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Abstract: [ Objective] The objective is to investigate the possibility of isocenter dual-guided resetting of surface guid-

ed radiation therapy (SGRT) combined with image guided radiation therapy (IGRT) in postoperative radiotherapy for

%5 B #9:2022-11-10
HEEWE : FE ARFAEES (81872459) ;T R4 H AR #2342 (2018A030313666)
TEHE R MR, 001, WF 5% 7 ) < IR YT, E—mail : chenxuem@sysuce.org.cn ; 22568 B AGVER  WF 58 07 1) < A YT , E—mail :

jlangxiaob@sysucc.org.cn



86 HlR AR 2 (R A2 ) 44 %

breast cancer. To assess the setup error accuracy between the new resetting mode and the traditional resetting mode. [ Meth-
ods] Retrospective analysis was performed on breast cancer patients who underwent ELEKTA infinity accelerator radiother-
apy in sun yat—sen university cancer center from July 13, 2021 to October 15, 2022. According to different reset methods,
the patients were divided into a simulation group (41 cases) and a dual-guided group (40 cases). The simulation group
was reset using a simulator, CBCT scans were performed and setup errors were recorded during the first treatment; The du-
al—guided group was guided by AlignRT and combined with CBCT for isocenter dual-guided resetting, and the setup error
obtained by CBCT registration was recorded. The global setup errors of chest region of interest (CROI) , the local residual
errors of supraclavicular region of interest (SROI) and the resetting time of the two reset methods were calculated and com-
pared respectively. The advantages of the CBCT error distribution in the dual-guided resetting of SGRT combined with
IGRT were analyzed.[Results] The median of the global setup errors (X/cm, Y/cm, Z/cm, Rx”, Ry’, Rz") of the simula-
tion group and the median of the dual-guided group in the CROI were statistically significant (<0.05) except the Rz and
Ry directions. The local residual errors of the two groups of the SROI were calculated. The median of the errors of X/cm, Y/
cm, Z/em, Rx°, Ry, Rz® were statistically significant (P<0.05) except the X and Y axis. The resetting time of the simula-
tion group was significantly longer than that of the dual-guided group (238.64+28.56) s, 1=—-24.555, P=0.000, and the
difference was statistically significant (P<0.05). The CBCT error distribution of the dual-guide group was analyzed, and it
was found that the absolute values of translation errors of X, Y and Z axis were all within 0.4 cm, while the proportions of <
0.3 cm were 95%, 93% and 93%, respectively. The proportions of rotation errors of Rx, Ry and Rz < 1.5 ° were 90%,
93% and 90%, respectively. [ Conclusion] In postoperative radiotherapy of breast cancer, SGRT combined with IGRT for
isocenter dual-guided resetting can effectively correct the rotational setup errors and residual errors, and improve the accu-
racy of radiotherapy with less resetting time and high feasibility, which compared with the traditional simulator resetting
mode. This precise, unmarked resetting method can be widely used in clinical practice.

Key words: breast cancer; cone beam CT; surface—guided radiation therapy; dual-guided resetting; unmarked, re-
sidual error

[J SUN Yat-sen Univ(Med Sci),2023,44(1):85-92 ]

T [ 2L AR R R AR T e BRI B T AR S
a1 FUMR R R FL R S BT I S AR AR A R A] A B
91.19%" FEJRIrF I S bl o B E A BB, FLIREIA
UIRI=EIE R Ty ol Sy Caga B Ul ey g AN VAR IR RY =3
R ARNAIE o A 52 A R T 38 X3 1) R (4 790 1 40 A1,
U3k i B 2 20 ) A 388 L 0 B o7 I R R R H R
PEOL IR 22T R AR O M a AB 58 S 7y U A4
B AT CT-sim &7 EPID & {45 , B T0ik o8 4 4 1F B 3 1A
LSRG RIE ) Jiang A A HERE 1R 22 2 S 80T
BB LX) Dy Dy IV, P8 75 AN L X ] FEL 09 5 B 28 B o
ey b | 1P S e N AR AN 4 e B e
T AE Y R PR A1 R 32 458 45 R4 T PRIk Sk A £ 2
FRES R R B AR L I, IR O 2
e R IR 2 L BB R AR IC IR YT 0 2 AT REAEAE AR
R ER HE AR UM R 20 B o B & R JRYT
S8 S ME LA B S5 ) S8, 25 FRCE AR T E O R R
T HEABOOR BT RRGAEER S 30T R 58 (sur-
face—guided radiation therapy , SGRT) R FAEHE Al =AY A h 23

