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Materials and methods: Linac head geometry was modeled using the BEAMnrc code. The
Keywords: phase space files were used as input file to DOSXYZnrc simulation to determine the dose
Monte Carlo distribution in a water phantom. We obtained percent depth dose curves and the lateral
Simulation dose profile. All the results were obtained at 100 cm of SSD and for a 10 x 10 cm? field.
BEAMnNrC Results: We concluded that there existed a good conformity between Monte Carlo simulation
DOSXYZnrc and measurement data when we used electron mean energy of 6.3MeV and 0.30 cm FWHM
Artiste value as initial parameters. We observed that FWHM values had very little effect on PDD and

we found that the electron mean energy and FWHM values affected the lateral dose profile.
However, these effects are between tolerance values.

Conclusions: The initial parameters especially depend on components of a linac head. The
phase space file which was obtained from Monte Carlo Simulation for a linac can be used
as calculation of scattering, MLC leakage, to compare dose distribution on patients and in

various studies.
© 2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.

which surround tumor.! To achieve this purpose, the dose dis-
tribution must be compared and verified with a high accuracy
method. The Monte Carlo method simulates interaction possi-

The main purpose of radiotherapy is to give the highest dose bilities for various physical processes and to solve the problem
to the tumor and to deliver minimum dose to healthy tissues by using random numbers.® This method uses reliable

1. Background
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Fig. 1 - (A) Linac preview on BEAMnrc. (B) Modeled MLC.

distribution functions that control each interaction of pho-
tons and electrons in air and matter. As the Monte Carlo
method tracks each particle throughout its lifetime and
takes into account all the interactions it does, this method
is the most accurate one for simulation of radiotherapy
treatments.”®'>1618 In parallel with fast developments in
computer technology, the Monte Carlo method is becom-
ing increasingly widespread. This method is already in use
in radiation oncology centers. The difficult stage that users
encounter in radiation therapy is to specify initial electron
parameters.>"'! Errors in the radiation source description are
directly caused through dose calculation.!” For to run Monte
Carlo code It is essential to define all the characteristics of
photon beam such as: initial electron mean energy and full
width of half maximum (FWHM) of the intensity distribution
of these primary electrons that stimulate the target of a Linear
accelerator.**?

2. Aim

The purpose of this study is to investigate initial electron
parameters of Siemens Artiste Linac with 160 Multi leaf col-
limator (MLC) and 6 MV photon beam using the Monte Carlo
method. In study, the BEAMnrc and DOSXYZnrc codes were
used to model 6 MV Siemens Artiste Linac head and to mea-
sure the PDD and lateral dose profile in the modeled water
phantom. All the dose distribution results were compared

with measurement data which was taken from an ion cham-
ber using gamma index criteria.

3. Materials and methods

Measurement data of percent depth dose (PDD) and off-axis
lateral dose profile were obtained in water by a farmer ion
chamber (PTW, Freiburg Germany). BEAMnrc and DOSXYZnrc,
based on the EGS nrc Monte Carlo method which is under
license to the National Research Council of Canada, were used
to simulate a linac head and measure respectively.>1°-16 At the
first step, Siemens Artiste Linac head geometry was modeled
using the BEAMnrc code after the specifications of the linac
obtained from the manufacturer. The BEAMnrc of linac head
components include the exit window, target, primary colli-
mator, flattening filter, monitor chamber, Y Jaws and X MLC.
Linac modeled on BEAMnrc Fig. 1 is the model taken for the
simulation.

PEGS4 (EGS preprocessor) cross-section data for spe-
cific materials in the accelerator were obtained from
700icru.pegs4data file. This data file contains cross-section
data for particles with kinetic energy as low as 0.01MeV and
physical density such as mass density, atomic number and
electron density for all the different materials used in the
accelerator.! In BEAMnrc, the number of history of Monte Carlo
calculation was 6 x 108 particles (Total particles in phase space
file are nearly 25 million). ISOURC19 was used (Elliptical Beam
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Fig. 2 - PDD curves for five different electrons mean energy.

