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X-ray Fluorescence Molecular CT Imaging
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-ray Fluorescence Molecular CT Imaging

a5 55
Enargy (keV)
—(A)0.2 mm Al + 1 mm Cu
—(B) 7.3 mm Al + 1.4 mm Cu + 0.25 mm P5
—{C} 73 mm Al + 14 mm Cu + 0.75 mm Pb
(D} 7.3 men AL+ 1.4 mm Cu + 1 mm P

K. Yu et al, AAPM 2012 (best paper in im:
Medical Physics Letters, 2013.
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Sensitivity
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X-ray Fluorescence/Luminescence
Tomography

Full Angle

sAmalogous to PET

Reconstruction: ML-EM

Noise from counting statistics: V==

Log-likelihood:

maximize  fm(y) Z —ugi + m; log(ys)
i=1
subject to y = Ax
x>0

Expectation-Maximization:
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X-ray Fluorescence Molecular CT Imaging

Sinograms (top) and reconstructed CT images (bottom) for XFCT (left) and
transmission CT (right) of the low-resolution phantom loaded with gold for a
0.1 mGy imaging dose. (Magda Bozalova et al)

M. Balazova, Y. Kuan Pratx, L. Xing, X-ray Fluorescence Molecular CT Imaging, IEEE Trans Med Ima., 2012
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Multiplexing

Barium Gadolinium

Phantom

Reconstruction

K. Yu et al, AAPM 2
Medical Physics Letters, 2013.
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Multiplexing

lodine Gadolinium

Overlay
Pladoum R: lodine, G: Gado, B: Plati

K. Yu et al, AAPM 2012 (best paper in imaging)
Letters, 2013.
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Sensitivity vs Radiation Dose

Proton Fluorescence (In
collaboration with Hokkaido Unv.)
L — '

M. Bazalovo et al, Med
Phys Lett, 2015,
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photon-integrating detector

Magda Bazalova et al, PMB, 2013
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High-sensitivity x-ray fluorescence CT
imaging of Cisplatin with L-shell x-rays

Magda Bazalova et al, to be published

High-sensitivity x-ray fluorescence CT
imaging of Cisplatin with L-shell x-rays
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Radioluminescence & X-ray
Luminescence CT

Principle

ot

Current applications

- PET and SPECT scintillators
- CT detectors
- Portal imaging

- High-energy physics

- Dosimetry
- Scintillation counting

G. Pratx, 2012
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CT Molecular Imaging using
nanophosphors

Template

5o

Pratx, Sun, Carpenter & Xing, Optics Letters, 2011.

QD710-RGD peptide

Modification of QD710-Dendron with a dimeric RGD peptide, RGD,. B: Excellent
solubility and monodisperity in aqueous solution for the QD710-Dendron (left) and
QD710-RGD, (right). C: TEM image of QD710-RGD,,. D: UV absorbance and NIRF
of the QD710-Dendron (bottom) and QD710-RGD, (top). In vivo NIRF imaging of
QD710-RGD, (active targeting, E) and QD710-Dendron (passive targeting, F) in
mice bearing SKOV3 tumor (Cheng’s lab).

Photon yield vs dose

La0,:Eu

Varian 100keV
fluoro
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Luminescence

The white light image (a) and luminescence image (b) of the nanophosphor phantom. (c) X-ray luminescence
spectrumy20fs Gd,O,S:Eu. The Gd,0,S:Eu phantoms with different concentrations (d) and their X-ray
luminescence images under different X-ray irradiation dose 1 cGy (e), 10 cGy (f) and 100 cGy (g).

SUMMARY

* Interaction of X-ay with endogenous or
exogenous media provides the basis for
highly sensitive X-ray molecular imaging.

 Highly sensitive XFCT is feasible.

* XFCT and XLCT are two examples of X-ray
molecular/physiological imaging that are
being developed at Stanford.
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