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Application of 3DCT and 4DCBCT in evaluating target margin in SABR for lung cancer in

middle or lower lobe
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Abstract: Objective To obtain setup errors and errors caused by respiratory motion using four-dimensional cone-beam
computed tomography (4DCBCT), thereby calculating planning target volume (PTV) margin in stereotactic ablative
radiotherapy (SABR) for lung cancer in middle or lower lobe. Methods Nineteen patients who underwent SABR for lung
cancer in middle or lower lobe were randomly selected for retrospective analysis. 4DCBCT scan was conducted before
treatment, and a total of 72 images were obtained. According to the image registration between 4DCBCT and CT for
positioning, the inter-fractional setup errors of target areas and errors caused by respiratory motion were evaluated, thereby
determining the size of PTV margins. Results The setup errors were (0.11+0.29), (0.02+0.58) and (0.05+0.26) cm in right-
left (RL), superior-inferior (SI) and anterior-posterior (AP) directions, respectively, and the errors caused by respiratory
motion were (-0.06+0.34), (0.09+0.68) and (0.06+0.23) cm, respectively. The PTV margin calculated by the formula in
ICRU83# report were 1.13, 2.15 and 0.90 cm in RL, ST and AP directions. Conclusion 4DCBCT can be used to effectively
evaluate setup errors and errors caused by respiratory motion and to determine PTV margin in SABR for lung cancer in
middle or lower lobe. Compared with the margin standard provided by Radiation Therapy Oncology Group, the PTV margin
calculated by the proposed method is more accurate. The proposed method can be used to individually evaluate PTV margin.

Keywords: lung cancer; four-dimensional cone-beam computed tomography; stereotactic ablative radiotherapy; planning

Jifi 95 37 AR A€ W] 85 I 9T (Stereotactic Body

target volume

[ Y %5 H 89 12020-08-13
(B & TR | P 258 U 4 2 RS Oy 2 S s RBL AT 4t
4 (2019-N-11-28) ; PG % 3838 A2 55— B 1= e 1 23 H

(XJTU1AF-CRF-2018MS-25)

Q=N K O e W Y R S R S R T IS 3 L i € g
E-mail: flinglee@sina.com

[BIE1EE 5 sch, i+, @ AR B U, E-mail: 176223433@qq.com;
SRR 1, A EE I, E-mail: zhang9149@sian.com.
S ICIE ARG A SR VR

Radiation Therapy, SBRT) {1, 7£ 1~5 K N 45 T I s K
70 £ B, R Ay ST A SE ) 9F RlICSFTIG T (Stereotactic
Ablative Radiotherapy, SABR) . H F SABR H1i5J7
AL B, B UGRIT MERPEIE R 2, (H
JOi 258 e g A1 AR o 430 158 2 B I 0 B T B0iE B



4 2%, 45 . ADCBCT 7EH T i ifidis SABR JiCy 7 #E X v i) 1o FHAfF 5 - 427 -

R, R T PEAG X 2 R 250 T IR A I e T
(5], 2010 4[] Br 5 5 57 B I 222 51 23 (ICRU)
WA 5 62 45 4 i e AR MR AT L I R
X AR B (CTV) AP — 22 i1 598 B ) 48 XA )
(PTV) AT HIE IR . PTV AMIGH A5 #2401 11
SRS, o = 0 B B AR IR T A S
FENLTALE 225, NI BR CTV AL & AU AR 1 42
fbo = 4E CT ¥ H T IF A8 XCE A7 30 7, IO 4k CT
(4DCT)# TG X py i 5. R anIL , Shah
SRR A it e 2 sh UL 2 R AR
iz 3l A 8 B K 138 Bl g R R R S N —FE
ADCT H Gk eg 22 57 B (1432 Zh 7 8, 0 1P A i
JEIRIT RPN B Shva . IR T L AR v kR
FIR/INHILE Bl ] BERE ) 4DCT PEAL 025 5 , T HLIAR
TR Wz 51 5 3 R RS2 K, ADCT M LA HE
TEAR b 98 14932 2038 BB RN KN, N 3 3 A A
ITAE R, PU4EHEIE SR CT(4DCBCT) & JEu s , 2% 1
HEIE B, 98N T PP 3l 6] B4 T 19 52
H AT ARG 7 2 B b P Al DX 48 67 101 SRR P 3 B
Snoke %5 HF 5% # 8 ADCBCT 75 DAk i 8 152457 g 2
(1 [FEE, AT AL b v 7 i B TPz Zh il . Purdie
RS HRIE S5 ADCT M E , 1R Y7 AT ADCBCT 3k 45 1)
Jifigd iz sl v B 5 ADCT 3RAS I 25 A0 2% 10 mm 247,
4DCBCT nJ 5 fEff o 374k b 9o iz sl o7 B . AR R oY 2k
T 3DCT 1 4DCBCT Ak T it fii I 76 0T 43 UK 1)
DX A T RN A 2 PTV ARG B/

1 MH57HE

1.1 BARITHR

[l Jasi M 43 AT 2018 4F 10 H ~2020 4F- 7 H [6] P4 % 52
3 A S — i e s Bt MR 50T B 4232 4DCBCT 494
() H T iR R 19 ), TR AR IS 63 (46~80) %,
H 5 1241, 2 74
1.2 3DCT ZE LA it Rl it

