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Abstract
Background: A custom-built head phantom has the potential as a dosimetric phantom in brain radiotherapy. Materials and
Methods: Computed tomography (CT) was used to scan the phantom with CT data imported to treatment planning system
(TPS) for dose computation. The dose prescription was pre-determined to deliver 300 cGy per fraction to the isocenter of
the beam. 6 MV photon with parallel-opposed technique was used in this work. Absorbed dose computed in planning target
volume (PTV) and organ at risks (OARs) were computed, and comparison was made with Monte Carlo (MC) Geant4
Application for Tomographic Emission (GATE). Results: The result demonstrates a close proximity of computed dose for
TPS and GATE with a 1.6 % discrepancy for the PTV, with less than 1 % statistical uncertainty for GATE. The dose
measured by TPS for most of the target of interest was in close proximity with the dose measured in MC. Conclusion: This
study revealed the potential of MC GATE simulation in the dosimetric evaluation and verification of the treatment planning. ©
2025 Novin Medical Radiation Institute. All rights reserved.

Author Keywords
brain radiotherapy;  Dosimetry;  GATE;  Monte Carlo simulation;  treatment-planning system

References
Bilimagga, RS, Nirmala, S, Rishi, KS, Janaki, M, Ponni, A, Rajeev, A
Role of palliative radiotherapy in brain metastases
(2009) Indian J Palliat Care, 15 (1), pp. 71-75. 

Antonadou, D
Current treatment of brain metastases
(2005) Bus Brief Eur Oncol Rev, 

Souza, VGP, de Araújo, RP, Santesso, MR, Seneda, AL, Minutentag, IW, Felix, TF
Advances in the molecular landscape of lung cancer brain metastasis
(2023) Cancers, 15 (3), p. 722. 

Tsao, MN, Lloyd, N, Wong, R, Chow, E, Rakovitch, E, Laperriere, N
Whole brain radiotherapy for the treatment of multiple brain metastases
(2006) Cochrane database Syst Rev, (3), p. CD003869. 

Siker, ML, Mehta, MP
Radiation for brain metastases
(2007) Cancer Treat Res, 136, pp. 91-115. 

Nevelsky, A, Ieumwananonthachai, N, Kaidar-Person, O, Bar-Deroma, R, Nasrallah, H,
Ben-Yosef, R
Hippocampal-sparing whole-brain radiotherapy using Elekta equipment
(2013) J Appl Clin Med Phys, 14 (3), p. 4205. 

5/15/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1920921117&eid=2-s2.0-105004306981&sort=&clicked… 1/4



Fielding, AL
Monte-Carlo techniques for radiotherapy applications I: introduction and overview
of the different Monte-Carlo codes
(2023) J Radiother Pract, 22, p. e80. 

Jan, S, Santin, G, Strul, D, Staelens, S, Assié, K, Autret, D
GATE: a simulation toolkit for PET and SPECT
(2004) Phys Med Biol, 49 (19), pp. 4543-4561. 

Jan, S, Benoit, D, Becheva, E, Carlier, T, Cassol, F, Descourt, P
GATE V6: a major enhancement of the GATE simulation platform enabling modelling
of CT and radiotherapy
(2011) Phys Med Biol, 56 (4), pp. 881-901. 

Agostinelli, S, Allison, J, Amako, K al, Apostolakis, J, Araujo, H, Arce, P
GEANT4—a simulation toolkit
(2003) Nucl instruments methods Phys Res Sect A Accel Spectrometers, Detect Assoc
Equip, 506 (3), pp. 250-303. 

Tantaoui, M, Krim, M, Ghazi, I, Sobhy, Z, Kaanouch, O, Moutaoukkil, A
Authentication of a 6 MV varian clinac 2100 using the monte carlo simulation
platform GATE/GEANT4
(2021) Hunan Daxue Xuebao/Journal Hunan Univ Nat Sci, 58, pp. 9-17. 

Bosse, C, Narayanasamy, G, Saenz, D, Myers, P, Kirby, N, Rasmussen, K
Dose calculation comparisons between three modern treatment planning systems
(2020) J Med Phys, 45 (3), pp. 143-147. 

