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ABSTRACT 

 

 
A dosimetric analyzes was performed at breast tissue in which a sodium pertechnetate-

99m
Tc filled balloon 

was placed.  An additional dose booster can be used as a complementary method to the surgical treatment in 

patients with breast cancer. The methodology involved the development of dosimetry in a physical phantom 

and a computational voxel model. Radiochromic films were calibrated providing dose versus optical density 

(OD) response from sample films taken at the surface of the balloon up to 10 cm far with the theoretical dose 

provided by MCNP modeling in water-equivalent model. A voxel model of the breast, developed at the 

SISCODES software, with an filled balloon inside was simulated at the MCNP code in order to generate the 

spatial dose distribution. Spatial dose distributions and the doses at surfaces of the breast, including those 

received in the chest wall, skin and lung were generated. The dosimetric results allow validating the dose in 

the tumor bed and adjacent health tissues. The simulations show that the application of sodium pertechnetate-
99m

Tc implies high dose in the breast tissue adjacent to the tumor and preserves vital adjacent structures. As 

conclusion, the balloon presents itself as a viable option for the adjunctive treatment of breast cancer in 

patients who have appropriate indication. Irradiation with sodium pertechnetate-
99m

Tc generates high doses in 

breast tissue and consequently in the tumor bed. Adjuvant radiation therapy in situ with sodium 

pertechnetate-
99m

Tc balloon has low cost, availability and reduced time of treatment, decreasing the side 

effects of conventional radiotherapy. In progress, the dose versus OD mathematical representation will be 

used to identify absorbed doses at planar film placed at a breast phantom in order to generate maps of breast 

doses. 

 

 

 

1. INTRODUCTION 

 

Radiotherapy applies ionizing radiation for inhibiting growth of neoplasic cells and for 

eliminating clonogenic capacity. Radiation therapy can be performed external to the body 

of the patient (Teletherapy) or internal through the natural cavities or the interstitial tissues 

(Brachytherapy). 

 

Radiotherapy has already established its clinical value in the treatment of breast cancer in 

the early stages as both in early stage or in advanced disease. Radiation therapy reduces 

loco regional recurrence and increases overall survival. Radiation therapy applies daily 

dose fractions of 1,8 to 2,0 Gy accumulating a total dose of 45 to 50 Gy over a period of 

about five weeks, often with an additional local dose performed as reinforcement (boost) in 
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primary tumor area, taken 1 to 1,5 week plus.[1] Side effects of radiation therapy, which 

has been currently employed in breast cancer, can range from skin burn, which is the most 

common, until fatigue, discomfort in the arm, chest pain, heart problems, and 

pancytopenia. 

 

The radiotherapy protocol requires an exact knowledge of the absorbed dose at a set of 

points, as well as the evaluation of the dose at organs of interest. The determination of dose 

distribution at the tissues is essential for an effective treatment for both teletherapy and 

brachytherapy. 

 

The absorbed dose in a material volume can be measured through several physical 

processes based on a variety of detectors. One of these processes is the dose measurement 

by radiochromic films. This procedure can be a good alternative for spatial dose 

measurements. The radiochromic films as radiation dosimetry has been investigated since 

1960s. The recent improvements in film technology made such dosimeter popular in 

radiation therapy. Internal into a double laminar polymer base, there is a chemical 

compound whose polymerization is radiodependent, which acquires a bluish color after 

irradiation. Its sensitive matrix is non granular providing a high spatial resolution. Indeed, 

high dose gradient can be reproduced in few milimeters [2]. 

 

The main advantages of the radiochromic films includes equivalences in mass density with 

soft tissue, high spatial resolution, suitable dose linearity range, low energy dependence 

and no need for revelation [3,4,5]. These films are insensitive to visual light reacting only 

with ionizing radiation. The variation of the red and green intensities at the RGB 

components is dependent of the exposure time. This feature provides the visibilization of 

the absorbed dose, reproduced by different pixel values analyzed in standard imaging 

protocols. 

