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Analysis of setup errors and their correlation with clinical factors in image-guided

radiotherapy for prostate cancer using different immobilization devices
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'Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer
Medicine, Guangzhou 510060, China; *School of Biomedical Engineering, Southern Medical University, Guangzhou 510515, China

Abstract: Objective To quantitatively analyze setup errors of 4 immobilization devices in precision radiotherapy for prostate
cancer, their accuracy differences, and the factors affecting their setup precisions. Methods We conducted a retrospective
analysis of 240 prostate cancer patients undergoing image-guided radiotherapy at Sun Yat-sen University Cancer Center from
May, 2016 to May, 2024. According to the immobilization devices used, the patients were divided into 1.2 m vacuum bag group
(n=60), 1.8 m vacuum bag group (1n=60), Orfit frame group (n=60), and customized prone board group (n=60). All the patients
received pre-treatment cone-beam CT (CBCT) scans, and setup errors in the right-left (RL), superior-inferior (SI), and anterior-
posterior (AP) directions were obtained through XVI system grayscale registration. Further subgroup analyses were performed
based on patient stratifications by lymph node irradiation status (n=120 each), age (<65 years, n=80; =65 years, n=160), and BMI
(BMI<24 kg/m?, n=120; BMI>24 kg/m?, n=120). Results The setup errors differed significantly among the 4 groups in three-
dimensional directions (P<0.05). The customized prone board group showed minimal errors in the RL (0.02+0.25 cm) and SI
(0.01+0.32 cm) directions, but demonstrated the largest error in the AP direction (-0.28+0.36 cm). The patients with lymph node
irradiation had significantly greater AP directional errors (-0.22+0.36 cm) than those without (-0.01+0.43 cm; P<0.001). BMI
showed a negative correlation with SI directional errors (R=-0.45, P<0.001), while age was not significantly correlated with the
setup errors (P>0.05). Conclusion The customized prone board demonstrates clinically significant advantages for its high setup
accuracies in RL and SI directions in spite of its systematic AP directional errors. The setup accuracy in the SI direction is
especially important for patients with lymph node irradiation or low BMI. Our findings provide quantitative evidence for
immobilization device selection and individualized optimization of precision radiotherapy for prostate cancer.
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Tab.1 Comparison of baseline characteristics of the patients in the 4 groups (7=60)

1.2 m vacuum

1.8 m vacuum

Metric bag bag Orfit board Individualized prone W F P
Age (year, Mean+SD) 64.2+7.8 65.1+8.2 63.8+6.9 65.5+7.5 0.78 0.505
BMI (kg/m?, Mean+SD) 24.1+2.8 23.843.1 24.3£2.9 23.943.0 0.38 0.769
Clinical stage [n (%)] 2.15 0.542
T3 36 (60.0) 33 (55.0) 35(58.3) 35(58.3)
T4 24 (40.0) 27 (45.0) 25 (41.7) 25 (41.7)
Risk stratification [n (%)] 1.08 0.782
Intermediate risk 22 (36.7) 20(33.3) 19 (31.7) 23 (38.3)
High risk 38(63.3) 40 (66.7) 41 (68.3) 37 (61.7)
Lymph node irradiation [n (%)] 32(53.3) 30 (50.0) 28 (46.7) 30 (50.0) 0.74 0.864

Continuous data were compared using one-way (ANOVA); categorical data were compared using the chi-square test((y? test)).
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Fig.1 Schematic illustration of the 4 types of fixation device. A: 1.2 m vacuum bag immobilization. B: 1.8 m

vacuum bag immobilization. C: Orfit board immobilization. D: Individualized prone panel immobilization.
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Tab.2 Positioning errors of the 4 fixing devices in 3-dimensional directions and pairwise comparisons (cm, Mean+SD)

