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ABSTRACT

Background: It is important to evaluate the dose calculated by treatment planning systems (TPSs) and dose distribution
in tumor and organs at risk (OARs). The aim of this study is to compare dose calculated by the PRIMO Monte Carlo code
and Eclipse TPS in radiotherapy of brain cancer patients.

Materials and methods: PRIMO simulation code was used to simulate a Varian Clinac 600C linac. The simulations were vali-
dated for the linac by comparison of the simulation and measured results. In the case of brain cancer patients, the dosimetric
parameters obtained by the PRIMO code were compared with those calculated by Eclipse TPS. Gamma function analysis with
3%, 3 mm criteria was utilized to compare the dose distributions. The evaluations were based on the dosimetric parameters
for the planning target volume (PTV) and OAR including D, Dyean, and D,...,, homogeneity index (HI), and conformity index
(@).

Results: The gamma function analysis showed a 98% agreement between the results obtained by the PRIMO code and mea-
surement for the percent depth dose (PDD) and dose profiles. The corresponding value in comparing the dosimetric param-
eters from PRIMO code and Eclipse TPS for the brain patients was 94%, on average. The results of the PRIMO simulation were
in good agreement with the measured data and Eclipse TPS calculations.

Conclusions: Based on the results of this study, the PRIMO code can be utilized to simulate a medical linac with good accura-
cy and to evaluate the accuracy of treatment plans for patients with brain cancer.

Key words: radiotherapy; PRIMO code; treatment planning system; Eclipse; brain cancer
Rep Pract Oncol Radiother 2022;27(5):863-874

Introduction is also prominent in patients with brain cancer,

and the average survival does not exceed 12 to

Brain cancer, which has doubled in frequen- 15 months. Various radiotherapy techniques can
cy in the past, is accounted as a disease that can be used for treatment of brain cancer, including
be treated with radiotherapy. Brain sensitivity three-dimensional conformal radiation therapy

Address for correspondence: Mahdi Ghorbani, Biomedical Engineering and Medical Physics Department, School of Medicine,
Shahid Beheshti University of Medical Sciences, Tehran, Iran, tel: +98 21 2240302, fax: +98 21 22400207; e-mail: mhdghorbani@gmail.com

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially

M

B https://journals.viamedica.pl/rpor 863
VIA MEDICA



Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 5

(3DCRT) and intensity-modulated radiation ther-
apy (IMRT). In radiotherapy techniques, the ra-
diation dose to the surrounding normal tissues is
an important issue in which the normal tissue tol-
erance dose should not be exceeded. A high dose
to the tumor may cause damage to the healthy or-
gans surrounding the tumor, so the doses given to
the tumor must be accompanied by the protection
of these organs. Advanced radiotherapy technol-
ogies were developed as innovations in the era of
radiation therapy and have been used to improve
the tumor dose coverage as well as for protection
of organs at risk (OARs) [1, 2]. These treatment
techniques require ensuring the quality and safety
of dose delivery and reducing the discrepancies in
dose distribution that take place in the treatment
planning and dose delivery [3, 4].

PRIMO is a standalone Monte Carlo (MC)
code that includes Penetration and Energy Loss
of Positrons and Electrons (PENELOPE) as
a main code. There is a general-purpose main
program for the PENELOPE code which allows
simulation of radiation transport in the head of
linacs, phantom, and patient body phantom with
introducing computerized tomography (CT) im-
ages of patients. This code is regarded as a us-
er-friendly solution with the ability of MC sim-
ulations of several medical linear accelerators [5,
6]. The DPM for fast MC simulation of coupled
electron and photon transport is also incorporat-
ed in the PRIMO code [7]. A graphical user in-
terface contains different components in a single
user-friendly environment [8].

There are various studies [9-12] which have
dealt with application of PRIMO code and its ac-
curacy and verification by simulation of different
linac models followed by a comparison of dosimet-
ric data obtained by the PRIMO code and in-phan-
tom measurements or TPS calculations. There are
also various studies in which other Monte Carlo
codes, such as Geant4 Application for Tomograph-
ic Emission (GATE) and Monte Carlo N-Particle
(MCNP), were used to simulate linear accelerators
and the simulated percent depth dose and dose
profiles were compared with the measured ones
[13-14]. Brucella et al. [9] simulated a Varian Clin-
ic linac (2100 model) by the PRIMO code and per-
formed fine-tuning of the linac beam parameters
to produce a good match between the simulated
and measured dose profiles. In the simulations,

a water phantom was simulated, and the energies
were between 6 MV and 10 MV. A set of differ-
ent spectra for different Varian linacs were calcu-
lated using the PENELOPE/PRIMO MC system.
The spectra were extracted from phase-space files
tallied for 10 x 10 cm” and 15 x 15 cm” field siz-
es for photon and electron beams [10]. Rodriguez
et al. [12] considered volumetric-modulated arc
therapy (VMAT) clinical cases of prostate, head,
and neck cancer irradiated by Varians Clinac iX
linac, equipped with 120 multileaf collimators
(MLCs). The original plans were created with ISO-
gray TPS, and a set of dynalog files corresponding
to one treatment session was chosen arbitrarily
for each clinical case. That study aimed to validate
the methods incorporated in the PRIMO code to
evaluate the deviations introduced in dose distri-
butions due to discrepancies in the positioning
of the leaves of the MLCs during patient treat-
ment. To verify the accuracy of the radiotherapy
treatment plans from the information recorded
in the Varian’s dynalog files, they were verified by
the PRIMO code. These files include the data about
the planned locations of MLCs and the delivered
dose in the segments in the radiation field. Accep-
tance criteria were based on percentage agreement
(PA) values and the gamma pass rate (GPR). Es-
posito et al. [12] utilized PRIMO code for running
the intensity-modulated radiation therapy (IMRT)
technique for a Varian Trilogy linac with 120 Mil-
lennium MLCs and a Varian Novalis linac with
120HD MLCs. An RW3 multi-slab phantom was
also irradiated while Gafchromic films were in-
serted between the slabs. PTW-Verisoft software
and gamma function (with 2%, 2 mm criteria) were
used to compare the simulated and experimental
results. To the best of our knowledge, dosimetric
parameters in brain cancer have not been previous-
ly simulated by the PRIMO code. This study aims
to compare the dose calculation by the PRIMO
Monte-Carlo code and Eclipse TPS in radiotherapy
of brain cancer patients.

