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Purpose: Patients’ internal configurations, such as relative tumor-OAR distance,vary
day-to-dayandthevariationsare well quantified via daily images. We develop a strategy
that adaptsfraction size for a better therapeutic ratio by taking advantages of such
variations.
Method and Materials: Intuitively, thefractionsize shouldbesmaller whenOAR is far
away from tumor andsmaller otherwise.Adaptivefractionationtherapy (AFT) is an on-
line adaptive techniquethat implements such intuition to gain optimal OAR sparing.
Changesof internalstructuresare classifiedas different configurationsaccordingto their
feasibility to theradiation delivery. Theconfigurationis identified via daily imagebefore
each fraction delivery. The current fraction size is optimized via dynamic linear
programmingwith lower andupper boundson fraction size andfixed cumulativetumor
dose usedasconstraints.
We use extensivesimulations of thousandsof treatmentcourseswith 40 fractions per
courseto testthepresentedtechniqueand strategies.
Results: The gains of OAR sparing dependon the variations on configurations and the
fraction sizebounds.The larger the variations and the looserthe boundsare, the larger
the gains. Compared to the conventional fractionation techniquewith 40x2Gy, for a
typical 20% variations on tumor-OAR configurationsand [1Gy, 3Gy] fraction size
bounds, thegainsof OAR sparing with adaptive fractionationusinga fine a priori model
are around5-6Gy, or 9-18%dependingon mean OAR-tumordistance. Evenfor a coarse
a priori model, thegainsarestill as largeas4-5Gy,or 7-16%.
Conclusions:AFT is a simpleform of on-line adaptivetechniquethat takesadvantageof
daily internalstructurevariationsquantified from daily image. It does not require much
humaninteractionexcept to identify theconfiguration.Thepotentialgains aresignificant.
Extensivesimulationsvalidatedtheefficiencyandrobustnessof thepresented technique.