] AR A, W] 52 BVA T H A3 AL ANR T o 52 Y 38
Higg s B S1F0T HOR (image—guided radiothera-
py, IGRT) £ Z23 i HE /- CT(cone beam CT, CBCT) 5281
MHEARZE AT . ABFSY 328 H R R R R &
AlignRT(Vision RT, London, United Kingdom ) 7| 483 #% 1
ANYEGR T HBG CBCT H 4 S A5 vhuos XU | 2 2 A, ik
e FL MR 0 S AR B A bR =

1 #M¥E57*

1.1 &6

R4 H 2021 4F 7 A 13 H 2= 20224F 10 A 15 HAEH
LR g B 34 v L ELEKTA infinity I35 #8507 #0519
TSGR FAE Ay 2 o3 A AHZE (41 461)) Fn XL |
SFHL(406) o GIAFRIUE i 20~60 % ;KPS KT 80435 K
J5 53R TN M B FLIR B DR LR S B3 AR AT
HCIRYT B B P 28 A0 F i R s R A R
% kV-CBCT EUS5 2l7 26 8 o HEBRARE - R A R0 7L A



514 WRE iy, 55 AOL 2 RIS | S HORIR G RS S | 0T BRSO | S = A E U s T PRI 87

I 5 WEAT M BE s 10T S0 s R slA Y7 i 6 0T A HA %
PEIE (R R HRARFL LRI 55 ) s AR e FLIR I O 72 2
it 3 PR D IIREAN A IR LA e AR AL . R E T T
ST RN R R, AR R B AR HE 2 L St v (B2020-
379-01).
12 FEEREREE

Fiig S B} 35 1 28 33 2% ELEKTA infinity | Philips 16 HE
EE CT S 407 A3 BL , A48 137 AL , monaco YT 113 R 4t
(treatment planning system, TPS) fR #2415 4 AlignRT (1%
LR Y BRSO MRS S BT 2 A R R ) (BT R
TR (N & Sl R R TR A R)D 4
1.3 #EEES CTENM

S FH B T 2 0 SR B A5 B 2T 46 Sk 30 5 28 1) 181 52 5 3K, 05
R JE 14 A A TR 00U A [ MR o R R R
RSN A R Z OB A A NIR G5 &
HAMEMY, BT B2 A, A8 HESRH T RS - S5 07
B BRA B 5 0 R 57 TR, A Ak B8 5 U R IR S A
PR R 5 B 56 SE MG G L PRAIEIR YT B A M T . Al
Philips 16 HEIRE R FLAE CT RUE M HLIEFT BIRR AL , 9
SIS mm, B LR 140 kV, 65 B — 8 O 55 ZiHE 2%
FEE T EHME N %, Monaco H51 £ 48 P AT #0LIX 2 il A1
R ¥t , R R T (IMRT) £ A , A5 50 ~ 60 Gy, ¥4
T RIREL 25 ~ 301 (2 GylR) -
1.4 AlignRT5CBCTS#ig &
1.4.1 3| 548 AlignRT 428 A28 W5 S4HRHTE
AlignRT R % 5 A G Y7 114 (RT plan) A1 & R S8 BT (RT
structure) , 2] Il 2> ROI(region of interest) . 17RO T &
BRI G AT (B BE BB | B AR 2 4 2L 55 4R 1 3
em B IS5 ), 3 LA TR YT P 0y SEa 4R, ) i
PR ZE A 7L R UM LR B L 5 8 N 3 em B 2%
BT ), AR 1kYR Y7 i R rh LR A B AR +60° 143 L P9 i 14 45
G, SRR LSS B A 25% , W B iR 2 (
D). VAP Z5H(VRT em) Y #i(LNG em) X 5H(LAT cm) 75
] (915 B (B +0.3 em, AHXT R B YAW® (Roll”  Pitch” 75 4k
FORER BB M +3° . BRCRAE USR5 (R IENLAEAE 180°,
HIEXVIHH#ERS o
1.42 CBCTH#AHKEZE Xt Infinity H A XVIEG R
ST H I BB E LR 120 kV, HL4E 5 4 360° /min, kv
T B AR B M20, kv IE A i BN L, SR AR EIMR 330 it/
43, FOV L85 B 2 276.7 mmx409.6 mm , 3138 I AL 42 390 B
sk, RN 180° 2 180°,