Radaideh, KM
A custom made phantom for dosimetric audit and quality assurance of three-
dimensional conformal radiotherapy
(2017) J Sains Nukl Malaysia, 24 (1), pp. 48-58. 

Zuber, SH, Hashikin, N, Mohd Yusof, MF, Hashim, R
Lignin and Soy Flour as Adhesive Materials in the Fabrication of Rhizophora spp.
Particleboard for Medical Physics Applications
(2020) J Adhes, 98 (5), pp. 429-448. 

Zuber, S, Hashikin, N, Yusof, MFM, Aziz, MZA, Hashim, R
Influence of different percentages of binders on the physico-mechanical properties
of Rhizophora spp. particleboard as natural -based tissue-equivalent phantom for
radiation dosimetry applications
(2021) Polymers (Basel), 13 (11), p. 1868. 

Zuber, SH, Yusof, MFM, Hashikin, NAA, Samson, DO, Aziz, MZA, Hashim, R
Rhizophora spp. as potential phantom material in medical physics applications – A
review
(2021) Radiat Phys Chem, 189, p. 109731. 

Zuber, SH, Hashikin, NAA, Mohd Yusof, MF, Hashim, R
Physical and mechanical properties of soy-lignin bonded Rhizophora spp.
particleboard as a tissue-equivalent phantom material
(2020) Bio-Resources, 15 (3), p. 5558. 

Zuber, SH, Hashikin, NAA, Mohd Yusof, MF, Aziz, MZA, Hashim, R
Characterization of soy-lignin bonded Rhizophora spp. particleboard as substitute
phantom material for radiation dosimetric studies - Investigation of CT number,
mass attenuation coefficient and effective atomic number
(2021) Appl Radiat Isot Incl data, Instrum methods use Agric Ind Med, 170, p. 109601. 

5/15/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1920921117&eid=2-s2.0-105004306981&sort=&clicked… 2/4



Papanikolaou, N, Battista, J, Boyer, A, Kappas, C, Klein, E, Mackie, T
(2004) Tissue inhomogeneity corrections for megavoltage photon beams, 
AAPM Report No. 85, Task Grou 65 of the Radiation Therapy Committee of the American
Association of Physicists in Medicine

Brennan, SM, Thirion, P, Buckney, S, Shea, CO, Armstrong, J
Factors influencing conformity index in radiotherapy for non-small cell lung cancer
(2010) Med Dosim Off J Am Assoc Med Dosim, 35 (1), pp. 38-42. 

Prescribing, I
(1993) Recording and reporting photon beam therapy, 
ICRU Report 50. Bethesda, MD Int Comm Radiat Units Meas

Shaw, E, Kline, R, Gillin, M, Souhami, L, Hirschfeld, A, Dinapoli, R
Radiation Therapy Oncology Group: radiosurgery quality assurance guidelines
(1993) Int J Radiat Oncol Biol Phys, 27 (5), pp. 1231-1239. 

Schneider, W, Bortfeld, T, Schlegel, W
Correlation between CT numbers and tissue parameters needed for Monte Carlo
simulations of clinical dose distributions
(2000) Phys Med Biol, 45 (2), p. 459. 

Chetty, IJ, Rosu, M, Kessler, ML, Fraass, BA, Ten Haken, RK, Kong, FMS
Reporting and analyzing statistical uncertainties in Monte Carlo-based treatment
planning
(2006) Int J Radiat Oncol Biol Phys, 65 (4), pp. 1249-1259. 

Zuber, SH, Hashikin, NAA, Mohd Yusof, MF, Hashim, R
Investigation on Suitable Coating Material for Soy-lignin bonded Rhizophora spp.
Particleboard for Medical Physics Applications
(2020) Bioresour, 15 (4), p. 7404. 

Reynaert, N, van der Marck, S, Schaart, D
(2006) Monte Carlo Treatment Planning—An Introduction, 
Nederlandse Commissie Voor Stralingsdosimetrie

Sechopoulos, I, Rogers, DWO, Bazalova-Carter, M, Bolch, WE, Heath, EC, McNitt-Gray,
MF
RECORDS: improved Reporting of montE CarlO RaDiation transport Studies: Report
of the AAPM Research Committee Task Group 268
(2018) Med Phys, 45 (1), pp. e1-e5. 

