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Abstract

Background: Intensity-modulated radiation therapy (IMRT) treatment delivery requires
pre-treatment patient-specific quality assurance (QA) for the dosimetry verification due to
its complex multileaf-collimator movement. The prostate target close position between the
bladder and rectum requires a tight margin during planning, and mistreatment would have
a huge impact on the patient. A commercially available QA tool consists of a homogeneous
medium and does not represent an exact photon interaction on the tumour and also on the
nearby healthy organ.
Objective: A heterogeneous male pelvis phantom was developed and investigated the efficiency
of the treatment planning system (TPS) calculation on the off-axis region.
Methods: Polymethyl methacrylate was used for the phantom housing, and the material closed
to the bladder, rectum and prostate density was chosen to construct the organ models.
The phantom was scanned and validated by the computed tomography number and density.
An IMRT treatment was planned in the Monaco TPS, and a thermoluminescent dosimeter
(TLD-100) was used to validate the point dosimetry. In addition, an EGSnrcMonte Carlo simu-
lation was carried out to validate the phantom dosimetry.
Results & Discussion: The dose measurement between TLD-100, TPS, and EGSnrc was
compared and validated in the pelvis phantom. In the prostate region, the dose difference
was within ± 5%, and the maximum dose difference outside-the-irradiated field was up to
20·07 % and 47·31 % in TPS and TLD-100, respectively. Meanwhile, the measured dose was
lower than the calculated dose, and it was apparent for the dose outside-the-irradiated field.
Conclusion: The developed heterogeneity male pelvis phantom was validated and verified to be
an important QA device for validating radiation dosimetry in the pelvis region. The dose
outside-the-irradiated field was underestimated by both TPS and TLD, respectively.

Introduction

The advancement of the computer technology, together with the machinery developments,
external beam radiotherapy, has transformed intensely over several decades. These advance-
ments allow the practice of more high-level treatment techniques such as intensity-modulated
radiation therapy (IMRT) for cases like prostate cancer. In order to limit the radiation dose to
the nearby healthy organs and tissues, a multileaf-collimator that shapes the beams and aims the
radiation to the prostate from many angles and the intensity of the beams were adjusted. The
IMRT implementation, however, is highly complicated and requires a severe quality assurance
(QA) programme before the treatment delivery.

A pre-treatment patient-specific QA was conducted to validate the treatment plan prepared
on the treatment planning system (TPS), a computer software that was used for the dosimetry
calculation, and the plan was compared with the dose delivery on a linear accelerator (LINAC).
Since the IMRT technique emerged in radiotherapy treatment, QA tools have been commer-
cially available for the dosimetry verification such as Matrixx (IBA Dosimetry, GmBH,
Germany), ArcCheck (Sun Nuclear, Melbourne, FL), Delta Array (ScandiDos AB, Uppsala,
Sweden) and Octavious (PTW Freiburg GmbH, Germany) phantoms. This QA tool consists
of a homogeneous phantom (usually 1 g cm−3) with diode arrays to measure the radiation dose
delivered from the LINAC. However, the composition of this homogeneous medium does not
take into account on the real human body which consists of soft tissues, muscles and bony
structures.

In radiation therapy, the key objective is to deliver the maximum prescribed dose to the
tumour volume while to deliver the minimal radiation dose to the healthy tissues close to
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the tumour. Still, the healthy organs and tissues might be exposed
to the unnecessary radiation dose when the radiation beam passes
by or because of the scattered radiation.1 The results of the pre-
treatment QA are used to predict the treatment outcome on the
patient from the alterations in the dose-volume histograms for
the contoured planning target volume (PTV) and organs at risk.2

One of the reasons for this low sensitivity is that the phantom
dimension used for the pre-treatment QA is totally different from
the real patients. Moreover, the depth of the dose error and the
position in a patient from the QA phantom result has been difficult
to evaluate. Preferably, the magnitude of the inaccuracies in the
patient may stipulate more significant data than the evaluation
measurement such as pass rate which depend on a standard homo-
geneous pre-treatment QA phantom. From these aspects, it is a
challenge in pre-treatment QA to approximate the in vivo dose
for the patient.

In this study, a heterogeneous male pelvis phantom was
modelled and validated with the thermoluminescent dosimeter
(TLD)-100 chips together with a Monte Carlo (MC) simulation.
An IMRT prostate plan was delivered, and the absorbed dose
was analysed at the off axis of the treatment field.

