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Abstract

Brachytherapy is a radiotherapeuticmodality that makes useof radionuclidesto deliver
a high radiationdoseto a well-definedvolumewhile sparingsurroundinghealthystruc-
tures.At theNationalInstitutefor CancerResearchof Genova a High DoseRateremote
afterloadingsystemprovides

�����
Ir endocavitary brachytherapy treatments.

Westudiedthepossibilityto usetheGeant4MonteCarlosimulationtoolkit in brachyther-
apy for calculationof complex physicalparameters,notdirectly availableby experimental
measurements,usedin treatmentplanningdosedepositionmodels.
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1 What is brachytherapy?
Brachytherapy is a medicaltherapy utilised for cancertreatmentsin which radioactive

sourcesareusedto deposittherapeuticdosesneartumorswhile preservingsurroundinghealthy
tissues.

Our 	 SelectronHDR brachytherapy unit usesan 
���� Ir sourcefor endocavitary treatments.
Tohaveacertaindosedistributionin thetargetvolumethesourcemovesalongcathetersinserted
in naturalcavities of thebodye.g.vaginaor bronchi.

Fig.1shows a typical dosedistribution of an intra-uterinetreatmentwith sourcemoving
alongthreecatheters(obtainedwith PLATO [1] treatmentplanningbrachytherapy system).

Figure1: Isodose distribution for an intra-uterine treatment.

2 Monte Carlo simulation in brachytherapy
MonteCarlosimulationcodeappliedin brachytherapy cangiveanimportanthelpin the

clinical practice.It canenhancedosecalculationwith:
– computationof dosedepositionkernelsfor treatmentplanningdosecalculationalgo-

rithmsbasedon convolution/superpositionmethods;
– separationof primary, first scatterand multiple scattercomponentsfor complex dose

depositionmodels;
– simulationof othercomplex model-dependentparameters.e.g.theanisotropy function;
– accuratecalculationof dosedepositionin highgradientregions.

In additionMonteCarlosimulationshave provento bevery usefulto verify experimentalcali-
brationprocedures.

3 The Geant4Simulation Toolkit
TheGeant4Toolkit [2] is a generalpurposeMonteCarlocodefor thesimulationof the

passageof particlesthroughmatter. It providesa wide setof tools to addressthe variousdo-
mainsof simulation:geometryandmaterialdescription,particlestrackingwithin any geometry,
materialandfield, run,eventandtrackmanagement,anamplevarietyof physicsprocessesover
anextendedenergy range,responseto particleinteractions,visualisationanduserinterface.

Geant4providesvariousfeaturesrelevantfor medicalapplications:
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– theObjectOrienteddesignallows to achieve thetransparency of physics,thereforecon-
tributing to thevalidationof theresults,that is of fundamentalimportancein suchsensi-
tiveapplicationsasthemedicalones;

– thecodeis freelyavailablefrom apublicdistributionsource;
– a large internationalCollaborationis responsiblefor the developmentandmaintenance

of thecodeandfor theusersupport;
– thetoolkit relieson theuseof standards,bothISO anddefactoones;
– thecodeis independentfrom any systemof units;
– the toolkit doesnot dependon any externalsoftwarepackages,but canbe interfacedto

a varietyof softwaretools,suchasgraphicdrivers,objectdatabases,histogrammingand
analysispackagesetc.;

– evaluatedphysicsdatabases,acknowledgedas the stateof the art in their domain,are
utilized.
Powerful anduniquephysicsfunctionalitiesof medicalinterestareavailablein Geant4,

suchasextensionsof electromagneticinteractions[3] down to low energies(250eV for elec-
tronsandphotons, 1 KeV for hadronsandions)[4, 5, 6], amoduleto handlethefull radioac-
tive decaychain[7], anabundantsetof hadronicprocessesandmodels,a packageof neutron
physicsinterfacedto all theavailableevaluatedneutrondatabases.

4 Our simulation results
Wehavesimulateddoseenergy depositionin waterconsideringthefull geometry(core+

capsule)of our ����� Ir sourceanda simplifiedphotonspectrummodelin which photonenergy is
equalto themeanenergy (356keV).

Weconsider:
– thesimulatedsourceplacedat thecenterof a 30cm waterbox;
– dosedepositioninvestigatedin thelongitudinalplane;
– planepartionedin 1 million 1 mm� voxels.

Wegenerateaminimumof 10millions photonsonthe ��� solidangle.Thedosedeposition
is notisotropicdueto sourcegeometryandauto-absorbtion,encapsulationandshieldingeffects.
In fig.2 thereis oursimulatedanisotropy distributionat6 cm axialdistance.
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Figure2: Simulated anisotropy function at 6 cm.

Fromour simulationwe alsoobtainisodosedistribution in the longitudinalplane.Fig.3
shows100%and50%isodoses.
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Figure3: Simulated isodose distribution.
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