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Mechanism

From: Jelley “Čerenkov radiation and its applications” (1958)
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Cerenkov Cone

cos θ =
1

βn

From: Jelley “Čerenkov radiation and its
applications” (1958)

Babar Collab. Nucl.Instrum.Meth. A538
281-357 (2005)
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Emitted Spectrum

dN

dx
= 2πα

(
1

λ1
− 1

λ2

)(
1 − 1

β2n2

)
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Threshold: β and n

Levin and Hoffman Phys Med Biol (1999)

βthresh = 1
n

Water:

n = 1.33

Ethresh = 263 keV

Tissue:

n = 1.36 − 1.45

Ethresh ≈ 220 keV
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Pre-Clinical Imaging

Genetics
Chemistry

Biology

Cell Testing

Mouse Testing

First Human Tests

In Vivo Imaging:

(+) Use same mice

(+) Observe biodistribution

(+) Fast, quantitative

(+) Similar to clinical imaging

(-) Organ-level resolution
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Optical Imaging

Use black box with CCD
camera

Common, affordable system

Common biomedical
techniques:

I Bioluminescence
I Fluorescence

Only Pre-clinical:

Light Scattering

Poor Penetration
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Testing Drugs in Mice

Targeting

Imaging
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Testing Drugs in Mice
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Cerenkov Luminescence Imaging

Ruggiero et al J Nucl Med (2010)
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3-Dimensional Imaging

(32P-ATP)

Spinelli et al Optics Express (2011)
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Positron Emission Tomography

18Fdrug
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Positron Emission Tomography

18Fdrug 18O
decays
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Positron Emission Tomography

18Fdrug 18O
decays

e+

Cerenkov
Photon
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Positron Emission Tomography

18Fdrug 18O
decays

annihilates

e+

Cerenkov
Photon

511 keV γ

511 keV γ
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Most Common: 18F-FDG

Graves Group, Stanford University
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18F in Geant4

Graves Group, Stanford University
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Phantom Studies

Graves Group, Stanford University
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Other Isotopes

Liu et al, PLoS One (2010)
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CLI vs PET

PET CLI

$$$$$$$$$$$
18F β+ 18F β+

32P β−
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Many Isotopes Studied

Isotope Decay Source
18F β+ [1]
13N β+ [1]
64Cu β+ [2]
131I β− [2]
90Y β− [2]
177Lu β− [2]
111In EC [2]
89Zr β+ [3]
225Ac α [3]
74As β+/β− [4]
124I β+ [5]
68Ga β+ [5]
32P β− [5]
35S β− [5]

[1] Robertson et al Phys Med Bio 2009
[2] Liu et al PLoS One 2010
[3] Ruggiero et al J Nucl Med 2010
[4] Lewis et al Opp Lett 2010

[5] Park et al Nuc Med Bio 2010
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Treatment Options

DNA Strands
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Treatment Options

DNA Strands

Photon
(X-ray)
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Treatment Options

DNA Strands

Photon
(X-ray)

Electron

Alpha
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Example Drugs

Zevalin

Monoclonal Antibody

(Rituximab) for

non-Hodgkin’s lymphoma

(NHL)

Actinium Pharmaceuticals, Inc
Memorial Sloan Kettering

Cancer Center

Monoclonal Antibody (lintuzumab) for acute

myelogenous leukemia (AML)
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225Ac For Therapy

Ruggiero et al J Nucl Med (2010)
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225Ac Decay Chain

225Ac
τ1/2= 10 days

221Fr
τ1/2= 4.9 min

217At
τ1/2= 32 ms

213Bi
τ1/2= 46 min

209Tl
τ1/2= 2.2 min

α

α

α

α 2%

213Po
τ1/2= 4.2 µs

209Pb
τ1/2= 3.3 hr

209Bi
Stable

e−

98%

e− e−

α
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α-Emitter Cerenkov

225Ac 18F
0
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Ackerman and Graves, Physics in Medicine and Biology (2012)
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Problem: Tissue Attenuation

Huang et al, SPIE Newsroom (2009)
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Endoscopy

Liu et al J Nucl Med (2012)
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During Surgery

Liu et al J Nucl Med (2012)
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Superficial Tumors

Spinelli et al, J Biomed Opt (2013)
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External Beam Radiotherapy

Accuray
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Dose Planning

Jingu et al, BMC Cancer (2010)
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Dose Monitoring

Zhang et al, J Biomed Opt (2013)
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Tissue Oxygenation

Axelsson et al, Optics Express (2012)
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Cerenkov Microscopy?

Cerenkov Generating Slab

Sample SlideTissue Sample
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Cerenkov Microscopy?

Pixelated
Photon Detector
(CCD)
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Cerenkov Microscopy?

Reconstruction
Computer
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Remaining Questions

Will the ease of optical (vs nuclear) imaging

benefit drug development?

Will better β− and α emitting drugs be

developed?

Will Cerenkov imaging gain traction in the

clinic?
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Physics Contributions

Modeling

Decay Fundamentals

Secondary Parameters:
Volume, Container
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Conclusions

Many medical isotopes

produce Cerenkov

Rapid progress in

pre-clinical applications

First clincal/human results

now
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