Materials and Methodology

Phantom material

The selection of the material is important to design for the function
of a phantom. The purpose of the phantom material is to charac-
terise the physical and radiological properties of tissue in the
human body accurately. In this study, a phantom was modelled

to be multifunctional, where the phantom can be modified as
required for specific research. Thus, a male pelvis phantom was
developed to mimic a real human pelvic region, with the materials
near density to the human tissue as shown in Table 1. The density
was measured using an Archimedes principle, and the values were
compared with the NIST X-COM database (https://physics.nist.
gov/PhysRefData/XrayMassCoef/tab2.html).

Phantom geometry

Themeasurement of the organ was based on an Asian patient data-
base. The detailed measurement of each organ is depicted in
Fig. A1(supplementary file) with references. A sphere shape was
used for the bladder and prostate with a diameter of 7 cm and
4 cm, respectively.3,4 The length of the rectum used was 20 cm
and 3 cm in diameter.5

The pelvis phantom housing in this study was constructed in an
octagon shape with a dimension of 33 cm × 22 cm × 30 cm. This
measurement was followed by a regular size of the pelvis region
referring from a literature.6 The anatomy position of the bladder,
pelvis and rectum is close together; thus, these organs were
constructed as attached between one and another in this developed
phantom. A polymethyl methacrylate rod (ρ: 1·04 g cm−3; thick-
ness: 1 cm) was used to attach these organs. Figure 1 shows the
position of these organ models’ arrangement in the phantom.

Thermoluminescent dosimeter (TLD) calibration

The TLD-100 chips (Harshaw, USA) were used to determine the
point dose resulting from the 6MV exposure on the target and
organ at risk in the phantom. The TLD-100 chips exhibit relative

Table 1. The density of human tissue and the material selected for male pelvis phantom construction. Measured value using Archimedes principle compared with the
NIST X-COM value

Human
tissue

Tissue
density
(g cm−3)

Phantom
material

Measured
density (g cm−3)

aDifference
(gcm−3)

aPercentage
difference (%)

NIST X-COM
density (g cm−3)

bDifference
(gcm−3)

bPercentage
difference (%)

Skin 1·00 Polymethyl
methacrylate

1·04 0·04 3·92 1·19 0·15 13·45

Bladder 0·87 Polyethylene 0·95 0·08 8·79 0·95 0 0

Prostate 1·14 Nylon 1·13 0·01 0·88 1·14 0·01 0·88

Rectum 0·63 Polyethylene 0·95 0·32 40·5 0·95 0 0

adifference between measured density and tissue density.
bdifference between measured density and NIST X-COM density.

Figure 1. (a) Octagon phantom housing with measurement 33 cm × 22 cm × 30 cm, and (b) organ models were inserted in the phantom housing, (c) the arrangement of the
bladder, prostate and rectum in the pelvis phantom.

2 J. Jayamani et al.

https://doi.org/10.1017/S146039692200019X Published online by Cambridge University Press

https://physics.nist.gov/PhysRefData/XrayMassCoef/tab2.html
https://physics.nist.gov/PhysRefData/XrayMassCoef/tab2.html
https://doi.org/10.1017/S146039692200019X
https://doi.org/10.1017/S146039692200019X


dosimetry that follows a nonlinear dose-response along with an
energy response. The TLD-100 chips require extensive labour work
and are typically used where the ionisation chambermeasurements
were impractical especially in an anthropomorphic phantom
for various dose measurements.7 Thirty TLD-100 chips (0·3 cm×
0·3 cm× 0·1 cm) were used in this study and were calibrated under
the 6MV Elekta Synergy Agility LINAC.