Schlachter, M, Raidou, R, Muren, LP, Preim, B, Putora, PM, Bühler, K
State-of-the-Art Report: Visual Computing in Radiation Therapy Planning
(2019) Comput Graph Forum, 38, pp. 753-779. 

Feuvret, L, Noël, G, Mazeron, J-J, Bey, P
Conformity index: a review
(2006) Int J Radiat Oncol Biol Phys, 64 (2), pp. 333-342. 

Salimi, M, Abi, KST, Nedaie, HA, Hassani, H, Gharaati, H, Samei, M
Assessment and comparison of homogeneity and conformity indexes in step-and-
shoot and compensator-based intensity modulated radiation therapy (IMRT) and
three-dimensional conformal radiation therapy (3D CRT) in prostate cancer
(2017) J Med Signals Sens, 7 (2), pp. 102-107. 

Jabbari, K, Azarmahd, N, Babazade, S, Amouheidari, A
Optimizing of the tangential technique and supraclavicular fields in 3 dimensional
conformal radiation therapy for breast cancer
(2013) J Med Signals Sens, 3 (2), pp. 107-116. 

5/15/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1920921117&eid=2-s2.0-105004306981&sort=&clicked… 3/4



Arora, RD, Cascella, M
Palliative radiation therapy for brain metastases
(2021) Treasure Island (FL), 
StatPearls Publishing; 2023 Jun 4

Monti, AF, Ostinelli, A, Frigerio, M, Cosentino, D, Bossi, A, Cazzaniga, LF
An ICRU 50 radiotherapy treatment chart
(1995) Radiother Oncol, 35 (2), pp. 145-150. 

Papanikolaou, N, Battista, J, Boyer, A, Kappas, C, Klein, E, Mackie, T
(2004) Tissue inhomogeneity corrections for megavoltage photon beams, 
AAPM Report No 85; Task Grou 85; Task Grou 65

Chin, DWH, Treister, N, Friedland, B, Cormack, RA, Tishler, RB, Makrigiorgos, GM
Effect of dental restorations and prostheses on radiotherapy dose distribution: a
Monte Carlo study
(2009) J Appl Clin Med Phys, 10 (1), pp. 80-89. 

Spirydovich, S, Papiez, L, Langer, M, Sandison, G, Thai, V
High density dental materials and radiotherapy planning: comparison of the dose
predictions using superposition algorithm and fluence map Monte Carlo method
with radiochromic film measurements
(2006) Radiother Oncol, 81 (3), pp. 309-314. 

Gagne, I, Zavgorodni, S
Evaluation of the analytical anisotropic algorithm (AAA) in an extreme water-lung
interface phantom using Monte Carlo dose calculations
(2007) J Appl Clin Med Phys, 8 (1), pp. 33-46. 

Hodapp, N
The ICRU Report 83: prescribing, recording and reporting photon-beam intensity-
modulated radiation therapy (IMRT)
(2012) Strahlenther Onkol, 188 (1), pp. 97-99. 

Wright, JL, Yom, SS, Awan, MJ, Dawes, S, Fischer-Valuck, B, Kudner, R
Standardizing normal tissue contouring for radiation therapy treatment planning: An
ASTRO consensus paper
(2019) Pract Radiat Oncol, 9 (2), pp. 65-72. 

Malicki, J
The importance of accurate treatment planning, delivery, and dose verification
(2012) Reports Pract Oncol Radiother J Gt Cancer Cent Pozn Polish Soc Radiat
Oncol, 17 (2), pp. 63-65. 

Correspondence Address
Zuber S.H.; Centre for Diagnostic, Malaysia; email: hajarzuber@ukm.edu.my

Publisher: Novin Medical Radiation Institute

ISSN: 23223243
Language of Original Document: English
Abbreviated Source Title: Intl. J. Radiat. Res.
2-s2.0-105004306981
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

5/15/25, 9:09 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1920921117&eid=2-s2.0-105004306981&sort=&clicked… 4/4


