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ABSTRACT
Obijective: Radiation dose calculations in the prostate brachytherapy practices have very high importance in terms of the success of treatment.
The purpose of the present study is to determine whether there is a significant dose difference between the radiation dose calculations
performed in water medium and prostate cancer-diagnosed patients by using the Monte Carlo method.
Methods: The radiation dose calculations were performed on 20 prostate patients by using the BrachyDose Monte Carlo code. Phantom
geometry derived from real patients computed tomography (CT) data was created to use in dose calculations. Water material was assigned to
all voxels within the prostate volume for dose comparison with CT derived phantom. *?| (Amersham, OncoSeed, 6711), 1°*Pd (Theragenics Co.,
TheraSeed, 200) and **!Cs (IsoRay Medical) commercial brachytherapy seed models were used in dose calculations.
Results: It was observed that there are significant dose differences between the water medium and the prostate tissue. The differences
between D90 dose values in prostate tissue and water medium were calculated as 7.2-10.5%, 9.1-13.4% and 5.4-8.3% for 1°|, 1%Pd and 3'Cs
brachytherapy seed sources, respectively.
Conclusion: It was concluded that material compositions of different organs and tissues in the human body should be considered for more
accurate brachytherapy dose calculations.
Keywords: Brachytherapy, prostate cancer, tissue composition, Monte Carlo, brachydose

\_ J

1. INTRODUCTION

Low dose rate (LDR) permanent seed sources have been used
frequently in the treatment of early-stage prostate cancer
(1). In the dose results of brachytherapy seed sources used
in the treatment of such cancers, the choice of appropriate
dosimetry and dose calculation formalism is very important
issue in terms of patient dose. Because the dominant
interaction type is the photoelectric effect in brachytherapy
seed sources such as *?°l, 1Pd and 'Cs, tissue heterogeneity-
induced dose differences need to be considered in the
treatment planning systems (TPS) for sensitive dose
calculations (2,3). The I, pd and *!Cs brachytherapy
seed sources are often preferred in permanent prostate
cancer brachytherapy. However, high dose rate (HDR) *2Ir
radioactive sources are used especially in cervical and breast
cancers.

The dose calculation formalism recommended by the Task
Group No. 43 (TG-43) report of the American Association

of Physicists in Medicine (AAPM) is used to obtain dose
distributions in tissue or organs in current brachytherapy
TPSs (4). One of the basic assumptions of this formalism
is that the infinite and homogeneous water phantom can
be used instead of tissue and organ materials. According
to AAPM TG-43 report, the dose distributions are
2-dimensional, and this formalism is still used in determining
the dosimetric characteristics of brachytherapy sources. So
far, in the literature, there have been various studies carried
out on water and tissue mediums related to low-energy
brachytherapy seed sources (5,6). The dose values in some of
these studies were calculated by using the dose calculation
formalism recommended by the TG-43 report of AAPM.

Task Group No. 186 (TG-186) report of AAPM on model-
based dose calculation algorithms (MBDCAs) has been
recently published to calculate precise dose values in
LDR brachytherapy dosimetry, which was developed as
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an alternative to the TG-43 formalism. In this report,
photoelectric cross-sectional effect and scattering conditions
for different mediums were analyzed with high precision in
brachytherapy dose calculations (7). The TG-43 formalism is
predominantly a good approximation method in high-energy
photon interactions where Compton scattering occurs. It has
been shown in studies that the dominant interaction type
is the photoelectric effect and whole-body tissues cannot
be accepted as water equivalent, when considering the
photon energies (< 100keV) emitted from brachytherapy
seed sources. It has been known that there are substantial
dosimetric differences between the actual dose delivered
to the patient and the dose values calculated using TG-
43 formalism during treatment planning because the
photoelectric cross-section is proportional to the effective Z
value (8).

