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Quantifying the impact of particle beam energy on the fluence-averaged
LET in carbon-ion treatment using GATE simulation

Elham Piruzan!, Hojjat Mahani**

1. Medical Physics Group, Iran National lon Therapy Center, P.O. Box: 1439954711, Tehran, Iran.
2. Radiation Applications Research School, Nuclear Science and Technology Research Institute, P.O.
Box: 14395-836, Tehran, Iran.

Abstract:
Due to its unique dosimetric characteristics, carbon-ion therapy is attracting a lot of interest.

Relative biological effectiveness (RBE) in carbon-ion treatment strongly depends on the linear
energy transfer (LET) of the particle. Fluence-averaged LET (LET5) is a key parameter in RBE-
LET models. By averaging the LET over the particle fluence, LET; is calculated. For quantifying
LETs, the GATE simulation was performed by modeling a pencil beam of carbon-ion impinging
on a cubic water tank. Then, the spatial distribution of LETrwas quantified for various therapeutic
energies ranging from 100 to 400MeV/n. The results show that increasing the beam energy leads
to a reduction in both LETspea and LETtsurace. Furthermore, the contribution of secondary
particles originating from nuclear interactions is more pronounced in the tail of the LET:
distribution. In conclusion, the beam energy dependency of LET; plays a considerable role in the
radiological assessment of the treatment and optimization of biological doses in carbon-ion
radiotherapy.
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! Relative biological effectiveness (RBE)
2 Linear energy transfer (LET)

3 Dose-averaged LET

4 Fluence-averaged LET
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