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Effect of cone beam CT on setup error and radiation dose distribution in radiotherapy for non-
small cell lung cancer

ZHU Shengchao"?*, WANG Yuanjun'
1. University of Shanghai for Science and Technology, Shanghai 200000, China; 2. Kunshan First People's Hospital, Kunshan 215300,
China

Abstract: Objective To investigate the effect of cone beam CT (CBCT) guidance on setup error and radiation dose of the
target tissue in radiotherapy for non-small cell lung cancer (NCSLC). Methods A total of 239 CBCT image acquisitions were
analyzed in 30 patients undergoing intensity-modulated radiotherapy (IMRT). Before radiotherapy, CBCT scan was performed
and the CBCT images were matched with the planning CT images to obtain the linear errors in the left-right (x axis), superior-
inferior (y axis), and anterior-posterior (z axis) directions. The errors and their distribution patterns were analyzed. The actual
radiation doses in the target areas and in the normal tissue were estimated by inputting the errors into CMS treatment planning
system for simulating the actual radiation. The effects of the errors in radiation dose distribution in IMRT for chest tumors
were assessed by comparing with the errors in the simulation and original plan. Results In the 293 CBCT image acquisitions,
the mean errors in the X, y, z directions were (-0.40+2.81), (1.40£5.18) and (-0.8 0+2.15) mm, and the numbers of setup
errors <3 mm in the 3 directions were 203 (86.01%), 121 (51.27%), and 210 (88.98%), respectively. The incidence of setup
errors <3 mm was significantly higher than that of other error intervals (P<0.05). The mean errors in the X, y, z directions were

lower in the first CBCT scan than in other scans (the difference was not statistically significant, P>0.05), however, the errors in
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the first CBCT scan and in other scans had statistical significances (P<0.05). In the simulation test without shifting the bed, Vs,

Vi, Vo, and Vj, of the lung, maximum dose of the spinal cord, and mean dose of the heart were (102.6+6.5)%, (103.2+8.5)%,
(105.3+£15.1)%, (110.6+40.0)%, (98.1+6.8)% and (92.4+5.5)% of the original plan, respectively. The Dys of planning target
volume (PTV) was (88.1+10.3)% of the original plan (P<0.05), and PTV Dy with a setup error >5 mm showed a significance

difference from the plan (P<0.01); the Dos of gross target volume was (98.8+5.2)% of the original plan. Conclusion CBCT can

effectively correct the setup error of the patients receiving radiotherapy to reduce the radiation dose of the target area and

normal tissues.

Keywords: non-small cell lung cancer; cone beam CT; setup error; dosimetry; radiotherapy
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Tab.1 Setup errors in cone—beam CT scans in patients with non—small cell lung cancer (NCSLC) (mm)

Axis  Systematic error ~ Random error

Maximum value of setup error

Minimum value of setup error ~ Median value of setup error

X -0.4 2.81 10
y 1.4 5.18 10
z -0.8 2.15 5

-11 0

-15 1

-7 0

1.00 -
0.00
.2
8
N -1.00-
O °
© °
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i @‘ ; -8.00
6.00
200 B -4.00”
100 ¢.00 100 500 ' 0.00 2.00 aX.\S
X axis y

1 CBCT#3# x.y # z SR AR E N E E
Fig.1 Measurement graph of setup errors in the x, y and

z axis in CBCT scan

2.2 ZFEAMNREXBEER L

X BRI 25 <3 mm H 203 I, HEH 86.01% ; y il
EAIRZE<3 mm N 121 K, BE3 51.27% ; 2 B4R 1=
<3 mm K 210K, % 88.98% , ¥ b # & T Hi B i
ZEIXH(P<0.05) . HAREE 2 2 iR .

F2 FEBMAIREREFRILEDIRE(%)]

Tab.2 Comparison of setup error ranges in different directions

[n(%)]
Error interval X y Z
D<3 mm 203 (86.01) 121 (51.27) 210 (88.98)
3 mm <D<5 mm 22 (9.32) 72 (30.51) 16 (6.78)
5 mm <D<8 mm 7(2.97) 30 (12.71) 6(2.54)
D>8 mm 4 (1.70) 13 (5.51) 4 (1.70)
H value 26.830 8.966 29.160
P value <0.000 1 0.024 2 <0.000 1

2.3 EXCBCTHEMEEZRPAHIRELR

TR CBCT 14 x.y. z fill % 22 ¥ {5 4> B M
(0.230+0.181) . (0.388+0.273) F11(0.258+0.184) cm; H:
B CBCT A4 x \y .z fliR 22 2418 73 51 4 (0.243+
0.237) . (0.4114£0.362) 1 (0.287+0.182) cm, B X
CBCT Hitix .y Ml z iR = EPMLFHE AR Xy
iz T4, 22 5 G # 2 L (P>0.05) 5 x .y Al z il
[ I CBCT Hffi iR = ML E S kAR R ZE2Z 5 B
A Gt L (P<0.05) , 4N 3 fiis .
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Tab.3 Comparison of setup errors between the first CBCT scan and later scans (Mean+SD)

Item First CBCT scan/cm Later scans/cm F value P value
X 0.230+0.181 0.243+0.237 0.043 0.829
y 0.388+0.273 0.411+0.362 0.124 0.726
z 0.258+0.184 0.287+0.182 0.592 0.442
F value 5.952 6.887

P value 0.0351 0.0211

2.4 HEREEARZE X FI = FM00

SRR LR RS R Vs Vi, Voo Vi R
B Do M 10> WE Dinean 73 51 47 J2 140 (102.6+£6.5)% .
(103.2+8.5)% . (105.3£15.1)% . (110.6+40.0)% FiI
(98.1+6.8)% . (92.4£5.5)% , PTV Dy 4 I 11 %1 1Y
(88.1£10.3)%, GTV Dos  JL i1 %1 1) (98.8+5.2) %, H
W PTV Dos IR TR 22 5 Hu A A S it 24 L (P<
0.05), L3R 4. 4 PTV DosdBEA iR 24 LA 15>5 mm
AR 22 A G2 B L (P<0.01) , AR
THOAH 22 7 e ge 24 2 L (P>0.05) , L3R 5,

F4 BEHMRMIREFFRITRIRZFIE L (%)
Tab.4 Comparison of the setup errors between the simulation and

the original plan (%)

Percentage of simulated setup

ftem error in the original plan e
Vs 1.026+0.065 0.014 0.908
Vi 1.032+0.085 0.008 0.928
Vi 1.053+0.151 0.031 0.861
Vi 1.106+0.400 0.045 0.834
Spinal cord-Diu 0.981+0.068 0.021 0.884
Heart Dy 0.924+0.055 0.069 0.752
PTV Dys 0.881+0.103 7.041 0.011
GTV Dss 0.988+0.052 1.682 0.201

Duw: Maximum dose; Duen: Mean dose; PTV: Planning target volume;

GTV: Gross target volume

RS PTV D RIRER B EE ANHTLE

Tab.5 Comparison of the number of patients in each error range

and PTV D,
Errorrange  The number of patients (%)  PTV Dss/% P value
<3 mm 6 (20.00) 96.97 0.2170
3-5 mm 20 (66.67) 93.09 0.179 0
>5 mm 4(13.33) 74.62 <0.000 1
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