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Purpose:

BroadbandX-raysources employed in current cancer therapyareindiscriminantof tissue
composition. We demonstrate signifi cant doseenhancement by high-Z (HZ) sensitizing agentsat
resonantenergiesbelowtheK-edge. This is of particularinterest in cancertheranosticsusingagents
suchasgold nanoparticlesembeddedin malignant tissue.

Method and Materials:

Relativistic R-matrix calculations wereperformedfor radiative transitionsandphotoionizationfor many HZ
elements from Feto U. Accurate crosssection dataandmonochromatic attenuationcoefficients were
computed in energyrangeswherethe large k-α resonancecomplexesoccur. Scaling laws up to HZ species
suchas Pt,Au, andU arestudied.Depthdose curvesbasedon photon transport in a numerical model
containing muscle,bone,andtumorwith 1mg/ccconcentrationof gold nanoparticleswerecalculatedusing
thenew resonantatomicdataandcomparedwith those calculatedusingstandard evaluateddata.

Results:

Giantresonancecomplexeswere identifiedin all HZ speciesat energiesbelowtherespective K edge.For
example,theresonantattenuationcoefficient for k-α transitionsin Fe and Au are more than1000 times
higherthanat their K edge. Theaverageabsorption efficiency in cm2/g of Au at ~68keV is 7400,compared
to 3.3at theAu K-edge, andonly about 0.2 for C, N, O and 0.24for Ca.Thegold resonancecomplexes
lie in therange67-80 keV, belowtheK-edge. Thecalculationsrevealpreferential dosedeposition ratio
of 3 to 4 betweenthegold nanoparticle-bearingtumor and soft tissue (including surface)or bone.

Conclusions:

Opportunitiesexistto specif ically target HZ-bearingtumorswhile sparingnormaltissueat
monochromaticor narrowband X-raysourcestunedto resonantenergies.We identify and discuss
potential sourcesfor the generationof sufficiently intense K-alpharesonantradiation, suchaslaser
producedplasmadevicesand electron-beamion traps.


