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Introduction: The aim of this study was to evaluate and measure the effectiveness of a particular
radiotherapy treatment planning system, namely 3D conformal radiation therapy (3D-CRT), and
radiobiological effects in postmastectomy breast cancer axillary lymph metastases using a patient-specific 3D
printed anthropomorphic phantom of the right breast after surgery.

Material and Methods: The chest wall and axilla were the two treatment targets for 3D-CRT planning
techniques. Each target was subjected to variations of two and three irradiation fields, with a dose of 50.00
Gy and fractionation of 2.00 Gy. From the variations, the radiation dose received by planning target volume
(PTV) chest wall, PTV-Axillary, and organs at risk (OARs) was evaluated to determine the best planning
technique through dosimetry verification. The thermoluminescent dosimeter (TLD) 100 Chip and EBT3 film
were employed to measure the radiation dose at the PTV and OARs.

Results: The planning system evaluation based on dose volume histogram showed no significant difference
(p = 0.993) between two and three irradiation fields in both the chest wall and axillary planning 3D-CRT
technique. Normal tissue complication probability for OARs has values below 5%, while the smallest value
was obtained for the left lung. Finally, the point dose verification between planning and measurement using
TLD100 and EBT3 film indicated an average difference of 9.14% and 4.34%, respectively, with no
significant difference.

Conclusion: This study successfully demonstrated the dosimetry evaluation and radiobiological effects of
postmastectomy right breast cancer treatment using a patient-specific 3D printed anthropomorphic phantom,
which met the established standards.
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Introduction

Based on data from the Global Cancer Observatory,
2.29 million women were diagnosed with breast
cancer and 666,103 deaths worldwide in 2022 [1].
This makes it the cancer with the highest risk of death
in women. Breast cancer treatment requires a
multidisciplinary team approach that combines
surgery, chemotherapy, radiation therapy, and
hormone therapy [2]. Although no precise treatment
is designed to Kkill cancer cells, radiation therapy is the
primary cancer treatment, and more than 60% of
cases require radiation therapy. An important aspect
of breast cancer treatment can be minimizing the risk
of regional recurrence and increasing the overall
survival of early and advanced breast cancer after
mastectomy. Radiotherapy aims to deliver the
maximum dose to target cells, and healthy organs
receive the minimum dose simultaneously [3]. The

primary limitation of radiotherapy is damage to
normal cells surrounding the tumor cells [4].
Therefore, planning, technique, and evaluation of dose
delivery should be a significant concern in
radiotherapy.

Irradiation of the chest wall and regional lymph
nodes such as supraclavicular, axillary, and internal
mammary glands is one of the most challenging
radiation strategies as it requires special care to dose
the lungs and heart. Post-mastectomy breast cancer
treatment includes external beam radiation therapy
with three-dimensional conformal radiation therapy
(3D-CRT) and intensity-modulated radiation therapy
(IMRT) techniques. The two planning techniques are
most used for post-mastectomy breast -cancer
treatment [5, 6]. However, 3D-CRT is superior to IMRT
because of its uncomplicated application and ability to
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minimize the contralateral exposure of healthy tissues
in the heart, lungs, and breast to irradiation [5, 7].
Assessment of pulmonary, cardiac, and cutaneous
accurate dose levels is challenging due to variations in
chest wall thickness, and the considerable
heterogeneity in tissue density must be considered in
the treatment plan [8]. This shows that assessing
radiation dose is very important to verify whether the
therapy planning system can provide the expected
dose distribution before being administered to the
patient. The measurement and assessment of the dose
cannot be done directly on the patient as doing so may
harm the patient, and it is impossible to insert a
dosimeter into the patient. This can be done by using
anthropomorphic phantoms that can replace humans.

