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nkov Imaging

Water tank - 2D real time (Varian & ViewRay)
- 3D tomography
- 3D real time

Patient imaging — 2D Total Skin
- 2D + CT Breast

Cherenkov light emission

Charged particle polarizes the dielectric Movement torques the dielectric

High energy electrons produce Cherenkov light during dose deposition
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Threshold Energy = 220 keV Axelsson etal, Med Phys (2011)  Glaser et al, Phys Med Biol (2015)
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Cherenkov emission vs tissue depth

Cherenkovspectrum

Cherenkov in tissue
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Zhangeet al, Med. Phys. 2012 Axelsson et al, Med. Phys. 2010

Single photon imaging: camera choices?

ICCD: Amplify &
then detect/readout

EMCCD: Detect & then
amplifylreadout

Andreozzi et al, Med Phys 2015

Single photon imaging: camera choices?
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Andreozzi et al, Medical Physics (2015)



http://www.stanfordcomputeroptics.com/
http://www.olympus.com/
http://micro.magnet.fsu.edu/
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Imaging LINAC pulses with time-gated ICCD

LINAC

ting with the room lights on!
- Intensifier gain (10,000X)
+ Time gated - 3us LINAC pulses
- Wavelength filtering

Beam images r
ight [+ Spatial median fiter

ejecting 100
r + Temporal median filter
Glaser etal, Opt. Lett, 2012 + Background subtraction online

Real-time 2D

Cherenkov Beam Imaging

Adam Glaser PhD Glaser et al, Med. Phys. (2014)

2D + time imaging

3D static imaging

Adam Glaser PhD Glaser et al, Med. Phys. (2014)
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Water Tank Imagin

doping with quinine

Accurate PDD

Quinine Sulfate added

Cherenkov
angular

emission at
41 degrees

Glaser et al, Med. Phys. (2014)

Real-time radiotherapy beam imaging
(IMRT C-shape Plan)

Cherenkov Video Time-integrated

)

Glaser et al, Med. Phys. (2014)

Gamma Analysis (> 95% pass rate for 3% / 3 mm)

Dose Plan X Cherenkov Gamma

i
Dose Plan




Temporal Analysis of VMAT

MRI-radiation therapy: ViewRay (Washington Univ.)
2D Dosimetry imaging in high B-fields!

Andreozzi et al, AAPM 2016, TU-AB-BRA-12

MRI-radiation therapy: ViewRay (Washington Univ.)
2D Dosimetry imaging in high B-fields!

Lateral profiles at Dmax 10.5cm Beam PDD Curve

Andreozzi et al, AAPM 2016, TU-AB-BRA-12

Bruza PhD
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MRI-radiation therapy: ViewRay (Washington Univ.)
2D Dosimetry imaging in high B-fields!

Real time beam delivery (40X spedup) ~ Time-integrated delivery

|

Andreozzi et al, AAPM 2016, TU-AB-BRA-12 ProfOlga  ProfHarod Jacauelne Petr

GreenPhD LiPhD  Andreozzi  Bruza PhD

3-D CHERENKOV IMAGING?

1. Rotational tomography

2. Combined EPID/Cherenkov tomography

Cherenkov Image Filtered Backprojection Reconstruction

Reverse cone
beam geome

Glaser et al, Medical Physics 2015
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Rotational Cone Beam Tomography with
Filteredl_Backprojection Reconstruction

Predicted 3D Dose

Glaser et al, Medical Physics 2015

3D Beam Analysis: Cherenkov vs. Film, TPS & Diode

Leftside Inter-leafleakage

right side

Glaser et al, Medical Physics 2015

Real-time 3D Dosimet
2D EPID + 2D Cherenkov

’ \ Combined

imaging
In real time!

Bruza PhD Rottmann PhD Andreo:
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Real-time 3D Dosimetry:

Real time 3D MLC projection
ulated dose distribution
0.25+0.39mm vorel size

-
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3 Prof Joerg  Jacqueline
Bruza PhD Rotimann PhD An

Human Imaging wit

Cherenkov dose imaging of delivered surface dose in
whole breast radiotherapy

e
= 2 tangential treatmentbeams

2y

253 .
Rongiao Zhang, PhD Jarvis et al, IJROBP 2014
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Cherenkov dose imaging of delivered surface dose in
whole breast radiotherapy

2 tangential treatment beams

E—
First real-time
radiation dose

ever visualized!

Predicte .
Plan Cherenkov Filtered

Jarvis et al, IJROBP 2014

Cherenkov

Real time Cherenkov videos: 12 patient pilot trial

Treatment planned doses vs. Cherenkov images
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Visualize radiation therapy|

www.doseoptics.com

Specialized radiation dose imaging camera

High resolution CMOS - video rate readout

Onboard FPGA processing

Output direct Cherenkov images overlaid on video white light images
Imaging at the right price point..

SEE RADIATION LIKE NE
C-Bosa™ captues reaktima beom in

i

Ongoing Clinical Trial

Real time Cherenkov

Contour Comparison to Plan
&

Integrated Signal

Total Skin Irradiation Imaging

dical Phy; 6)
estigator Award, AAPM, July 2015

New freatment angles
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SUMMARY

Cherenkov is readily imaged, with background/noise suppression

. Water tank dosimetry > real time 2D, & static 3D
-> real time 3D with EPID

Human dose delivery imaging - trials ongoing
-> whole breast, total skin

Commercial translation > DoseOptics LLC

Molecular imaging > high resolution luminescence imaging

CENTER FOR |MAGING
MEDICINE

Alumni Radiation Oncology Harvard/ BWH Rad. Oncol.

¥ -

Thayer School of Engineering

DoseOptics LLC
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Correction factors for Cherenkov/Dose: Monte Carlo Study

Range of calibration factors
(Dose (Gray) per emitted
Cherenkor phaton<10)

Exit

550
S010em

AR

R. Zhang et al, J. Biophotonics (in press)

Reflectance based correction for tissue optics

blood Reflectance

R. Zhang et al, J. Biophotonics (in press)
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Sampling depth: Monte Carlo Studies

Effective | Skin1 | Skin2z | Skin3
llight) | [median) | {dark)

900nm

Skin optical properties

Layer2 Layer3 Lays Layer5 Layer6 Layer7
Living bi I
der

T T

IRDye700DX
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Factors affecting Cherenkov Luminescence imaging
sensitivity

Lines of
Constant S/IN

Radiation dose (Gy)

Probe Concentration (mM)

DIFFUSE TOMOGRAPHY SOFTWARE FOR MEDICAL IMAGING

Wi Nireast
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Simultaneous 3 mouse imaging
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