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Setup errors and planning target volume margins in stereotactic body radiation therapy for

lung cancer calculated with analysis of variance
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1. School of Physics and Technology, Wuhan University, Wuhan 430072, China; 2. Department of Radiation Oncology, Zhongnan
Hospital, Wuhan University, Wuhan 430071, China

Abstract: Objective To calculate the setup errors and planning target volume (PTV) margins of stereotactic body radiation
therapy (SBRT) for lung cancer with analysis of variance proposed by Yukinori, and to analyze the difference in calculated
systematic errors ( X.), random errors (c) and PTV margins among analysis of variance of Yukinori and traditional methods
(Remeijer method and Van Herk method). Methods Admitted from February 2013 to August 2016, 20 lung cancer patients
receiving SBRT with a Varian iX linear accelerator were scanned with kV-cone beam CT before and after the treatment to
obtain the setup errors in lateral (X), longitudinal (Y), and vertical (Z) directions. Using analysis of variance of Yukinori, we
calculated the mean and standard deviation of systematic and random errors in three directions, and obtained the PTV
margins in three directions based on PTV margins calculation formula proposed by Stroom and Van Herk, which were
compared with the results of Van Herk method and Remeijer method. Results Calculated with the variance analysis of
Yukinori, the interfraction errors in lateral (X), longitudinal (Y), vertical (Z) directions were (1.11£1.82), (0.28+1.66),
(-0.65+1.25) mm, respectively. The standard deviation of systematic and random errors in three directions calculated by

variance of analysis of Yukinori were (2.11 and 2.39), (2.02 and 2.14), and (1.06 and 1.61) mm, respectively, compared with
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(2.30 and 2.14), (2.19 and 1.93), (1.25 and 1.43) mm of Van Herk method, and (2.36 and 2.39), (2.24 and 2.14), (1.28 and
1.61) mm of Remeijer method. With the PTV margins calculation formula proposed by Stroom and Van Herk, the PTV
margins in lateral (X), longitudinal (Y), vertical (Z) directions were (5.89 and 3.95), (5.54 and 3.55), (3.24 and 0.78) mm
calculated with analysis of variance of Yukinori, and (6.10 and 4.25), (5.73 and 3.83), (3.51 and 1.13) mm calculated with
Van Herk method, and (6.39 and 4.57), (5.98 and 4.10), (3.69 and 1.33) mm calculated with Remeijer method. Conclusion

SBRT has the characteristics of fraction reduction and high level of dose per fraction. In the SBRT for lung cancer, analysis

of variance proposed by Yukinori can offset the effect of random factors on systematic errors, reducing the PTV margins and

protecting the normal tissue better compared with Remeijer method and Van Herk method.

Keywords: lung cancer; stereotactic body radiation therapy; variance of Yukinori; kV-cone beam CT; planning target

volume; setup error
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Tab.1 Anova table

Source of variation DF SS MS EMS
. _ a 2 SSA 2 2
Patient a-1 SS,= 3" nlm,~M) MS,=—— ny,'+o
L o , SS,
Within patient a (n-1) SS.= > Z,ﬂn(%- - my) MS, = a(n—1) ch
Total an-1 S = X' >" n(x,~m) MS, = aisj T

DF: Degree of freedom; SS: Sum of squares; MS: Mean square; EMS: Expected mean square; a: Number of patients; n:
Number of measurements per patient; ¥; : A measured value in fraction ; for patient 7; M: Overall mean of the dataset;

m, : Individual mean in patient i; ¢*: Random error variance; Y : Systematic error variance; Systematic error ( 3):

Within 95% confidence interval, Y.’ = (MS, - MS;)/n ; Random error (c): Within 95% confidence interval, o*=MS,

%22 Van Herk ARG EMFEHLIRZE YT E R (mm)

Tab.2 Calculation table of systematic errors and random errors calculated with Van Herk method (mm)

Time Patient 1 Patient 2 Patient 3 Patient 4
Day 1 2 4 1 3
Day 2 1 -2 -1 -3
Day 3 1 2 2 2
Day 4 1 0 2 1
Mean 1.25 1.00 1.00 -0.25
SD 0.50 2.58 1.41 2.75

SD: Standard deviation; RMS: Root mean square; Mean (M)=0.75 mm, SD ( X)=0.68 mm, RMS (5)=2.03 mm,

quoted from Van Herk™

BRI, 99% A9 CTV i A5 51 95% Y 7 i, i 2
PTV /M

Stroom A =2Y +0.7c (3)

