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Cancer disease is one of the major causes of deaths in the world and half of the number cancer 

treatments involve Radiotherapy [1]. Experimental evidence shows that the use of 

nanoparticles of high atomic number can boost conventional Radiotherapy by increasing the 

dose deposited in tumours [2]. We investigated the dose enhancement in water due to gold 

nanoparticles (AuNPs) activation with gamma irradiation at different energies and its impact 

on the survival fraction (SF) of tumour cells.  

Monte Carlo simulations were used to irradiate AuNPs of different radii surrounded in water 

using different mono-energetic beams from 10 keV to 1 MeV. The radial dose distribution in 

the water around the nanoparticle by secondary electrons from the nanoparticle was 

calculated. The Local Effect Model was applied in order to calculate the cell survival fraction 

for MDA-231 cells doped with AuNPs at concentrations of 500 um/mL.  

The dose enhancement in water by nanoparticles and the cell killing of tumour cells are 

highly dependent on the input energy, both quantities increase at lower energies (in the keV 

energy range) for all nanoparticle radii. Also, we have shown that the smaller nanoparticles 

proved to be better enhancers than bigger nanoparticles when they are activated with mono-

energetic gamma beams.  

The dose enhancement in water by AuNP activation with gamma irradiation and the cell 

killing in tumour cells increase at lower input energy (keV range), indicating that both the 

photo-electric effect and the Auger cascade are the main responsible for this enhancement. 

The collective electrons created in the AuNP by those processes deposit a high amount of 

energy in the medium immediately surrounded the nanoparticle, generating a remarkable 

inhomogeneity in the dose deposited in water molecules at the nanoscale. Our findings 

highlight the efficacy of AuNP as dose enhancers in tumour cells. 
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