Materials and methods

The recent version of the PRIMO code (Version
0.3.1.1800) was used in this study. A Varian Clinic
600C linac was considered in this code. The study
was carried outin two stages: In the first stage, the en-
ergy for the simulated model of the Varian Clinic
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600C linear accelerator was tuned, and the simu-
lation results of the percentage depth dose (PDD)
and beam profiles were compared with the mea-
sured data. Then treatment plans of 5 brain cancer
patients which were designed by the Eclipse TPS
were uploaded in the PRIMO simulation code to
simulate the reconstructed plans.

Patients’ treatment plan

The radiotherapy treatment data of 5 patients
(2 males and 3 females) with an average age of 55
years with brain cancer, who had been treated with
IMRT, were provided by Radiotherapy Depart-
ment of Shohada-e-Tajrish Hospital (Tehran, Iran).
IMRT is a technique of cancer treatments which
delivers beams with different intensities from
a number of different angles. One of the advantag-
es of using IMRT is to decrease delivered dose to
normal tissues compared to 3D-conformal radia-
tion therapy. The prescribed dose and number of
beams for each patient is presented in Table 1. Each
number of beams contains reference beams vary-
ing from 1 to 6.

The Digital Imaging and Communications in
Medicine (DICOM) files are widely used in radiolo-
gy and radiotherapy applications. One type of these
files is DICOM-RT which is one of the first exten-
sions applied for use in radiotherapy. DICOM-RT
files contain seven objects: RT Image, RT Structure
Set, RT Plan, RT Dose, RT Beams Treatment Re-
cord, RT Brachy Treatment Record, and RT Treat-
ment Summary Record. In the treatment planning
stage in this study, radiotherapy structure files
which contain information related to regions of in-
terest (ROIs) and patient’s anatomy file (RT Struct),
radiation dose data file (RTDose) and treatment
planning data file (RTPlan) of the patients which
were obtained by treatment planning were intro-
duced in the PRIMO code. Different dosimetric

Table 1. Prescribed dose of patients with brain cancer
treated with intensity-modulated radiation therapy (IMRT)

Patient Total dose Fractions Number
number [Gy] of beams
Patient 1 59.4 33 4
Patient 2 60 30 4
Patient 3 59.4 33 3
Patient 4 60 30 3
Patient 5 59.4 33 4

parameters, including minimum dose (D,,,), mean
dose (D,,..,) and maximum dose (D,y,,) for the plan-
ning target volume (PTV) and OARs as well as ho-
mogeneity index (HI) and conformity index (CI),
were calculated. The gamma function analysis was
used to compare the dose distribution calculated by
PRIMO code and Eclipse TPS.

Validation of linac simulations

It is possible to use the PRIMO code to simu-
late linac’s head and to score particles in the form
of phase space file (PSFs). The PSFs can be used to
score different dosimetric parameters in water or
patient-based phantom [15]. The purpose of us-
ing this code is to ensure treatment quality in ad-
vanced radiotherapy and verify dose distribution
in the body of cancer patients. Final discrepancies
between the planned and calculated doses, can be
evaluated and this allows to determine if there is
any inaccuracy in the calculation by TPS [16].

As the first step, Varian Clinac 600C linac was
simulated by the PRIMO code. The phantom di-
mensions were defined as follows: 50 x 50 x 30 cm’,
and then the dose distribution was scored in
the phantom. The simulation was started with
default values presented by the PRIMO code for
the 6 MV photon beam. The primary electrons hit-
ting the target were defined with a Gaussian dis-
tribution. The default values which are contained
in the PRIMO code for Varian Clinac 600C linac
were used as follows: nominal energy = 6 MV,
initial energy = 5.7 MeV, full-width at half max-
imum (FWHM) of 0.187 MeV, focal spot size of
0.140 mm, and beam divergence of 0.2°. The source
to surface distance (SSD) was fixed at 100 c¢cm
and field size was defined as 10 x 10 cm”’. Start-
ing with the default values and slightly modifying
the values, the simulation was repeated sever-
al times to find the optimum energy. The energy
with the best agreement between the simulated
and measured percent depth dose (PDD) was con-
sidered as the optimum energy. After optimizing
the initial energy, the focal spot size, FWHM of
energy, and beam divergence values were adjust-
ed to achieve the closest matching to the measured
profiles. Then the measured PDDs for 20 x 20 cm’,
and 30 x 30 cm’ field sizes and beam dose profiles
for 10 x 10 cm?, 20 x 20 cm’, and 30 x 30 cm” fields
at d,,., 5 cm, and 10 cm depths were used for vali-
dation of the simulations. To run the simulations,
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the number of 3 x 10 histories was set based on
a previous study [15]. The related uncertainty was
1.6 % on average, which is relatively low. The sim-
ulations were performed in the PRIMO code to
obtain dose distribution within the phantom in
three stages. In the first stage (S1), simulations
were performed for the upper part of the linac.
The second stage (S2) was for the multi-leaf colli-
mators (MLCs) and jaws before the beam entering
the phantom, while both the S1 and S2 steps pro-
vided PSFs as output. The last stage (S3) in the sim-
ulation was to calculate the dose distribution with-
in the phantom, using the PSFs created in the S2
step for simulation of three-dimensional (3D) dose
distribution. In the S3 step, a homogeneous water
phantom with dimensions of 50 x 50 x 30 cm’ with
voxel sizes of 0.2 x 0.2 x 0.2 mm’ was defined to
calculate the dose. Different steps (S1, S2 and S3)
of the linac simulation in the PRIMO environ-
ment are illustrated in Figure 1. The components
of the Varian Clinac 600C linac include: a tung-
sten target, primary collimator, flattening filter,
ionization chamber, mirror, secondary collimators
and MLCs.