Initially, the TLD-100 chipswere heated under 400°C for 1 h in the
annealing oven followed by rapid cooling. The annealed TLD-100
chips were irradiated under the 200 cGy at a source-to-surface
distance of 100 cm, and the TLD-100 chips were positioned at a depth
of 1·5 cm with a field size of 10× 10 cm2 in the solid water phantom.
After 24 h, the dose response of the TLD-100 chips was measured
using an automated reader, Harshaw 3500. The TLD-100 chips
with≤ 1% standard deviation were chosen for this study.8 The sensi-
tivity of the TLD-100 chips was calibrated in accordance with the
absorbed dose to the water. The TLD-100 chips were individually
numbered and irradiated in the same experimental setup to attain
the individual sensitivity correction factor as defined in equation 1:

Si ¼
Ri

R
(1)

where Ri is the thermoluminescent response of each TLD-100 chip
and R is the mean of the responses of all TLD-100 chips. The Si
expresses the response variation of each individual dosimeter around
the mean.9

TLD-100 position on the phantom

The developed pelvic phantom was validated for the dosimetry
measurement. Thus, the phantom was allocated with a few specific
points to measure the dose with the TLD-100 chips. The TLD-100
chips were grouped and labelled according to the sensitivity
and placed on the prostate, bladder and rectum models.
(Supplementary file: Fig. A3-A5)

Computed tomography simulation and TPS planning

Toshiba AquilionLB (Toshiba Medical System Corporation,
Tochigi, Japan) computed tomography (CT) was used to scan
the phantom in the pelvis routine. The parameters were set as
120 kVp, 262 mAs, and slice thickness of 2 mm was applied
(to identify the TLD-100 chips position in the DICOM images),
and the default kernel and the pitch factors were FC 18 and
0·69, respectively. The phantom was positioned in the centre of
the CT’s couch. The TLD-100 chips were placed and marked on
the model of the organs in the phantom for point dose measure-
ment in the TPS. The scanned phantom image can be seen in
Figure 2 (a).

In this study, an IMRT prostate plan was constructed in the
Monaco TPS (Version 5·1) using the XVMC algorithm.
Following the RTOG 0126 protocol, a nine beam IMRT prostate
was planned using the step-and-shoot technique with 53
segments.10–12 The plan was optimised by 95% of the planning
target volume (PTV) coverage with 95% of the prescribed dose
of the 78 Gy with the lowest dose to the bladder and rectum,
respectively. The conformity index value is close to 1, so it is
desirable to calculate the optimum treatment plan based on the
following equation:

CI ¼ V95%

Volume of PTV
(2)

V95% is the volume of PTV covered by at least 95% of the
prescribed dose.

Homogeneity index (HI) has been described in the literature as
a tool for evaluating dose gradients within a PTV. TheHI is defined
as shown in equation 3:

HI ¼ D2% � D98%

D50%
(3)

D2%, D98% and D50% are the received dose by 2%, 98% and 50%
of the target volume, and HI= 0 is a optimum value.

Monte Carlo simulation and validation

The male pelvis phantom was simulated and validated using a MC
simulation, by the code of Electron Gamma Shower developed at
the National Research Council of Canada (EGSnrc). This code was
used to simulate a 3D model of a LINAC gantry head.13 The Elekta
Synergy Agility LINAC was modelled and validated in the recent
publication.14 Default PRESTA parameter for 6 MV photon beam
was utilised with the energy cut-off for the electron, and photon
was fixed to 0·7MeV and 0·01MeV, respectively. The phantom
model was simulated in the EGSnrc code with 0·4 cm voxel size
and was validated using the point dose measurement.

The LINAC model was verified with an ionisation chamber
measurement (PTW farmer ionisation chamber 30,013; 0·6 cm3

sensitive volume) to validate the EGSnrc beam model. One
hundred and sixty-nine slices of the DICOM images were used
to create a 3-D voxelised phantom in an ‘. Egsphant’ file format
to be used in DOSXYZnrc. The CT-CREATE (in-build software)
in the EGSnrc simulation work used the CT-look-up table as given
in the supplementary file (Table A1). The DICOM images in the
TPS and EGSnrc are displayed in Figure 2 (a) and (b), respectively.

Dosimetry analysis

The Monaco TPS was utilised in the IMRT prostate plan, and the
calculated dose on each TLD-100 chip was recorded. The Elekta

Figure 2. CT DICOM image (trans-axial view) at the isocenter point of the hetero-
geneity phantom in MONACO TPS in CT DICOM format. The white dot on the rectum
shows the TLD-100 chip and the rod within the models is the PMMA rod that hold the
organ models together.
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Synergy LINAC delivered the planned dose on the developed
phantom with the TLD-100 chips. The exposed TLD-100 chips
were analysed after 24 h of the post-irradiation using Harshaw
3500 reader. This irradiation of the TLD-100 chips was repeated
three times, and the mean values were used as the relative
measured dose of the TLD-100 calibration.

