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ABSTRACT 

 
Currently, there is a need to produce new therapeutic techniques for the treatment of prostate tumors, 

considering the high incidence of the disease and significant morbidity rates associated with surgery and 

radiotherapy. Simulations in brachytherapy produce essential information about the efficiency and dosimetric 

efficacy compared to other techniques. Computational simulation by Monte Carlo method has been used to 

evaluate the absorbed dose and effective dose in radiotherapy and radiology. Virtual, analytical or voxialized 

phantoms are useful in the internal assessment of the spatial distribution of absorbed dose. This study estimated 

the efficiency of dosimetry by parameters of merit generated from volumetric distributions of absorbed doses 

simulating various spatial distributions of Ho-166 seeds in a prostate model. A computer model of voxels was 

developed, using the code SISCODES (Computational System for Dosimetry by Neutrons and Photons by 

Stochastic Methods applied to radiology and radiotherapy), representative of a real physical simulator 

predefined as a calibration method. The virtual model reproduced a cubic box, filled with muscle equivalent 

tissue (TE), where a 5-cm diameter ball with TE-prostate was positioned 2-cm from the air interface. A Ho-166 

seed distribution, produced by 16 filet-implants distributed regularly (10-mm pitch) containing 04 separate 8-

mm seeds, was employed. Two pitchs were considered: 9 and 10 mm, with same distance between seed in a 

fillet. Based on SISCODE database of chemical composition of tissues and nuclear data, The code allowed the 

association of nuclear and chemical data to the voxels of the model, by the selection of the tissue of each voxel, 

as well as the positioning of the sources and their spatial distribution and spectra. The code MCNP5 simulated 

the transport of photons and electrons in the model, generating the energy deposited per unit mass in each voxel 

for photons in MeV.g-1 and energy absorbed in MeV for beta-rays, Auger electrons, gamma rays and X-rays, 

whose value was converted to Gy (J.kg
-1

.p
-1

) per unit of particle p emitted by the source. The spatial dose 

distributions were obtained for each of the seed distributions studied. The following parameter-of-merit were 

evaluated: maximum dose values. The parameters were compared between the simulated groups. It was possible 

to evaluate the distribution most appropriate to the treatment of prostate cancer, which has been shown to be a 

function of the injected seed activity. 
 

1. INTRODUCTION 

 

Brachytherapy is a term used to describe a short-range radiation treatment provided by small 

sealed radionuclide sources. Sealed sources are positionned directly within or close to the 

target volume [1]. Then, the dose is continuously deposited either over a short period of time 

(temporary implants) or over time of the lifetime of the radionuclide (permanent implants). 

The physical advantage of brachytherapy treatments compared to external beam radiotherapy 

is the possible improvement of the dose distribution in the target volume, thereby obtaining a 

more localized dose. The disadvantage is that brachytherapy can be used only in cases in 

which the tumor is well confined and relatively small. Several aspects should be considered 
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when brachytherapy treatments are done. Most important is how the sources are positioned 

relative to the treated volume. The most common sources of brachytherapy emit photons; 

however, in some special situations beta and neutron emitting sources are usefull. 

 

Prostate cancer, among Brazilian men, is the second most lethal cancer, according to the 

National Cancer Institute [2]. Considering the high incidence of the disease and significant 

morbidity rates associated with the currently used therapeutic methods, it is necessary to 

improve the therapeutic techniques for the treatment of prostate tumors. The generation of 

dosimetric data in brachytherapy with seeds of Ho-166 will allow advances in the knowledge 

of this technique. It is expect to launch it as an alternative to conventional I-125 

brachytherapy, with consequent improvement in the quality of life of the patients. 

 

Computational simulation by Monte Carlo method (MC) has been used to calculate absorbed 

dose and effective dose in radiology and radiotherapy [3,4,5]. It is also used in comparative 

studies involving computational and experimental dosimetry [6,7]. In order to calculate the 

absorbed or effective dose, it is necessary to elaborate a virtual segmented model, or calling 

voxel model in which voxel is a volumetric image elements covering a three-dimensional 

space. It can be said that voxel phantoms constitute the virtual representation of a patient 

[8,9]. The Monte Carlo technique accompanies each of the primary or secondary particles, 

generated by a radioactive source, during its emission until its disappearance in some 

terminal event, such as absorption, scattering and scaping of the system. 

 

The present work aims to estimate the efficiency of dosimetry by merit parameters generated 

from volumetric distributions of absorbed doses simulating various spatial distributions of 

Ho-166 seeds in a prostate model. 

 

 

2. METHODOLOGY 

 

A virtual simulator was created, reproducing a 9 cm side acrylic cubic box filled with 

equivalent muscle tissue (TE-muscle), containing a sphere of 5 cm diameter of prostate 

equivalent-tissue (TE-protate), positioned on the Z axis 2 cm away from the surface (air-

muscle interface). This simulator was implemented in the computational systems SISCODES 

[10] and MCNP. 

 

Two pre-plans were considered. The prostate was the prescribed target volume - PTV. Two 

spatial seed distributions were tested. Due to symmetry, the simulation met the XY quadrants, 

with X positive. The two spatial distributions present a set of 40 seeds in the prostate in a half 

space (X>0), consisting of 8 fillets (linear set of seeds in the Z-direction), with vertical 

spacing of 8 mm between seeds in the fillets (Fig. 1). The fillets were distributed in the XY 

plane in the regular rectangular reticulated form containing four fillets each. In the 

rectangular cross-section in XY, a spacing equidistant between 9 mm and 10 mm fillets was 

assumed. Fillets begin on the surface of the prostate gland. Thus, the internal fillets were 

positioned 4 mm deep in relation to the external ones, allowing diferent z-position between 

seeds of different fillets at the level of the XY plane. The system was replicated 

computationally, obeying the symmetry in the X-Z plane, thus totaling 80 implanted seeds. 

