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Abstract

Background & Aim: Proton therapy is a highly effective method for treating complex cancers
due to its precise dose distribution. However, enhancing its efficacy remains challenging. One

Keywords: promising approach is the use of nanoparticles as radiosensitizers. This study evaluates the
effect of different nanoparticles on dose enhancement in proton therapy, using Monte Carlo

Proton Therapy, ) i

Nanoparticles, simulation.

Monte Carlo ) ) ] ] .

Method, Methods: A water phantom with dimensions of 13.2 x 17.2 x 13.2 cm3 was placed at the center
Radiation of a 100cm-radius world cell and contained a 2-cm cubic tumor and a 120 MeV proton beam
Dosage was simulated using the MCNP6.1. Monte Carlo code. Gold, hafnium oxide, and iron oxide

nanoparticles were homogeneously distributed within the tumor using repeated geometry.
Fourteen simulations, each with 10° particles, were run to achieve <1% statistical error. The

dose enhancement factor was then calculated, and the impact of nanoparticle size and
concentration were investigated.

Results: Gold nanoparticles at a concentration of 30 mg/mL and a size of 50 nm yielded the
highest DEF (2.2%), while hafnium oxide and iron oxide nanoparticles showed lower
enhancement. Increasing the concentration of nanoparticles resulted in a more than four-fold
increase in the dose enhancement factor (from 0.5% to 2.2%), whereas increasing the size of
nanoparticle reduced the dose enhancement factor from 2.2% to 1.71%. This suggests that
concentration has a greater impact on the dose enhancement factor than size.

Conclusion: Gold nanoparticles produced the highest dose enhancement due to their high
density. Additionally, the concentration of nanoparticle has a greater impact on dose
enhancement than their size. Therefore, selection of nanoparticle type and characteristics is
crucial for improving proton therapy. Further studies are needed to understand biological
effects of these nanoparticles.
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