The simulations were run using a system with
8-core central processing unit (CPU) and 8 GB
of random-access memory (RAM). For analyzing
the PDD curve, to obtain high spatial resolution in

the dose build-up region, a bin size of 2 mm was
chosen along the central axis of the beam. In the lat-
eral direction, a bin size of 2 mm x 2 mm x 2 mm
was found to be adequate for evaluation of the dose
profiles in the penumbra region. This bin size is
routine in calculations in radiotherapy applications
and setting a smaller bin size will significantly in-
crease the time of simulation. The nominal sensitive
volume of the used Farmer ionizing chamber was
0.6 cm® which relatively corresponds to the voxel
size which was used in the simulations. PRIMO
code requires defining a set of simulation param-
eters called transport parameters [23]. To reduce
the variance in the calculations by the PRIMO code,
in the simulation process in the S1 and S2 steps,
splitting roulette and rotational splitting variance
reduction techniques were used [18]. Manufac-
turers recommended splitting roulette for energies
which are less than 15 MV and rotational splitting
for those higher than this level [19, 20]. To apply
simple splitting in the water phantom, the values of
the splitting factors used to obtain the low uncer-
tainty were between 100 and 300.

The measurements were carried out for
PDDs and dose profiles using PTW phan-
tom (MP3RW3 model, Germany) at 100 cm
SSD for field sizes of 10 x 10 cm’, 20 x 20 cm’,
and 30 x 30 cm’. The dose profiles were also mea-

e @& [
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Figure 1. The PRIMO environment with the optimum values illustrating the three stages (51, S2, and S3) of the simulation in

the PRIMO code
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sured at different depths (d,,.,, 5.0 cm, and 10.0 cm)
for 10 x 10 cm?, 20 x 20 cm?, and 30 x 30 cm”® field
sizes. A Farmer ionization chamber (016 cc, Ger-
many) and a PTW electrometer (Unidos E, Ger-
many) were used for measurement of dose profiles.
The measured PDD and dose profiles in the “dat”
format were then imported into the PRIMO code
for numerical gamma analysis. To quantify the level
of agreement/disagreement between the simulated
and measured curves, the gamma analysis method
was chosen [23] with criteria of 3 %/3 mm for DD
and DTA, respectively.

Comparison of dosimetric parameters
for brain cancer patients from PRIMO
code and Eclipse TPS

After completing the validation of the linac
and finding the optimum energy, the step of im-
plementing treatment plans for brain cancer pa-
tients was performed. For this purpose, treatment
plans which were designed using the Eclipse TPS in
the Radiotherapy Department of Shohda-e-Tajrish
Hospital (Tehran, Iran) were uploaded in the PRI-
MO code by introducing CT scans and TPS data
including RTStruct, RTDose and RTPlan files of
patients. Dose distributions in the patients’ phan-
toms were recalculated considering the TPS calcu-
lated monitor units (MUs). The simulated lateral
dose profiles, in the isocenter planes in the axi-
al and sagittal views were also compared against
Eclipse TPS data. The dose parameters which were
calculated for five patients with brain cancer in-
cluded: D, Dieans Dinay, homogeneity index (HI),
and conformity index (CI). Additionally, the dose
parameters (D, Diea» and D) were calculat-
ed for OARs (chiasm, right optic nerve, left optic
nerve, right eye, and left eye).

HI in PTV is defined by the Equation (1):

D3 9,—Dog

HIC%)=< )x100 (1)

DPrescribed

where D,,, and Dy, are the minimum and max-
imum doses delivered to 2% and 98% of the PTV.
A small HI value indicates high homogeneity [21,
22].

The CI is defined as follows:

V95 %
a:( ) ()
Volume of PTV

Vs o is the volume of PTV covered by at least
95% of the prescribed dose.

Results

Validation of linac modeling

While the nominal energy was 6 MV to obtain
the optimum energy, different photon energies in-
cluding 5.7, 5.8, 5.9, 6.0, 6.1, 6.2, 6.3, and 6.4 MeV,
were examined. The optimum energy with the best
agreement was 6.1 MeV, based on comparison of
the PDD for the 10 x 10 cm” field size from the sim-
ulations and measurements (Tab. 2).

