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Retrospective analysis of setup error with a six-degree-of-freedom couch in

medical linear accelerator radiotherapy for head, thoracic, and abdominal tumors

WAN Bao GE Yandong SUN Shuo ZHAO Yu ZHANG Yanxin ZHANG Wei
HUAN Fukui LIANG Bin WANG Hongkai

(Department of Radiation Oncology, National Cancer Center/ National Clinical Research Center for Cancer /Cancer Hospital,

Chinese Academy of Medical Sciences, Peking Union Medical College, Beijing 100021, China)

ABSTRACT Cone-beam computed tomography (CBCT) images of tumor patients were retrospectively analyzed
based on a six-degree-of-freedom (6-DOF) couch for accelerators, whereby patient setup error data were compared,
and intra-fractional setup errors during radiotherapy were investigated for tumor patients. This study aimed to
evaluate the differences in setup performance for tumors in various anatomical locations. A total of 85 tumor patients
who underwent radiotherapy at the radiotherapy center between March 2020 and September 2023 were selected and
categorized into four groups: brain tumors, lung cancer, rectal cancer, and breast cancer. The initial and intra-
fractional setup errors for the four groups were statistically analyzed across six degrees of freedom: left-right (X),
head-foot (), anterior-posterior (Z), and rotations (R,, R, R). A two-sample heteroscedastic t-test was used to
compare the intra-fractional setup errors in different directions among the tumor types. After corrections using the 6-
DOF couch, the translational error ranges for both initial and intra-fractional setup errors were generally consistent,
primarily within +1 cm. In intra-fractional setup errors, the R_direction exhibited a slightly reduced error range.
However, the rotational errors in the R and R, directions were significantly larger in breast cancer cases. Regarding
intra-fractional translational errors across different tumor groups, patients with brain tumor exhibited the smallest
errors along translational directions. Patients with lung cancer also showed relatively small translational errors but
exhibited a skew in the Z direction (anterior-posterior). Patients with rectal cancer exhibited relatively large
translational errors, particularly in the Z direction. Additionally, both the initial and intra-fractional setups
demonstrated that brain tumor errors were the smallest, followed by lung cancer, whereas breast and rectal cancer
errors were relatively larger. There were no significant differences in the R, direction among different tumor types (p
>0.01). However, significant differences were observed between breast and brain tumor patients (p=0) and between
breast and lung cancer patients (p=0). A weakly significant difference was also noted between patients with breast
and rectal cancer (p=0.034). In the R direction, patients with rectal cancer exhibited significant differences
compared to those with brain tumor (p=0.003) and lung cancer (p=0.002). A weakly significant difference was also
found between rectal and breast cancer patients (p=0.033), indicating that rectal cancer cases had notably different
setup errors in the R_ rotational direction compared to the other tumor types. The application of a 6-DOF couch
significantly improved the translational setup precision and rotational errors. However, limitations remain in
controlling rotational errors, particularly for tumor types with strong site specificity or complex surrounding organ
structures, such as breast and rectal cancers. Further optimization of immobilization devices and enhanced
respiratory management tailored to individual patient characteristics are recommended to improve the precision and
effectiveness of radiotherapy.

KEYWORDS Positioning error, Six-dimensional couch, Radiotherapy
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Table 1 General information of inclusive patients

T H Items Jidi % Brain tumor

filij% Lung cancer

E J% Rectal cancer FLHR Breast cancer

THYFERS /2 Average age 53 (29~78) 63 (48~88) 52 (29~74) 48 (30~63)
“FHJ B /m Average height 1.69 (1.56~1.84) 167 (153~182) 1.66 (1.56~1.84) 1.62 (1.50~1.83)
TR E / kg Average weight 67 (50~90) 68 (45~90) 69 (65~83) 65 (50~91)
BMI>24 kg/m’ 10 16 6 12

BMI<24 kg/m’ 13 14 4 10

% Male 14 18 7 2

2 Female 9 12 3 20

KPS 90 (50~90) 80 (60~100) 80 (80~100) 90 (80~100)
CBCT &k %} Total CBCT 237 287 76 208

1.2 MBEIERK CTIRIAE L

B s B R RN, A 3B E R
BN o % FEER 2 F 1 4 B A [R] A A 7 ] 5 75 =T
AH AR R EAT [ 5E o

o S5 . R EE . FLAR R A BN T %

(1) g 3 147 CT A 4L %E 37 (Philips brilliance big bore
¢ & Siemens SOMATOM definition AS 40) 9 # ,
R4 120 kV. 200 mAs, EEMEHBY A
Smm, fREEHIRE N3 mm. X &R %K Pinnacle
(Version 9.10, fif == 8 X K FI# D - 95 B ¥ Kk H
6 MV X 2k VMAT R, 477 771 & 50.0~60.5 Gy o

R2 RIS B R AR 8 2 07 R

Table 2 Position and fixation mode of patients with different tumor locations

A fi] 7 77 2\ IR

Tumor location Fixation mode Thermoplastic mode type

Jidi Brain XUE THFA B T4 Both arms are relaxed on the side of the body FAIBARE Thermoplastic mold

Jiti Lung XU AZ B T4 The arms were crossed before the forehead I A5 Thermoplastic mold

H W Rectal fEb & T 15 242 - Bone position on the abdominal pelvic frame FAIH A 5 Thermoplastic mesh film
F R Breast FE L 2MENTFLERFEAE I Raise your arm on your back on a o M ik [# %€ No mesh fixation

breast tray
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Fig.1 Statistics of first-time and intra-fraction setup errors for 4 different types of tumors
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5 B W i B A7 55 5 P (p=0.034); TER Ji Al
b, B 5 R (p=0.003) . filifE (p=0.002)

(@) X
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Rectal

WA IR NIEALR ZE RSN E R, FAR
JE R B — e R 55 5 P (p=0.033).

I0.05
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Braest

Brain Lung Rectal Braest Brain Lung Rectal

(b) Rx Rz
Brain 0.919 | 0.329 0.111 | 0.559 0.290
Lung 0.226
Rectal ] 0.034 0.033 0.02
Braest

Brain Lung Rectal Braest Brain Lung Rectal Braest Brain Lung Rectal Braest

2 BN E E B AR ER S B S0 IR B AL IR ZE XU A e 7 22 e A IR 45 R, b 8 3 A AL A R bR
Fig.2 Results of a two-sample heteroscedastic 7-test for inter-fractional setup errors across four different tumor types in each
degree of freedom, with significant pairs marked by "*"
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