The phantom is a tissue-mimicking model with
radiation characteristics similar to the mimicked
organ [9]. Thoracic anthropomorphic phantoms
comprise soft tissue, lung, heart, and bones [6,10].
Dose evaluation in targets and healthy organs makes
inserting dosimeters into targets and organs possible
to provide end-to-end validation. Thermoluminescent
Dosimeter (TLD) and EBT3 radiochromic film can be
applied in radiation dose assessment. These two
dosimeters are reliable for verifying external radiation
therapy doses [11, 12]. They include gold-standard
dosimeter programs recommended for quality
assurance of machine calibration, dosimetry planning,
and dose calculation [12]. Butson et al. and
Abdemanafi et al. performed in vitro dosimetry
verification with TLDs using a standard thoracic
anthropomorphic phantom. Their results consistently
showed that the treatment planning system (TPS)
overestimated the dose levels compared to TLD
measurements [12, 13].

Therefore, this study aims to evaluate and quantify
the radiation dose to the planning target volume

(PTV) and organs at risk (OAR) using the radiation
therapy oncology group (RTOG) 0413 guideline, as
well as determine the radiobiological effects on
postmastectomy right-sided axillary lymph metastasis
of breast cancer wusing a specific thoracic
anthropomorphic  phantom. In addition, the
simulation results and actual measurements will be
compared with TLD100 and EBT3 film.

Materials and Methods

Thoracic anthropomorphic phantom for
postmastectomy right breast

The  thoracic  anthropomorphic  phantom  for
postmastectomy breast cancer referred to the registered
patent No. P00202102195 [14] with dimensions of 437
x 3727 x 265.7 mmd Furthermore, the phantom
contains artificial tissues like the spine, ribs, lungs, and
heart. It was cut axially to a thickness of 1.5 cm, and
there were holes for placing the Harshaw chip TLD100
detector, as shown in Figure 1(a) [14].

3D-CRT radiotherapy treatment planning system

The 3D-CRT planning started with creating a virtual
model of an anthropomorphic thoracic phantom using
the Philips Big Bore Brilliance Computed Tomography
(CT) Scanner (Philips Medical Eindhoven, The
Netherlands) containing a tube voltage of 120 kV, a
thickness of 5 mm, and 512 x 512 image matrix.
According to Figure 1(b), while carrying out the CT-
Simulator procedure, the phantom was given a metal
and paper tape marker for adjustment to maintain the
exact positioning during radiotherapy treatment.

Furthermore, the virtual phantom model passed through
a delineation process to determine the boundaries of the
PTV and OARs. This is important for evaluating
dosimetry and radiobiological effects in the treatment
planning system (TPS).

Figure 1. (a) Setting of anthropomorphic phantom placement during CT simulation procedures and radiotherapy treatment. The results of dose
distribution from TPS chest wall planning using (b) two irradiation fields and (c) three irradiation fields with the 3D-CRT technique. The results of
the distribution of dose from TPS axillary planning using (d) two irradiation fields and (e) three irradiation fields with the 3D-CRT technique.
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The TPS was constructed using RayPlan9A software
with multicenter targets known as the chest wall (CW)
and axillary (Ax) plans, which are presented in Figure 1
(b-e). The plan utilized variations of two and three
irradiation fields with a photon energy level of 6 MV
from an Elekta Precise Treatment linear accelerator
(Elekta Solution AB, Stockholm, Sweden) with a dose
fractionation of 2 Gy x 50 referring to RTOG protocol
0413. The settings for each TPS variation in post-
mastectomy breast cancer cases with axillary lymph
metastasis using the 3D-CRT technique are shown in
Tables 1 and 2.

Evaluation of dosimetry and radiobiological effects of
3D-CRT plans

The PTV’s homogeneity index (HI) and conformity
index (CI) parameters were evaluated in this study. The
HI value was determined based on the recommendations
of ICRU Reports 83 [15], while the CI was obtained
using the method proposed by Feuvret et al. [16].

