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Advarcedtreamenttecniques(e.g., IMRT, protors) are ableto deliver more conformaldosedistribuions. However they may causepotential
risks for secondmalignancieslueto increasedcdteredradiaton.

Protons depositseonday doseoutsidethe treatment volume mainly via neutrons(generateceither in the patient or the treatmenthead. In

particularfor passivescdteredproton beamsa generalstatementaboutthis dose cannotbe madebe@usethe yield and energyof theseneurons
dependson sewerd fadors, e.g.the charactestics of the beamentering the treatmenthead,the materal in the doublescatterhg sygdem andthe
modulatorwheel,andthe field sizeincidentto the patientspecificcollimator. Thelatter caneasiy causeneuron dosevariationsup to two ordersof
magnitude (the neution dosedeliveredby treatnent headgeneratecheutrons deceaseswith increasingcollimator opening) Severalexpeimental
and simulateddata from passivescateredproton beamsshowthat the biologically effective neuton dose(weightedby a quality factor) could be
higheror even lower than scattered dosesin phoion therapy.However,dependingon the beamline design and the field size usedfor a specific
treatmat it might be significantly higher in sone rare casesBecausehe neuton doseis dominatedby the contribution from the treatmenthead,
proton beamscanningprodiwcesa muchlower neutron backgound thanpasive scatering. Presunably, it delivers the lowestscattereddose of all

treatmet modaliies

Thelikelihood of devebping seconday cancerdependson bath the scatteed doseto the whole body andthe high-dosevolume. Depending upon
the dose responseelaionship, a main concen may nat be the dosefar away from the field (eg. from neutons), but the dosedeliveredto, or
directly adjacentto, thetarget.The integraldosewith anytype of photonbeamss highe thanwith proton beans.

Educaional objectives 1. To undestandthe determinantf neuron radiation in proton beamtherapy2. To understind risks assaiated with
neuronsdoses