Table 3 shows gamma passing rates for PDDs
with the initial photon beam energy of 6.1 MeV
for 10 x 10 cm’, 20 x 20 cm’ and 30 x 30 cm’
fields. The best agreement between the simulated
and measured PDD curves, which was obtained for
the 10 x 10 cm’ field, for initial electron energy val-
ue of 6.1 MeV is illustrated in Figure 2.

The FWHM values of energy and beam diver-
gence value were adjusted iteratively to obtain
the closest match for the simulated dose profiles
for the 10 x 10 cm? 20 x 20 cm® and 30 x 30 cm®
field sizes at 5 cm, 10 cm and d,,, depths with the 3
%/3 mm criteria for calculation of gamma function.
For this purpose, the FWHM of energy values rang-
ing between 0.140 to 0.187 MeV were examined.
The beam divergence was also adjusted from 0.2°
to 2°. The average statistical uncertainty reported
by PRIMO was approximately 3.68 % for the field of

Table 2. Validated optimum simulation parameters for 6
MV photon beam of Varian Clinac 600 Clinac obtained by
the PRIMO code

FWHM Focal spot Beam
of energy size [c'r:;] divergence
(MeV) [degree]

6.1 0.187 0.250 0.200

Optimum

energy (MeV)

Table 3. Gamma pass rate (%) with 3 %/ 3 mm criteria
for percent depth dose (PDDs) with the initial photon
beam energy of 6.1 MeV for 10 x 10 cm?, 20 x 20 cm’
and 30 x 30 cm’ fields

Field size Gamma pass rate (%)

10x 10 cm’ 100.0
20 x 20 cm’ 99.7
30x30cm’ 99.8
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Figure 2. Comparison of percent depth dose (PDD) curves obtained by simulations with the PRIMO code at 6.1 MeV
and measurements for the 10 x 10 cm’ field size. The results of the percentage differences are also shown in this figure

Table 4. Gamma pass rate (%) with 3 %/ 3 mm criteria with
the initial photon beam energy of 6.1 MeV and the energy
full-width at half maximum (FWHM) of 0.187 MeV

and FWHM for focal spot of 0.140 cm for depth of d,.,,

5 cm and 10 cm depths for the 10 x 10 cm?, 20 X 20 cm?
and 30 x 30 cm’ field sizes in a water phantom

Uncertainty Gamma pass rate

Field size (%) (3%/3 mm) Depth
10x 10 cm? 3.68 86.7 oo
20 % 20 cm’ 3.58 97.69 [
30 x 30 cm? 8.68 96.11 roax
10x 10 cm’ 3.68 93.67 5
20 % 20 cm’ 3.58 97.62 5
30 % 30 cm? 8.68 100.00 5
10 x 10 cm’® 3.68 88.61 10
20 X 20 cm? 3.58 90.14 10
30 x 30 cm? 8.68 96.11 10

10 x 10 cm’ running for 3 x 10’ particles with the ap-
plication of the Splitting Roulette technique. The re-
sults are tabulated in Table 4.The best agreement be-
tween the simulated and measured dose profiles,
which was obtained for the 30 x 30 cm” field for 6.1
MeV at 5 cm depth, is illustrated in Figure 3.

Dose profiles from simulation by the PRI-
MO code and measurements for three fields of
10 x 10 cm?, 20 x 20 cm?, and 30 x 30 cm® at 10 cm
depths are illustrated in Figure 4.

Comparison of dosimetric parameters
for brain cancer patients from PRIMO
code and Eclipse TPS

A sample for the simulated and Eclipse TPS cal-
culated lateral dose profiles in the isocenter plane in
the axial view is shown in Figure 5. The simulated
dose distribution in the axial, sagittal, and coronal
views in the isocenter plane for a sample brain pa-
tient is shown in Figure 6. The simulated dose-vol-
ume histograms (DVHs) for PTV, and OARs ob-
tained by the PRIMO code and Eclipse TPS for
a sample brain cancer patient is shown in Figure 7.

The calculated values of D,,,, Dy and D,.,,.
HI and CI for the PTV and D,,;,, Duew> and D,
for the optic nerve, brain stem, chiasm, right eye
and left eye are listed in Table 5. There is a good
agreement between the simulated values by PRI-
MO code and Eclipse TPS for the calculated do-
simetric parameters. The best agreement between
the simulated values and calculated Eclipse TPS
parameters for PTV was seen for the CI index
with 0.02 % difference. The best agreement be-
tween the values for OARs was seen for the chi-
asm. The difference is equal to 0.01 % for D,,,,.
The analysis was performed for both the PTV
and OARs, separately. The average passing rates
were 98.8% for the PTV and 98.7% for the OARs
with 3%, 3 mm acceptance criteria.
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Figure 3. Comparison of dose profiles obtained by simulations by the PRIMO code and measurements at 6.1 MeV for

the 30 x 30 cm” field size at 5 cm depth
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Figure 4. Comparison of simulated and measured dose profiles at 10 cm depths for the 10 cm x 10 cm (A), 20 x20 cm (B),

and 30 cm x 30 cm (C) field sizes with 3 %/3 mm criteria

Discussion

In this study, a 6 MV photon beam for the Vari-
an Clinac 600C linac was simulated. As a stan-
dard procedure for validation of linac simulation
by PRIMO, a linac photon beam was assumed
and the optimum energy was obtained as 6.1 MV
(Tab. 2). Dosimetric parameters from PRIMO code
simulation and Eclipse and TPS were compared for
five brain cancer patients. To compare dose distri-

