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The prindpal featureand physical advantageof proton radigion therapyis the finite

rangeof protonsin the patient. In a pristine protonpencil beam (ignoring effeds of finite

energy spectrumand finite source size), the distal dose gradient is, for al relevant
energes,approximatelytwice as steepasthe laterd gradient.Whatis not sogoodis that
the localization of the distd dosegradent in the patient can be quite uncertain. The
advantge of the distal dosegradientis therefore not currentlyuseal in clinical practicefor

tight conformation. Rathe, conformaion through lateral dose shaing is preferred.
Uncertaintiesarise from several sources dose calculation approximations biological

considerationssetupand anatomcal variaions andinternalmovements of low andhigh
densityorgansinto the beam path. Organ motion alsohasa mgor impad on the range
which is manayedby adding a distd safdy margin. Thes mamins reduce the bendfit of

proton therapyin treatmentsiteswhere the physca propeties of protonscould make a
significant difference sud as lung cancer.Altogether, the physical advantge of protan
theapy is not fully translded into a maxmized dosmetric bendit in the patient.
Furthermore,tangentid avoidance of critical structuresand use of patch fields, as
cumrently practicedjncreass the complexityof treatmentandthe numberof beams.

To fully utilize thefinite protonrangefor clinical treatments,devdopmentsin threeareas
are necesay:

1. Mamagement and reduction of organ motion. Organ motion can have a more sevee
effect on protondosedistribuions than on photondo<se distributions.This is becaise,to
first order, photontherapy producs a static “dose cloud”, and organsmove within this
fixed dosecloud. This assunptionis notvalid in protontherapy.

2. Improved dosecdculation. Protondose distributions and the end of protonrangeare
strondy affected by, for example metalimplantsand their resultingCT artifads. Hence,
acareful CT to stoppng power convesionandcorrectionof artifactsarerequired.Monte
Caio calculationscan improve the dosecalculationaccuracynearthe end of range and
modelthe rangedegralaion effect more accurately.Somekind of in vivo dosimety is
also highly usefulin protontheray. Oneoptionis to do PET imaging of the positron
emittess thatareproducedhrough nuclearinteractionsof the protonbeamin the patient
3. Reduction of the impad of residud uncertaintiesthroughrobusttreament planring
andintensty modulaed protontherapy. Through a careful designof intensitymoduated
protontherapyplansthe dosimeric effect of rangeuncertaintiecanbe reduced.

Eduational objectives:
1. Estimatethe magnitudeof rangeuncertaintiesn varioussitessuchaslung and
progate.
2. Beableto explainthe“static dosecloud” assimptionandwhy it breaksdown in
protontherapy
3. Nameatleastthreemethodsto reducerangeuncertainties
4. Explainconceptof robustprotontreatmenplanningandtangential avoidance




