EUROPEANORGANIZATION FORNUCLEAR RESEARCH

22 November2000

THE APPLICATION OF GEANT4 SIMULATION CODE FOR BRACHYTHERAPY
TREATMENT

S.Agostinelli, F. Foppiano,S. Garelli, G. Paoli
Nationallnstitutefor CancerResearchzenoa, Italy

M.G. Pia
CERN, Genea, Switzerland

P. Nieminen
ESA-ESTECNoordwijk, The Netherlands

Abstract

Brachytherayp is a radiotherapeutienodality that makes use of radionuclidesto deliver
a high radiationdoseto a well-definedvolume while sparingsurroundinghealthystruc-
tures.At the Nationallnstitutefor CancerResearclof Genwa a High DoseRateremote
afterloadingsystemprovides!?2Ir endocaitary brachytherap treatments.

We studiedthe possibilityto usethe GeantdMonte Carlo simulationtoolkit in brachyther
apy for calculationof complex physicalparametersyot directly availableby experimental
measurementsisedin treatmenplanningdosedepositiormodels.
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1 What is brachytherapy?

Brachytherap is a medicaltherapy utilised for cancertreatmentsn which radioactve
sourcesareusedto deposittherapeutidoseseartumorswhile preservingsurroundinghealthy
tissues.

Our pSelectrorHDR brachytherap unit usesan'*?Ir sourcefor endocaitary treatments.
To have acertaindosedistributionin thetargetvolumethesourcemovesalongcathetersnserted
in naturalcavities of thebodye.g.vaginaor bronchi.

Fig.1shows a typical dosedistribution of anintra-uterinetreatmentwith sourcemoving
alongthreecathetergobtainedwith PLATO [1] treatmenplanningbrachytherap system).

Figurel: Isodose distribution for an intra-uterine treatment.

2 Monte Carlo simulation in brachytherapy
Monte Carlo simulationcodeappliedin brachytherap cangive animportanthelpin the
clinical practice.lt canenhancelosecalculationwith:
— computationof dosedepositionkernelsfor treatmentplanning dosecalculationalgo-
rithmsbasedon corvolution/superpositiomethods;
— separationof primary, first scatterand multiple scattercomponentdor complex dose
depositionmodels;
— simulationof othercomplex model-dependemqtarameterse.g.theanisotropy function;
— accuratecalculationof dosedepositionin high gradientregions.
In additionMonte Carlo simulationshave provento bevery usefulto verify experimentalcali-
brationprocedures.

3 The Geant4 Simulation Toolkit
The Geant4Toolkit [2] is a generalpurposeMonte Carlo codefor the simulationof the
passag®f particlesthroughmatter It providesa wide setof tools to addresghe variousdo-
mainsof simulation:geometryandmaterialdescriptionparticlestrackingwithin ary geometry
materialandfield, run, eventandtrackmanagemengnamplevariety of physicsprocessesver
anextendedenegy range responso particleinteractionsyisualisationanduserinterface.
Geant4providesvariousfeaturegelevantfor medicalapplications:



— the ObjectOrienteddesignallows to achiese the transpareng of physics thereforecon-
tributing to the validationof the results thatis of fundamentalmportancen suchsensi-
tive applicationsasthe medicalones;

— thecodeis freely availablefrom a public distribution source;

— alarge internationalCollaborationis responsiblgor the developmentand maintenance
of thecodeandfor theusersupport;

— thetoolkit reliesontheuseof standardshoth1SO anddefactoones;

— thecodeis independentrom ary systemof units;

— thetoolkit doesnot dependon ary externalsoftware packagesbut canbe interfacedto
avariety of softwaretools, suchasgraphicdrivers,objectdatabases)istogrammingand
analysispackage®tc.;

— evaluatedphysicsdatabasesacknavledgedasthe stateof the art in their domain,are
utilized.

Pawerful anduniquephysicsfunctionalitiesof medicalinterestare availablein Geant4,
suchasextensionsof electromagnetiinteractiong3] down to low enegies(250¢eV for elec-
tronsandphotons< 1 KeV for hadronsandions)[4, 5, 6], amoduleto handlethefull radioac-
tive decaychain[7], analundantsetof hadronicprocesseandmodels,a packageof neutron
physicsinterfacedto all the availableevaluatedneutrondatabases.

4 Our simulation results
We have simulateddoseenegy depositionn waterconsideringhefull geometry(core+
capsule)f our *Ir sourceanda simplified photonspectrunmodelin which photonenengy is
equalto themeanenepgy (356 keV).
We consider:
— thesimulatedsourceplacedat the centerof a 30 cm waterbox;
— dosedepositioninvestigatedn thelongitudinalplane;
— planepartionedn 1 million 1 mm? voxels.
We generateaminimumof 10 millions photonsonthe4r solidangle.Thedosedeposition
is notisotropicdueto sourcegeometryandauto-absorbtiorgncapsulatioandshieldingeffects.
In fig.2 thereis our simulatedanisotropy distribution at6 cm axial distance.
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Figure2: Smulated anisotropy function at 6 cm.

From our simulationwe alsoobtainisodosedistribution in the longitudinalplane.Fig.3
showvs 100%and50%isodoses.
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Figure3: Smulated isodose distribution.
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