butions, from the two methods, the gamma-index
analysis was used. Their gamma index passing rates
with 3%/3 mm criteria were compared. Gamma-in-
dex values less than 1 are considered as a good
agreement. Gamma passing rates for PDDs for
the 10 x 10 cm’, 20 x 20 cm” and 30 x 30 cm” field
sizes and for dose profiles at different depths (d,,.,,
5 cm and 10 cm) for the 10 x 10 cm?, 20 x 20 cm®
and 30 x 30 cm’ field sizes for the 6.1 MeV ener-
gy are listed in Table 3 and Table 4, respectively.
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Figure 5. A sample for the simulated and Eclipse treatment planning system (TPS) calculated lateral dose profiles in
the isocenter plane in the axial view

AXIAL

Proj_Patient_06

Figure 6. Simulated dose distribution in the axial (A), sagittal (B), and coronal (C) views in the isocenter planes for a sample
brain cancer patient obtained by the PRIMO code

There is a good agreement between the simulated the 20 x 20 cm’field size (Tab. 3). The best agreement

and measured values for PDDs and dose profiles. is presented in Figure 2 for the 10 x 10 cm’ field size.
The gamma function analysis for the PDD The results of gamma pass rates for dose pro-
curves shows a minimum pass rate of 99.7 % for files with the optimum energy of 6.1 MeV at dif-
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Figure 7. Dose-volume histograms (DVHs) for planning target volume (PTV), and organs at risk (OARs) which were obtained
by simulation with the PRIMO code for a sample brain cancer patient. The Monte Carlo data appear in the form of solid
curves, and the Eclipse treatment planning system (TPS) data appear in the form of a dotted curves

Table 5. Dosimetric parameters for planning target volume (PTV) (Din, Dimeans Dmaxe HI @and Cl) and organ at risk (OAR) (D,
Deans and D,.,,) obtained by the PRIMO code and Eclipse treatment planning system (TPS) for brain cancer patients. The OARs
including the brain stem, chiasm, right optic nerve, left optic nerve, right eye, and left eye

Average for 5 patients Dosimetric parameter PRIMO code Eclipse TPS Difference (%)
D, [Gy] 31.88 38.11 6.23
PTV Direan [GY] 63.25 60.11 3.14
D,ax [GY] 68.98 64.60 4.38
HI 0.21 0.24 0.03
Cl 0.92 0.95 0.02
D,in[GY] 2.20 2.14 0.06
Brain stem D rean [GY] 21.29 25.11 3.82
D,k [GY] 65.11 58.24 6.87
Dy GY] 9.50 11.36 1.86
Chiasm D ean [GY] 20.13 20.40 0.01
Dok [GY] 26.77 29.27 2.50
D GY] 416 410 0.06
Right optic nerve Dean [GY] 6.47 6.50 0.03
D,ax [GY] 12.90 16.32 342
D, GY] 1.34 3.01 1.67
Left optic nerve D ean [GY] 4.66 6.45 1.79
D,ax [GY] 10.27 11.59 1.32
Dyin[GY] 0.21 1.18 0.97
Right eye Dinean [GY] 1.58 2.62 1.04
Dy [GY] 4.22 6.78 2.56
D [GY] 0.07 1.36 1.29
Left eye D pean [GY] 1.39 2.28 0.98
D.ox [Gy] 12.38 10.40 1.98

PTV — planning target volume; HI — homogeneity index; C| — conformity index
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ferent depths for the 10 x 10 cm’, 20 x 20 cm’
and 30 x 30 cm’ field sizes are listed in Table 4. At
this level, a good agreement was seen with a mini-
mum passing rate of 86.7 % for the 10 x 10 cm” field
at d,,., with 3 %/3 mm criteria. The agreement is pre-
sented in Figure 3 for the 30 x 30 cm’ field at 5 cm
depth and rate of 100% for the gamma analysis.

To simulate dosimetric parameters of PTV
and OARs, the files of 5 patients were entered in
the PRIMO code and the comparison was per-
formed separately for each patient. In this step,
these files were obtained from the Eclipse TPS for
the patients who had been treated. It has relied on
the comparison using dose difference as a tool for
comparison of D, Dy.n and D, and these re-
sults are listed in Table 5. The lateral dose profiles
comparison for target structures also showed good
agreement between the PRIMO code and Eclipse
TPS. The results are illustrated in Figure 6. The re-
sults of the gamma analysis were up to 97% between
the PRIMO code and TPS, which is a good agree-
ment. Isodose distribution was first compared visu-
ally on axial, sagittal, and coronal slices for a degree
of conformity of the prescribed dose to the PTV
and then for any inclusion of OAR within high
dose and low dose levels. Direct comparison was
also made for the cumulative DVH curves for PTV
and OARs (Fig. 7). Dose to OAR was also evaluat-
ed. Plan comparison was also made quantitatively
by comparing DVH parameters and by computing
and comparing relevant metrics for target cover-
age, target conformity, dose heterogeneity within
the target, and OAR sparing.

By following the data in Table 5 in terms of aver-
age values for five patients for the D, ,, Dyeans Dinaor
HI and CI for PTV from PRIMO code and Eclipse
TPS, a good agreement was observed between
the values from the simulations and TPS. By cal-
culating the D,,, D,.., and D,,, for organs such
as the optic nerve, brain stem, chiasm, right eye
and left eye and comparing them with the Eclipse
TPS, a convergence was noticed in the dose distri-
butions for these organs between the PRIMO code
and Eclipse TPS.