o

Left for the guide positioning ROI, right for real-time monitoring

ROL

1 ROIZ)E
Fig.1 ROI delineation

1.5 EfWiERE
15,1 ABdmEF SRR BT 2IEHUE ML
BEAT S, AL BRANR DA i A CT L fR# k 3R
(1) CT-mark SAEAL; QARYE TR h 98 IR S HRS IR 2550
L ;@5 B DRR X LG, AR 3 - AR b AT il v s @
AN 5 I A o 2 B AR DRI AE R B FATHOE
SUCEI278) o s (B I BEALRIL A A i ], 527 e I i S
SRS S AR T IR BRI 58 B TR YT RIS (8] . 41 41
BHEEUIRIT RIS B AR CBCT 8 IE , SR I E AR IC 4L
FHOEASIEAL, PR T CBCT H4 , K BERCEAE R B IR 1B IE
JE AP R RAERBRLEHE (E3), i85 1 K CBCT
R R 22, Sk 41 28
152 w3 $FmEF Eakieiig Wo R4 mE 400
TN AL, HEEEH AlignRTBEA CBCT HE4T 45 vt
WHI R AL BALL RN - 5 FE L CT &M
TRFE M CT-mark RN ; @2 BOGSA IR FR B 09 %5 e 47
B RE KA P01 em LN L, SR )5 i i MOVE
COUCH Hifig—$# 8 IR 2877 %l ; @FTH Treatment cap-
ture ZRICENG (il FH AR (LR R LA IE D RE , B2 Y IET
T ARk A R B 45 (€] 4) ; @FTIF DICOM MR 3%, Tl B
ANYEDT ) AR 25 2 +0.1 em/+1.5° LA, 581t CBCT #E47 /5
AET7 ) IR 2E B UE , HEAT RS IR ALIE ; @ HIKEE GreyT+R T
Fic 77 2, AR S CBCT BCHEZS R, e % BEAE £1.5° e A B
F AlignRT 471 BRI 2 MR RS S0y 7 (i - 51 4800 5
F R (VRT1) ANAYT Wi 2 % AR (VRT2) , 16 8 1 [
SE SRR R ICZR 5 2 A S (B 247) o SR UE RS R
(3),iC 3 B WA 4T CBCT M7 15 25 , 3k 40 41 %4 .
0 SR AR R AL IR] BYMAAR 35 B2 By 7 IR BIME A VR YT
]
1.6 BERBEHELREmSH

PR3 | 41 CBCT FCHERETT 225 VRT1 (1 ROT i 4
— B, R TR E AL o A A ) VA7 e Y PR
T 249 A B Jf BE I X (chest region of interest, CROI) : 9\



88 R A2 (B2 B2 R

5443

left for resetting body surface marker of simulation group, right

for unmarked dual—guided resetting group
2 EfUtRidsk

Fig.2 Reset marker line

Simulation Group Dual-guided Group

Position according

to CT -mark point
and move to ISO

using “Move Couch” |

|

Collect the green
body surface and
correct the position

Position according to
CT -mark point and
move to ISO

!

Register and mark
with the DRR
images

!

