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ABSTRACT

According to the World Health Organization, breasbplasia is the main cause of death by cancernmem
worldwide. The major challenge of radiotherapydigleposit the entire prescribed dose homogenemislyhe
target volume, sparing the surrounding tissue.hia tontext, this paper aims to reproduce oppgsitallel
fields applied to breast tumors in a thoracic pbantin order to estimate experimentally the spatiase
distribution. The simulator with synthetic breastmposed of equivalent tissue material (TE), wavipusly
developed by the NRI Research Group (UFMG). Thenfdma was scanned on a computer tomography (CT)
previously. The radiotherapy planning systems (TiAShe thoracic phantom was performed in the EGHP
system of Varian Medical Systems. The irradiatieas reproduced in the Varian Linear acceleratorgdeho
SL — 20 Precise, 6 MV energy. The experimental desiic distribution was generated through radioofico
films positioned within the glandular equivalersstie of thoracic phantom. The dosimetric resultasmesd in
the film were compared to those predicted by teatment planning system. The findings suggestedna n
uniform distribution in the breast due to its amayoand the presence of risk organs in the neighimath
However, the doses reached the recommended vall&0afGy with variations between 180 up to 220 cGy.

1. INTRODUCTION

According to the World Health Organization (201dneast cancer is the main cause of death
induced by this disease in women worldwide [1]. léwer, it has a good prognosis if it is
associated with early detection and proper treatnj2h Radiotherapy is one of the
therapeutic modalities for the treatment of thispiasia.

The breast radiotherapy can be curative or palkaflhe planning in radiotherapy involves a
series of procedures, aiming the location of theadu volume, target volume and the
homogeneous quantification of the prescribed dogkd treated volume [3].

The principal challenge of radiotherapy in cancetd deposit the entire prescribed dose
homogeneously in the target volume, sparing theoaading tissue. Due to the anatomy of
the chest wall, breast radiotherapy is particulahgllenging because it is difficult to achieve
a homogeneous prescribed dose distribution on dh#pletely glandular tissue. In addition,
there are organs at risk in their surroundingshsag the lungs, heart and the contralateral
breast. Indeed, those organs should receive dasksvaas possible to avoid early and late
complications [4].
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Technological imaging advances have improved thagrdisis. However, despite the
numerous benefits obtained by the new technologhesequipment used must pass a strict
quality control.

Hence, the dosimetry in breast and surrounding nsrgaxposed in radiotherapy is of
paramount importance. In addition, the knowledgdhef doses is required for dosimetric
validation on the radiotherapy planning and in dlese fractions achieved on the irradiation
sections. Physical simulators can help in thisdalon process. Therefore, materials that
absorb and spread to ionizing radiation similathite human body, named phantom, may
become important tools in radiotherapy validatioocess [5].

Radiochromic films have also been employed for nrapdose in patients. Such films have a
composition which polymers change color accordmnthe radiation dose received [6].

The aim of this paper was to reproduce two opposérllel fields used in the breast
radiotherapy in a thoracic phantom in order to ea the spatial dose distribution,
comparing to a therapy planning system (TPS).

2. MATERIALSAND METHODS

2.1. Thoracic phantom

The phantom used in this experiment was previodsheloped by the research group NRI
[7, 8, 9], depicted on Figure 1. This phantom shomstrics shapes and chemical
compositions similar to a human body, whose contiposivas prepared based on the ICRU
report No. 44 [5].

Figure 1. Thoracic phantom.
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2.2. EBT2film calibration

The Gafchromic EBT2 film is an inexpensive tooligasd to be used in dosimetry applied
to radiotherapy and diagnostic radiology. Developmd International Specialty Producct
(ISP), EBT2 film can be used in most existing teathgies in radiotherapy, and can be used
to measure a wide dose range from 1 cGy to 40 Gyirjéorder to achieve its proper use,
both EBT2 films as other detectors must be caldstaiThis process allows to find the
relationship between the absorbed dose impartetherfilm and its optical density. This
relationship can be plotted as a curve, calledraton curve [10].

For the calibration process, a group of ten segsnemtthe film EBT2 was irradiated
(3.0x 3.0 cr) in a 6 MV linear accelerator from Varian (Vari8L - Precise 20). The
irradiation was performed on a water phantom. Timesfwere placed at depths of 9.5 and
19.5 cm, with a source surface distance (SSD) 6fcf in a 10 x 10 cm field, as shown in
Figure 2.

Figure 2. Water phantom and support used in the
calibration of thefilms.

The absorbed doses measured by the radiochrommdrfithe depths of 9.5 cm and 19.5 cm
were calculated by multiplying monitor units by tpercentage depth dose. It ranged from
O up to 499, 7 cGy.

