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Purpose: To develop an adaptive radiotherapy (ART) strategybasedon in vivo doseverification usingvolumetric imaging, real-time
physiologically constrained deformableimageregistration (PC-DIR) andhigh performancecomputation(HPC).

Method and Materi als: Comparison of deliveredand planneddosedistributionsfor patients undergoing radiationtherapy,especially
IMRT, can beusedto estimatetreatment outcome,and developa successful ART strategythataccounts for patientpositioningerrors,
organdeformation,physiological changes(i.e. tumorshrinkage,edema), and incorporatingthis backinto thetreatmentplanning.
Using 4DCT imaging,we have developeda ART methodologybasedon 1) PC-DIR for auto-contouring; 2) automatedinternaltarget
volumegeneration; 3) probabilitydensityfunction(PDF) for specificstructures; and4) graphicsprocessorunit (GPU) basedHPCfor
real-time computation using NVIDI A 8800GTX.

Results:Comparedwith thesamealgorithm without the PC constraint,PC-DIR resultedin superior performancewith up to 91%
reduction in inverseconsistency errors. ThecomputergeneratedITV yielded contours typically within 3mm of physiciandrawn
contours, andalsoservedasa checkof physiciandrawnITVs. ThePDFwasconstructedfor theITV to determinethedose
distribution basedon spatial probability usingtimeaveraging overa respiratory cycle.GPUbasedregistrationsof 256x256x64
imagingvolumes required3.6 secfor 100iterations,a 56X speedupcomparedwith conventionalCPUcomputing(i.e. dualcore
2.4GHzCPU). Doseremapping anddosevolumehistogramcomputationswerenearreal-time (≤3sec).  
 
Conclusion: We havedevelopedkey elements of a clinically implementable ART strategy,which includereal-time computations
usingGPU,and accurateandrobust registrationsbasedon PC-DIR. Theseelementsincorporate4DCT imagingcoupledwith GPU
basedPC-DIR andfrequentconebeamCT (CBCT) verification. This methodologycanexploit ongoingimprovementin GPU
hardware performanceandCBCTimagequality.