The phantom validation using the dosimetry comparison is part
of the QA of the treatment delivery. IMRTQA reveals the variation
between the measured dose and the TPS calculation delivered to
the patient target volumes and organs at risk.15 The EGSnrc
Monte Carlo calculation was compared between the XVMC calcu-
lation (TPS) and TLD-100 dose measurement. Additionally, the
off-axis dose on the bladder and rectum was analysed. The dose
difference between the measured and the calculated dose was
calculated as described in equation 4, where Dcalc referred to the
calculated dose in the TPS and TLD-100 chip measurement, while
DMC referred to the EGSnrc MC calculation.

Percentage Differenceð%Þ ¼ Dcalc�DMC

DMC
� 100% (4)

Results

Phantom validation

The developed phantom was analysed based on the electron
density (ED) and the CT number in Hounsfield unit (HU) of
the materials that used to model the male pelvis phantom as shown
in Table 2. The ED difference between the patient and the phantom
was within the range of 0·02–0·06 e cm−3, and the percentage
difference was within 5·78% (Table 2). Table 2 stated the CT

number of materials used to simulate the various organs in the
male pelvis phantom. Based on a literature report, the CT number
was similar to the actual patient.16 However, no huge difference
was found for the phantom. The CT number comparison among
the phantom and the patient agreed to the range between 17·4 and
76·8 HU differences.

The comparison between the density detected in the TPS and
EGSnrc calculation indicates the error bar difference was within
± 5%. The density was measured along a straight line plotted as
shown in supplementary file (Fig. A6). The red line indicates
the CT number, and the hike in the middle reveals that the CT
number of the prostate was higher than the water medium due
to its density.

IMRT plan evaluation

A nine beam IMRT prostate was constructed with the isocenter at
the centre of the PTV in TPS. The PTV coverage was achieved by
96·2% for the 95% of the 78 Gy prescribed dose. The conformity
index was 0·95, and the homogeneity index (HI) was 0·11. The
same plan was replicated in the EGSnrc simulation as shown in
Figure 3 (a) and (b).

TLD-100 chip calibration

The TLD-100 chip dose-response curve was obtained for the dose
range between 2 Gy and 10 Gy. The dose response of the TLD-100
chips for 6MV photon was linear (R2= 0·9906) as depicted in
supplementary file Fig. A,7 and the sensitivity of the TLD-100
was calibrated following the absorbed dose to the water.
TLD-100 chips were labelled and irradiated in the same experi-
mental setup to obtain the individual sensitivity correction factor

Table 2. Physical density and electron density (ED) of the materials used to model the male pelvis phantom. The percentage difference of the ED between the patient
and the phantom material. Mean CT number of the phantom materials and the patient CT number. The patient data and CT number were retrieved from a (Shrotriya
et al., 2018)

Organ
Material
used

Physical
density
(g cm−3)

ED
(e cm−3)

Patient’s
ED

(e cm−3)

ED
difference
(e cm−3)

Percentage
difference (%)

Mean CT
number
(HU)

Patient CT
number
(HU)

Difference
(HU)

Rectum Polyethylene 0·95 0·971 1·0288 0·06 5·78 −48 ± 7 28·8 ± 14 76·8

Bladder Polyethylene 0·95 0·971 1·0245 0·05 5·36 −46 ± 7 24·5 ± 8 70·5

Tissue Perspex 1·04 1·018 1·0364 0·02 1·79 19 ± 8 36·4 ± 12 17·4

Prostate Nylon 1·13 1·062 1·037 0·03 2·38 87 ± 12 31·7 ± 8 −55·3

Figure 3. The transaxial view of TPS dose distribution displayed on the (a) Monaco TPS and (b) EGSnrc.
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defined as in equation 1. The Si expresses the response variation of
each individual dosimeter around the mean. The Si factors ranged
between 0·95 and 1·05 (Supplementary file: Fig. A8). The measure-
ments from the single TLD-100 chip were corrected for the corre-
sponding Si factor.9

Dosimetry comparison

The radiation dose on the target (prostate) and the dose outside-
the-irradiated volume (bladder and rectum) using the MC, TPS
and TLD-100 chips on the phantom were analysed. The measured
dose and TPS calculated dose were compared with the EGSnrc
simulation. The result shows that the measured dose was lower
than for the TPS and EGSnrc calculation on the prostate. The
EGSnrc MC dose difference was within 5% difference, by 4·27%
for the TPS result (Figure 4 (a)) and less than 3·2 % for the
TLD dose measurement (Figure 4 (b)).