Unlike TG-43 formalism, MBDC algorithms can perform
sensitive brachytherapy dose calculations with Monte Carlo-
based simulations in a heterogeneous tissue based on real
patient data. However, this approach is not yet used in
LDR *?|, 13pd and **'Cs brachytherapy applications in TPS.
Therefore, Monte Carlo simulations are needed to evaluate
the dose differences between MBDCAs, and TG-43 based
dose calculations. The MBDCAs using computed tomography
(CT) data allow more precise dose calculations in different
mediums such as inhomogeneous tissue and water since
the data information about the mass density of each voxel
and elemental composition of the mediums are available
in the Monte Carlo method and other model-based dose
calculation algorithms. Using the CT data in anatomical
imaging and brachytherapy treatment planning can provide
accurate density information for each voxel using the electron
density of the tissue and the Hounsfield Unit (HU) calibration
curves (9). Thus, the Monte Carlo simulation technique
is proposed as an alternative to accurately transport low-
energy photons emitted from seed sources in CT-based real
patient geometry (10). Dose calculations in other studies
were made on virtual phantoms and were prepared with
the help of the information obtained from the CT data of
real patients. The obtained results showed that the dose
distributions in different tissue phantoms are different from
the dose values obtained from the water phantom, and the
elemental composition variations had a direct effect on the
brachytherapy dosimetry. Therefore, it is still a matter of
debate in the literature that the TG-43 formalism is preferable
in brachytherapy dose calculations in the TPSs (11,12).

The aim of the present study is to determine whether there
are significant dose differences between prostate tissue
and water medium in LDR prostate brachytherapy using
BrachyDose code Monte Carlo simulation.

2. METHODS

Theradiationdose calculationsinthis study were performed by
using the Monte Carlo technique, and the phantom geometry
was obtained from CT images of patients diagnosed with 20
prostate cancer. The dose differences were calculated and

compared between the prostate tissue and water medium
for 123, 193pd and 3!Cs multiple brachytherapy seed sources.
The phantom data were obtained from the CT images which
are in the digital imaging and communications in medicine
format (DICOM) and resized to be used in dose calculations
effectively. Material information and mass density values of
each organ and tissue were estimated by the reinterpretation
of HU values at each point in the CT images. To do this, a
calibration curve was used (13,14). In addition, HU numbers
obtained only from patient data depend on the anatomical
components of tissues and tissue density for each patient.
Information about the medium material and XCOM cross-
section values of different interaction types were obtained
by the (Elektron Gama Shower national research center)
EGSnrc data preparation program (15).

The brachytherapy seed source models used for dose
calculations in this study are the LDR brachytherapy seed
sources such as %I (Amersham, OncoSeed, 6711), °Pd
(Theragenics Co., TheraSeed, 200) and **'Cs (IsoRay Medical)
(16-18). The Yegin’s multi-geometry technique was used in
the creation of the complex geometries of the brachytherapy
seed source models used in the Monte Carlo particle
transport calculations (19).

BrachyDose Monte Carlo code which is a model-based dose
calculation algorithm was performed as a dose calculation
tool. BrachyDose program uses a track length estimator
calculating the kerma value by collecting the particle tracks in
a certain volume to estimate the absorbed dose (20). 5x10%
photon histories were used during each simulation to reduce
statistical error below 2.0%. Photon cut-off energy was
taken as 1.0 keV in all dose calculations. Rayleigh scattering,
photoelectric absorption, bound Compton scattering, and
the characteristic X-rays released from K and L shells of
related atoms were taken into consideration in Monte Carlo
particle transport.