The maximum dose Quantec recommends for organs at
risk (OARs), such as the lung, is an average of 20-23
Gy, with a V20 < 30 — 35%. The heart's dose should be
V25< 10%, while the spinal cord should not receive
more than 50 Gy [17]. RADBIOMOD software was
employed to determine the effects of radiation therapy
treatment on OARs through the probability normal
tissue complication parameter (NTCP) using the
Lyman-Kutcher-Burman (LKB) model [18].

Dosimeters calibration
Two dosimeters used in this study were TLD100
(Harshaw Bicron, USA) and 3 x 2.5 cm? EBT3 film.

Their calibration was carried out by inserting the
dosimeters into a solid water phantom (PTW, Freiburg,
Germany) at a depth of 1.5 cm. The irradiation area was
10 x 10 cm?, and the source axis distance (SAD) was
100 cm. The TLD calibration method was based on the
one described by Liuzzi et al. [19]. The TLD irradiation
process used 0.25 — 2.75 Gy variations in multiples of
0.25 Gy. At the same time, the EBT3 film was irradiated
between 0 and 7 Gy in multiples of 1 Gy. The pixel
values of the EBT3 film were converted to net optical
density (netOD) values using the equation published by
Sipild et al. [20]. Furthermore, the TLD and EBT3 film
readings were presented as calibration curves of
thermoluminescence (TL) signal (uC) and netOD
against the dose absorbed by the solid water phantom (in
Gy). There was an unirradiated dosimeter as a control
for background measurements.

Dosimetry verification between 3D-CRT planning and
actual measurement

Dosimetry verification was carried out using one
fraction of 2 Gy due to the treatment process performed
with fractionation. Additionally, the verification with
point dose was evaluated based on AAPM TG 119 by
comparing the results of 3D-CRT planning and direct
measurement. Both dose measurements were compared
using the equation below [21]:

Dosecalculated - Dosemeasured
X 100

Discrepancy (%) =
Dosemeasured

The scheme for dosimetry verification through
measurement and planning is shown in Figure 2.

Table 1. The set-up of a chest wall (CW) treatment planning system using two- and three-field variations of 6 MV photon 3D-CRT technique
irradiation on a specific anthropomorphic phantom for post-mastectomy breast cancer

. Jaw maximum aperture (cm)
Plan CW Beam  Weight (SCSmD) aigt)ry a%g) gj%ggh MU/fx el X2 Y1 Y2
1 16.2% 96.56 33.8° 0° o° 33.61 -2.03 2.57 -2.30 1.83
2beams -, 83.8% 9819 35870 0° 0° 17391 275 365 229 181
1 56.7% 96.56 33.8° 0° o° 119.85 -2.03 2.57 -2.30 1.83
3 beams 2 245% 9819 358.7° (Q° 0° 51.79 -2.75 3.60 -2.29 1.81
3 18.9% 98.36 312.5° Q° 0° 39.87 -3.27 3.89 -2.27 1.78
Coll: collimator
CW: chest wall

MU/fx : monitor unit per fraction

Table 2. The set-up of an Axillary (Ax) treatment planning system using two- and three-field variations of 6 MV photon 3D-CRT technique
irradiation on a specific anthropomorphic phantom for post-mastectomy breast cancer

. Jaw maximum aperture (cm)
Plan Ax Beam Weight (SCSmD) gigt)ry &%g) gj?el;;h MU/fx el X7 Y1 Y7
1 84.1% 96.35 0° 0° 0° 177.71 -4.43 4.65 -2.40 2.25
2beams -, 159% 9310  180° 0° 00 33.61 -4.43 434 240 225
1 47.2% 96.35 0° o° 0° 102.79 -4.45 4.43 -2.40 2.25
3beams 2 36.9% 93.19 180° 0° 0° 80.26 -4.43 4.67 -2.47 2.25
3 15.9% 95.05 270° 0° 0° 34.64 -4.21 454 -2.43 2.25
Coll: collimator
Ax :axillary

MU/fX : monitor unit per fraction
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Statistical analysis

Statistical analysis was performed using an unpaired
t-test to determine the differences between the models
using R-software (version 2.5.1). With a p-value <0.05,
the results were considered statistically significant. A p-
value > 0.05 indicated no significant difference between
the two models.

