 1.5 1.2 1.8 4.0 1.6 4.0 2.0 1.8 1.6 2.0 2.3 2.08 £0.91
6mm 2.0 2.0 1.5 1.9 4.9 1.8 3.8 2.6 1.8 1.8 2.3 3.0 2.45 £0.96
8mm 3.1 3.8 3.0 3.7 6.9 3.4 6.0 3.6 3.0 2.9 3.0 3.8 3.85+1.22
10mm 4.6 40 3.5 39 65 40 68 45 3.0 3.8 4.6 5.1 4.53+1.09
15mm 5.8 6.0 53 6.0 7.8 55 7.8 4.8 4.2 5.1 5.6 6.0 5.83+1.02
20mm 9.5 7.2 63 9.1 9.8 7.2 86 63 50 5.6 6.3 7.1 7.33£1.51
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Figure 4. Point Dose Deviated with Amplitude and Fre-
quency
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Table 3. y Pass Rate of Planar Dose in 12 Patients when the Amplitude Range was between 0 and 12

+y pass rate No. 1 No. 2 No. 3 No. 4 No. 5

No.

6 .7 No. 8 No. 9 No. 10 No. 11  No. 12

vi(%) 90.3 84.6 91.2 78.6 80.0

92.

1 83.8 75.4 80.9 92.3 78.5 83.3
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Table 4. y Pass Rates of Planar Dose in 12 Patients when Amplitude = 15F/min or Amplitude = 20F/min

Y pass rate No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10  No.11 No.12 0%s
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

15F/min 3mm 86.5 85.0 90.2 75.4 79.0 89.7 80.0 75.1 75.4 90.2 73.2 72.1 81.0+6.7
6mm 76.4 80.1 75.3 72.2 67.4 81.6 654 60.9 63.7 79.9 78.5  64.4 T72.1zx7.1
8mm 63.3 552 50.2 49.5 50.8 60.0 54.7 40.3 45.1 42.3 44.4  40.4 49.7x7.2
10mm 31.6  40.0 38.9 39.8 357 42.1 40.5 42.6 48.3 30.6 48.9  42.1 40.1zx5.3
20F/min 3mm 87.4 78.9 86.3 76.7 76.6 90.0 81.2 70.8 75.2 89.9 75.1  70.8 79.9£6.7
6mm 77.5 82.2 74.4 73.6 70.4 78.7 68.2 63.9 67.3 74.4 76.8  62.1 72.5%5.9
8mm 56.3 50.4 49.2 50.5 44.8 55.5 57.4 53.3 459 43.2 56.4  43.4  50.5z5.1
10mm 33.9 48.0 36.9 41.8 32.7 46.6 42.9 40.8 48.7 37.6 38.9 46.7 41.3£5.2
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Figure 5. Comparison between Treatment Planning Sys-
tem-Calculated and Measured Dose Based on Data of No.
3 Patient
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