https://doi.org/10.7742/jksr.2019.13.2.253

PISSN : 1976-0620, eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 13, No. 2, April 2019"

Analysis of Radiation Dose Enhancement for Spread Out Bragg-peak

of Proton

Chulhwan Hwang,' JungHoon Kim*’

1Depar‘[ments of Radiology, Masan University

2Departments of Radiological Science, Catholic University of Pusan

Received: January 02, 2019. Revised: January 30, 2019. Accepted: April 30, 2019

ABSTRACT

Radiation dose enhancement is a method of increasing the cross section of interaction, thus increasing the
deposited dose. This can contribute to linear energy transfer, LET and relative biological effectiveness, RBE.
Previous studies on dose enhancement have been mainly focused on X, y-rays, but in this study, the dose
enhancement was analyzed for proton using Monte Carlo simulation using MCNP6. Based on the mathematical
modeling method, energy spectrum and relative intensity of spread out Bragg-peak were calculated, and evaluated
dose enhancement factor and dose distribution of dose enhancement material, such as aurum and gadolinium.
Dose enhancement factor of 1.085-1.120 folds in aurum, 1.047-1.091 folds in gadolinium was shown. In addition,
it showed a decrease of 95% modulation range and practical range. This may lead to an uncertain dose in the
tumor tissue as well as dose enhancement. Therefore, it is necessary to make appropriate corrections for spread
out Bragg-peak and practical range from mass stopping power. It is expected that Monte Carlo simulation for
dose enhancement will be used as basic data for in-vivo and in-vitro experiments.
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Fig. 1. Monte Carlo simulation for spread-out Bragg
peak; electron(red), proton(blue), photon(green). Beam
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Fig. 3. Spread-out Bragg peak with the relative depth
dose.

Table 1. Dose enhancement factor and deposited dose of enhancement material interacting with spread out Bragg

peak.
Concentration of enhancement material
10 mg/ml 20 mg/ml 30 mg/ml
DE" DEF? DE DEF DE DEF
Aurum 1.972 1.085 1.991 1.095 2.036 1.120
Gadolinium 1.902 1.047 1.911 1.052 1.983 1.091

1) Deposited dose particle, MeV/g, 2) Dose enhancement factor.

Table 2. Decrease of 95% modulation range, practical range for enhancement material interacting with spread out

Bragg peak.
Concentration of enhancement material
10 mg/ml 20 mg/ml 30 mg/ml
PR" M95? PR M95 PR M95
Aurum 70.8 46.5 63.7 38.5 57.5 343
Gadolinium 74.5 49.3 71.5 46.2 68.2 43.1

1) Practical range, unit: mm, 2) 95% modulation range: range of 95% relative deposited dose of spread out bragg peak, unit: mm
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Fig. 4. Dose enhancement factor for aurum, gadolinium
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