By comparing target coverage (D> Dieans Dinass
HI and CI) obtained from simulations by the PRI-
MO code and Eclipse TPS, the dosimetric analysis
confirmed that there was a good agreement in tar-
get coverage between the PRIMO and Eclipse TPS
(Tab. 5). The percentage difference in the distribu-

tion of the three doses is up to 4.32% for PTV. This
difference is due to PRIMO accuracy in distribut-
ing the dose. As for the CI and HI, there is a good
agreement, and the percentage difference reaches
0.02%. The brain stem dose distribution had a good
agreement, with the mean difference of 3.68%.
The distribution of doses for the region of the chi-
asm had good agreement with the difference of
1.21%. Right and left optic nerve had good agree-
ment with the difference of 1.15%. Right and left
eyes had good agreement with the difference of
1.46%.

As stated before, various studies have focused
on accuracy and validation of the PRIMO code
and its comparison with dosimetric parameters
obtained by phantom [9-12]. In a study by Bacala
et al. [11], a Varian Clinac 2100 for 6 MV and 10
MYV beams was simulated using the PRIMO code.
PDDs and lateral dose profiles for each nominal
energy were compared with the data obtained by
a water phantom using the gamma-index. A good
agreement was seen between the simulated data
and measurements by phantom. In another study
by Efendi et al. [27] validation of the PRIMO code
for quality assurance of linac beam was evaluat-
ed. For this purpose, the PDD and beam profile of
the 6 MV photon beam were simulated and com-
pared to the experimental data obtained by a water
phantom. The results showed a good agreement
between the simulated PDD and dose profiles.
The best agreement was seen for the 10 x 10 cm’
field size with 98.33% passing criteria which is
close to the calculated value in this study (100%
passing rate). Additionally, Sarin et al. [28] stud-
ied the PRIMO code and its validation against
Eclipse TPS. The difference between the simulated
and measured PDD was calculated at 0.7% with
a minimum gamma pass rate of 99.0%.

According to Emami [29] study, normal tissue
tolerance for standard fractionation for the brain
stem was reported less than 64 Gy for D,,,,. The cor-
responding value for the optic nerves and chiasm
were less than 55 to 60 Gy and the mean dose (D,,..,)
of < 55 Gy. The calculated doses in this study using
the PRIMO code and Eclipse TPS were less than
normal tissue tolerance (Tab. 5). D,,,, for the brain
stem, chiasm and optic nerves were 58.21 Gy,
29.27 Gy and 13.95 Gy, respectively.

PRIMO code is a user-friendly interface for sim-
ulation of medical linear accelerators which can be
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used as a tool for validation of TPS dose calculation,
especially for brain cancer. Brain contains many
vital organs, such as the chiasm, nerves, hippo-
campus and eyes, and protecting them against ra-
diation exceeding their tolerance limit would help
patients maintain their quality of life. Since there
was a good agreement between the simulations
and TPS values, it is suggested that the PRIMO
code should be validated and used as a tool to eval-
uate treatment plans in brain cancer patients.

Conclusion

Based on the results of this study, it became
evident that the PRIMO code has a good graphi-
cal interface for Varian linac and is a suitable tool
with a usersociable interface to simulate medical
linear accelerators. In this study, optimum energy
value and initial stimulation parameters for the 6
MYV photon beam from Varian Clinac 600C linac
were determined, and the MC model of the Varian
Clinac 600C linac beam was benchmarked against
the measured data. Based on this study, the default
values of the PRIMO code for beam parameters
were not suitable for this work to reach the best
agreement of PDD and dose profile obtained from
PRIMO code simulation and measurements.
Therefore, an optimum beam parameter was deter-
mined and the results of this study showed a good
agreement between the PDD and dose profiles ob-
tained by simulations by the PRIMO code and in
phantom measurements. This point indicates that
the Monte Carlo simulations of the Varian Clinac
600C linac are validated.

There was also a good agreement between
the dosimetric parameters in the PTV and OARs
obtained by the PRIMO MC code and Eclipse TPS
for brain cancer patients. PRIMO code can be used
for evaluating treatment planning for brain cancer
patients but validation of the code simulation is
needed.

Acknowledgments
The authors would like to thank Shahid Behesh-
ti University of Medical Sciences for the support
which was provided to accomplish this study.

Conflict of interest
There is not any relationship that might lead to
a conflict of interest.

Funding
Shahid Beheshti University of Medical Sciences has
financially supported the work and this is stated in
the acknowledgment section of the article.

References

1. Jiménez MM, Gamo |, Armendariz JA, et al. Preliminary
experience with intensity modulated radiation therapy
forabdominopelvic tumor sites: a comparison with 3D ra-
diotherapy plans. Clin Translat Oncol. 2004; 6(7): 415-423,
doi: 10.1007/bf02712371.

2. Boyer AL, Yu CX. Intensity-modulated radiation therapy
with dynamic multileaf collimators. Semin Radiat Oncol.
1999; 9(1): 48-59, doi: 10.1016/51053-4296(99)80054-X,
indexed in Pubmed: 10196398.

3. Grein EE, Lee R, Luchka K. An investigation of a new
amorphous silicon electronic portal imaging device for
transit dosimetry. Med Phys. 2002; 29(10): 2262-2268,
doi: 10.1118/1.1508108, indexed in Pubmed: 12408300.