Direction/devices 1.2 m vacuum bag 1.8 m vacuum bag Orfit board Individualized prone panel P
R-Ldirection 0.05+0.28 0.05+0.23 -0.05+0.28 ¢ 0.02+0.25 <0.001
S-Idirection -0.06+0.36°4 0.03+0.30 -0.13+0.45*4 0.01+0.32 <0.001
A-Pdirection 0.03+0.24A* -0.10+0.42* -0.02+0.21%4 -0.28+0.36° <0.001
20.5 cm (%) 15.0% 11.67% 13.33% 18.33% -

RL: Right-Left direction; SI: Superior-Inferior direction; AP: Anterior-Posterior direction; °P<0.05 vs 1.2 m vacuum bag; *P<0.05 vs 1.8 m
vacuum bag; “P<0.05 vs Orfit board; #P<0.05 vs individualized prone panel; no statistical difference is indicated.
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Tab.3 Positioning errors in 3 directions in patients with or Tab.4 Comparison of M,,, among the 4 fixation methods

without lymph node irradiations (cm, MeanSD) (cm)

Direction R-L S-1 A-P Direction/devices R-L S-1 A-P

Have lymph nodes ~ -0.04+0.30 0.003+0.35 -0.22+0.36 > 0.20 0.29 0.18

No lymph nodes 0.002+0.29 -0.075+0.47 -0.01+0.43 1.2 m vacuum bag c 0.21 0.25 0.17

t 2.14 3.46 4.27 M, ., 0.64 0.9 0.57

P 0.033 0.001 <0.001 > 0.13 0.19 0.35
1.8 mvacuum bag 9 0.08 0.91 0.14

0.81 1.11 0.97
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@%265 k}'éﬂ (l’l:160 5<65 /'?)L"Zﬂ (n:80)?'£ RL(0.0I:E Individualized prone panel c 0.06 0.12 0.05
M 0.41 0.58 0.69

0.25 cm vs 0.02+0.23 cm) . SI1(0.03+£0.33 c¢cm vs -0.01+ m
N Individualized prone panel
0.30 cm) FIAP(-0.17+0.35 cm vs -0.14+0.32 cm) /7 [ (1)

vy Sy [ A N > 0.22 0.20 0.28
PUIRZEB TG #2553 (P>0.05) . Pearson A5 Wi oo o w0 00r o0
1t mph nodes o . A A
WFE— A5 A0 15 27 1B T AT (i< o s o o
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0.18 0.37 0.32
A (n=120) 7 SUJ5 [ (1222 (-0.13£0.31 em) {2 & KT
Withoutlymph nodes c 0.07 0.07 0.13
BMI>24 kg/m?4 (0.02+0.27 cm) (¢=4.18, P<0.001) , [l . s oer s
BMI'% ST iR 22 2 A (7=-0.45,P<0.001) . {Af% . —— - SE :
N represents the standard deviation of systematic errors, orepresents
(BN E/JIE ’ W\iéﬂf RL AP ﬁm Eﬁlﬁ%i#%%ﬂ‘%ﬁ: the root mean square of random errors; M, stands for margin of the
X (P>0.05,%5). planning target volume.
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Tab.5 Correlation analysis of age, BMI with setup errors (cm, Mean+SD)

Variable Group n RLError SIError APError Statistical method Statistic P

Age (year) <65 80 0.02+0.23 -0.01+0.30 -0.14+0.32 Independent t-test =1.02 0.310
=65 160 0.01+0.25 0.03+0.33 -0.17+0.35

BMI (kg/m?) <24 120 -0.01+0.21 -0.13+£0.31 -0.09+0.32 Independent t-test =4.18 <0.001*
=24 120 -0.03+0.22 0.02+0.27 -0.20+0.29

Correlation analysis Age r=0.03 r=0.02 r=-0.04 Pearson correlation >0.05
BMI R=-0.12 r=-0.45 r=-0.10 Pearson correlation <0.001*

*indicates P<0.01 for intergroup comparison; RL: Right-Left direction; SI: Superior-Inferior direction; AP: Anterior-Posterior direction;
BMI cutoff value follows the Asian standard of 24 kg/m?.
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