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Evaluation of Setup Uncertainty on the CTV Dose and
Setup Margin Using Monte Carlo Simulation

llsung Cho, Jungwon Kwark, Byungchul Cho, Jong Hoon Kim, Seung Do Ahn, Sung Ho Park

Department of Radiation Oncology, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

The effect of setup uncertainties on CTV dose and the correlation between setup uncertainties and setup margin
were evaluated by Monte Carlo based numerical simulation. Patient specific information of IMRT treatment plan
for rectal cancer designed on the VARIAN Eclipse planning system was utilized for the Monte Carlo simulation
program including the planned dose distribution and tumor volume information of a rectal cancer patient. The
simulation program was developed for the purpose of the study on Linux environment using open source
packages, GNU C++ and ROQOT data analysis framework. All misalignments of patient setup were assumed to
follow the central limit theorem. Thus systematic and random errors were generated according to the gaussian
statistics with a given standard deviation as simulation input parameter. After the setup error simulations, the
change of dose in CTV volume was analyzed with the simulation result. In order to verify the conventional margin
recipe, the correlation between setup error and setup margin was compared with the margin formula developed
on three dimensional conformal radiation therapy. The simulation was performed total 2,000 times for each
simulation input of systematic and random errors independently. The size of standard deviation for generating
patient setup errors was changed from 1 mm to 10 mm with 1 mm step. In case for the systematic error the

minimum dose on CTV D?“" was decreased from 100.4 to 72.50% and the mean dose D .st. Was decreased

from 100.45% to 97.88%. However the standard deviation of dose distribution in CTV volume was increased
from 0.02% to 3.33%. The effect of random error gave the same result of a reduction of mean and minimum
dose to CTV volume. It was found that the minimum dose on CTV volume D"** was reduced from 100.45%

to 94.80% and the mean dose to CTV 177,.“,,,{1, was decreased from 100.46% to 97.87%. Like systematic error,

the standard deviation of CTV dose AD, ., was increased from 0.01% to 0.63%. After calculating a size of
margin for each systematic and random error the “population ratio” was introduced and applied to verify margin
recipe. It was found that the conventional margin formula satisfy margin object on IMRT treatment for rectal
cancer. It is considered that the developed Monte—carlo based simulation program might be useful to study for
patient setup error and dose coverage in CTV volume due to variations of margin size and setup error.
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Fig. 1. Schematic view of the simu-
lation steps. Firstly, the dose and
contour information of IMRT plan
for rectal cancer is imported for
the simulation program (left figure).
Secondary, the dose distribution
and organ contour are combined
to calculate volume dose (two center
figures). Finally, the gaussian random
number generator is used to simu-
late random and systematic errors
in x, y, z direction independently
to evaluate setup errors on the CTV
dose and setup margin (right figure).
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Fig. 2. The DVH of CTV and contour information from the
IMRT plan for rectal cancer. The DVH of CTV from Eclipse
treatment planning system (a). The calculated DVH of CTV
after importing the dose and contour information into the
developed simulation program (b). The RT structure infor-
mation imported into the simulation program (c). The two DVH
distributions agree with each other.
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Fig. 3. The IMRT dose distribution for rectal cancer imported in simulation. Two dimensional dose distribution of IMRT plan for
rectal cancer (a). The cross sectional dose distribution after applying trilinear interpolation algorithm to compensate 2.5 mm dose

calculation grid (b).
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Fig. 4. The effect of systematic error on CTV dose. (a) Simulated DVH with 5 mm systematic error in x, y, z direction
simultaneously. (b) Change of mean CTV dose according to increment of total size of systematic error in x, y, z direction.
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Table 1. Simulation result of systematic error. Values are the
percentage of prescribed dose. The simulation input is 1 mm
to 10 mm with 1 mm interval.

Systematic
error hain (%) Dicdian (%) Duax (%) D(%)  4D(%)
X (mm)
1 100.39 100.45 100.51 100.46 0.02
2 100.01 100.28 100.55 100.45 0.03
3 99.32 99.96 100.60 100.42 0.09
4 97.40 99.08 100.75 100. 34  0.24
5 94.60 97.80 101.00 100.16 0.54
6 89.00 95.20 101.40 99.90 0.93
7 87.40 94.50 101.60 99.62 1.23
8 86.40 94.10 101.80 99.05 2.03
9 81.50 91.75 102.00 98.49 2.67
10 72.50 87.75 103.00 97.88 3.33
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Fig. 5. Simulated CTV dose distribution with respect to
increment of systematic error Y. The empty box is mean dose
value with a standard deviation of error bar. The dotted line is
the median value. Each upper and lower limit of CTV dose is
plotted with the dashed line.
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Table 2. Simulation result of random error. Values are the
percentage of prescribed dose. The simulation input is 1 mm
to 10 mm with 1 mm interval.

Random
error Dmin(%) Dmedian(%) Dmax (%) 5((%)) AD(%)
o(mm)
1 100.45 100.46 10047 10046  0.01
2 100.43 100.45 10047 10045 0.01
3 100.30 100.39 10047 10042  0.02
4 100.15 100.31 10047 10035 0.04
5 99.74 100.10 10045 10019  0.09
6 99.18 99.79 100.40 99.95 0.16
7 98.42 99.38 100.34 99.58 0.26
8 97.25 98.78 100.30 99.12 0.38
9 96.50 98.30 100.10 98.56 0.50
10 94.80 97.30 99.80 97.87 0.63
M=252+1.64(0 =0 pumpa) OF M=2.55+0.70 3)
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Fig. 6. Simulated CTV dose distribution with respect to
increment of random error Y. The empty box is mean dose
value with standard deviation of error bar. The dotted line is
the median value. Each upper and lower limit of CTV dose is
plotted with the dashed line.
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Table 3. The population ratio of systematic and random error.

Random Population Systematic Population
error ratio (%) error ratio (%)
o(mm) X(mm)

1 100.00+0.01 1 99.80+0.10
2 100.00+0.01 2 89.44+0.43
3 100.00+0.01 3 66.30+1.06
4 100.00+0.01 4 46.50+1.12
5 100.00+0.01 5 32.40+1.05
6 99.60+0.20 6 20.70+1.28
7 90.60+0.92 7 18.30+1.22
8 65.10+1.51 8 11.90+1.02
9 35.90+1.52 9 10.10+0.95
10 12.50+1.05 10 7.40+0.83
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