The evaluation of dosimeters calibration

Figure 3(a) shows the response curve of the TLD to
dose variations from 0 — 2.75 Gy for a 6 MV photon beam.
A quadratic fitting approach was used to determine the
behavior of the TLD response to several photon doses. The
regression analysis results showed a very high R? value of
0.998. Based on Figure 3(b), at netOD values of 0 — 7 Gy,
the red and green channels had higher netOD sensitivity
than the blue channel. These align with the study
conducted by Ataei et al., 2019; Casanova Borca et al.,
2013 that the red channel had a higher sensitivity than blue
[22, 23].

Evaluation of dose-volume histogram

Figures 4(a) and (b) show that the 100% volume PTV
CW and Ax received the same dose of 35.00Gy from the
prescribed dose. The maximum treatment PTV CW and
AX received using two or three irradiation fields did not
exceed 107% of the prescribed dose. The statistical results
showed no significant difference between using both fields,
with a p-value of 0.993.

Figures 4(c) and (d) show the DVH curves of OARs
from the right breast cancer treatment after mastectomy.
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Figure 2. (a) Irradiation setup of a postmastectomy thoracic anthropomorphic phantom for dosimetry verification in a case of breast cancer with
axillary lymph node metastasis after surgery; schematic showing the position of the dosimeters labeled at each point (b) positioning of the TLD at
each label hole, and (c) EBT3 film over the label holes.

The maximum dose for OARs from the CW and Ax plans
using either two or three-field irradiation was below 14.05
Gy. Except for the right lung from the Ax plan, both
irradiation fields received a maximum dose of 30.90 and
21.79 Gy, respectively. The statistical test showed a
significant difference (p = 0.005) in the Ax planning.
However, the CW plan had no significant difference (p =
0.440).

Evaluation of homogeneity index and dose limitation

The ideal homogeneity index value is close to zero.
Table 3 shows that the TPS HI value significantly differed
from the ideal HI, with p-values of 0.035 and 0.021 for the
Ax and CW plans, respectively. However, the HI value
between the number of irradiated fields was not
significantly different (p = 0.364). Based on the CI for CW
planning, the three irradiated fields showed a difference,
namely, 0.17 greater than the two irradiation fields. The
statistical testing indicated no significant difference
between both field values.

Table 4 shows the results of the analysis of the dose
received by OARs based on Quantec recommendations.
Furthermore, all OARs met the dose limits set by Quantec.
Based on the evaluation of the values of HI, Cl, and dose
limitation, the planning with two or three fields attained the
established standards and the same. Therefore, only the
target point dose and OARs were verified using two fields
on 3D-CRT TPS.
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Figure 3. (a) TLD calibration curve irradiated with 6 MV photons in a dose range of 0.20 — 2.75 Gy. The green line represents the quadratic fitting. (b) The
results of fitting the calibration curve of EBT3 film using the third-order polynomial equation to determine the absorbed dose value of 6 MV photons when

interacting with the material for the allowed dose range were 0 — 7 Gy.
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Figure 4. (a) Comparison of dose-volume histograms of the planning target volume (PTV) of the axillary and (b) comparison of dose-volume histograms of
the pla nning target volume (PTV) of the chest wall with variations in the number of beam fields. (c) Comparison of dose-volume histograms of organs at risk

in planning axillary, and (d) planning chest wall with variation in the number of beam fields.

Table 3. The results of the homogeneity index (HI) and conformity index (CI) calculations of the planning target volume (PTV) using axillary and chest wall

planning with varying numbers of beam fields.

