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The main aim of this work:

A numerical microdosimetry study of the influence of the gold nanoparticle size on the dose
enhancement by placing gold atoms and large gold nanoparticles in the target volume in
teleradiotherapy.

The considered therapeutic beams:
6 MV X-rays and 20 MV X-rays.

The used method:
Monte Carlo simulations based on GEANT4




Details

The main mechanism of the dose enhancement:
increase of the photoelectric effect yield.

The cross section ¢ of interaction by photoelectric effect:

Z:h'.

o = constant - —
E5
Z - atomic number,

n - a number which varies between 4 and 5,
E - energy of photons.

Location of gold atoms or gold nanoparticles in tumor increases
a mean number of electrons per a unit volume 1in the irradiated volume.




The additional contribution to the dose enhancement:

radiation from decays of gold radioisotopes originating from reactions (y,n) and (n,y).
1) Photonulear reactions (y,n)
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Neutron spectra on treatment couch 2) Simple capture reaction (n,y) 4
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Considered accelerator

TrueBeam by Varian

10 therapeutic beams

— T

6 electron beams: 4 X-ray beams:

6 MeV 6 MV

9 MeV 10 MV FFF

12 MeV 15 MV

15 MeV 20 MV

18 MeV

22 MeV

These beams produce nontherapeutic radiation:
neutrons

gamma-rays
B radiation




Characterization of slowed down neutron field in vicinity of medical linac
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Simultions with gold atoms
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Used software

Version of code:
1. GEANT4.9.2.p02 + CLHEP 2.0.4.2 + g++ gcc 4.6, GNUMake

2. GEANT4.10.1.p01 + g++ gcc 4.6, Cmake

3. GEANT4.10.3.p03 + g++ gcc 4.6, Cmake

Operating system:
1. Mandriva 2009 PowerPack

2. Ubuntu 12.04




Used hardware

3 computers with 4-core 3 GHz processors
in Department of Nuclear Physics and Its Application,
Institute of Physics, University of Silesia in Katowice

available application of PL-GRID

PL-Grid Infrastructure is a polish scientific community computer grid based on
computer clusters, enabling research in various domains of e-Science. This
infrastructure supports scientific investigations applying the advanced computer

simulations. It provides convenient access to distributed computing resources.
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Results

15 =«
9
';' — 20 MV
810 - — 6 MV
T
£
b
@ 5 =
o
o
£
D ] ' n
0 100 200 300

Mass concentration of gold [mg Au/ cm’]

Increase of the dose absorbed in water in the target volume versus the mass concentration
of gold in the irradiated medium for the case with the gold atoms.
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Increase of the dose absorbed in water in the target volume versus the mass concentration
of gold in the irradiated medium for the case with the large gold nanoparticles.
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Conclusions 13

The performed study indicates that

1) the use of the relatively large gold nanoparticles can limit the
increase of the absorbed dose 1n the target volume,

2) the dose enhancement for the high-energy photons depends not only
on the energy spectrum of the beams but also on the sizes of the gold
nanoparticles,

3) the use of large agglomeration of gold atoms as a radiosensitizer 1s
not profitable for the dose enhancement 1n teleradiotherapy realized by
the 20 MV X-ray beam.
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