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Purpose: Repair of sublethal damageplays an important role in radiation therapy. Conventional
radiobiology conceptsarebasedon the assumption that the repairrateremains constant during the entire
radiation course.However, increasing evidencefrom animal experimentsreport that the repair process
may slow down with time and the datadoesnot fit an exponentialpattern. To addressthis dilemma,we
developed a new closed form of Linear-Quadratic (LQ) model based on the repair pattern with a
reciprocal time.Thenewformulasweretestedwith publishedexperimental data.

Methods and Materials: The LQ model hasbeenwidely usedin radiation therapy, )exp( 2GDDS βα −−= .
The parameter G represents the repair process of sublethal damage with Tr as the repair half-time:
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)( in the reciprocal pattern.A closed form of G wasderivedanalytically

for arbitrary radiation schemes: dose rate I(t)=I i, ti-1<t<t i, I=1,…,N. A set of publishedanimaldatawas
adoptedto testthereciprocal formulas, in which rat foot skin wasirradiatedin split -doseswith increasing
time intervals(0-22h). Thecomplication dataof moist desquamationwereanalyzedusingthe generalized
LQ model.

Results: A closed form of the LQ model to describe the repair processin a reciprocalpattern was
obtained: ( )[ ] ( ) ( ) ( ) ( )[ ]∑ ∑
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Formulasfor special caseswerederivedfrom this general form. The reciprocal model showeda betterfit
to the animaldata thanthe exponentialmodel,especiallyfor the ED50 data(reducedχ2

min of 2.0 vs. 4.3,
p=0.11 vs.0.006), with thefollowing LQ parameters:α/β = 2.6-4.8Gy, Tr= 3.2-3.9h.

Conclusions: The repair process following a reciprocal-time hasbeeninvestigatedin this study and a
closedform of the generalized LQ model was presented and validated. Theseformulas can be usedto
analyze the experimental and clinical data, where a slowing-down repair processappearsduring the
radiation course.