In this IMRT treatment plan, the rectum and bladder were posi-
tioned outside-the-irradiated field; thus, the radiation exposure
was not directed towards it. However, both these organs are still
exposed to the photon beam in a low range of radiation (following
the RTOG: ASTRO FEB 2008: Low Risk). The rectum, a region
below the prostate, was analysed following the TLD-100 chip posi-
tion. The TLD-100 chip, TPS and EGSnrc readings were displayed
in Figure 4 (c). The TLD-100 reading was below the 40% difference
than the TPS calculation, and 90% of the reading was below the
40% dose difference between the TPS and EGSnrc. Figure 4 (d)
indicates that the dose difference in the rectum was within 20%,
except for the 7H, 7B and 7G (25·47%, 26·65% and 25·32%) in
TPS, while in EGSnrc, the readings were less than 20%, except
for 7H (36·45%) and 7B (27·71%) points.

The bladder, a region above the prostate (tumour target), was
analysed following the TLD-100, EGSnrc MC simulation and TPS
calculation. The TPS calculation shows that below the 15·22 %
difference, while the TLD dose measurement indicates that the
readings were below the 47·31% difference than the EGSnrc MC
simulation. Figure 4 (e) and (f), the difference in bladder is also
within 9% in TPS calculation, except for the points 8J, 8A and
7C (14·76%, 15·22% and 13·23%). These three TLD-100 points
are located away from the treatment field, and subsequently, the
deviation of the TLD dose measurement is huge. In the meantime,
8J, 7A, 5A, 8B, 8A and 7C were above 9% difference in TLD dose
measurement, which were 33·18%, 47·31%, 34·9%, 16·53%, 30·92%
and 28·25%, respectively.

Discussion

This phantom was designed to imitate the bladder, rectum and
prostate in the male pelvis region. The materials utilised in the
construction of this phantom were based on the International
Commission on Radiation Units and Measurements (ICRU)
report 37 recommendation.17 This phantom was used in this study
as a QA tool to verify the radiation dose calculation by the TPS.

The phantom satisfied the key criteria built up for an inter-
comparison specifically, constructing with respect to a delegate
male pelvis guaranteed the phantom was reasonable in size, life
structures and appropriate for the assessment of the prostate radio-
therapy treatment. The materials were chosen to avoid toxic or
degradable properties and to be solid enough to keep up with
the manufacturer’s material. The materials selected to construct
this phantom were close to the tissue and bone densities
(< 5·78% variation) and recognisable structures in the TPS. The

CT number variation with the maximum was ± 76·8 HU for the
rectum compared to the rectum’s CT number published by
Shrotriya (2018) in the 120 kV energy.16 In another study that
developed a pelvis phantom, the CT number of the materials
was stated as prostate (1·08 ED) 75·72 HU ± 7·16, bladder and
rectum material (0·97 ED) –32·54 HU ± 6 and water (1·0 ED)
1·74 HU ± 10·38 in 140 kVp scanning protocol.18 The result
matched well with the minimum variation for the phantom devel-
oped in this study since the variation of kV energy has a lower
impact on the density less than 1 g cm−3·19

To explicitly model the structure of the linear accelerator, the
MC simulation is one of the precise methods for foreseeing the
absorbed dose distributions which support the estimation of the
clinical outcome. The MC dose computation was a significant
advantage of the MC dose engine over the conventional TPS
due to its lower systematic error in the dose calculation. The veri-
fication of the dosimetry accuracy with the MC simulation
provides a better understanding of the dose in the inhomogeneity
regions. This aiding for more precise treatment in regions that
might have been difficult before by a systematic error in the dose
delivery.20 In addition, because of the absence of electron equilib-
rium, the benefit of MC calculation on dose prediction in areas
where the dose measurements were impracticable or less accurate.
In this study, the EGSnrc MC simulation showed that the density
detected on the TPS was close to the phantom created in the
‘.egsphant’ file with a variance of < ± 5%.