Phantom materials were defined as D (TG-43) for the water
phantomand Do (TG-186) for the prostate tissue. To perform
Monte Carlo particle transport simulations, brachytherapy
multi-seed sources were placed into the prostate tissue and
homogeneous water phantom in all dose calculations. In
addition, different scenarios were produced using a different
seed source model each time. In each scenario, radiation dose
distributions in the patient’s body were calculated separately
for 1%, 13pd and 3!Cs brachytherapy multi-seed sources. In
this study, dose calculations were performed using CT images
of patients diagnosed with prostate cancer. To perform
brachytherapy patient dose calculations, CT section images
were resized to calculate patient dose more accurately.
Therefore, voxel sizes of the phantom were reconstructed as
0.3x0.3x0.1cm? cubic voxels in 91x91x27 cm? cubic volume.
Then, brachytherapy multi-seed sources were placed into the
prostate volume in a 3-D grid of 1.0 cm spaced combination.
During the simulation process, to minimize the dose that
the urethra should be exposed to a minimum, particular
attention was paid to the fact that the location of the
seed sources in prostate tissue could not coincide with the
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volume of the urethra. By choosing a convenient point in
the prostate volume, where the dose gradient is minimized,
the dose value at this point was normalized considering the
dose distributions within the prostate volume. This study was
conducted with approval from the Ethics Committee of the
Necmettin Erbakan University, Faculty of Meram Medicine in
Turkey (Approval number: 15/176).

AD (%) Vwoand V. clinical dosimetry parameters for prostate
tissue and water medium, and dose homogeneity index (DHI)
in prostate tissue volume were calculated through equations

2.1 and 2.2, respectively (21).

Dwater—Dprostate

AD(%) = —— x100 2.1
DHI = V—lu;l_:;ﬁu 2.2

Considering the TG-43 dose calculation formalism used in
current TPS, the CT-based prostate patient phantoms were
converted into a water equivalent homogeneous phantom.
According to the idealized TG-43 formalism, D (TG-43)
dosimetric procedures in homogenous water ' phantom
geometry were performed under the same conditions with
CT-based prostate brachytherapy, and dose distributions
were obtained from different multi-seed sources.

3. RESULTS

Figures 1-3 show the obtained isodose distributions using
CT data of the prostate patient in a plane where multiple
brachytherapy seed sources are sequenced. Dose to critical
organs such as bone, bladder, and rectum, which were
exposed to 125 Gy and higher dose for different seed
sources, water and prostate tissue received in the same
transverse plane is also illustrated in these figures. As a result
of the calculations, it was observed that the differences in
the dose distributions calculated at the same points in the
prostate tissue and water medium for '°*Pd seed source were
less when compared to *| and **!Cs seed sources.

Figure 1. Isodose curves for ?°| source. Monte Carlo dose calculations
are carried out (a) in full D, water medium (b) in patient body
which is made up of D, tlssue materials.

Figure 2. Isodose curves for %Pd source. Monte Carlo dose
calculations are carried out (a) in full D, e Water medium (b) in
patient body which is made up of D, t/ssue materials.

Figure 3. Isodose curves for *'Cs source. Monte Carlo dose
calculations are carried out (a) in full D, water medium (b) in
patient body which is made up of D t/ssue ' materials.

Dose differences were calculated and compared between
the prostate tissue and water medium for ?°I, *®Pd and
131Cs multiple brachytherapy seed sources. Dose volume
histograms (DVHs) with maximum dose differences between
20 patients are shown in Figures 4, 5 and 6, respectively.
According to the results obtained from DVHs, it was observed
that there are significant dose differences between the water
medium and the prostate tissue. The minimum D, values
for prostate tissue and water medium were calculated as
7.2-10.5%, 9.1-13.4% and 5.4-8.3% for %I, 13Pd, and **!Cs
multiple brachytherapy seed sources, respectively. Since the
energy emitted from the ©Pd brachytherapy seed source is
about 30 keV, the photoelectric cross-section is dominant
in this low dose range, and the D, difference due to tissue
composition mostly occurs from this seed source.

