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Setup error and planning target volume boundary in

foam-immobilized radiotherapy for breast cancer
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“(Fujian Maternity and Child Health Hospital, Fuzhou 350005, China)
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ABSTRACT Radiotherapy error in breast cancer mainly comprises setup error and respiratory breast motion. An
accurate measurement of the setup error can provide a clinical reference for breast cancer planning target volume
(PTV) expansion and improve treatment accuracy. Setup error rates were measured in 31 patients with breast cancer

who underwent im-age-guided radiotherapy between June and October 2021. Cone beam computed tomography
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(CBCT) was performed for each patient first three times of treatment, and then once a week until the end of
treatment. Bone registration was performed between the CBCT images and the CT images of the treatment plan.
Record the registration results and obtain the setup errors. Calculated the external boundary of the PTV according to
the setup error. A total of 131 CBCT scans were obtained for 31 patients. The standard deviation of systematic error
and random error on the X (left and right), ¥ (the head and foot), and Z (the abdomen and back) axes were 1.40 and
0.67 mm, 1.89 and 0.56 mm, and 1.68 and 1.16 mm, respectively. The maximum absolute values of the setup errors
were 4.9 mm, 6.4 mm, and 8.7 mm, respectively. The errors within 5.0 mm accounted for 100%, 98.47%, and
93.89%, respectively. The incidence of setup errors < 3 mm on the X, Y, and Z axes were 88.55%, 79.39%, and
75.57%, respectively. Based on the outward expansion of the clinical target volume, the PTV theoretical boundaries
of breast cancer were 3.98 mm, 5.11 mm, and 5.02 mm, respectively. In foam-immobilized radiotherapy for breast
cancer, the actual setup error cannot be accurately reflected considering the empirical PTV external boundary. It is

clinically significant to measure and analyze the setup error using CBCT to calculate the PTV external boundary and

guide clinical target area delineation.

KEYWORDS Breast cancer, Styrofoam, Intensity modulated radiotherapy, Setup error, Extended boundary

CLC R&815

AR 4t 5 2 A 2H 23 [ B e R B T8 AT LAS) A1 )
2020 4 2 R 2 i 5 7L e A s e Ay 4 3k
55— Kt o W 58 B ¥R 9T (Intensity modulated
radiation therapy , IMRT) /E A —Fokg i 07 HoA L 178
2 v B DX 1 ) N o KR B b 2> i ] I 2
Sl B RS RE, DA e T Y i b, AR
B ARG I = 45 T 07 B AS R Il s 25

ICRUG62 # 7 Wl #4917 # O& IMRT K136 77
RN NTTE R Py BEI NV G Bl 797 N al R N A
(Clinical target volume, CTV) Mt — 7 B B >R JE i,
1T R #E X {A F1 (Planning target volume, PTV) . iX 4™
AN B e R A R iR 2 AR B B A E I3,
RIXANHMT A BRI KBS /N, DL G R A A 06 2 i S
B TR s R AR o MR R SO T I A XA 1
SR T I OGS T 3R X ) A0 T80 SR /N DU A4 3 1 A
F B R FH 2 B DL AR AT 58 22 K/, X T
i PR = A 2y e =3 2 g s 22 45 51 5 ) R e e
I7 LB = TR EET S AT 2 v e Rg 11 e s et

B A0, Py 7L e 285 1 ] 5 W AL IR AE 4
FRIRRE AR AR RV s 4 A A R BB g
ASTE R[] 8 B AR F PTV AMBUL S M TE 48— 1)
P o A Sl I W F Elekta Synergy HL28 1 23 ML 4K
1 F R g 4 JZ 5 CT (Cone-beam computed
tomography , CBCT) Wl 5 2 T~ /& ¥ it [ 5 1) 7L i g
BERIT I WA AL R 22 5 o kAT Si v Ay
MG BIARRLZ PTV AN AT, NilE R SR AL F 52
EAETIERY IR

1 #RSFE

1.1 RHIEE

PEH 2021 4E 6 A % 10 A 347 BME 51 S A
I FUIRE 838 3100, B R 69 %, /N
W25 %, LR 50 %, BT A B 1 T8 UT Ak
1.2 AIEER CT

31 451 K8 2 SR HTAM B, XN L Jie B 2%, SR H
PO HEAT PR AL 5E » B 1 T

v |
R
. W

e

1 FLARIER AL [P 5 A Ao

Fig.1 Breast cancer foam immobilize position

& A7 [E 2 J5 , f# A Siemens K fL 1% %€ fi7 CT
(Simens , Somatom Definition) % £ 3 - & IR 25
NP 5 CT BELE A 44, A Z S S mm, H
70 B AN BE 6 S AME 21 555 2 JEEAE , 8 il A H i 2H 21
BWAEGEN, WE2 iR B AN EHE
120 KV & LI 80 mAs. $14 7€ i » € 7 CT ER

