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Exploring the effects of abdominal circumference on setup errors in colorectal cancer

radiotherapy using CBCT-guided techniques
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Abstract: Objective By establishing a model to screen out patients with potentially large positional deviations based on their
abdominal circumference, personalized solutions can be taken to address setup errors in these patients and ensure treatment
efficacy. Methods A total of 81 patients treated at Tianjin People's Hospital from May 2021 to June 2023 were selected as the
study subjects. The correlations between setup errors in the lateral, longitudinal, and vertical directions and abdominal
circumference were analyzed. Subsequently, linear regression was performed for the direction with a significant correlation
to abdominal circumference to establish a linear regression model. Finally, the 81 patients were divided into a normal setup
group and an abnormal setup group with 0.7 cm as the critical value. A receiver operating characteristic(ROC) curve was
plotted, and the maximum Youden index was calculated to determine the optimal cutoff value for identifying patients prone to
abnormal setup. Results The correlation analysis of abdominal circumference and setup errors in various directions showed
that the correlation coefficient between abdominal circumference and longitudinal direction positioning error was 0.406 2,
and the correlation was statistically significant and positively correlated. The correlation coefficients for abdominal

circumference and the lateral as well as longitudinal directions were -0.117 5 and -0.067 47, respectively, with P values
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greater than 0.05, indicating no statistical significance. A linear regression model was established for abdominal

circumference and longitudinal direction, and the results showed an R? of 0.165, with a regression coefficient B of 0.008 (==

3.951, P<0.01), indicating that the model was well constructed. ROC curve analysis showed an area under the curve of 0.715,

with a 95% confidence interval of 0.57-0.86 and a maximum Youden index of 0.478. The corresponding optimal cutoff value

was determined to be at 87 cm, with sensitivity at 0.875 and specificity at 0.603. Conclusion The abdominal circumference is

significant to diagnose whether the longitudinal setup error is abnormal. Patients with an abdominal circumference greater

than 87 cm are more likely to experience abnormal positioning during radiotherapy, which is reflected in the longitudinal

setup errors being the largest. It is recommended to provide individualized target area margins for patients with an abdominal

circumference greater than 87 cm, or perform daily cone-beam computed tomography to correct setup errors, thereby

ensuring target coverage and treatment efficacy.

Keywords: rectal cancer; setup error; cone-beam computed tomography; intensity-modulated radiotherapy; abdominal

circumference
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Table 1 Basic clinical information [r=81, cases (%)]

S A
5
% 51(63.0)
@ 30(37.0)
2
E WA 41(50.6)
HEA s 34(42.0)
HIBEARIR YT 6(7.4)
i Fl
1(<75 cm) 12(14.8)
11(76~85 cm) 31(38.3)
I1(86~95 cm) 18(22.2)
IV(96~105 cm) 18(22.2)
V(>106 cm) 2(2.5)

1.2 &AL EE S 134

TEFEAT ML T2 494 (Computer Tomography,
CT) ENLZ A, B Ay £ HR A A2 23 A, I AE
HE 2 195 e 5 DO — 2 =K o B RN TR 22
L B BB AL XU A SR 2 T, R H
PRSI AT 1815 o 7R N SRS TH E I K-F-2)
3 AR (A e, PN ), BLRE E 9 A
5 BRI R PR MR 0 e H R R 0y ) R
Yo A 3.75 mm JZE AT H 40 BROG SR N



- 874 - o [ R A4 3

2L U

TR %42%

JE 120 kV, B IR E Y A 30, i F 100~500 mA , £
T V0 1B Ay 55— B 30 IRe 1 v B, A IR o7 i =
b, 9 8 U B BB L B R %L
S0 E AR RN TR A T R X ) AR T
1.3 E&EEMEELR

81 9l f 3 AT BT AT BT AT B A, A R
#EAT CBCT ik (35 — UG YT Z AT — Ik, Z 5 B
— ) ARG HAL SR T — IR YT Z 5 Y 3 IR AL
WRERIE R RS - RIBTHENS T ABIKE
SEHLL LT B AR IC IR ORI S % 0L B R Bk
B2 RHEAL IR 22 77 A — 2 RS2, 2 B8 3 R 4R
ZEARIEFAR GBI E R, B LA HIE 58 2 AN I S 58
—WIRYT AR R 2 5000

CBCT (4145 250 M20 494 L 120 V, HL
1 056 mAs, 34 £ )i 360°, K147 B3l 512x512,
M — % =A% CBCT R4 1 BHE 5 113 2 2% [ % it
AP HE SR BT K B Sh e, DA 55 403
AT H LN PR . SR )E A S RIEIE -4
(Lateral) . 3k-Ji ( Longitudinal ) . J-75 ( Vertial ) J7 [] °F-
B fiR2E e s didi