Figure 4. Dose volume histogram obtained from the D ww water
medium and the D prostate tissue for the Amersham OncoSeed
6711 1251 brachytherapy seed source

el 0 1% mn 3 M0 30 40

Figure 5. Dose volume histogram obtained from the D W water
medium and the D_  prostate tissue for the Theragenics Co.
TheraSeed 200 *%Pd brachytherapy seed source

£

Figure 6. Dose volume histogram obtained from the D, water
medium and the D_  prostate tissue for the IsoRay Medical 3'Cs
brachytherapy seed source

V., and V . values for prostate tissue were obtained on

DVHs, and dose homogeneity index (DHI) was calculated
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for different brachytherapy seed sources. DHI values were
calculated as 0.28-0.54, 0.23-0.45 and 0.34-0.62 for %7,
103pd, and *31Cs seed sources, respectively (Table 1). Since the
DHI parameter is dependent on the V, - and V.. dosimetric
parameters, this value is around 0.5 depending on the
V.. / V. __ratio. However, it is ideally desired to be 1 in the

150 100
treatment planning system.

Table 1. Percentage dose differences between values of D,
calculated in prostate tissue and water medium for the %1, 1pPd and
131Cs brachytherapy seed sources

Percentage (%) dose differences

Brachyth
rachytherapy between D, prostate tissue
seed sources o k
and D, water medium
1251 7.2-10.5% 0.28-0.54
103pg 9.1-13.4% 0.23-0.45
BiCs 5.4-8.3% 0.44-0.62

D, : Dose covering 90% of volume; DHI: Dose Homogeneity Index

In the dose calculations performed by sequencing the #°I,
103pd, and 3!Cs multiple brachytherapy seed sources to the
same coordinates of the prostate tissue and water phantom,
significant dose differences were observed in transverse
sections due to the difference of water phantom and prostate
composition. Isodose distributions of water medium and
prostate tissue in a slice are shown in Figure 7-9.

Figure 7. Dose distribution pattern obtained in the same transverse
section of prostate tissue and water medium for *?*| brachytherapy
seed source

Figure 8. Dose distribution pattern obtained in the same transverse
section of prostate tissue and water medium for *Pd brachytherapy
seed source

Figure 9. Dose distribution pattern obtained in the same transverse
section of prostate tissue and water medium for **'Cs brachytherapy
seed source

4. DISCUSSION

When considering photon energies (< 100keV) released by
brachytherapy seed sources, the dominant interaction type
is the photoelectric effect. So, whether whole body tissues
will be accepted as equivalent to the water is debated in the
literature (22). The LDR seed sources are frequently used in
permanent prostate brachytherapy. Especially in prostate
brachytherapy due to the tissue composite, the photoelectric
cross-section is dominant, so the dose distributions of
LDR sources were examined in the study. In this study,
the effect of phantom material compositions on the dose
values calculated for prostate tissue and water medium was
precisely investigated with a model-based dose calculation
algorithm by considering TG-43 and TG-186 reports.

In prostate, breast and gynecology brachytherapy treatment
planning systems, treatment planning is still carried out
according to the AAPM TG-43 dose calculation formalism.
However, some shortcomings in this formalism increase
the need for using model based TG-186 dose calculation
formalism in routine brachytherapy treatment planning
systems. D (TG-43) water medium and D_  (TG-186) CT-
based prostéte tissue medium showed signific'ant differences
in 2-dimensional dose distribution patterns and minimum
D,, values obtained from DVHs. Dose differences on the
minimum D, values for prostate tissue and water medium
were calculated as 10.5%, 13.4% and 8.3% for *|, %Pd and
181Cs multiple brachytherapy seed sources, respectively.
These minimum D, dosimetric values obtained from prostate
tissue and water medium for different brachytherapy seed
sources were found to be compatible with the literature
(23,24). Until now, there have been various studies in
the literature that were carried out on both D water
medium and D, . Prostate tissue regarding LDR 'multiple
brachytherapy seed sources recommended in the reports of
TG-43 and TG-186. In these studies, Chibani and Williamson
calculated the difference between D, dose values in
prostate and water medium for | and '°*Pd seed sources
as 6% (25). Carrier et al. calculated the differences between
water medium and prostate tissue as 4.4-4.8% for the D,
(26). Landry et al. calculated that D90 differences are up to
4% for prostate tissue and water medium. They also showed
that dose distributions in prostate tissue differ from water
and are influenced by density, mean tissue composition, and
patient-to-patient composition variations (27). Landry et al.
calculated as 8-9% the difference between D, dose values in
prostate and water medium for %I and Pd brachytherapy
seed sources (28).