After irradiation, the films exposed in the watdraptom were digitalized. The reading of
EBT2 films was held at the HP Scanjet G4050 scanperating in transmission mode. The
Scanned films were separated into RGB channelgyubia software Image J. Since the
absorbance spectra of the active component of gafcth EBT2 has peaks at 636 nm, the
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films has the sensitivity maximized by measuremeith red color channel [6]. The mean
intensity of each irradiated film was measuredhim ited color channel and the optical density
was associated with absorbed dose. The Equatiefiried the optical density.

DO= log (k/l) 1)

Where b is the intensity in RGB in the film not irradiatednd | is the intensity in the
irradiated film.

2.3. Simulation and phantom irradiation

The Eclipse Varian's software from Varian Medicalstems was used to carry out the
radiotherapy planning in the phantom. This plannirag based on the protocol suggested by
the radiation oncology group of the Uberlandia HadgUberlandia, MG).

The Computed Tomography (CT) images, saved in DICfONhat, previously generated
were used for feeding of radiotherapy planning eayst The total area scanned was
184.5 cmz?, with slices of 2.00 mm thick, totaling Slices [9]. The volume to be irradiated
and the prescribed dose were defined, which wasrdated by applying a dose of 180 cGy
in tumor volume, in which 100% of the dose filldtetplanned target volume (PTV) with a
normalization to the dose curve 100 % in the istereriThen, two film segments were
partially inserted into of the thorcacic phantomiathshall receive a single fraction dose of
180 cGy from target volume. The selected targetgrgage was 100 %.The left breast was
the interest organ in the planning system. Two sppoparallel fields were used, both
measuring 16 x 8 cm delivered a dose of 90 cGy.each

3. RESULTSAND DISCUSSION

3.1. Film calibration curve and dosimetric analysis

After dose and optical density evaluation for tee talibration films, one calibration curve
was performed and the values were mathematicajlystatl by a second-degree polynomial
function, Eq. (2). The adjustment provides coedints to obtain an equation that relates the
absorbed dose to the optical density of the cdldomdilms.

y = Intercept + BX + Bpx? (2)

Figure 3 presents the graphic representation ddtexju2, showing their coefficients.
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Figure 3: Calibration curve obtained in thered channdl.

Later, the radiochromic films placed onto the bremsre evaluated. The optical densities
were converted to dose and the spatial dose distvits were plotted (Figures 4 and 5).

Figure4: EBT2 film dosimetric distribution in cGy.
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Figure5: EBT2 film dosimetric distribution in cGy.

The radiotherapy planning was performed in ordedefiver the most homogeneous dose as
possible in the target volume defined on the TP @ recommended value of 180 cGy
achieved in a irradiation dose fraction. Howeuee, figures 4 and 5 show a dose range to the
full extent of the film of 60 cGy to 220 cGy. Netleeless, we must consider that one part of
the film was inserted into the glandular tissue andther was placed out. The equivalent
skin tissue is the separation border of the glaardidsue and the air. In air, the film received
40 cGy up to 160 cGy of dose, and glandular tissaeived a dose ranging of 180 cGy up to
220 cGy. A hot spot higher than 260 cGy is obsemgalthe glandular tissue.

Borges C. et al. [4] qualifies breast radiotherasy particularly challenging, because the
anatomy of the chest wall and the existence of rrgat risk in its surroundings make
difficult to obtain a homogeneous dose. This wasfiomed by the spatial dose distribution
found in the films of this experiment.

Portions of the films placed outside of the phantoad lower doses. This effect can be
explained by the build-up effect, in which high-emebeams exhibit the maximum dose in a
point deeper into the tissue, or in this case & ghantom. The region between the surface
and the point of maximum dose is callimse build-up regionThis effect is clinically known

as skin-sparing effectFor high voltage beam, dose on the surface ishniawer than the
maximum level in the tissue, which is beneficialeef, it saves the skin surface of the
patient [11].

Both films showed hot spots, at doses higher tt&hGy. Butsoret al. [12] describes that
microscopic and macroscopic changes may occureiutiformity of the film due to several
factors. Microscopic variations can affect the gpaesolution. This is a determining factor
in the exhibition or not of the nonuniform pointor example, at high spatial resolutions
defective points that would not be noted at lowohgsons end up being evident. This effect
in our experiment may have caused the expressidrobgpots in the film. Devic &t al.
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[13] recommends applying a correction in these "laxiels. Thompson [14] has chosen to
present these points in their work and discuss them

3. CONCLUSION

The generation of a homogeneous dose in the heeadlifficult task due to its anatomy and
the presence of risk organs in the neighborhootta#t been shown that breast doses had
variations between 180 up to 220 cGy, when comptiréde recommended planning of 180
cGy at 100 %. Furthermore, hot spots were founthenfilm, which can be explained by
differences in uniformity on the film. A larger amdore accurate study is being conducted in
the definition of uncertainties, in relation to echot spots and the doses received in the skin.
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