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Monte Carlo Simulation of Dose Absorption of Nano-Particles-Labeled
Tissues Used in X-Ray Microbeam Radiation Therapy

M.R. Ghasemi**? M. Shamsai Zafarghandi', G. Raisali’, M. Ghannadi Maragheh? A. Shahvar®, M. Mahati’
1- Nuclear Engineering and Physics Department, Amir Kabir University of Technology, P.O.Box: 15875-4413, Tehran - Iran
2- Nuclear Science and Technology Research Institute, AEOI, P.O.Box: 14395-836, Tehran - Iran

Abstract: One of the most important measures of therapeutic quality in Microbeam Radiation Therapy
(MRT) is the Peak to Valley Dose Ratio (PVDR). This parameter is a criterion to evaluate ablation of
cancerous cells and sparing of normal cells in tumor and in its surrounding region. The aim of this work
is to study the influence of using gold and gadolinium nano-particles as contrast agents on dose
distribution and PVDR when a phantom is irradiated by a typical micro-planar X-ray beam of European
Synchrotron Radiation Facility (ESRF®). Using Geant4 computer code, a model has been designed to
simulate depth dose in an intact phantom made of PMMA?* and dose distribution in a phantom containing
assumed tumors in therapeutic techniques of MIMRT® and BIMRT®. Comparison of simulated results in
the intact phantom with the measured values of depth dose reveals the validity of our simulation with the
designed model. To improve the efficiency of MRT, enhancement of absorbed dose in tumor tissues and
sparing of normal tissues due to presence of contrast agents have been studied. The obtained results show
that the enhancement is more noticeable for Au at the peak region and for Gd in the valley region. This
approach of introducing contrast agents in MRT could hopefully prepare new treatment planning and
improves the efficiency of tumor therapy.

Keywords: X-Ray Micro-Beam, Dose Distribution, Tumor, Gold, Geant4 Code, Gadolinium,
Nano-Particles
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y- MRT: Microbeam Radiation Therapy
Y- CNS: Central Nervous System
v- Peak to Valley Dose Ratio (PVDR=D0s€yea/D0Seyaliey)
f- MOSFET: Metal Oxide Semiconductor Field Effect

Transistor
o- MIMRT: Multidirectional Interlaced Microbeam

Radiation Therapy
#- BIMRT: Bidirectional Interlaced Microbeam

Radiation Therapy
v- PMMA: Polymethyl Methacrylate

A- ESRF: European Synchrotron Radiation Facility
4- Multi Slit

y+- COE: Cut Off Energy

V- Importance

Y- Seed
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