050302-2



WA SR T2 % 2022,40:050302

i ik PR A H 7 1% 0 JE {5 (Digital imaging and
communications in medicine, DICOM) & % &
Monaco {87 TR & 4t LAE, A —2 5603 & 1K

o ssar O 12

JTRHEAAE 4 CT /2] i #E X R i O A g ] 2L
IR A 84S /G M #% B (Organs at risk, OARs) , 3/ [A]

B2 FAMECTHHEG

Fig.2 CT images of Breast cancer

1.3  CBCTE&IEFAIBIREICR

CBCT E % 14 K H Elekta Synergy Ik 25 1]
XVINLE TR B RS, A S E:M20.100 kV .
10 mAs, K 360° 44 . 31 B B3 697 /T, Bk
SN SRAE B TR 2% CBCT B4 5% 8 & A2 CT B

8347 L VTG o 3 1) H 3 v , CBCT BIE AT
R CT EIG % 30 i R 225K 16 =15, AT 45 21 Xl
(Laternal , /2. 45 75 [7]) . Y i (Longitudinal , Sk i1 77 ]
M Z % (Vertical, 185 77 17)) b B4R IR 72, 10 % 2
18, B3 ~E A CT K55 CBCT BHME IR #ELS S

File Help

Reference

7 CorRef
[7 __ Scan [V _Stuctures.
I _Giipbox

Régistrationi(CIipbox)

Position Error

™ Translation (cm)  Rotation (deg)
% [ooo 4 x oo 4
v T
| EO |

ey |

Register Cliphox | Comection | Overview

VolumeView Registration Dismiss | Accept | ‘

Teatment: 1:1  Plan Date: 15/09/202109:48:21 _Plan Desaription: Atreat7F3:treat7e3

B3 i CT BG5S CBCT B AT i 4 e i 45 1

Fig.3 Osseous registration results of mmobilized CT images and CBCT images

1.4 HEPTIVIHNBR
BT, RGER 2 RN 5 34 Cn
OGN RGO MUMGR ZE BN o B AH 2R

050302-3

FERAR T IR SR , 'l 2 PR E 58 1Y - BE AL
REHA AR, ERoR B KGN EE R
122 57 o BN RBE RRUUR AR ZIME MR R SR



B BREE IR RE B FLBRE TR T AR AL R ZE TR R AR AR

7, PR R ZE bR UE 25 N AR BE ML R 2% s BE IR R G0 1R
Z(OWAMERGRZE b 2, BEARBENL R 2
(O HUMARBENL IR 22 [ bR i 2207 AR H van Herk 250
(2 2RO Sk TH 5L BRI U7 PTV 41
I .

M, =2.55+0.75 (D

1.5 %iEsE

314 B 3 AR = A 07 ) 4R AT R % R A
OriginPro 8 #EATAE A2 43 A BT I, B4 77 & 1E
0047 o K SPSS 20.0 T AT 131 A AR 47 $0d i3t 47
PE B K5, 19 BIAMR R gtk 2 AR LR 2
H it — 2515 BRI R G0 2 R BE HLIR 22 . FE K 4
Van-Herk [f] &8 # 20 X oF & B A0 49 1 2
H (M)

2 HR5VHE

21 BEAIRERESN

XX 31451 7L e K 3 AT 1) CBCT A i 1
b RR R R AR ) 131 H = 4ET7 [ (4R A SR AT S
N X Y\ Z 07 R AME IR AR ZE IR 1 R . =
ANTT 1) B R A R 22 AR O AT BT B U B 4 F R o gk
— AL ER Ay BT AS 2 31 6 BB R XL Y R0 Z Bl
I 1) 22 G 1% 22 FH BB MR 22 IR b 4 22 2 301l /& 1.40 mm
A 0.67 mm+ 1.89 mm f 0.56 mm. 1.68 mm #l
1.16 mm, fix K 48 % 2 47 3% 2 4 4.9 mm. 6.4 mm.
8.7 mm (K 2) . K F SPSS #AF15 21 131 ZH 2 AL 50 ¥
AL 1R 22 00 BN : X 7 181 (=0.18+1.43) mm, Y /7
124 (0.36+1.92) mm, Z J7 [A A (-0.42+1.82) mm.31
B 7L e BB B AR R 22 R A WK 3 R .

