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Purpose:
To describe anefficient prostateHDR optimizationstrategy using constrainednonlinearprogramming.

Method and Materials:
Calculation points,contours andsource positionswereexportedfrom a clinical prostate HDR implantcaseto a PCrunningMatLab. A
matrix Dij is computed for thedose rateto eachcalculation point i from eachdwell positionj . Thedosed = Dij * t for dwell time t was
calculated using the TG-43 formalism. Both the prostate and urethraare plannedfor a uniform dosed0 with equal weights. The
MatLab optimization toolboxis usedto computethe minimum of anarbitrary nonlinearcostfunction f(t) = ∑abs(d0 – d)^n subject to
linear inequality constraint Dij*t > d0 with t valuesbetween any lower andupperbound. We investigated theeffectsof performing
an unboundedoptimization and setting negativedwell timesto zero; linear (n=1) versusquadratic(n=2) cost function with positive
dwell times;andloweringtheupperbound. Thesemethodswerecomparedto manualoptimization performed by anexpertuser.

Results:
Utilizing a quadraticcost function, nearly perfecttargetcoverage is obtainedwith acceptableurethral dose whennegativedwell times
are allowed. Setting negative dwell times to zero seriously compromisesdosehomogeneity. The effect of applying a linear cost
function as well asthat of lowering the upperdwell time boundis to significantly increasethe hot spots. A quadraticcostfunction
with positivedwell timesandupper dwell timelimit of ninetimesthemeanprovideda clinically optimaltreatmentplan.Comparedto
manualplans,optimizedplanshadsuperior targetcoverage,lower inhomogeneity and were calculatedin minutesinsteadof hours.

Conclusion:
Constrained nonlinearprogramming is an effective tool to optimizeprostateHDR treatmentplanning. A relativelyhigh upperdwell
time limi t with a quadratic cost functionyieldedthebestclinical results.