 

Nuclear particles transport simulations through MCNP has already been applied to 

calculate absorbed dose in computational modeling. A virtual, mathematical or voxel 

model can be applied in this case. The voxel´s models are the virtual representation of a 

whole or part of a patient. The Monte Carlo technique addresses each one of the primary or 

secondary particles generated by a radioactive source transporting it through matter and 

analyzing its nuclear interactions during his life time until his death in some terminal 

event, as absorption, scattering and trail system.[6] 

 

SISCODES computer system is a tool for radiation therapy planning. It operates as a three-

dimensional interface to the MCNP code. This system enables simulating three-

dimensional radiotherapy protocols, taking into account the heterogeneity of the 

anatomical and morphological structures [6]. SISCODES assists in the preparation of a 

voxel model and its conversion into the format used to MCNP-5 code, as well the 

representation of the dosimetry. 

 

In this paper, a new technique for radiation booster at the breast neoplasic site based on a 

temporary implant of balloon filled with sodium pertechnetate-
99m

Tc (Na
99m

TcO4
-
), a 

gamma emitter, placed at the tumor bed in patients who have appropriate indication. The 

aim was to analyze the spatial dose distribution received in the tumor bed and adjacent 

tissues through a computational model and phantoms measurements. 

 

 



2. MATERIAL AND METHODS 

 

The dosimeters were the radiochromic films type Gafchromic EBT2 manufactured by 

International Specialty Products (ISP). According to the manufacturer the active 

component is exposed to radiation and form a blue polymer with maximum absorption 

near 636 nm, and a smaller peak at 585 nm; however, the color of the film appears to be 

green due to the presence of yellow marker covering the active layer of the film. As a 

result, the dose range response is larger in the red light component; however, it is also 

possible to investigate at the green light wavelength. 

 

The radiation source was consisted as an existing silicone balloon filled with radiation 

from a source of Na
99m

TcO4
-
. The Na

99m
TcO4

- 
shows an average energy of 140 keV and a 

half-life of 6 h. The radionuclide was provided by ECOGRAF Medical Clinic. 

 

Ten 1,5 x 0,5 cm pieces of film were sealed and placed in plastic support immersed in 

water, 1 cm away from each other, taken from the surface of the balloon up to10 cm far. It 

was taken care that the guidance and direction of the films were the same for all the pieces 

when they were irradiated and scanned. The set were numbered from the closest as 1 to 10. 

The activity of saline liquid inserted on the silicon balloon was 632mCi in a volume of 

3mL. Exposure of the films was maintained for 24h, equivalent to four half-lives of the 

radioisotope. 

 

The plastic cover, that sealed the sensitized films, was removed. They were scanned on a 

HP scanner, preserving the orientation of the same. The scans were made in transmission 

mode at 300 dpi and 48-bit RGB (Red, Green and Blue), without any color correction and 

adjustment.  

 

The scanned images were analyzed using the reading of the intensity of the red-R, green-G 

and blue-B (RGB) components. ImageDIG program was used to decompose each RGB 

image in their R and G components. The RGB value of each component is established in a 

band ranging from 0 to 255. Therefore the amount of radiation absorbed in the film was 

correlated to the intensity of the component in red and green of the scanned image. 

 

The mean levels of red and green components were used to calculate the optical densities 

at the selected positions in the films sensitized as follow: 
 

d = 𝑙𝑜𝑔
𝐼0

𝐼
 ,    (1) 

 

where d is the optical density (OD) obtained from the log function, in which I0 represents 

the intensity of the red or green component in the unirradiated film and I is the red or green 

ones at the irradiated film. The reading was done by 5 points in each film. The average 

results of the data were used to calculate optical density. The standard deviation of the 

optical densities was also evaluated.  

 

A calibration curve relating optical density at the film with absorbed dose was performed. 

The calibration adjustment was made on the ORIGEN program. At calibration, optical 

density on the surface of the balloon up to 10cm away in water was correlated with the 

dose estimated at the computational model from MCNP, simulating the same experimental 

conditions. 



 

A voxel model of a breast, including various tissues, with the balloon placed into the 

glandular breast tissue was prepared.  The spatial dose distribution was generated with 

through simulations in the SISCODES and MCNP-5 code. 

 

 

3. RESULTS 

 

The spatial distribution of the theoretical and experimental dose was presented on a 

comparative basis. Correlation between dose and optical density was performed from data 

from the calibration films and the computer simulations. The radiochromic films sensitized 

by Na
99m

TcO4
-
  shows distinct exposed areas depicted in Fig.1. 