In all these studies, when the dose distributions in the
prostate tissue phantom were compared to the dose
values obtained in virtual water phantoms such as TG-
43, dosimetric differences due to composition variations
occurred. In addition, the effect of dose differences
induced tissue compositions has been demonstrated to be
important in permanent implant prostate brachytherapy
patient simulations by using multi-seed sources (29). The
use of dose calculation algorithms such as Monte Carlo
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in brachytherapy TPSs should be supported to obtain the
sensitive dose values in tissue and water medium. The use
of CT-based simulations, which contain detailed information
about anatomical structures instead of water phantoms such
as the idealized TG-43, can reduce dosimetric uncertainties
in the brachytherapy treatment planning process due to
tissue compositions. In addition, Monte Carlo model-based
dose calculation algorithms can provide high dose accuracy
in brachytherapy dosimetry.

Alimitation of our study is that we only investigated the effect
of the composition structure related to CT-based prostate
tissue and water phantom on dose distributions using
different LDR multiple brachytherapy sources. However,
in further studies, it is necessary to consider not only the
medium composition effect but also dosimetric parameters
such as inter-seed effect and source positioning for multiple
seed implant applications.

In addition, the dose homogeneity values depending on the
V., and V.. parameters for the **'Cs brachytherapy source
within the prostate target volume were better compared to
1251 and 3pd, and our results were found to be compatible
with the literature (30).

We also observed that prostate brachytherapy isodose
distributions have high dose values in bone tissue and its
vicinity. Considering the dose distributions obtained in
Fig. 1-3 for »|, 9pd and 3!Cs multi-seed sources, it was
concluded that the dose distributions obtained by using the
TG-43 formalism were inadequate in determining sensitive
dose distributions especially in the vicinity of the bone region
where heterogeneity was dominant. Based on the TG-43 and
TG-186 recommendations, there are not enough studies
in the literature regarding high radiation dose values that
bone tissue may be exposed to in prostate brachytherapy
(31,32), and this deficiency of literature can be investigated
in further studies. Our results showed that TG-43 based
dose calculations are quite insufficient for accurate dose
estimation including tissue compositions. Therefore, it was
concluded that MBDCAs in TPS can contribute to precise
brachytherapy dose calculations by taking such effects into
account. It was concluded that rearrangement of TG-43-
based dose calculations to take organ and tissue materials
into account or use of Monte Carlo-based dose calculation
programs that take these effects into consideration in
treatment planning systems is necessary for precise and
accurate dose calculations.

Study limitations: In this study, the effects of tissue
composition on dose distributions in the prostate medium
were investigated. In future studies, it is necessary to
examine the dose distribution in tissues such as the breast
where tissue composition is dominant.

5. CONCLUSION

The dose simulation results calculated by the BrachyDose
Monte Carlo code in this study make a significant contribution
totheliteratureregarding the transition from TG-43 to MBDCA

in clinical systems for sensitive dose calculations based on
the effect of tissue composition. So, it was concluded that
MBDCAs should certainly be considered for more accurate
dose calculations in TPSs.

Acknowledgments

The author is thankful to Professor Gultekin Yegin, from
Manisa Celal Bayar University for his continuing support and
encouragement. The numerical calculations reported in this
paper were partially performed at TUBITAK ULAKBIM, High
Performance and Grid Computing Center (TRUBA resources).

REFERENCES

[1] Holm HH, Gammelgaard J. Ultrasonically guided precise
needle placement in the prostate and the seminal vesicles. J
Urol 1981;125:385-387.

[2] Chibani O, Williamson JF, Todor D. Dosimetric effects of seed
anisotropy and interseed attenuation for 103Pd and 125l
prostate implants. Med Phys 2005;32:2557-2566.