4, Pallotta S, Marrazzo L, Bucciolini M. Design and imple-
mentation of a water phantom for IMRT, arc therapy,
and tomotherapy dose distribution measurements. Med
Phys. 2007; 34(10): 3724-3731, doi: 10.1118/1.2776249,
indexed in Pubmed: 17985617.

5. Rodriguez M, Sempau J, Brualla L. PRIMO: a graphical
environment for the Monte Carlo simulation of Varian
and Elekta linacs. Strahlenther Onkol. 2013; 189(10):
881-886, doi: 10.1007/s00066-013-0415-1, indexed in
Pubmed: 24005581.

6. Baré J, Sempau J, Fernandez-Varea JM, et al. PENELOPE:
An algorithm for Monte Carlo simulation of the pen-
etration and energy loss of electrons and positrons in
matter. Nuc Instruments and Meth Phys Res Sec B: Beam
Interact Mater At. 1995; 100(1): 31-46, doi: 10.1016/0168-
583x(95)00349-5.

7. Salvat F, Fernandez-Varea JM, Sempau J. PENELOPE:
A code system for Monte Carlo simulation of electron
and photon transport. In Workshop proceedings. Barce-
lona, Spain: OECD. 2019.

8. Giménez-Alventosa V, Gbmez VG, Oliver S. PenRed:
An extensible and parallel Monte-Carlo framework for
radiation transport based on PENELOPE. Com Phys. 2021;
267: 108065, doi: 10.1016/j.cpc.2021.108065.

9. Rodriguez M, Sempau J, Brualla L. A combined approach
of variance-reduction techniques for the efficient Monte
Carlo simulation of linacs. Phys Med Biol. 2012; 57(10):
3013-3024, doi: 10.1088/0031-9155/57/10/3013, indexed
in Pubmed: 22538321.

10. Brualla L, Sauerwein W. On the efficiency of azimuthal
and rotational splitting for Monte Carlo simulation of
clinical linear accelerators. Rad Phys Chemistry. 2010;
79(9):929-932, doi: 10.1016/j.radphyschem.2010.03.020.

11. Bacala AM. Linac photon beam fine-tuning in PRIMO
using the gamma-index analysis toolkit. Radiat Oncol.
2020; 15(1): 8, doi: 10.1186/513014-019-1455-1, indexed
in Pubmed: 31906977.

12. Rodriguez M, Brualla L. Treatment verification using Vari-
an’s dynalog files in the Monte Carlo system PRIMO. Radiat
Oncol. 2019; 14(1): 67, doi: 10.1186/s13014-019-1269-1,
indexed in Pubmed: 31014356.

https://journals.viamedica.pl/rpor 873


http://dx.doi.org/10.1007/bf02712371
http://dx.doi.org/10.1016/s1053-4296(99)80054-x
https://www.ncbi.nlm.nih.gov/pubmed/10196398
http://dx.doi.org/10.1118/1.1508108
https://www.ncbi.nlm.nih.gov/pubmed/12408300
http://dx.doi.org/10.1118/1.2776249
https://www.ncbi.nlm.nih.gov/pubmed/17985617
http://dx.doi.org/10.1007/s00066-013-0415-1
https://www.ncbi.nlm.nih.gov/pubmed/24005581
http://dx.doi.org/10.1016/0168-583x(95)00349-5
http://dx.doi.org/10.1016/0168-583x(95)00349-5
http://dx.doi.org/10.1016/j.cpc.2021.108065
http://dx.doi.org/10.1088/0031-9155/57/10/3013
https://www.ncbi.nlm.nih.gov/pubmed/22538321
http://dx.doi.org/10.1016/j.radphyschem.2010.03.020
http://dx.doi.org/10.1186/s13014-019-1455-1
https://www.ncbi.nlm.nih.gov/pubmed/31906977
http://dx.doi.org/10.1186/s13014-019-1269-1
https://www.ncbi.nlm.nih.gov/pubmed/31014356

Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 5

13.

14.

15.

16.

17.

18.

19.

20.

21.

874

Teixeira MS, Batista D, Braz D, et al. Monte Carlo simulation
of Novalis Classic 6 MV accelerator using phase space
generation in GATE/Geant4 code. Prog Nucl Energy. 2019;
110: 142-147, doi: 10.1016/j.pnucene.2018.09.004.
Sadoughi HR, Nasseri S, Momennezhad M, et al. A Com-
parison Between GATE and MCNPX Monte Carlo Codesin
Simulation of Medical Linear Accelerator. J Med Signals
Sens. 2014; 4(1): 10-17, indexed in Pubmed: 24696804.
Sempau J,Badal A, Brualla L. APENELOPE-based system for
the automated Monte Carlo simulation of clinacs and vox-
elized geometries-application to far-from-axis fields. Med
Phys. 2011; 38(11): 5887-5895, doi: 10.1118/1.3643029,
indexed in Pubmed: 22047353.

Sempau J, Wilderman SJ, Bielajew AF. DPM, a fast, accurate
Monte Carlo code optimized for photon and electron
radiotherapy treatment planning dose calculations. Phys
Med Biol. 2000; 45(8): 2263-2291, doi: 10.1088/0031-
9155/45/8/315, indexed in Pubmed: 10958194.
Esposito A, Silva S, Oliveira J, et al. Primo software as
a tool for Monte Carlo simulations of intensity modulat-
ed radiotherapy: a feasibility study. Radiat Oncol. 2018;
13(1): 91, doi: 10.1186/513014-018-1021-2, indexed in
Pubmed: 29764449.

