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Purpose: To develop a model for calculation of RBE in therapeutic proton fields applicableto low dose regions; determine
parametersof themodelandevaluateRBE variationsthroughoutrealistic treatmentfields.

Methods and Materia ls: The clinically adopted genericRBE of 1.1 is supported by extensiveradiobiological data(Paganetti H., et
al. Int. J. Radiat.Oncol. Biol. Phys.53:407–21,2002).However,mostof thesedataare basedon measurements at dosesexceeding the
typical doseof about 2 Gy/fx near the target volume, let alone doses received by normal tissuesand organsaway from it. Late
responding tissuesare characterized by low α/β ratios and haveRBE increasingsignificantly with decreasing dose.It is therefore
conceivablethatthegeneric RBE underestimatesbiological effectsin some normaltissuesthatbothexhibit latemorbidity andreceive
low doses.Methodsof the present studyincludereview of publishedradiobiological proton datawith focuson dosesof about2 Gy
andless,anddataanalysisbased Monte Carlosimulationsof pertinentprotonfields.

Results: A datasetcomprised of previouslypublisheddataon in vitro survival of V79 hamster cells wascompiled.It includesdata
relatively accurate at low doses, and coversa rangeof irradiation conditions, characterizedin our studyby protonfluencespectrum at
the point of measurement.The spectra were calculatedwith the Monte Carlo program MCNPX and are usedto obtain biological
response functionsthat map proton spectraonto parameters of cell survival curves. In this approachRBE variations throughouta
treatment field arecalculatedbasedon proton dosesand spectraat points of interest.

Conclusion: A phenomenological model hasbeen developedfor calculationof proton RBE. The model will be further appliedto
othercell linesandbiologicalendpoints.