[3] Demarco JJ, Smathers JB, Burnison CM, Ncube QK, Solberg TD.
CT-based dosimetry calculations for 1251 prostate implants. Int
J Radiat Oncol Biol Phys 1999;45:1347-1353.

[4] Rivard MJ, Coursey BM, DeWerd LA, Hanson WF, Hug MS,
Ibbott GS, Mitch MG, Nath R, JF Williamson. Update of AAPM
Task Group No. 43 Report: A revised AAPM protocol for
brachytherapy dose calculations. Med Phys 2004;31:633-674.

[5] Thomadsen BR, Williamson JF, Rivard MJ, Meigooni AS.
Anniversary paper: Past and current issues, and trends in
brachytherapy physics. Med Phys 2008;35:4708-4723.

[6] Mobit P, Badragan |. Dose perturbation effects in prostate
seed implant brachytherapy with [-125. Phys Med Biol
2004;49:3171-3178.

[7]1 Beaulieu L, Tedgren AS, Carrier JF, Davis SD, Mourtada F,
Rivard MJ, Thomson RM, Verhaegen F, Wareing TA, Williamson
JF. Report of the Task Group 186 on model-based dose
calculation methods in brachytherapy beyond the TG-43
formalism: Current status and recommendations for clinical
implementation. Med Phys 2012;39:6208-6236.

[8] DeMarco JJ, Wallace RE, Boedecker K. An analysis of MCNP
cross-sections and tally methods for low-energy photon
emitters. Phys Med Biol 2002;47:1321-1332.

[9] Kilby W, Sage J, Rabett V. Tolerance levels for quality assurance
of electron density values generated from CT in radiotherapy
treatment planning. Phys Med Biol 2002;47:1485-1492.

[10] Carrier JF, D’amours M, Verhaegen F, Reniers B, Martin AG,
Vigneault E, Beaulieu L. Postimplant Dosimetry Using a Monte
Carlo Dose Calculation Engine: A New Clinical Standard. Int J
Radiat Oncol Biol Phys 2007;68:1190-1198.

[11] Yu Y, Anderson LL, Li Z, Mellenberg DE, Nath R, Schell MC,
Waterman FM, Wu A, Blasko JC. TG 64 Permanent prostate
seed implant brachytherapy. Med Phys 1999;26:2054-2076.

[12] Oliveira SM, Teixeira NJ, Fernandes L, Teles P, Vieira G, Vaz
P. Tissue composition and density impact on the clinical
parameters for 125I prostate implants dosimetry. Phys Med
2014;30:799-808.

[13] Bazalova M, Beaulieu L, Palefsky S, Verhaegen F. Correction of
CT artifacts and its influence on Monte Carlo dose calculations.
Med Phys 2007;34:2119-2132.

Clin Exp Health Sci 2021; 11: 769-774

DOI: 10.33808/clinexphealthsci.884245



Dosimetric Investigation in Prostate Brachytherapy

| Original Article |

[14]

[15]

[16]

[17]

(18]

(19]

[20]

(21]

[22]

(23]

Ghorbani M, Salahshour F, Haghparast A, Moghaddas TA,
Knaup C. Effect of tissue composition on dose distribution
in brachytherapy with various photon emitting sources. J
Contemp Brachytherapy 2014;6:54—67.

Storm L, Israel HI. Photon cross sections from 1 keV to 100
MeV for elements Z=1 to Z=100. At Data Nucl Data Tables
1970;7:565-681.

Dolan J, Li Z, Williamson JF. Monte Carlo and experimental
dosimetry of an 1125 brachytherapy seed. Med Phys
2006;33:4675-4684.

Monroe JI, Williamson JF. Monte Carlo-aided dosimetry of
the Theragenics Theraseed® Model 200 103Pd interstitial
brachytherapy seed. Med Phys 2002;29:609-621.