Brualla L, Rodriguez M, Sempau J, et al. PENELOPE/PRI-
MO-calculated photon and electron spectra from clinical
accelerators. Radiat Oncol. 2019; 14(1): 6, doi: 10.1186/
s13014-018-1186-8, indexed in Pubmed: 30634994.
Brualla L, Rodriguez M, Sempau J. PRIMO User’s Manual Ver-
sion 0.3.1.1600. Strahlenklinik, Hufelandstrasse 2018;1-55.
Al-Rahbi ZS, Al Mandhari Z, Ravichandran R, et al. Dosi-
metric comparison of intensity modulated radiotherapy
isocentric field plans and field in field (FIF) forward plans
in the treatment of breast cancer. J Med Phys. 2013;
38(1): 22-29, doi: 10.4103/0971-6203.106601, indexed
in Pubmed: 23531607.

Allaveisi F, Moghadam AN. Comparison between the four-
field box and field-in-field techniques for conformal radio-

22.

23.

24,

25.

26.

27.

28.

29.

therapy of the esophagus using dose-volume histograms
and normal tissue complication probabilities. Jpn J Radiol.
2017; 35(6): 327-334, doi: 10.1007/s11604-017-0637-8,
indexed in Pubmed: 28421397.

International Commission on Radiation Units and Mea-
surements. Prescribing, Recording, and Reporting Pho-
ton-Beam Intensity-Modulated Radiation Therapy (IMRT).
ICRU Report 83, Geneva, Switzerland 2010.

Kataria T, Sharma K, Subramani V, et al. Homogeneity
Index: An objective tool for assessment of confor-
mal radiation treatments. J Med Phys. 2012; 37(4):
207-213, doi: 10.4103/0971-6203.103606, indexed in
Pubmed: 23293452.

Niemierko A. Reporting and analyzing dose distribu-
tions: A concept of equivalent uniform dose. Med Phys.
1998; 24(1): 103-110, doi: 10.1118/1.598063, indexed in
Pubmed: 9029544.

Low DA, Harms WB, Mutic S, et al. A technique for
the quantitative evaluation of dose distributions. Med
Phys. 1998; 25(5): 656-661, doi: 10.1118/1.598248, in-
dexed in Pubmed: 9608475.

Low DA, Dempsey JF. Evaluation of the gamma dose
distribution comparison method. Med Phys. 2003;
30(9): 2455-2464, doi: 10.1118/1.1598711, indexed in
Pubmed: 14528967.

Efendi MA, Funsian A, Chittrakarn T, et al. Monte Carlo
simulation using PRIMO code as a tool for checking
the credibility of commissioning and quality assurance of
6 MV TrueBeam STx varian LINAC. Rep Pract Oncol Radio-
ther. 2020; 25(1): 125-132, doi: 10.1016/j.rpor.2019.12.021,
indexed in Pubmed: 31920464.

Sarin B, Bindhu B, Saju B, et al. Validation of PRIMO Monte
Carlo Model of ClinaciX 6MV Photon Beam. J Med Phys.
2020;45(1): 24-35, doi: 10.4103/jmp.JMP_75_19, indexed
in Pubmed: 32355432.

Emami B. Tolerance of normal tissue to therapeutic radi-
ation. Rep Radiother Oncol. 2013; 1(1): 35-48.

https://journals.viamedica.pl/rpor


http://dx.doi.org/10.1016/j.pnucene.2018.09.004
https://www.ncbi.nlm.nih.gov/pubmed/24696804
http://dx.doi.org/10.1118/1.3643029
https://www.ncbi.nlm.nih.gov/pubmed/22047353
http://dx.doi.org/10.1088/0031-9155/45/8/315
http://dx.doi.org/10.1088/0031-9155/45/8/315
https://www.ncbi.nlm.nih.gov/pubmed/10958194
http://dx.doi.org/10.1186/s13014-018-1021-2
https://www.ncbi.nlm.nih.gov/pubmed/29764449
http://dx.doi.org/10.1186/s13014-018-1186-8
http://dx.doi.org/10.1186/s13014-018-1186-8
https://www.ncbi.nlm.nih.gov/pubmed/30634994
http://dx.doi.org/10.4103/0971-6203.106601
https://www.ncbi.nlm.nih.gov/pubmed/23531607
http://dx.doi.org/10.1007/s11604-017-0637-8
https://www.ncbi.nlm.nih.gov/pubmed/28421397
http://dx.doi.org/10.4103/0971-6203.103606
https://www.ncbi.nlm.nih.gov/pubmed/23293452
http://dx.doi.org/10.1118/1.598063
https://www.ncbi.nlm.nih.gov/pubmed/%209029544
http://dx.doi.org/10.1118/1.598248
https://www.ncbi.nlm.nih.gov/pubmed/9608475
http://dx.doi.org/10.1118/1.1598711
https://www.ncbi.nlm.nih.gov/pubmed/14528967
http://dx.doi.org/10.1016/j.rpor.2019.12.021
https://www.ncbi.nlm.nih.gov/pubmed/31920464
http://dx.doi.org/10.4103/jmp.JMP_75_19
https://www.ncbi.nlm.nih.gov/pubmed/32355432

	_Hlk92461497
	_Hlk92828444
	_Hlk92829803
	_Hlk92993436
	_Hlk93005010
	_Hlk92999020