Treat on accelerator
and CBCT scan for
verification

Record the set-up
errors
surface
J

3 RUASNEISEEMRITRER

Fig.3 Resetting verification flow charts of simulation

Verification and
calibration by CBCT

Collect new
reference body

group and dual-guided group

left before correction, right after correction.
B4 fEREBLYIE

Fig.4 Posture correction

1] DA B A9 2 PV, 88 1] LA P 2R 22 B BESMI 1 em o [T
A FE X 4 Sk DX B AP 43 _1 #E IX. (supraclavicular region of
interest, SROD)HEAT T MG BC v , 12 X 3k i 71 52 W ik 21> HY

ARBR Wk 45 e K 28 B B, BEAI0T R, R ] fig
U X SR R AR A R 2, AR T L X A v A i
AN E BB DX (SROT) T ME S FHL - S\ 1) N FRAR BB = Ak
% B ) DABUHE 22 B Sk AT 2% . CROIRT SROT (¥ e #E
IR : GreyT+R HBIILACS T30, Hrb, CROUH Tt
X CTF1 CBCT Z [A] A TC 1 , L TC TR 45 SR E SCN R AR iR 22
Ey0;» CROT I CAESE 5 5 SROT [ ME 45 5 22 0] 1) 22 1 X
1 SROL I JRFFIR AR IR ZEE AE=E B oo
1.7 SitEFHRZE

fdi F1 SPSS 26.0 FRA X EHEHATGe 125 3 B, 1R 25 H3lE
VA A st ] 1 P 4 XHE 2R, X6 0 64T Shapiro-Wilk (S—
W)IEZSPER S . S AL )45 RS 430 Ay 22 55, R
ST ¢ K5, LAIME b3 1 22 R IR 2 B ARG IE S5
i, ZEATE R Wilcoxon FF 5 BRAG K, LA A28k (R 7Y
IEEL ~ B (M (P, ~ P,) 13k . P<0.05 N2 5
BAGIHH#E LR .

2 %X

21 REEMAXERRAZEGSISHAEKS
E&5I ST HRAR#ITER LN SFEMHMEE
BAIRESER

B2 41 i) 58 35l FHBLADLHL 5 07 J5 4T CBCT o7 B 55
HE, W5 | 41 40 {51 58 2 il B AlignRT 20 J5 6 CBCT 2E 47
LD B A o XL R AR R A R 2 4 R AT HL R
BR T Y Z3 7 e iR 2 TG T 22 R A WG A X
Y\ Z 57y ) P B 1% 2 R Xl ) R 1R 25 N TR

SHAG I L (P<0.05;% 1)

22 WA SNESHEMHE L XE(SROI)
HEERZRIRE

Xof KDL 2 5 5] 5 20 CROT X 8k 14 e A 5 22 64T T
CBCTRCHESS , 7155 CROT Y BC LS S 5 SROT Y BL i 25 SR 2%
18, 19 20 00 B0 3k X BY SROT (1 B il ik A iR 2% . 45k &
B, RS FALAE Y Bl T5 1] P R AR 22 AN XY Z Bl )
P4 JE 7 3R A% R 22 FL BRI A /N, 25 ROA ST (<
0.05;362).
23 EHIASNG| SEHE AR ESIT

FEFLL 20 52 57 BF 8]+ (505.36+21.96) s, W 5| S 4 &2 {7
) 2R« (238.64+28.56) s, P 41 Lt % 1=-24.555, P=0.000,
PR S A I ] 11 22 57 R G242 L(P<0.05) .
24 FRAZEGIISHEABRESEGRS SHTR



o5 134

WRE iy, 55 ASOL 2 RIS | S HORIR G RS S | 0 B SE Hp 05 | = A EFUBIE SO PRI 89

AWM SEEMBCBCTIREEN LA
XA S ALAY 40 41 CBCT R 22 4 AR (b AT 45 1], 4
- B 158 22 73 A 5 R (&1 5) RIE % 15 22 43 A s Pl (1
6)o Hrfr X\ Y ZHhJ7 0] VAL R 25 4 XHE A 55 7E 0.4 em L)
P, <03 cm B9 LL A1 4330 A 95% . 93% 11 93% , X\ Y . Z fili 7
) 2 R 25 B XA < 1.5 ° By LAG 53531 8 90% .93% F11 90% o