Patients Data Homogeneity Index Conformity Index p-value
Plan Ax (2 fields) 0.351 05

Plan Ax (3 fields) 0314 05 0.001
Plan CW (2 fields) 0.309 0.565

Plan CW (3 fields) 0.289 0.735 0152
AXx :axillary

CW: chest wall
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Table 4. Radiation dose received by organs at risk at Vo (%), Vao (%), and maximum dose of 6 MV photon 3DCRT treatment planning system

Planning Organs Vao(%) Vso(%) Dinax (Gy)
Right Lung 3.782 1.051 30.90
Plan Ax Left Lung 0 0 0.13
(2 fields) Heart 0 0 0.08
Spinal Cord 0 0 0.38
Right Lung 0.137 0.179 21.79
Plan Ax Left Lung 0 0 212
(3 fields) Heart 0 0 0.09
Spinal Cord 0 0 7.52
Right Lung 0 0 1.49
Plan CW Left Lung 0 0 0.07
(2 fields) Heart 0 0 0.07
Spinal Cord 0 0 0.11
Right Lung 0 0 6.91
Plan CW Left Lung 0 0 413
(3 fields) Heart 0 0 0.18
Spinal Cord 0 0 451
Ax: axillary
CW: chest wall

Table 5. Evaluation of radiobiologic effects using normal tissue complication probability (NTCP) of axillary and chest wall planning 3D-CRT technique

Planning Structure l2\| ;Ii-glgs(%) 2‘ ;Ii-glzs(%) p-value
Right Lung 4.202 4.921 0.050
Left Lung 0.567 0.654 0.007

Ax Heart 1587 1587 0.001
Spinal Cord 4979 4977 0.001
Right Lung 4.967 4.908 0.004

cw Left Lung 0.612 0.689 0.027
Heart 1.587 1.587 0.001
Spinal Cord 4977 4977 0.001

The p-value is the result of the t-test obtained by making a comparison with the ideal NTCP value = 0
Ax: axillary
CW: chest wall

Table 6. Comparison of point dose at target and organs at risk between planning and actual measurements using two dosimeters (TLD and EBT3 film)

Planning (Gy) TLD-100 (Gy) EBT3 film (Gy)
Code Target AX cw Total Quadratic %disc  p-value  Rc %disc p-value
Al PTV-CW 0.05 194 199 23575 18.47 1.9901 0.01
A4 OutPTV-CW  0.02 0.20 022 2365 5.40 0.858 0.2627 5.08 0.967
Ab PTV-CW 0.40 1.94 234 25636 9.56 2.4529 4.82
A2 PTV-Ax 1.66 1.20 286  3.0110 5.28 2.8276 113
A7 PTV-Ax 2.06 0.35 241 27515 1417 0533 2.4593 2.05 0.930
A9 PTV-Ax 1.99 0.30 229 23455 242 2.3386 212
A3 Spine 0.02 0.01 0.03  0.0263 12.33 0.0238 1533
A5 Right Lung 0.02 1.01 103  1.1664 6.04 0.968 1.0456 4.95 0.970
A8 Heart 0.01 0.04 005  0.0543 8.60 0.0518 3.60
Disc: discrepancy; Rc: Red channel
Ax: axillary
CW: chest wall

PTV-CW: planning target volume chest wall
PTV-Ax: planning target volume axillary

Table 5. shows the results of the NTCP analysis
conducted using the LKB model for OARs, where the
average complication rate was less than 5%. However, the
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NTCP for planning with three fields was lower than that
for two fields, namely 0.16% (CW plan). For the two-field
Ax plan, the value obtained was 0.20% lower. Based on the
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statistical analysis results, there was no significant
difference (p-value > 0.05).

Comparative evaluation between planned and measured
dose

Table 6 shows the results of the summation of dose for
the Ax and CW plans, and the distribution was above 2 Gy
in the planning target area. The percentage discrepancy of
TLD100 between the measurement and planning ranged
from 2.42-18.47%, and the global average discrepancy
was 9.14%. Meanwhile, the percentage difference between
EBT3 film measurement and planning was 0.01-15.33%,
and the global average discrepancy was 4.34%. Comparing
the two dosimeters, the EBT3 film with red channel
showed a better confidence level than the TLD100 Chip for
verification of point dose per fraction with a p-value =0.9.

