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CHEN Guoquan FANG Jiannan YANG Jin LIHuan WANG Xixian GUO Zairen MA Yujia
SHI Juntian HUANG Xiaobo
(Department of Radiotherapy, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510120, China)

ABSTRACT To explore the influence of cone-beam computed tomography (CBCT) matching reference point
selection on target accuracy in intensity-modulated radiotherapy (IMRT) for breast cancer and aimed to provide a
reference for clinical application. We conducted a retrospective analysis on breast cancer patients who underwent
postoperative radiotherapy between January 2020 and October 2020. CBCT images for image-guided radiotherapy,
different matching reference points, and the location of computed tomography (CT) image registration were used to
divide patients into the sternum (control group 1), thoracic (control group 2), and sternum-thoracic + target (team)
groups. CBCT alignment was confirmed by three different registration methods. After matching, the matching error
and spatial displacement of the metal clip at the boundary of the operative cavity in CBCT and target CT were
measured and recorded. A total of 528 sets of matching errors and spatial displacement data of metal clips in the
target area were obtained for 22 enrolled patients. Independent sample nonparametric tests were used to analyze the
significant differences in the three groups of data, and the distance of metal clips in the three groups was calculated.
The matching errors of the sternum and study groups were statistically significant, except for the rotation error in the
direction of the X-axis (»>0.05). There were no statistically significant differences in the matching error between the
thoracic vertebra and the study groups (p>0.05). After the sternum group was matched with the study group, the
displacements of the metal clips in the target area of CBCT and CT in the X, ¥, and Z directions were as follows:
(1.59£1.61) mm and (1.23+1.19) mm (p=0.045), (1.65+1.44) mm and (1.89+1.52) mm (p=0.006), and (1.13+
1.18) mm and (1.37+1.31) mm (p=0.999), respectively. The thoracic vertebra group was matched with the study
group, and the displacements of the metal clips in the target area of CBCT and CT in the X, ¥, and Z directions were
as follows: (1.51+1.83) mm and (1.23£1.19) mm (p=0.002), (1.69+1.84) mm and (1.89+1.52) mm (p<0.001), and
(0.91+1.28) mm and (1.37£1.31) mm (p=0.003), respectively. Moreover, the 3D vector distances of metal clips in
the three groups were (3.16+1.92) mm, (3.62+1.92) mm, and (2.52+1.53) mm, respectively. The selection of optimal
reference points for IMRT CBCT automatic registration of breast cancer should simultaneously include the sternum,
thoracic vertebra, and target area of the affected side. Placement of a metal silver clip in the intraoperative cavity can

improve the matching accuracy of the target area of breast cancer radiotherapy.

KEYWORDS Breast tumor/intensity modulated radiotherapy, Position error, Matching reference points,
Automatic registration
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H5EMERROT AR, AE AR 1 MREAE

76 J7 (Intensity modulated radiotherapy, IMRT) 57 R
P TBT ARALAG FE A 36 K, R AR ARG FE RE
8 PRUE R S8 X HRG 71 &, ORP O i 46 8 S 38
BeEALCBOPT 23 I S 2 V2, S R UG AR AR T .
FUIE T80T 47 B8 5] S HETZ SR CT (Cone-beam CT,
CBCT) A& 4 i 0T A% JE 10 A %4777, {H CBCT It
e DX 45k rh a2z DA SR 1) 65 g i 30 L s R I ) I - e
VL 52 W W 3z B 52 Wi 458 /0N 1R 1 AR Dy = i 2D A AR .
A 2B HR 50 7L IR IMRT CBCT VG it [X 35 1) 328 %
B X UL BCAS B s i, Oy 3L e K E T80T $ it
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1.1 fRGIERE
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Wiz AL, e IR SE U e A 25 R 2 LR
e 9 2.3 3 28 -G R 43 34 pTis-2NOMO B (2)4K
MAPELF, FIECE SEREEN ;. GOEIRAR B ICHE F
R&JEIE. BIEHEEE 20204 1 H 210 H F il
RE N AL A & B B i o7 B R 3L 22 44, 4R
W 24~68 5 (FP A% 45.5 %), o Al 12 451, A5
10 % , BMI #& % 19.1~27.9 kg/m’ ( *F # 14
22.11 kg/m» . ANHEF PRI SR I 44
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i, AR BT R A AE Monaco (R4 5.11.03) 5
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WA VG HC 2 A B 4 A I R AR A 5% 22 BER 7 ml 4T
TV AR ) 4 e
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1.6 BFitFERE

fifi Fil SPSS22.0. GraphPad Prism8.0 4t it % 14
XF TSI B AT Ge it o b, RS AR
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_____
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55 PR A i R 2 B Ca b 20 T i 2L S B AE 4L L 1F e 40D

Fig.1 Illustration of registration range of different matching frames for CBCT of breast cancer patients and position fixation device
(a, b, ¢ are sternum group, thoracic group, and research group)
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2 HER5WR