Each distribution was exported from the SISCODES code to the MCNP code. 
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Figure 1: Distribution of the fillets in an arbitrary XZ-plane and respective pitch. 

 

Discrete X-ray, Auger and gamma-ray emission sources and continuous beta-emission 

distributions from the Ho-166 seed were evaluated and established. The code was run for the 

four types of emitting-sources. Auxiliary programs were created to simulate these 

distributions in the MCNP-v5 code, with the help of the SISCODES computer system. These 

programs simulated and added the dose distribution provided by electrons, photons and X-

rays, obeying their respective spatial and energy distributions, respecting their respective 

emission probabilities, and taking into account the spatial distribution of emissions defined 

by the cylindrical geometry of 1.6 mm length and 0.5 mm diameter of Ho-166 seeds. Seed 

ceramic material and TE compositions were considered. The spatial dose distributions for 

each component and total were generated and plotted in images, normalized from 0 to 100% 

for their respective maximum doses, corresponding to their respective positions (beta, gamma 

or X-ray) 

 

. 

3. RESULTS 

 

3.1 Process of decay and emission of Ho-166 seed 

 

Ho-166 is produced by the activation of Ho-165 during the interaction with thermal and 

epithermal neutrons. The Ho-166 radionuclide decays preferentially by emission of β
-
 

particles, with a half life of 26.8 h, becoming the stable Er-166. The β
-
 emitted particles have 

maximum energy of 1855 keV and average energy of 665 keV (Fig. 2). In the decay, γ-

emission with energies of 80.57 keV and 1379 keV (Table 1), and X-rays with energies 

defined by Table 2, are also emitted. The dose distribution around the source depends on the 

physical properties of the isotope, including the activity of the source, the geometric 

configuration, the mass density of the source and the presence or not of a encapsulation [11]. 
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Table 1: Ho-166 gamma emissions, normalized to unit. 

 

Energy (MeV) Yield 

0,08060 0,83536 

0,18440 0,00025 

0,52090 0,00004 

0,67400 0,00242 

0,70530 0,00163 

0,78590 0,00148 

1,26340 0,00017 

1,37940 0,11578 

1,44780 0,00012 

1,52840 0,00002 

1,58190 0,02328 

1,66250 0,01494 

1,74990 0,00345 

1,83050 0,00106 

 

 

Table 2: Ho-166 X-ray emissions, normalized to unit. 

 

Energy (MeV) Yield 

0,00615 0,00723 

0,00691 0,01853 

0,00695 0,16691 

0,00706 0,00323 

0,00775 0,00228 

0,00781 0,15021 

0,00791 0,00186 

0,00794 0,00362 

0,00819 0,03338 

0,00909 0,0267 

0,00939 0,00072 

0,00943 0,00106 

0,04773 0,00008 

0,04822 0,16802 

0,04913 0,29765 

0,05548 0,0311 

0,05567 0,06009 

0,05605 0,00114 

0,05714 0,0202 

0,05731 0,00601 
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Figure 2: Auger electron and beta-particle emission spectrum from Ho-166  

 

For the calculation of spatial dose distributions, it was necessary to perform the sum of data 

generated for each emission component: X-rays, Auger electrons, beta emissions and gamma 

emissions.  

 

3.2 Spatial distributions of the normalized-doses in the prostate model 

 

The spatial distributions of both the partial and the total doses were normalized through the 

maximum doses. An example of the maximum doses used in the normalizations for the 9 mm 

distribution is shown in Table 3, with respective emission percentages of their respective 

components in relation to the normalized emission spectra. 

 

Table 3 - Percentage of emissions of each component, and maximum doses obtained in 

each simulation referring to each emission component. 

 

 

 

 

 

 

 

The partial normalized dose distributions for the photons, obeying the two fillet pitchs, is 

presented in Fig. 3 and Fig. 4. 

 

Component 
Percentage of 

Yield 

Maximum dose 

(MeV/g) 

Gamma-ray 8 0,0004675 

X ray 17 0,0050276 

Beta and Auger Electrons 1 0,0083060 
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Figure 3: Comparative partial normalized dose distributions from gamma-ray 

emissions taken on the X-axis, plane YZ, for 9 and 10 picthes. 

 

 

 
 

Figure 4: Comparative partial normalized dose distributions derived from X-ray 

emissions taken on the X-axis, plane YZ, for 9 and 10 picthes. 
 

Thus, in the partial dose distribution of photons (ranges and X-rays), as expected, a closer 

seed distribution provided a hotter spatial dose distribution. The total dose distributions are 

shown in Fig. 5. 
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Figure 5: Comparative dose distributions from the sum of all emissions, taken on the 

plane YZ, cross-section at X axis, and plane ZX, cross-section at Y axis, with a distance 

of  3 cm from origen, at the middle of the distance of two groups of filets, to 9 and 10 cm 

pitches. 

 

The maximum doses found for the 9-mm and 10-mm pitches were 0.330389 MeV and 

0.384235 MeV. The 9 mm distribution resulted in a good overlap of the PTV with a 

prescribed dose of 40% of the total percentage-normalized dose igual to 70 Gy. The 10 mm 

distribution also presented a good overlap of the PTV with a prescribed dose of 20% of the 

total percentage-normalized dose  igual to 70 Gy. 

 

4. CONCLUSIONS  

 

The two distributions presented good overlap of the PTV with a suitable dose, offering a 

prescribed percentage-normalized dose at least 40% to 9 pitch and 20% to 10 pitch. It means 

that the seed activity shall be evaluated as the double to 10 pitch configuration, in relation to 

the 9 ptich configuration.  
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