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Purpose:This studyanalyzestheresults of image-guidedprostatephotodynamic therapy
(PDT) that integratesPDT dosimetry, light source optimization, computerizedlight
power adjustment, and volumetric real-time light fluencecalculationto deliver uniform
photodynamic dose to the target volume (prostate) and sparesthe critical structures
(rectumandbladder).

Methods and Material s: All proceduresare under the image guidanceof transrectal
ultrasound. ThePDT dosimetry includesmulti-channelreal-time in-vivo light dosimetry,
absorption andfluorescencespectroscopy for 3D optical properties,drug concentrations,
andtissue oxygenation. Drug concentrationis alsodetermined using fluorescencefrom a
single optical fiber. Thesemeasurements are madebefore and after motexafin lutetium
(MLu)-mediatedphotodynamic therapy (PDT) using a computerized step motor. The
light fluence rate distributionsare also measured along the cathetersduring PDT and
comparedto the 3D volumetric light fluence calculations. Real-time light fluence
calculationwas performedon the 3D targetvolumesusing ultrasoundimageguidance.
An optimization algorithm determines the light sourcestrength, lengths, location, and
retraction for cylindrical diffusing fibers (CDF) basedon the 3D heterogeneous optical
properties. The resulting light sourcepower is feedbackinto a 12-channelbeamsplitter
that is connectedto a motorizedattenuator systemto control the light sourceintensity
interactively duringPDT.

Results: Preliminary datahave shownwidespread heterogeneities of optical properties
and photosensitizingdrug distribution. As a result of theseheterogeneities,methods to
quantifying the three-dimensional (3D) distributions of these quantities in individual
prostateareessential for thesuccessfulapplicationof PDT. Comparison of light fluence
rate betweenreal-time measurements and calculation is performed in heterogeneous
mediumandthe standard deviations arewithin 30% with a simplified modelandbetter
than11%for animprovedmodel.

Conclusions: We have shownthe rationalandpotentialfor an integratedsystemthat is
capableof obtainingcritical parameters (light, drug,andoxygenation)andusingthePDT
dosimetry result as feedback to optimize treatment delivery. We concludedthat a real-
time dosimetryand feedback system for monitoringPDT doseduring treatment is both
achievableandrequired for clinical interstitialPDT applications.

Educational Objectives:

1. To explainthebasic principleof PDT dosimetry.
2. To reviewexplicit PDT dosimetry techniquesto characterizetissueoptical properties,

drug concentration, tissueoxygenconcentration,and PDT efficacy.
3. To discussthe rational and requirement for a feedbacksystem incorporatingPDT

dosimetry, PDT doseoptimization, and computerizedlight delivery.
4. Summarizetheclinical resultsof Prostate PDT.