Discussion

The most exciting result from Figure 3(a) regarding
the calibration curve was that the curve fit had a linear
behavior below a dose of 1.50 Gy. Additionally, the
TLD response curve showed results in line with
Bahreyni Toossi et al., where the TLD response curves
were linear for doses up to 1.20 Gy. For higher doses,
they were supralinear [24]. From Figure 3(b), the blue
channel had low sensitivity for verification of 2 Gy
doses due to the visible light absorption spectrum of the
EBT3 film being less than that of the red and green
channels. EBT3 film has two different absorption peaks,
one at 633 nm in the red wavelength (600 — 700 nm)
and one around 595 nm in the green wavelength (500 —
600 nm) [25, 26]. Based on AAPM TG 235, dose
analysis with the red channel using the EBT, EBTZ2, and
EBT3 film models with a dose range below 10 Gy is in
good agreement. However, the dose analysis of the red
channel with a dose above 10 Gy is less suitable because
the sensitivity at a higher dose is saturated at some
points above 10 Gy. The analysis of higher doses is well
achieved using the blue and green channels [26, 27].
TLD and EBT film response values significantly affect
dosimetry, specifically in modern high-complexity
radiotherapy treatments, where in vitro dosimetry can be
recommended to improve quality assurance and control.
The calibration curve does not involve variations in the
beam field, incident angle, or air gap, and it can be used
as a reference for future studies.

This study evaluated the dose and radiobiological
effects of 3DCRT radiotherapy for treating
postmastectomy breast cancer with axillary metastases.
The technique was validated with two dosimeters,
namely TLD and EBT3 film. Dosimetry and
radiobiologic parameters assessed the dose to target and
normal tissues. The results of TPS with plans CW and
Ax for variations of two and three fields met the
recommendations of the ICRU Report 50, with a PTV
dose range of 95-107% [15]. The HI and CI parameters
showed the uniformity of the dose received on the PTV
structure’s volume and shape. The type of planning
technique, cancer shape and location, tissue density, and

Iran J Med Phys, Vol. 21, No. 5, September 2024

experience of the medical physicist affect the HI and Cl
values. The HI obtained ranged from 0.289 to 0.351,
lower than the 1.16 obtained by Aras et al. using the 3D-
CRT technique [28]. The CI values for Ax and CW
planning were 0.5 and 0.735, respectively. In addition,
the HI values obtained were close to those of more
advanced radiotherapy planning techniques. From the
study conducted by Xie et al., the HI values of
volumetric modulated arc therapy (VMAT), intensity
modulated radiation therapy (IMRT), and tomotherapy
planning techniques were 0.1. Mixed beam therapy
planning had a HI value of 0.2 for postmastectomy
breast cancer treatment planning [29]. The HI difference
between VMAT, IMRT, and tomotherapy techniques
with the results obtained is 0.189, and mixed beam
therapy is 0.089. The best HI value is the HI value that
is close to zero or has many zero decimal digits. This
shows that the HI value of the 3DCRT technique is
considered because it has HI that is close to the
advanced radiotherapy technique. The NTCP results for
the heart and left lung are 1.587 and 0.654, with the
lowest complication rates compared to other OARs.
This is because the heart and left lung are far from the
treatment target. The dose received may be due to
secondary scattering that occurs internally. The NTCP
results for the right lung showed the highest NTCP
value of 4.9. The study results by Xie et al. [29]
obtained an NTCP value of 3.8 which is smaller than the
study results for the same case. This difference can
occur due to the multileaf collimator (MLC) factor in
Xie et al.'s research using a dynamic type of MLC,
meaning that the MLC can adjust the target shape
accurately and computerized. This study uses a static
type of MLC so that the target shape adjustment is done
manually. Overall, the NTCP value for heart and left
lung complications should have been lower than 5% to
avoid the effects of organ dysfunction [30].