 
Figure 1- Image films irradiated taken after exposure of 1cm to10 cm (right to left). 

 

The OD values, its standard deviations, and their correspondent absorbed dose are shown 

in Table1. The dose values generated in MCNP were adjusted to an activity of 632 mCi. 

 

 
Table1- OD values, its standard deviation, and dose rate from MCNP (cGy.s-1) and its respective 

accumulative dose in Gy after 24 h exposure, to 632 mCi activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 presents the mathematical correlation of the OD to absorbed dose. In the calibration 

experiment, the optical density and the dose absorbed decreases with the distance from the 

balloon. 

 

DO Deviation(OD) Rate (MCNP) DOSE  

   cGy.s-1   
1,196795 0,07754439  4,01E-04 2,84E+02  
0,482205 0,00878817  6,08E-05 4,31E+01  
0,317271 0,01734468  2,60E-05 1,85E+01  
0,231812 0,02233584  1,47E-05 1,04E+01  
0,181175 0,01152985  9,53E-06 6,75E+00  
0,134239 0,01000775  6,70E-06 4,75E+00  
0,114566 0,01319566  4,96E-06 3,51E+00  
0,084265 0,0050412  3,79E-06 2,68E+00  
0,077242 0,00917485  2,98E-06 2,11E+00  
0,063526 0,00682467  2,37E-06 1,68E+00  



 
Figure2- Curve of the optical density versus dose in Gy 

 

Equation 2 shows the calibration curve as: 

 

D = A d
2
 +B d + C                                                 (2) 

 

where D is the absorbed dose in Gy, d is an arbitrary value of optical density (OD), and A 

is -17.425 (±1.64257), B 211.246 (±1.22685) and C 2.89138 (±0.31693), with R equal to 

0.99999. 

 

Figure 3 shows a section of the voxel model of the breast, generated in the SISCODES 

code, along with a list of equivalent-tissues representative of model. 

 

 

. 

Figure 3 - Four sagittal sections of the voxel model followed by the list of colors and 

equivalent tissues corresponding to the tissue-bank at SISCODES. 

 

A depth dose profile generated by MCNP-5 code for the issuing emitted gamma rays is 

illustrated in figure 4. 
 
 



.  
Figure 4- Depth dose profile at an arbitrary saggital section for the Na

99m
TcO4

- 
filled balloon. 

 

 
Figure5-Sequencial sagittal sections of the breast model with absorbed dose superimposed. 

 

 

The absorbed dose is greater at region closer to the surface of the balloon, involving the 

tumor bed. The maximum dose was obtained as 1.25.10
-4 

Gy.h
-1

.mCi
-1

. The color intervals 

reproduce a percentage range of the maximum value. A dose value exceeding 50% of the 

maximum dose is found close to the balloon surface up to 2 cm distance from the surface. 

Assuming a booster dose of 15 Gy at 2 cm distance from balloon surface, in order to apply 

a boost near the tumor bed, the balloon must be filled with 800 mCi. 

 

 

4. CONCLUSIONS 

 

The present results validates the dosimetry of 
99m

Tc-ballon therapy modality since the 

doses on the tumor and surrounding tissues are equivalent to a booster in breast cancer, 

similar to those received in conventional teleterapy. However, such protocol preserves vital 

structures adjacent to the chest wall, lung and still avoids the frequent burns on the skin. 

This research is in progress. The absorbed dose in the physical breast phantom constructed 

by the NRI research group will be assessing near future. Radiobiological results can be 



anticipated providing the information that a balloon filled with Na
99m

TcO4
-
 with activities 

equivalent to those used in the simulations could control radioresistant cell lines of breast 

cancer in vitro. 

 

This treatmenthasrelatively low cost, highavailability andsignificantly reducedside 

effectscompared toconventional radiotherapy. It also allowsthe treatment to bedone in a 

shorttime intervalavoidingfrequenttripsmadeby patients. AsNa
99m

TcO4
-
isan emittingγ-

rays,cameraimagesare possible to beobtainedto check thepositioningand integrityof the 

balloon.Amultiple discontinuous protocolinvolvingreducedactivitiescan beimplemented. It 

isa minimally invasive procedureandrelatively comfortablefor thepatient who may 

haveappropriate clinical indication. 
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