2.1 A [ECBCT LEHBALIRZELLE

22 B N2 B 3 LA UC e B 528 4H . Wi
B 1. 2 AR 22 S e R ZE IR 1

fim. B TAIL, BRI FR iR 25 5 e iR 2
BINFX A1, 2, HEHBFRIREERYT
GuiteEm S, R R E S0 A e i 2= X7
] 2 58 it 27 L (p=0.034), HAETTHERY
TGt E o

#1 22FIFE IMRT BE L MERALRE SR EE =M R ILICAE K HEL

Table 1 Comparison of IMRT linear placement and rotation errors in three different matching box of 22 patients with

breast cancer (x+£s)
WA g B 20 JHaHE2H MoB RMEHE X H p 1
Project Sternum group Thoracic group Research group p value’
“F#21% % Linear error / mm
X X-axis (Left-right) 2.57+1.80 2.49+1.90 2.31£1.79 0.434°.0.999°.0.990°
Y#ih Y-axis (The head and foot) 2.91+2.05 2.79+2.31 2.7542.13 0.999°.0.987°.0.792°
Z%h Z-axis (The abdomen and back) ~ 2.58+2.08 2.63+2.29 2.34+1.88 0.869°.0.999°.0.999°
JE#% 7 % Rotation error / (°)
R R_(Pitch) 0.86+0.64 0.76+0.60 0.69+0.55 0.034*.0.812°.,0.460°
R Lt R, (Roll) 0.85+0.62 0.77+0.60 0.80+0.56 0.999".0.976".0.658°
Rl R (Yaw) 0.72+0.58 0.75+0.64 0.66+0.55 0.971*.0.505°.0.999°

T *asboc 7 MARRM A SR T JRHELL S 0T T4 R 45 i ME A LA

Note: *a, b, and ¢ represent sternum group versus study group, thoracic group versus study group, and sternum group versus thoracic

group, respectively.

22 BXERERUBEHIFELR

4 FL 7S VCHCJS 1 CBCT B HE X 4 )8 e 5
ENLCT WG48 e AL B 528 4, 3 AHMASHE

X EJERAEX Yy ZIT 1A HIBR B AnaR 2 Fios o i
HEMTAAALEX. Y. ZHITRERBE G FE
M (p<0.05), Wi 5m FLAAE Z 505 17 2 57 04t
ARG RRTTRZETA G E L (p<0.05) .

£2 22FIFE IMRT B3 CBCT A4 5 AL CT BB X £ B Je AR 28 =Fh AR [ NU R X 38R 5 L
Table 2 Comparison of IMRT CBCT imaging and CT imaging target positioning metal clip displacement in three

different matching box of 22 patients with breast cancer (X+s) mm
e iy 45 i HELH [ e+ XA p
Project Sternum group Thoracic group Research group p value’
X X-axis (Left-right) 1.59+1.61 1.65+1.44 1.13+1.18 0.045*.0.002",0.952°
Y%l Y-axis (The head and foot) 1.51+1.83 1.69+1.84 0.91£1.28 0.006°.<0.001°.0.817¢
Zili Z-axis (The abdomen and back)  1.23+1.19 1.89+1.52 1.37£1.31 0.999°.0.003°.<0.001°

e *abc 7 BRI E 4 S0 AL WAL S i T4 i 4 R AL L

Note: *a, b, and ¢ represent sternum group versus study group, thoracic group versus study group, and sternum group versus thoracic

group, respectively.

23 $XEEXRIDEEHESELLER

Sof B 2L O 2L 5 T 9 4L A0 <62 ) 3k
XY ZHT BB it 5 AR d = Jd, +d, + d.
P4 B 2 1 3D SRR B HoR d, d, dL A B
REBIXVZITAMIES . dATHE A4 X T

BCAS FE B J3 5b— A S 848 b5, d BB X EE
PERR R . B R 2 B ME 4 S T AL RE X 42 )8 % 3D
RAEFEE 2 0N (3.16+£1.92) mm. (3.62+1.92) mm.
(2.52+1.53) mm, 58 2H B AfE 41 5 F 90 41 3D K &
PE 25 <3 mm [ B 43 ) O - 59.38% 47.37% Al
73.33%. &2 9 = 2HARIX )& I 1 3D % B R S A
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HoorAi . B3 N =2HREIX 4 )8 R 3D K & R B AT
N
== Sternum group

=z Thoracic group
= Research group

25

Frequency
N N
o o

=y
o . O

1 2 3 4 5 6 7 10
Error range / mm

B2 22 I FLARAE IMRT i858 =R VL DXL X 5 R S 1)
3D KRB AL A
Fig.2 3D vector distance frequency distribution of metal
clips in the target area of three matching frames in 22 breast
cancer IMRT patients

p<0.05

! p<0.05 I

o
1

o
I

~
I

Error range / mm

N

\

/

7

Sternum group  Thoracic group  Research group

3 22 FLERIE IMRT 55 = Fh UL HC DAL X i e Y
3D REPE AR
Fig.3 3D vector distance histogram of metal clips in the
target area of three matching frames in 22 breast cancer IMRT
patients
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