Van Herk 55 'PTV 11 F 315805 16 3 T i JLAA]
2 S EU SRR P B % H 1% TCP (Tumor
Control Probability )12k :

Van Herk A7(=2.5 ¥ +0.76 - 3mm (4)
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Fig.1 Distribution of interfraction errors of 20 patients in lateral (X), longitudinal (Y), and vertical (Z) directions
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Tab.3 Systematic errors (X) and random errors (o) of Yukinori method in three dimensions

Systematic error () Random error (o)
Direction
Mean SD Mean SD
Lateral (x-axis)/mm 1.11 2.11 1.82 2.39
Longitudinal (y-axis)/mm 0.28 2.02 1.66 2.14
Vertical (z-axis)/mm -0.65 1.06 1.25 1.61
®4 3INAEMREREFAALLR
Tab.4 Pairwise comparison of interfraction errors in three dimensions
Mean difference o 95% CI
(I) group (J) group Standard error Significance
(1-)) Lower limit Upper limit
Lateral Longitudinal 0.083 0.431 0.157 -0.021 0.187
Vertical 0.176 0.369 0.000 0.087 0.265
Longitudinal Lateral -0.083 0.431 0.157 -0.187 0.021
Vertical 0.093 0.349 0.025 0.009 0.177
Vertical Lateral -0.176 0.369 0.000 -0.265 -0.087
Longitudinal -0.093 0.349 0.025 -0.177 -0.009

95%CI: 95% confidence interval

%5 3/N7318 Yukinori #1 Van Herk 2GR E MPEH IR ZERIFREZE (SD)ELEL
Tab.5 Comparison of standard deviation of systematic errors and random errors between Yukinori method and

Van Herk methods in three dimensions

Yukinori Van Herk
Direction
Systematic error (%)  Random error (o) Systematic error ()  Random error (o)
Lateral (x-axis)/mm 2.11 2.39 2.30 2.14
Longitudinal (y-axis)/mm 2.02 2.14 2.19 1.93
Vertical (z-axis)/mm 1.06 1.61 1.25 1.43

R 6 45 1 T Yukinori J5 22 43 1 # Fl Van Herk 7
PP AS[R] B9 12 22 1155 5 4% , 78 Stroom A1 Van Herk 1)
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Tab.6 Comparison of PTV margins between Yukinori method and Van Herk method in three directions

Yukinori Van Herk Rate of change
Direction
Formula (3) Formula (4) Formula (3) Formula (4) Formula (3) Formula (4)
Lateral (x-axis)/mm 5.89 3.95 6.10 4.25 3.44% 7.06%
Longitudinal (y-axis)/mm 5.54 3.55 5.73 3.83 3.32% 7.31%
Vertical (z-axis)/mm 3.25 0.78 3.51 1.13 7.41% 30.97%

PTV: Planning target volume; Rate of change=(Van Herk-Yukinori)/Van Herk.

PTV SN Y FE 4, 45 2R3 W] Yukinori J7 22 73 Bk
B PTV SMBEAE 345 7] E4AB/INTF Van Herk i f#
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7.41%,
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Tab.7 SD of systematic errors and random errors using Yukinori method and Remeijer method in three directions

Yukinori Remeijer
Direction
Systematic error (%)  Random error (o) Systematic error (%)  Random error (o)
Lateral (x-axis)/mm 2.11 2.39 2.36 2.39
Longitudinal (y-axis)/mm 2.02 2.14 2.24 2.14
Vertical (z-axis)/mm 1.06 1.61 1.28 1.61
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Tab.8 Comparison of PTV margins between Yukinori method and Remeijer method in three directions

Yukinori Remeijer Rate of change
Direction
Formula (3)  Formula (4) Formula (3) Formula (4) Formula (3) Formula (4)
Lateral (x-axis)/mm 5.89 3.95 6.39 4.57 7.82% 13.57%
Longitudinal (y-axis)/mm 5.54 3.55 5.98 4.10 7.36% 13.41%
Vertical (z-axis)/mm 3.25 0.78 3.69 1.33 11.92% 41.35%

Rate of change=(Remeijer- Yukinori)/Remeijer

TR, N T R G 15 2 RN B R 2 A T 2 T IOORS
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