with Gaussian Distributions in X and Y) in photon beam sim-
ulation. In all simulations the electron cut-off energy (ECUT)
was defined at 0.7 MeV and the photon cut-off energy (PCUT)
was defined at 0.01 MeV. UBS was used (Splitting factor is 20
and Russian Roulette is off) as the variance reduction param-
eters. The primary output of the simulation for the linac head
is a file called phase space file which has all the information
of the particles leaving the linac head. The file was created in
a plane which is perpendicular to the beam axis at 100 cm
distance from the target and the field size is 10 x 10cm?.
Monte Carlo simulations were performed for monoenergetic
beams ranging from 6 to 6.4MeV and FWHM varied from
0.28 to 0.32cm for 6 MV beam. At the second step, the phase
space files were used as an input file to DOSXYZnrc simu-
lation to determine the dose distribution in water phantom
which was created by DOSXYZnrc program. The dose distri-
butions for PDD and beam lateral dose profile were calculated
in a 30 x 30 x 30cm? water phantom which was located at a
source to surface distance (SSD) of 100 cm. The voxel size was
0.2 x 0.2 x 0.2cm3. DOSXYZnrc parameters such as ECUT and
PCUT were 0.7 MeV and 0.01 MeV, respectively. 8 x 10° histories
were run in the phantom simulation. Recycle and split param-
eters were used as options. The particle recycling can lead to
better accuracy in simulation.’® The PDD curves were calcu-
lated along the central axis of the water phantom and all depth
dose curves were normalized to the maximum dose. The PDD
curves were used to define the electron mean energy and the
lateral dose profile was examined to find FWHM of beam.'>"1®
The lateral dose profiles were calculated at depths of 1.6cm
(Maximum dose depth). The lateral dose profiles were normal-
ized to dose at the central axis. According to Tzedakis et al.?°
and Mihailescu et al.'> studies, the depth dose curves were
unaffected by the radial spread of electron beam. The lateral

dose profile was considered because the influence of elec-
tron beam width was investigated on the dose distribution.
According to Chang et al. study,” for optimal FWHM values,
difference comparisons should be taken from the flat regions
of the off-axis dose profile. Therefore; the measurements were
taken at off-axis. All the results were obtained at 100 cm of
SSD and for a 10 x 10 cm? field. The PDD and lateral dose pro-
file results obtained from DOSXYZnrc were compared with
measurement data. To examine the effect of FWHM values
on the PDD, different values of FWHM were calculated at an
energy value. Additionally, different energy values were cal-
culated at a FWHM value to examine the effect of energy on
the lateral dose profile. The gamma index criteria were used to
test the difference between Monte Carlo calculation and mea-
surement data. The tolerance of acceptability was set to 0.5%
for calculated dose and 0.5mm for the position. For correct
PDD and lateral dose profile; Quality Index (QI), gamma index
criteria and maximum dose depth were considered.>'*

4, Results

We calculated five different modes to obtain the accurate PDD
values and lateral dose profiles. The statistical uncertainty
of the simulations which contain PDD and the lateral dose
profile was kept less than 0.4% in all dose points. The target
and flattening filter components have an important effect on
PDD. The PDD curves help us to define accurate initial electron
mean energy. For five different energies, the percent depth
dose curves obtained at 100 cm of SSD for 6 MV photon beam
and 10 x 10cm? are shown in Fig. 2.

Fig. 2 shows the influence of electron mean energy on
depth dose distributions. It is clear that when the energy

Table 1 - Quality index and Dmax values for five electron mean energy.

Energy (MeV) Qlip2o/p10) (Measurement Dmax (maximum dose depth) (cm)
value =0.57488) (measurement value =1.6)

6 0.57350 1.6

6.1 0.57385 1.6

6.2 0.57423 1.6

6.3 0.57474 1.6

6.4 0.57528 1.8
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Fig. 3 - For 6.3 MeV, Monte Carlo result and measurement data.
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Fig. 4 - Lateral dose profiles for measurement and 0.28, 0.29, 0.30, 0.31, 0.32 cm FWHM.

increases, the absorbed dose increases at all depths. We
observed that the doses of surface and build-up regions were
the most sensitive when the electron mean energy changed.
After normalization, the measurement data and Monte Carlo
simulation were compared. Results obtained from compar-
ing Monte Carlo simulation and measurement data by using
gamma index criteria are shown in Table 1.

QI represents D20/D10. D20 is the dose at 20 cm depth. D10
is the dose at 10 cm depth. For 6.3 MeV electron mean energy,
the comparison demonstrated good conformity between
Monte Carlo simulation and measurement data. PDD curves
for 6.3MeV are shown in Fig. 3.

