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Supine Craniospinal Irradiation with RA

Jianzhou Chen, Z. Chen, T. Atwood, |. Gibbs, S. Soltys, & L.
Xing, Supine Craniospinal Irradiation with VMAT to Improve Target
Dose Conformity and Homogeneity, JRO, 2012.
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STEREOTACTIC BIOPSY Available Imaging Tools

sensitivity

Spatial
resolution

CT Molecular Imaging using

Radioluminescence & X-ray nanophosphors

Luminescence CT

Principle

m orien

Current applications

PET and SPECT scintillators
- CTdetectors
Portal imaging

High-energy physics

Dosimetry

Sciniilation counting G. Pratx, 2012 Pratx, Sun, Carpenter & Xing, Optics Letters, 2011.

CT Molecular Imaging using QD and QD710-RGD peptide
nanophosphors

Modification of QD710-Dendron with a dimeric RGD peptide, RGD,. B: Excellent
solubility and monodisperity in aqueous solution for the QD7 10-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).
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Photon yield vs dose
LaO,:Eu

Luminescence

Phos

The white light image (a) and lumi image (b) of the phantom. (c) X-ray luminescence
spectia19f Gd,0,S:Eu. The Gd,0,S:Eu with  different ions (d) and their X-ray
luminescence images under different X-ray irradiation dose 1 cGy (e), 10 cGy (f) and 100 cGy (g).

Multiplexing

X-ray induced optical luminescence images

.

n
ssDNA-Ag, ysozyme-Aug

Blank 1. 2. 3. 4.
Water ssDNA- Lyz- BSA-
Ag, Aug  Auy
re indicated with the abbreviation (Ctrl).

. (d) The unmixed multiplexed image
rpenter et al, 2012)

ChemComm RSCPublishing
X-ray induced optical luminescence intensities 'COMMUNICATION ‘View Article Online

X-ray excitable luminescent polymer dots doped with
an iridium(m) complex*+

Gt Tz COL 10103000 18

Yasuko Osakada.**“ Guillem Prate.” Lindsey Hanson,* Paige Elana Solomon,”
Lei Xing** and Bianxiao Cui**

@

Gultathione-Au,5??
or

polymer-Au ion complex

PVK PEG-COOH Ir (IIl) complex

Y—) Luminescence

Fig. 1 The design of X-ray induced luminescence of P-dots doped with a
cyclometalated Irfw) complex.

Blank 1. 2. 3.
Water solution solid
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X-ray Luminescence Tomography
G. Pratx et al, IEEE Trans. Med. Ima., 2010 Q
Full Angle
XLT

)

_ sAmalogous to PET
uced laminescerce [lop) end beigl
ped Pgots 3, ine) compies-dogd

Reconstruction: ML-EM Molecular sensitivity = 0.3 pM @ 1cGy

) X . N 0.3 pM
Noise from counting statistics: Y, ~ Poisson(y)

10 cGy

maximize

subject to )

Tissue-mimicking 100 cGy
material

Spatially Encoded Light Emission

X-ray Luminescence Tomography
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Spatial resolution ~ 1

50 radial positions

100 radial positions

64 angles 128 angles

Sinogram

10 mg/mL
5 mg/mL

1 mg/mL

X-ray Fluorescence Molecular CT Imaging

contrast

vials

g. IEEE Trans Med Ima., 2012

Reconstruction & linearity

O Data
—y = 091x+ 084

Phantom

o

3 4 5 6 7 & 8
Nanophosphor Concentraicn {mg/md )

Offset (background)

Reconstructed image (ML-EM)

Experiment

Simulation vs Experiment

Sinogram Reconstructed image

Qs

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. Ku: ratx, L. Xing, y Fluorescence Molecular CT Im: . IEEE Trans Med Ima., 2012
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X-ray Fluorescence Molecular CT Imaging
X-ray Fluorescence Molecular CT Imaging

M. Balazova, Y. Kuang, G. Pratx, L. Xing, X-ray Fluorescence Molecular CT In IEEE Trans Med Ima., 2012

Sty 4 _ / est paper in imaging)
Medical Physics Letters, 2013.

8

Multiplexing
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best paper in imaging)
Letters, 2013.

Gadolinium

T

P

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

‘u et al, AAPM 2012 (best paper in imaging) Moiz Ahmad et al, Order of Magnitude Sensitivity In
Medical Physics Lette: 3 Im ith an Optimized Spectro-spatial Detects , IEEE Med Ima, 2013
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o . High- itivity x-ray fl CT
GOlng Beyond K-Schell Imaglng igh-sensitivity x-ray fluorescence

imaging of Cisplatin with L-shell x-rays

photon-counting detector ring

Magda Bazalova et al, to be published
N : D
" photon-Integrating detector
Magda Bazalova, to be published, 2013

High-sensitivity x-ray fluorescence CT
imaging of Cisplatin with L-shell x-rays

P ot . Liangzhong Xiang, Bin Han, Colin Carpenter, Guillem Pratx, Yu Kuang, and Lei Xing
——MLEM wio corraction d ——MLEM wio cormocton
—MLEM wi cormecson —MLEM wi cormecson

. acual o acaal

\
M)

1 concanrancn (%

~
- g T —

Transdugers”
Xiang L et al, Medical Physics Letters, 2013

30 picoseconds per pulse

Summary

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

¢ Highly sensitive and specific X-ray molecular
imaging is possible.

e XFCT, XLCT and XACT are a few examples of
X-ray molecular/physiological imaging that are
being developed at Stanford.
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