3 it #

e ge i G A 2 rh B A £ B DA VAR R AT
W TG, fo7 SR SR 7L s 2 A 2, 52 P2 2 5 )
B, TRE L BUHE X 5 1 LU HERTE B eT-
sim B2 07 LATTRI CT SRy Safie | (H PR e 1%, L RE S it
el B2 2R3 ~ 5 mm) R, 52000 2 7 4% B2
EPID &7 T Fahit iR KM , 4G ok 8 2 2 IE g
FEREIT R R Bl T PO Y A BA R AR
FUIRIR SO S22 77 2K, BRTE AR RGBS | 4202 1 il
b BRA U B S HEAR AT A D WG R ' AL, AR

0.5
0.4
0.3 5
021 %

0.1 wey L [ P *

0.0 * ” ° L4 [ 2P ] .. oX
-0.1 o 2 - . oy
_0-2 o . L "

0318 .

-0.4
0.5

Translations/m

0 5 10 15 20 25 30 35 40 45
Number of patients/n

Es5 TBRESHHAE
Fig.5 The scatter plot of translational setup

error distribution

B, TE XY\ Z5°F B8 A R i€ 5% T 1) B X5 52 A AT
CBCT i B ik A B 22 7E 3 W] /N TR AE A37 19 CBCT 4
HER2E, 22 5 B Gt L (P<0.05) o RS 41/ Ry |
Ro AP B8 FEARADLA /N IR S 4R D7 18] 935 i 22 B L
G2 A TG AL AR W05 | e d17E
AlignRT 5| 5458 (3L I 75 45 BE e 7 1) AR 22 PR B 28 + 1.5 ° LA

F1 BUASNE| SAERTREMLARIT CBCT B BERMAIRE

Table 1 The global setup errors of CBCT scanning with different reset methods in simulation

group and dual-guided group

[M(P25~P75)]

Setup errors (£ ) Simulation group Dual-guided group z P

X/cm 0.190(0.075 ~ 0.380)  0.090(0.040 ~ 0.180) -2.614 0.009
Y/cm 0.210(0.135 ~ 0.440)  0.140(0.063 ~ 0.238) -2.826 0.005
Zlem 0.26(0.16 ~ 0.51) 0.17(0.10 ~ 0.23) -3.143 0.002
Rx/’ 0.90(0.50 ~ 1.75) 0.60(0.33 ~ 1.00) -2.832 0.005
Ry/® 0.80(0.50 ~ 1.25) 0.70(0.43 ~ 1.20) -0.369 0.712
Rz/’ 0.90(0.35 ~ 1.50) 0.65(0.40 ~ 1.18) -1.075 0.282

CROL: chest region of interest.

x2 BHASNE| SHEBMBEXXE (SROI KA RIRE

Table 2 Local residual errors in the SROI of simulation group and dual-guided group

[M(P25~P75>]

Residual errors( AE,) Simulation group Dual-guided group z P

X/em 0.140(0.075 ~0.250)  0.165(0.063 ~ 0.210) -0.458 0.647
Y/em 0.210(0.070 ~0.295)  0.080(0.053 ~ 0.155) -3.041 0.002
Zlem 0.110(0.040 ~0.215)  0.075(0.020 ~ 0.140) -1.789 0.074
Rx/° 0.90(0.60 ~ 1.75) 0.70(0.35 ~ 1.10) -2.600 0.009
Ry/° 1.40(0.40 ~ 1.80) 0.65(0.35 ~ 1.25) -2.735 0.006
Rz/° 0.90(0.40 ~ 1.50) 0.60(0.20 ~ 0.80) -3.026 0.002

SROI: Supraclavicular region of interest.
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