The important components that have a major influence on
lateral dose profiles are flattening filter, JAW and MLC compo-
nents. The lateral dose profile is very significant to confirm
Monte Carlo simulation because it gives information about
the accuracy of building of each component. For five differ-
ent FWHM values, the lateral dose profiles were obtained at
100 cm of SSD for 6 MV photon beam, 10 x 10cm? and 1.6cm
depth. After normalization, the measurement data and Monte
Carlo simulation were compared in Fig. 4.

For all FWHM values, symmetry and flatness can be seen
well in the profiles. FWHM is connected with the spatial
distribution of the electron beam hitting the target. This
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Fig. 6 - The comparison of different mean energies for the same FWHM value.

distribution is shaped as the 3D Gaussian. If we want to deter-
mine the FWHM value correctly, we have to examine the
gamma index criteria. Gamma index results are shown in
Fig. 5.

The gamma index criteria have a very important role to
approve accurate FWHM on lateral dose profile. The toler-
ance values which are different between measurement and
Monte Carlo are 0.5% for calculated dose and 0.5 mm for the
position.

For flat and horn regions at 0.30cm FWHM value,
we obtained good conformity between Monte Carlo

simulation and measurement data. This conformity in
flat, horn and penumbra regions confirms that flattening
filter and JAW-MLC sizes were accurately modeled using
Monte Carlo.

When we wanted to examine the effect of FWHM values
on the PDD and effect of energy on the lateral dose pro-
file, we observed that FWHM values had very little effect on
PDD. We found that the electron mean energy and FWHM val-
ues affected the lateral dose profile. However, these effects
are between tolerance values. The effects are shown in
Figs.6and 7.


https://doi.org/10.1016/j.rpor.2019.05.002

336

REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 24 (2019) 331-337

A 6,3 MV modeled with 0,30 FWHM

* 6,3 MV modeled with 0,32 FWHM

1,4E-13
12613 |
E
1,0E-13
ey
. 80E-14
13
2
&
6,0E-14
R
4,0E-14
2,0E-14
0,0E+00
0 5 10 15 20 25

Depth [cm]

Fig. 7 - The comparison of different FWHM values for the 6.3 MeV electron energy on PDD.

5. Conclusions

The determination of the initial electron parameters is an
important part of simulating radiation transfer using Monte
Carlo methods. The initial parameters give some parameters
of exit beam which include real mean energy and FWHM of
beam. For Siemens Artiste Linac, PDD curves were obtained
from Monte Carlo simulation at the field size of 10 x 10 cm?
for 6 MV beam with initial electron energy of 6, 6.1, 6.2, 6.3,
6.4 MeV with FWHM of 0.28, 0.29, 0.30, 0.31, 0.32 cm. Sheikh-
Bagheri et al.”! specified that the PDD curves were sensitive to
varied mean energy but the lateral beam dose curves are sen-
sitive both to mean energy and FWHM. We found the same
result in this study. We also noted that different FHWM val-
ues did not show significant effect on PDD. Mohammed et al.?
utilized 1IQ and gamma index criteria to find initial electron
mean energy and FWHM value. In this study, we used these
criteria to find initial electron parameters. Jabbari et al.” found
the electron mean energy and FWHM values as 6.5MeV and
0.31cm, respectively. In another study, Chang et al.? found
that the electron mean energy was 6.15 MeV and FWHM value
was 0.03 cm. Bakkali et al.'* obtained the best modeling of
the incident electron source of a 6 MV by a mean energy of
5.6MeV and a FWHM of 0.118 cm. We concluded that there
existed a good conformity between Monte Carlo simulation
and measurement data when we used electron mean energy
of 6.3MeV and 0.30cm FWHM value as initial parameters.
The initial parameters for 6 MV differ for each linac model.
They especially depend on the target, flattening filter, size
and material of components. The obtained results cannot by
directly compared with other types of accelerators by dif-
ferent manufactures because each accelerator has specific
components such as target, flattening filter, etc. The variance
reduction technique helps to reduce the calculation time. Sta-
tistical uncertainty is reduced by using recycling and split
parameters.

In this study, the important components were defined
about Siemens Artiste Linac head. Then, the significant
parameters were obtained. A small change in electron param-
eters creates strong effects on the dose. The phase space file
which was obtained from Monte Carlo Simulation for the linac
can be used as calculation of scattering, MLC leakage, to com-
pare dose distribution on patients and in various studies.
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