The phantom was designed to position the TLD-100 chips,
where the TLD-100 performs well for the dose measurement in
radiotherapy field.21 In this study, the TLD chips were used in
the IMRT prostate plan for the evaluation. The typical agreement
between the TLD-100 chip measurements and the TPS calculation
values was within ± 5% difference with the exemption of a few
points far off axis, near the high dose gradient region at the surface
of the phantom.18,22

The percentage difference (EGSnrc MC compared with the
TLD-100 and TPS) of TLD-100 in the out-of-field position, where
the bladder was 15·22 % in TPS and 47·31 % in TLD-100, while the
rectumwas 20·07 % and 38·05% in TPS and TLD-100, respectively.
The discrepancy between the TPS and EGSnrc was quite close
because the calculation algorithm was voxel-based Monte Carlo
(XVMC) in Monaco TPS, and the EGSnrc MC algorithms were
developed by the Kawrakow.23 The out-of-field measurements
were in a low-dose region, and as a result, the statistical difference
in the dose measurement was massive relative to the dose received.

The percentage of dose difference in the bladder and rectum
was 58% and 42%, respectively, which passed the 20% dose differ-
ence criteria in TLD-100, while TPS dose differences in both
bladder and rectum were below 20%. In an IMRT TPS dose vali-
dation, the irradiations passed the narrowed TLD-100 with the
dose error of less than 5% with the EGSnrc simulation; however,
the TPS result shows higher dose calculation with the difference up
to 6·5% with the TLD-100, and the significant amount of the fail-
ures was originating from the essentials of the TPS commissioning
itself.24 The accepted difference in the raw response of the indi-
vidual TLD-100 chip from the average of the batch was compared,
and a deviation of less than ± 20% was considered within the toler-
ance level.25 An acceptance of 10% variation was subsequently
considered appropriate for the measurement of the absorbed
dose.26 However, it was recommended by the ICRU that the dose
delivered should be within 5% of the prescribed dose in the target
volume.27 Meanwhile, the Imaging and Radiation Oncology Core
Houston used the 7% criterion for the TLD-100 in the PTV.28,29
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In most of the cases, calculated dose for large dose gradient regions
like the build-up region has high deviation. This is acknowledged
by the TPS commissioning and QA protocols, which recommend
an acceptance limit of up to 20% deviation in these regions. The
TPS overestimated the radiation dose compared to the TLD-100
chip measurements.

The level of accuracy is most important in dose delivered to the
patient, and it is the goal of the radiation therapy. But the fact is
that the accuracy of 2% to 3% of the dose delivered to the patient
is very challenging, especially with today’s advanced technology in

the dose delivery. The principles of tolerability had been defined
based on the IAEA TRS-430, and it is acceptable between 2%
and 5% dose, depending on the tumour location, the beam geom-
etry and the supplementary accessories used in the treatment. The
findings were within the IAEA acceptance limit of 5% in 84% of the
cases, whereas 1·3% had divergences greater than 20%, pointing
out major issues in the dose delivery to the TLD-100 chip.30

TLD-100 dose measurement was based on the TPS calculation,
where EGSnrc was able to calculate the dose without any restric-
tion. Thus, in this study, we found that, in target volume (PTV), the

Figure 4. The measured dose (TLD) and calculated dose (TPS and EGSnrc) for the selected points in (a) prostate, (c) bladder and (e) rectum in the phantom. The relative dose
difference for TPS and EGSnrc was calculated relative to measure dose (TLD) in (b) prostate, (d) bladder and (f) rectum.
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dose calculated by the TPS was delivered exactly by the TLD-100
measurement and was validated by the EGSnrc MC calculation.
However, the dose out-of-field is not predicted well by the TLD
since it is referring to the TPS calculation with the restriction
for the out-of-field. The EGSnrc MC calculation depicted the exact
dose that should be calculated by the TPS, by having a large
deviation.

Conclusion

A novel male pelvis phantom has been established with the ability
to perform a dosimetric evaluation with a 5% dose difference
within the treatment field. The TLD-100 chip measurement was
lower than the calculated dose with a 5% difference in the treat-
ment target region with the closest result to EGSnrc MC.
However, in the out-of-treatment region, the measured dose was
lower than the EGSnrc MC calculated dose by 47·31% and
38·05% in the bladder and rectum, respectively. This concludes
that the out-of-field dose from the EGSnrc and TPS should only
be used with a clear understanding of the inaccuracy of the dose
calculations beyond the edge of the treatment field.

Supplementary Material. To view supplementary material for this article,
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