Wang J, Zhang H. Dosimetric characterization of model Cs-1
Rev2 cesium-131 brachytherapy source in water phantoms
and human tissues with MCNP5 Monte Carlo simulation. Med
Phys 2008;35:1571-1579.

Yegin G. A new approach to geometry modeling for Monte
Carlo particle transport: An application to the EGS code
system. Nucl Instrum Methods Phys Res B 2003;211:331-338.
Taylor REP, Yegin G, Rogers DWO. Benchmarking BrachyDose:
Voxel based EGSnrc Monte Carlo calculations of TG-43
dosimetry parameters. Med Phys 2007;34:445-457.

Sahgal A, JabbariS, Chen J, Pickett B, Roach M, Weinberg V, Hsu
IC, Pouliot J. Comparison of Dosimetric and Biologic Effective
Dose Parameters for Prostate and Urethra Using 131Cs and
1251 for Prostate Permanent Implant Brachytherapy. Int J
Radiat Oncol Biol Phys 2008;72:247-254.

Oliveira SM, Teixeira NJ, Fernandes L, Teles P, Vaz P. Dosimetric
effect of tissue heterogeneity for 125| prostate implants. Rep
Pract Oncol Radiother 2014;19:392-398.

Collins Fekete CA, Plamondon M, Martin AG, Vigneault E,
Verhaegen F, Beaulieu L. Calcifications in low-dose rate prostate

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

seed brachytherapy treatment: Post-planning dosimetry and
predictive factors. Radiother Oncol 2015;114:339-344.

Sina S, Faghihi R, Meigooni AS. A comparison of the dosimetric
parameters of Cs-137 brachytherapy source in different
tissues with water using Monte Carlo simulation. Iran J Med
Phys 2012;9:65-74.

Chibani O, Williamson JF. MCPI©: A sub-minute Monte Carlo
dose calculation engine for prostate implants. Med Phys
2005;32:3688-3698.

Carrier JF, Beaulieu L, Therriault-Proulx F, Roy R. Impact of
interseed attenuation and tissue composition for permanent
prostate implants. Med Phys 2006;33:595-604.

Landry G, Reniers B, Murrer L, Lutgens L, Gurp EBV, Pignol JP,
Keller B, Beaulieu L, Verhaegen F. Sensitivity of low energy
brachytherapy Monte Carlo dose calculations to uncertainties
in human tissue composition. Med Phys 2010;37:5188-5198.
Landry G, Reniers B, Pignol JP, Beaulieu L, Verhaegen F. The
difference of scoring dose to water or tissues in Monte Carlo
dose calculations for low energy brachytherapy photon
sources. Med Phys 2011;38:1526-1533.

Mashouf S, Safigholi H, Merino T, Soliman A, Ravi A, Morton
G, Song WY. Sensitivity of clinically relevant dosimetric
parameters to contouring uncertainty in postimplant dosimetry
of low-dose-rate prostate permanent seed brachytherapy.
Brachytherapy 2016;15:774-779.

Yang R, Wang J, Zhang H. Dosimetric study of Cs-131, 1-125,
and Pd-103 seeds for permanent prostate brachytherapy.
Cancer Biother Radiopharm 2009;24:701-705.

Ye AY, Conway J, Peacock M, Clarkson PW, Lee CH, Simmons C,
Weir L, McKenzie M. Secondary sarcoma of bone post-prostate
brachytherapy: A case report. Can Urol Assoc J 2014;8:8-10.
Gershkevitsh E, Rosenberg |, Dearnaley DP, Trott KR. Bone
marrow doses and leukaemia risk in radiotherapy of prostate
cancer. Radiother Oncol 1999;53:189-197.

How to cite this article: Aras S. The Investigation of Tissue Composition Effects on Dose Distributions Using Monte Carlo Method in
Permanent Prostate Brachytherapy. Clin Exp Health Sci 2021; 11: 769-774. DOI: 10.33808/ clinexphealthsci.884245

Clin Exp Health Sci 2021; 11: 769-774

774

DOI: 10.33808/clinexphealthsci.884245



