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Purpose: To estimate microscopic tumor doseenhancement due to gold nanoparticlesduring gold nanoparticle-aided radiation
therapy(GNRT).

Method and Materials: GNRTis anemergingtreatmentmodality currently underdevelopment, basedon thefollowing observations:
a) high tumor specificity of gold nanoparticlesdue to passiveextravasation; b) significant tumor doseenhancementduring x-ray
irradiation as a result of increasedphotoelectric absorption dueto high atomic number(Z) of gold. A previous Monte Carlo study
provided some quantitativeestimation of macroscopicdoseenhancement(i.e., the averagedoseenhancementover the entire tumor
volume) for a numberof GNRT scenarios, which is useful to understand potential therapeuticoutcome, in terms of a conventional
doseresponsescheme.On the other hand, the magnitude of physical doseenhancementat the cellular level is expected to be
drastically different from thataveragedover thetumor volume. Therefore,the current studyattemptedto estimate microscopictumor
dose enhancementfor a clinically feasibleGNRT scenario using diagnostic energy range x-rays. Specifically, after obtaining
secondary electron spectra due to interactions between 140 kV x-rays and gold nanoparticles, detailed history Monte Carlo
calculationswere performed at a nanometerscale to estimate the energydeposition by secondaryelectrons originatedfrom gold
nanoparticles.

Results: The current results suggest that the microscopicdoseenhancementup to a factor of 8 could be possible within 20 microns
from a single gold nanoparticle. The results also show that the magnitude of microscopicdoseenhancement is a function of the
distancefrom thesiteof a gold nanoparticle.

Conclusion: A drastictumordoseenhancement(i.e., > 100%)at thecellular level couldbeachievableduringGNRT usingdiagnostic
energyrangex-rays. However, anactual radiobiological outcomewould dependon a numberof factorssuchasthe size, amount,and
distribution of gold nanoparticleswithin thetumor.


