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Purpose:

To proposeanobjective function for TCP/NTCP curvefitting.
Method and Materials:

Oneof thewidely usedobjectivefunctionsby physicists,whenfitting theoretical models
to experimental data,is theχ2 one,where:
χ2 = Σi((Yi

theoretical-Y
i
experimental)/ σ i

experimental)
2

which is the maximumlikelihood function in caseof Gaussianrandomvariables.In the
case of a binary outcome, as is the natureof clinical or experimental animal radiation
outcome data, the random variable has a binomial distribution and the maximum
likelihoodfunction for ungroupeddatabecomes:
L=Σrespondersln(Ptheor(par,DVH)) +Σnon-respondersln(1-(Ptheor(par,DVH))),
where Ptheor standsfor TCPtheor or NTCPtheor. The maximizationof L is often usedby
differentauthorsfor theestimationof theTCP/NTCPmodelparameters.
Results:

However,sometimesχ2 is usedto fit TCP/NTCPfunctionsfor different purposes like
theoreticalcomparisonbetweendifferent models. In this casetheapplicationof χ2

becomesinaccurateand inadequate especiallywhenthefunction valuesarecloseto the
endsof theintervalin which theyare defined,namely 0 or 1. This is why we proposethe
application of thedoublelogarithmic transformation,presumingthat therandomvariable
is not normally but log-log-normally distributed.
Conclusion:

Thustheobjectivefunctionin case of modelcomparisonwould become:
χ2 = Σi((−ln(-ln(Pi

theoretical)+ln(-ln(Pi
'experimental'))/σi

log_'experimental')
2

whereσi
log_'experimental' = - σi

'experimental' / (Pi
'experimental' ln(Pi

'experimental')).
HerePi

theoreticalstandsfor the values of P predictedby oneof the modelsthat are being
comparedandPi

'experimental' standsfor thevaluesof P predictedby theothermodel.
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