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Both X-ray therapy (XRT) and proton therapy (PT)  are commonly applied to suppress cancerous tumors; however, it often inflicts collateral damage to nearby healthy tissue. Therefore, radiosensitization with nanoparticles (NP) has been extensively studied to increase the therapeutic ratio. It is assumed that embedding nanoparticles (NP) consisting of elements  with significant nuclear and electromagnetic cross-sections can enhance  energy deposition  in  tissue. This report summarizes findings on roles of  nuclear and atomic mechanisms  in sensitization of cancerous cells to nanoparticle-enhanced radiotherapy using simulations with GEANT4. In particular, we assessed an enhancement of nuclear reactions due to the presence of Bi, Au, $^{11}$B, and $^{10}$B  in soft human tissue in proton therapy. Thus, proton beam induces a noticeable amount of nuclear reactions in tissue,  nevertheless the enhancement of nuclear reaction products due to radiosensitizing NP is found to be negligible[1]. In XRT, huge photoelectric cross-sections are assumed to be the main mechanism of a  dose enhancement and, hence, radiosensitization.   Gold nanopartilces (GNP) are considered as the most promising radiosensitizer of this kind due to high atomic number and biocompatibility. Therefore, we investigate the physics picture of GNP-enhanced RT emerging in electromagnetic process, using an MC simulation with GEANT4_DNA equipped with the most recent physics models, taking into account a wide range of physics processes relevant  for realistic PT and XRT[2]. Namely, we measured dose enhancement factors in the vicinity of GNP, with diameters ranging from 10 nm to 80 nm. The dose enhancement in the vicinity of GNP reaches  high values for XRT, while it is very modest for PT. The macroscopic dose enhancement factors for realistic therapeutic GNP concentrations are rather low for all RT scenarios;  therefore, other physico-chemical and biological mechanisms should be additionally invoked for an explanation  of the radiosensitization effect observed in many experiments.  That is highly probable that the increase of NP charges under irradiation results in the radiation-induced  GNP cytotoxicity. This conjecture is consistent with similar effect observed in experimental data on irradiated Ti02 NPs[3].
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