Furthermore, tumor control and patient condition
must be considered. The results showed no significant
difference in the NTCP value of the right lung between
the two or three field plans, namely, below 5%, with a
p-value > 0.05. These are consistent with Zhang et al.,
who obtained 4.1% for the ipsilateral lung using the
IMRT technique [31]. The dose limitation evaluation
results met the OARs dose-limiting standard
recommended by Quantec [17]. The 3D-CRT technique
can be wused as a radiotherapy treatment for
postmastectomy breast cancer with axillary lymph
metastases in the Ax and CW areas.

During the TPS dose evaluation, the right lung
received a dose between 0.06 and 1.24 Gy per 2 Gy
fraction. This is important because such a dose can
increase the risk of secondary cancer development.
Point dose measurements in the lung area using TLD
obtained a mean discrepancy of 9.14%. Meanwhile,
Abdemanafi et al. 2020 obtained a discrepancy of 4.46%
from the measurement of lung dose with TLD100 [13].
Point dose measurements in the lung area using EBT3
film have an average discrepancy of 4.34% from the
TPS. This discrepancy can be possible from the
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calibration uncertainty factor between the dosimeter and
Linac, the reader’s calibration factor, and the uncertainty
of the TLD and EBT3 film position. Furthermore, the
discrepancy between the planned and measured dose
was due to increased secondary radiation to the tissues
within the treatment area. This condition was caused by
artifacts or air gaps in the phantom and variations in the
phantom material density, which can increase the
Compton interaction. The dose difference from the plan
was at -11.8% and similar to the previous study by
Higgins et al. Spatially, high-energy photons of the MV
range can cause measurement differences of more than
10% for the calculated values [32]. The presence of a
scattering dose received by the detector, where only a
portion of the diode is illuminated, can cause
considerable uncertainty of 5 - 10% in the response
between the planned and measured dose. This is in line
with Alaei et al. [33], who found that the influence of
the radiation angle affected the detector’s sensitivity,
which initiated measurement inaccuracies. However,
this study obtained promising results, with an average
percentage difference of < 10%.

Measurements obtained with the EBT3 film had
more minor differences than TLD values compared to
the TPS results. Although EBT3 cannot be reused like
TLD after irradiation, it is easy to use and has an
accessible reader. Comparison of the results of the two
detectors, showing dose measurements on a case-
specific anthropomorphic phantom of postmastectomy
breast cancer with axillary metastases, there is a
significant difference between TLD and EBT3 film
readings. Good measurement results were obtained in
dose readings with EBT3 film. EBT3 film can be cut
into different shapes and sizes to customize the
measurement site on the phantom or the patient. In
addition, EBT3 film includes 2D dosimetry, has a high
spatial resolution, can be read repeatedly, and is not
sensitive to light, which may make it a better dosimeter
than TLD [34]. The limitation of this study is that the
dose measurement was performed using a phantom and
has not been used on patients. This study’s in vitro
dosimetry evaluation using a specific anthropomorphic
phantom produced results that were close to real-life
clinical treatment. However, organ movement and
breathing variability were not considered.

Conclusion

This study conducted the dosimetry evaluation and
measurement of 3D-CRT Radiotherapy Treatment
Planning and analysis of radiobiological effects. A
specific  thoracic anthropomorphic  phantom for
postmastectomy right breast cancer with axillary lymph
metastases was used for the experiment, both TPS and
direct measurement. Furthermore, verification of point
dosimetry between TPS and actual measurements using
TLD100 and EBTS3 film obtained a good match with a
global difference of 9.14% and 4.34% from the
planning. Facts showed that quality assurance and
control with specific phantoms had been successfully
carried out and proven. Anthropomorphic phantoms are

321

vital in quality assurance and control procedures or in
developing other techniques.
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