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Abstract

The effect of dose enhancement was evaluated using Snyder head phantom, dependence on size
of gold nanoparticle and material concentration in megavoltage X, y-ray. Monte Carlo simulation
using MCNPX was used for 4, 6, 10, 15 MV and Co-60 y-ray. Described the tumor in Snyder
head phantom, gold nanoparticle of 25, 75, 125nm diameter was inserted inside tumor.
Concentration of dose enhancement material was used for 5, 15, 25 mg/g and dose enhancement
factor was calculated on the basis of the no dose enhancement material. The lower incident
energy and the higher concentration of material were that high dose enhancement factor is
indicated. The size of gold nanoparticle had relatively high dependence on lower incident energy
and higher concentration of material. It will increase dose inside the tumor, and be additional
effect of use of gold nanoparticles in radiation therapy.
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AR = FdE21e] Aot tumor control probahility,
TCP)2 =43 sl 88249 Aol 7l (normal
tissue complication probability, NTCP)& &#3] WA
Ao =H X Z7}5 8] (therapeutic ratio, TR)E
ol o] Tastl][2] Az7FerE Eol7] $I%
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7} 2ol Thkdl 535114 Hho] Hars 3 QJrH3-5].
a2 % AR A #%7Hdose enhancement) &S
T2 A, AREES 7H = Bdo] Y] lo|
EAgezN  EHI duge] W A(cross
section) & ¥oli, 1 A¥Z FH A photoelectrons),
QA A AHauger electrons)?] WA F7tE & FU
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1. Monte Carlo simulation

Monte Carlo Al E#o|d TA4 749 & F=&
(random number sampling)< 7|HFe.2 3= WO 2
Tt 243 MY v BARE S THITL 2 A
i W] 22 e FEITA(Los Alamos National
Laboratory)ll A 718k MCNPX(Monte Carlo N-Particle
Transport Code, ver 250, USA) codeZ ©]-&-3}%3 01,
Ro|FZ A= Snyder o] FEH A& 7|NOR 3o
kel FH 2o)u]E A (Mathematical Snyder head
phantom)S AHE3FITE Snyder Eo|¥]ZA= 3709
Bl S o] &ate] HAA FIE, FIToRE T
Aom[18][19], = A4 =#& ICRU(nternational
Commission on Radiation Units & Measurement) 46
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A F8w2 welste] 4 6, 10, 15 MV xw
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é% AR
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w5 wfd el FRpek ARl e As EAFSHE
on F4 33k oA 1 keVE A7GsIITE MCNPX
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TF=5 A& o, MCNPX Lattice, u, fill cardE

& & PuE 94 2719wl LL}E
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Fig. 1. The Schematic representation of the
Monte Carlo simulation geometry through
repeated structrue. The gold nanoparticles
were described by expanding 105 times.
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Fig. 2. The calculated dose enhancement factor
(DEF) of depth dose for 75 nm gold
nanoparticle inside tumor with (a) 4 MV,
(b) 6 MV, (c) 10 MV, (d) 15 MV and (e)
Co-60.
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Fig. 3. The dose enhancement factor(DEF) for
diameter of gold nanoparticle with (a) 5
mg/g, (b) 15 mg/g and (c) 25 mg/g.
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Table 1. The dose enhancement factor (DEF) for
tumor volume for different nanoparticle
diameter, beams and concentrations.

Diameter of nanoparticle (nm)
75
Concentration (mg/g)

5 15 25 5 15 25 5 15 25
1.013 1.033 1.045 1.015 1.042 1.071 1.017 1.054 1.110
1.006 1.016 1.027 1.011 1.035 1.055 1.013 1.042 1.076
1.001 1.005 1.009 1.008 1.010 1.021 1.012 1.019 1.027
1.000 1.001 1.003 1.005 1.008 1.010 1.009 1.011 1.017
1.002 1.006 1.011 1,005 1.009 1.019 1.009 1.020 1.034
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