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Purpose: To experimentally evaluatethe feasibili ty of tumor position tracking usingpositronemissionmarkersfor externalbeam
radiation therapy.

Method and Materials: Clinical PETimaging is knownto belimi tedby its low spatialresolutionof approximately 4-10 mm.
However, if thegeometryof the sourceis known, theposition of thesourcescanbedetermined with sub-milli meteraccuracy. We
proposeto applythis conceptfor real-time tumorposition trackingduring radiotherapy.For pulmonaryandabdominal tumors,
deliveringaccurate radiationtherapyis limitedby themotion of thetumorasthepatient breathes.By implanting positron emission
markers into tumor,andusing pairsof position-sensitive detectorsto tracktheresultingannihilation gammarays,thepositionof the
tumor canbetrackedin real-time with high accuracy. Positron emission basedtechniquewill delivera lower radiation doseto normal
tissuethan x-ray fluoroscopy,and thesmallersize of thepositron emissionmarkersreducesrisk to thepatientduring implantation.
Theconceptandsimulation study hasbeen previously published(T. Xu et.al, Med.Phys. 33(7) p2598). In this feasibility study,the
techniquewasevaluatedusing a clinical PETsystem(CTI ECAT). A Ge-68 Linearsourcewasusedto simulate a point sourcein 2D
slices duringconventional2D acquisition. The Ge-68 sourcewasput at 3 locationsandthedatawerecombinedto simulatemultiple
(3) markers.

Results:Three point sourcesweresuccessfully localizedusingproposedtechnique.Thelocalizationprecisionrangesfrom 4 mm
downto 0.2 mm whenthenumber of coincidenteventsusedincreasesfrom 100to 4100.Theprecessionreaches0.77mm with only
about 200eventsfrom three point sources.

Conclusion: Thestudyhas shown that multiple positron emission markerscanbelocalizedwith sub-millimeter precision,which is
sufficient for tumorlocalization during radiotherapy.


