CERENKOV IMAGING OF RADIATION THERAPY
DOSE AND TISSUE OXYGENATION
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Applications

1. Radiation beam dosimetry
2. Surface Dose Imaging in vivo

3. Molecular Imaging (oxygen)




MONTE CARLO MODELING - GEANT4 & TISSUE OPTICS PLUG-IN
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Glaser et al, Biomed. Opt. Express (2013)

Cerenkov emission,

s Cerenkov Emission in Tissue
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A GAMOS plug-in for GEANT4 based
Monte Carlo simulation of radiation-induced
light transport in biological media
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Radiation Therapy Technologies

Linear Accelerator (LINAC)
6 MeV-24 MeV

Intensity Modulated RT (IMRT)
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FLUORESCENCE RANDOMIZES
THE EMISSION DIRECTION

Glaser et al, Phys Med Biol (2013)

LINAC Beam Profiling Hardware




Multiple Angle Beam Imaging

Images at different angles
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3D CERENKOGRAPHY OF LINAC BEAMS

Square beam Complex shaped beam
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IMPROVEMENTS IN SNR
TO ALLOW CERENKOV IMAGING

Gated Acquisition - 10°x gain
" (3 usec pulses @ 200 Hz)
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Glaser et al, Optics Lett. 2012

What about Cerenkov emission from tissue?

1. Image Skin Dose
2. Avoidance of Dose Errors
3. Measure Molecular Signals In Vivo




Previous observations of Cerenkov in vivo
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Breast phantom treatment planning

Whole breast irradiation following surgery _ Breast phantom

Cerenkov dose imaging
tracking skin dose
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Whole breast irradiation following
lumpectomy - tracking skin dose

Whole breast irradiation following surgery
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éerenkoscopy of dog oral tumor Radiation Treatment
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Clinical trial

£

Breast Clinical trial awaiting final IRB approval
Pl: Lesley Jarvis, MD PhD

Outcomes planned:

Image 12 subjects during 10 fractions of breast irradiation
Test for variability in emission between fractions
Test for correlation to breast skin reaction

Cerenkov blood SO, spectroscopy of tissue during RT ?
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Oxygen imaging with luminescence lifetime tomography
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SUMMARY:

1. Fast Beam Profiling

2. Surface Dosimetry

3. Molecular Sensing during RT
(Oxygen, Protoporphyrin IX, molecular tracers)
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LINAC Beam commissioning & Quality Assurance

Depth vs. dose of beam
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Acquisition takes several hours for multiple 1-D scans
Takes over 24 hours for a full beam 3D scan.

LINAC Beam commissioning & Quality Assurance

Treatment plan
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Quality assurance plays a fundamental role in
radiation treatment of cancer: while modern .
techniques offer the ability to deliver precise doses of . Treament.. plf"' lung nodule
radiation to tumour tissue, this advantage is lost if the |
equipment is not stable and accurate. Regular and
recise calibration of radiotherapy apparatus is thus an

essential procedure for hospitals.

world “New accelerator enhances radiotherapy
accuracy”, Nov. 19, 2008
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Classical theory of Cerenkov radiation in dielectric

Maxwell’s equations
v.D, = 4mp, stationary charged particle
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Cerenkov radiation and its
applications, J. V. Jelley

Classical theory of Cerenkov radiation and basic properties

Maxwell’s equations
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Cerenkov emission discovered from
Positron Emission Tomography (PET) agents

Beattie et al, PloS One 2012

Robertson et al, Phys. Med. Biol. 2009
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