TEBE B HPFICRETT SR AP EMAAL , 3T
26 U AE S, SRIBRBEE 5 . CT BEHLE (AL (Big
bore, Philips Medical Systems, Cleveland) {7 3DCT &
BiJe , EMG A% 5 2 B RF ik Monaco 1697 HHRI R 4. 1
A R IX (CTV) MRG58 AN em,
HAY T 1 4 40,5 em, JE Sl #0 IX AR B (PTV)
J& W ERIM SR ORI R . AR T R
b 77 F 4K FH 48 Gy/4 YR58 50 Gy/5 K, [N SABR A
7 BLUGR LR IR YT IS, O T 82> SABR IR YT T
6], A 58 1% % FH 6FFF i #) 4 S8R i, 3G 439K
VMATIEITE A, 70 99% 1) CTV 240 5 7 i, &
195% B PTV #5232 4b 77 7l i

1.3 i8fFHI4DCBCT 33

B BTN EEYT IR, R 5 3DCT & v A
[F] ) A A7 0 ] 5 26 A BB E H B PR ICIR S R AT
4ADCBCT 34 , {34 251 4 : 120 kV, 400 mAs, S20,
A4 A EE R -180°~20°, 7612 A J 3 B IS4 K145 975
i, ZE LR R oy PR G, SEAZ MR R RN
0.3 cm. ¥ 5 @ 15 2] 4DCBCT Ay 10 4> iF 4 #1152 5
3DCT 5E v B4 #E 17 Clipbox F1 Mask X i , 401 1
JJi 7R o Clipbox FY T 7 HE £, 45 i kb A8 AN 1) B M 25
¥4, Mask Fic #E HE A2 45 I 98 PTV 2897 0.5 cm, H
Clipbox % £ A1 2V RS Be o, 2K 15 fR A 1R 1R 22 5
Mask ¥ £f 4D JK B - F5 B i, SR AR IE Iz 2R 22, L
WA ZEMH M 0.2 em, Clipbox 1 Mask Bt v 25 45
J& , B4 ] 33 8) Clipbox A1 Mask A9 F 1l 4%, an 141
1d I 7%, LA e 7] DXt o 08 X ) D ) 355 % 3l IR
{E o MR I 2O L W25 SR A TR IR TRYT
14 RESHTEIIBBRITE

Clipbox e EPFAk I #2207 12 2% , Mask FCHETEA
i 95 W 0 3 i 2% , ) ICRU 838457 51 2% 1
M RN e A4 BT TR 37 1 Y
PTV ANt RN, AR Stroom 25 #11 van Herk 25
I 5T A 3, B A7 N A A 5P I Bl 2R 40 1 22
JE O UAR AV 1R 22 (RS- Y, B AL R 25 2 2 B A 1R
ZEMBRIEZE
1.5 it 4biE

) FH SPSS19 B A X R kA7 4 B, 2247 (AT
R 3T bR 22 SR FH Mann-Whitney U £k il
K, P<0.05 KR ZFA G E L.

2.1 BURGIRENHIIRESER

G M B R G iR 25 T AL 1R 22 (19 45
W1, MR BN RGRET, B iRE
¥R T 224 MG IS J7 19 iR 2% (7=0.538, -0.412 ;
P<0.05) . I F 7 4807 R G0 22 FIBEALIR 25 50K,
A5 W T CSRIR 7 R, T O T 4B A R AN AR Ak
L3N
22 BIRIEF RGIREFBEVIREL R

LGB, PEIGE Bl R G0 1R 25 MR AL IR 22 25
R 2, MR 20U, WIS 8l R G0 iR 25 MR AL IR
e RO R K AE AR/ IME 4 X HE oK . PRI
EABENLRZE T, BF iR 2 KT AL MR
77 1] 1% 2 (r=-0.466, 0.588; P<0.05) , 15 AT/ Ik
], 1R 5 1l g o iz sh AR A oK . R Bl iR
W AE 53 A v, bR 7 138 S KT A2 A O 1) iz B
W i (7=0.526, -0.498 ; P<0.05) .,



- 428 - o R 2R B 2R 2 %385
Image
Slice averaging
7 | %6
o |2
€|
Avg 4D scan
L[] o]
a: @ IRNAL b: &R L
Reference Protocol
G F _ Scan  Srucures |
¥ c:pbox r S'Ml:sk‘. il fetitnean tD)
Overview [Residuals ofter correction
Tx(cm) Ty(cm) Tz(cm) Rx(deg) Ry(deg) Rz (deg)
> Clipbox -0.11 -0.35 -010 0.0 00 00
Mask (Mean) 0.00 0.00 0.00 357.5 50 10
H A Mask (SD) 0.06 034 0.09 0.0 00 00
” \ Mask (A) 0.15 082 024 0.0 00 00
. - \‘\“ g Tl Register Clipbox ]_ RegisterMask ] Conection oveniew |
c:AE WL d:Clipbox #1 Mask iz 45 R
1 4DCBCT Elf& (4 )5 3DCT BG4t ElELER
Fig.1 Registration results between 4DCBCT image (green) and 3DCT image (purple)
F1 T HAE SABRIATT BE U AFKIREMMENIRE (cm)
Tab.1 Systematic and random setup errors in stereotactic ablative radiotherapy
(SABR) for lung cancer in middle or lower lobe (cm)
‘ R BB 2 RN
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¥iE 0.11  0.02 0.05 0.18 038 0.15 0.12
i 029  0.58 026 0.14 020 0.13 0.70
2 THAE SABR AT BEMIE D RGIRZEMPENLIRZE (cm)
Tab.2 Systematic and random errors caused by respiratory motion in SABR for lung cancer in
middle or lower lobe (cm)
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Tab.3 PTV margin in SABR for lung cancer in middle or lower lobe (cm)
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