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Abstract  
Purpose: Very high energy electrons (VHEEs) present promising clinical advantages over conventional 

beams. They are able to target deep-seated tumors due to their increased range and improved penumbra 

compared to low energy electrons. VHEEs are also relatively insensitive to tissue heterogeneities, and are 

able to be electromagnetically scanned. These advantages facilitate their use in conjunction with spatial 

fractionation techniques or FLASH irradiations. However, the lack of radiobiological data concerning their 

biological efficacy is a limiting factor. This study aims to characterize different VHEE beams against clinically 

available beams by making use of Monte Carlo (MC) based numerical simulations to compare their macro- 

and microdosimetric properties. 

Methods: All simulations were performed on GATE version 8.2. A solid water phantom was irradiated by 

the following beams: 5, 20, 100, and 300 MeV electrons, a 60Co source (1.25 MeV photons), 105 MeV 

protons, 194.2 MeV/nucleon 12C ions, and 262 MeV/nucleon 20Ne ions. The dose-averaged linear energy 

transfer (𝐿𝑑) was evaluated as the macrodosimetric quantity of interest. On a microscopic scale, the lineal 

energy y was used in order to account for the stochasticity of irradiations. The dose-mean lineal energy 𝑦𝑑 

and the lineal energy distribution described as a function of its dose density, d(y), were calculated. A tissue 

equivalent proportional counter (TEPC) was implemented in GATE to record the lineal energy spectra. 

Finally, the modified microdosimetric kinetic model (MKM) was used to calculate the respective cell 

survival curves using biological parameters of HSG cell line and the lineal energy spectra as inputs. 

Results: From the macrodosimetric point of view, VHEEs present a potential improved biological efficacy 

over clinical photon/electron beams due to their increased 𝐿𝑑 . At a depth of 4 cm in water, the ratio of 

300 MeV 𝐿𝑑 values to other particles is 0.2, 1.9, 3.2, and 2.4 for protons, 100 MeV electrons, 20 MeV 

electrons, and photons respectively. The microdosimetric data, however, suggests no increased biological 

effectiveness of VHEEs over clinical electron beams. No significant differences were found between their 

lineal energy spectra nor their 𝑦𝑑 depth profiles. Correspondingly, application of the MKM yielded similar 

cell survival curves, resulting in RBE values for VHEEs of approximately 1. Furthermore, RBE values of 1.2, 

2.9 and 3.3 were obtained for proton, carbon-ion and neon-ion beams respectively. 𝐿𝑑  values above 200 

keV/µm and lineal energies as high as 2000 keV/µm were obtained in the Bragg peak region for neon-ions. 

Conclusions: This study represents a first step towards a full evaluation of the biological efficacy of VHEE 

beams. The biologically relevant information obtained from these theoretical MC simulations could be 

used to complement further experiments which explore the radiobiological response to VHEE treatment. 
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