AV R R I AT 0 A, AR SR BB ST AT
XUE A SRR, S [ 4R 2, il T 3OR DL o7
BRSSO 5 v P SR R RO
IFH HE R Ry 2 AR R i A T A0
1.4 FitEFR*E

B W A K B A T 4 7E Excel 58 KL 38
SPSS Gt 2 F A4 HEAT A SC A A B A 11 )3 43 A
ROC #h 273 #r o 115058 B LA (%) % 5 R A
Kolmogorov-Smirnov %5 ¥ 5 50 5 1Y 1F 2 437 , 15 2
TE AR A3 A7 A7 22 55 M B 1T o GERE R FH B 8 b v 22
Fon o R R 2 B A A O IR, T T3
AR T 1) A A 1R 22 17 3 48 X AL i, B IR b
AHOCAE 23 B T3 B 3 A J7 [l 43467 158 26 I 6L 114 5C
F L EE R IR RN SR JE R RS A e
F Y OT R AT N 5 R LA 95% B AF X [A]
(95% Confidence Interval, 95%CI) fAAEFREAL 113 22
B (B)Fom AL Lee RE(R) FR .

A SR 9 2 v (1 L IX ) T R S e
X CTV #hi 2] PTV B3 [ f /N 4 0.5~1.0 cm, B
(R A R AR 4l 25 S HLAS ) O R K e
AN HHCR 0.7 em HEATHEIX AN, BT LAARBFSE LA
0.7 cm I FHAE, KT 347 [ 422407 158 25 02 75 8 H Il
A, 8 I SR B R 1, A A S 4
TR H I S Y B S SOt ok 0, B R BB A O
4, B T ROC #1253 Hr , LAt I Bl e Tt 6 i
Il SHE CBPAE H PTV) J7 T AT Rk . Bl AR
AL (AUC) iR A1 95%CL 7% o i i 4 ] ROC

fHh 2 A R AR i R 2 8 i O W 2 i AR I S
I I af 52 e 5 i 1) RABUEE RS Sk . P<0.05 B¢
WA ZE 5 B3 AT

2.1 BNHBEEHZEMIREFR S

B I~ 30 T B 0 3 R B, R
2 - A5 7 4R 1 22 (0.20+0.11) cm F1 3k - 51 77 [ 482
3% 22 (0.42£0.21) cm 5§ - 15 J7 ) 422 0 % 2%
(0.15+0.07) cm AH Hb , 22 -5 77 [a] F1 3k -5 7 1] B9 A% A5
LU B35 77 ) 5K, Sk -5 a1 RS 7 Fe K .

1.57
1.0
0.51

iI[I[r’IITIIII[II’EHIIP'J"I'Illﬁ’i*xlff,ﬂ[u[lrll[!l}i!II*ﬁﬂTIIL}[

0.

(=)

-0.54

Fe—A T AEALIR 2 /cm

-1.01

1357910 BI1517192123252729 31 33 353739 41 4345 4749 5153 55 57 59 61 636567 69 71 73 7577 19 81

BEHRT
1 E-AHEHBRAIRERRL

Figure 1 Setup errors in the lateral direction

1:57

1.0

|
thlUJ[[{”U[llll\llﬁ‘lf'['l]lﬂl, ffnl’Il-I[lﬂ;qIIJI[MH l’,

(=]

0.

w

0.

(=]

-0.51

w

SK-RA5 B LR 2 /om

-1.0

1357910 BI1517192123252729 31 33 353739 41 4345 4749 5153 55 57 59 61 636567 69 71 73 7577 19 81

BERS
B2 k-7 EIBLIREE R

Figure 2 Setup errors in the longitudinal direction

1.57
1.0
0.5+

_ma,s{;ﬁ]f*{";‘ f:]I*11‘Il*‘111[l1‘1f:.‘11111I;:HIJ’Jlihﬂlhi‘lfrrll

0.

(=]

-0.5

a5 77 AL % 22 /cm

-1.01

1357910 BI1517192123252729 31 33353739 41 4345 4749 5153 55 57 59 61 636567 69 71 73 7577 19 81

BEHRS
B3 -5 ENIBMIREFR

Figure 3 Setup errors in the vertical direction
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AL DS S - IR 7 Tl 4R 1R 22 114 16.5% 1 A8 AR T A
J1& L B4 01 22 %50 B 24 0.008 (/=3.951, P<0.01) ,95%C1

15

=
(=}
T

3T I AR AL R 25 /em
=

o
o

60 80 100 120

E 4 B/REE KM S (r=81)

Figure 4 Pearson correlation analysis (n=81)
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Table 2 Linear regression analyses of abdominal circumference and setup

errors in the longitudinal direction (n=81)
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FIRARIC T B K 29538 80 (Youden Index) , iX —F8F5 00 02 04 06 08 1.0
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1- Specificity
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Figure 5 ROC curve for identifying abnormal setup errors

based on abdominal circumference
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