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ABSTRACT

Proton therapy is known for its superior treatment method due to Bragg peak. To enhance the therapeutic
effects of protons, research has been conducted on distributing gold nanoparticles within tumors to increase the
absorbed dose. While previous studies focused on handling gold nanoparticles at micrometer and nonometer scale,
this study proposes a method to computationally estimate the effect of gold nanoparticles at the millimeter scale.
The Geant4 toolkit was applied to computational modeling. Assuming a uniform distribution of water, similar to
the human body, and gold nanoparticles, the concentration of gold nanoparticles was adjusted using density ratios.
When the density ratio was 5%, the gain in absorbed energy due to gold nanoparticles was nearly twice that of
the pure water phantom at the Bragg peak. As the density ratio increased, the gain in absorbed energy linearly
increased. When gold nanoparticles were distributed in only one voxel at the Bragg peak, the energy of the
protons affected only the neighboring voxels. However, in cases where gold nanoparticles were distributed over
a wide area, the volume showing 95% of the maximum absorbed energy (9.46 keV) for the pure water phantom
(9.95 keV) exhibited an improvement in absorbed energy over a region 16 times larger, and this region increased
as the density ratio increased. Further research is needed to quantify the relationship between the density ratio of
gold nanoparticles and the relative biological effect (RBE) in the millimeter scale.
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Fig. 1. Geant4 geometry of phantoms.

II. RESULT

1. Bragg Peaks
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Fig. 2. Bragg peaks of incident proton energy of 50,
80 and 110 MeV for water only and water with
AuNP of 5% density ratio.
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Fig. 3. Dose enhancement at Bragg peak by AuNP
for incident proton energy of 50, 80 and 110 MeV.
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Fig. 4. Absorption distributions (keV) of proton
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IV. DISCUSSION
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V. CONCLUSION
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