F1 3 BIFLEEBE MEELRE

Table 1 Individual set-up errorin 31 patients with breast cancer

BERS XA Y7 CGRIED ZI7 (gD
No. X direction (left-right) Y direction (the head and foot) Z direction (the abdomen and back)
RYGR%E BEpL R RGRFE BEHLIRZ RYGr2 BEHLIR 2
Systematic error Random error Systematic error  Random error Systematic error ~ Random error

1 -0.37 1.81 -0.37 1.48 0.90 3.06

2 -3.18 0.64 1.03 1.064 -0.28 0.59

3 -1.40 3.14 -2.65 1.07 -2.30 3.55

4 -0.98 1.40 0.80 1.17 4.15 1.39

5 1.50 0.88 0.53 0.98 1.63 0.56

6 -1.78 0.85 0.73 1.35 0.95 1.04

7 1.28 0.79 -1.43 1.58 -0.45 0.40

8 1.80 0.44 2.07 1.40 -0.53 2.25

9 0.43 1.75 -2.21 2.03 -2.67 4.65

10 1.30 0.61 0.10 0.46 -2.33 0.59

11 1.30 0.89 2.45 0.44 1.60 1.03

12 -3.24 222 -1.72 2.10 1.58 1.20

13 -1.52 1.17 -3.60 1.13 -4.56 0.80

14 -1.13 1.03 -0.10 1.31 -0.43 1.90

15 0.63 1.02 3.30 1.28 -0.20 1.07

16 0.53 0.68 0.58 1.76 1.23 0.85

17 -1.30 0.61 0.58 2.97 1.58 1.00

18 0.13 2.68 2.03 1.12 -2.13 4.67

19 -1.33 1.48 3.08 0.46 -2.80 1.41

20 0.17 2.00 -0.30 0.35 -2.40 0.44

21 -2.08 1.33 -1.58 1.71 0.43 4.85

22 0.00 1.35 0.65 1.11 0.15 1.06
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BERS  XHECEA) Y751 Gk D ZIi R JEE)
No. X direction (left-right) Y direction (the head and foot) Z direction (the abdomen and back)
RYGRE AL IR 2 RGR T iR RGURE BEHLIRZE
Systematic error Random error Systematic error ~ Random error Systematic error ~ Random error
23 0.53 0.29 0.13 1.50 -0.90 0.26
24 0.68 1.42 -0.34 0.96 -1.24 1.34
25 1.28 1.40 3.73 0.59 -0.93 1.68
26 -1.58 1.13 0.42 0.80 0.02 1.37
27 2.05 1.31 2.23 1.14 0.38 1.20
28 0.33 2.00 2.93 0.67 0.60 1.99
29 -0.33 1.85 0.83 1.16 0.63 1.42
30 -0.38 0.83 -0.17 1.55 -0.30 1.53
31 1.03 0.32 -3.33 0.74 =-3.10 0.92
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Fig.4 Frequency distribution histogram of set-up error in X/Y/Z direction
F2 3 HIFLEE BERARAIRE
Table 2 Group set-up error in 31 patients with breast cancer (mm)
AABR T 7] NS EIN 230} e /IMA THAERG R E REVRBEALIR 2
Coordinate direction Absolute maximum Absolute minimum Population systematic error Population random error
X X axis 4.9 0 1.40 0.67
Yl Y axis 6.4 0 1.89 0.56
Z%l1 Z axis 8.7 0 1.68 1.16
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K3 HIAEBEBRMRERER

Table 3 Incidence of set-up errors in 31 breast cancer patients (times /%)
PRIV XT7mEChEAD Y7 e CGRIAD ZIT R UJEED
Error range X direction (left-right) Y direction (the head and foot) Z direction (the abdomen and back)
<3 mm 116(88.55) 104(79.39) 99(75.57)
3~5 mm 15(11.45) 25(19.08) 24(18.32)
>5 mm 0(0.00) 2(1.53) 8(6.11)

T REERE R =R A S N B IR B AR AL B < 100%

Note: setup error rate = number of positions within a certain range / total number of positions x 100%.
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