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Purpose: In analyzing radiation toxicity, clinical factorsandoccurrencetimesof toxicity maybeof significance.Yet thesefactorsare
not incorporatedinto the conventional LymanNTCPmodel. Thepurpose of this work wasto generalizetheLymanmodel,
incorporatingcensoredtime-to-eventdataandclinical risk factorsin addition to dose-volumeeffects,andto applythemodelto
analysisof radiation pneumonitis (RP).

Method and Materials: Clinical datawerecollectedfrom lung cancer patientstreated with radiotherapyfrom 1999to 2005.Grade>
3 RPwasthenormaltissue endpoint, censoredat patientdeathor lastfollow-up for patientswithoutRP.Multivariate analyseswere
used first to identify significantclinical risk factorsfor RPthat wereindependentof dosimetric quantities.A generalizedversionof the
Lymanmodelwasthendevelopedthat includedimportantclinical factorsandthedistribution of RPtimes.

Results:Amongthe567patientsavailablefor analysis,thecrudeincidenceof grade> 3 RP was21% (118 cases),occurring mainly
within thefi rst 8 monthspost-therapy, whenmanypatientssuccumbto disease.Smokinghabits anddose-volumeparameterswere
found to affecttherisk of RP.ThegeneralizedLymanmodelprovideda significantlybetterfit to datawhensmokingwastakeninto
account(P=0.005).Theestimatedlung-volumeeffect(theparameter n in theLymanmodel)wasfoundto be0.54,but wasnot
significantly differentfrom n=1, consistentwith theimportanceof meanlung doseon therisk of RP.Thegeneralizedmodel predicted
NTCP valuesthatwere up to 22 percentagepointsdifferentfrom thoseestimatedfrom a fit of thestandard Lymanmodel.

Conclusion: Inclusionof non-dosimetric factorsandtime-to-eventdatacansignificantly impactthepredictionsof NTCPmodelsthat
havebeenbasedhistorically solely on dose-volumeeffects.


