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Cancer Mortality and Screening
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death rate per 100,000
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Jemal A, et al., Cancer Statistics 2006

Dedicated Breast CT

Mammography
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Breast CT Technology
Design & Fabrication & Integration
Acquisition
Performance Metrics

Advances in Dedicated Breast CT AAPM Annual Meeting 2016

.@.HN GHALPRRA

Ramsey  imon Go  tanen g b
Goone  Lndims oo S Gy sween o Aoy Ko asegmma
e —— cun e an  omam s
Ko T Y vamawer e Pakee  vemey et

[ — Lnia e G wn o rwes o




Design, Fabrication and Integration

LL) ” ; \!;?
¥ I i

Images from PIXABAY.com (royalty free images)

Computer aided design / computer aided manufacture (CAD/CAM)

Bodega 2007

Cambrig 2011 Doheny2014
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Doheny: Design
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Motor / bearing / encoder

Components

X-ray tubes
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Comet X-ray Varian 1501 X-ray
Varian TFT Dexela CMOS

Albion 2004
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Doheny: Fabrication
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Wiring

before after

Software: Hardware Integration
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Breast Immobilization
& Beam Equalization
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Six phantoms (V1-V6)
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breasts

N =219 :~5sets of 43

Mean volume and shape in each quintile

* Physical Dosimetry
* Image Quality Assessment

« Mold for breast immobilization

Aquaplast® hot water bath molding breast
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Breast Containment and Alignment

Breast Alignment System




Beam Shaping Filter —
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V3 Phantom

Acquisition Details

* 500 views are acquired
* 16.6 seconds @ 30 FPS, or 10 seconds @ 50 FPS
* 2 x2 binning of detector elements
e Varian TFT Panel: 1024 x 768 (388 um) at 30 FPS
* Dexela CMOS Panel: 1933 x 1533 (150 um) at 50 FPS
* FBP Recon to 5123 or 1024% x 512

Performance Metrics
Spatial Resolution

Spatial Frequency (mm)

Image a 70 um wire PSF(xy)

LSF(x) = [ PSF(x, y)dy
MTF(f) = [dx LSF(x) e >™
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Engineering impacts resolution
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Performance Metrics
Contrast Resolution

total noise

(variance) anatomical noise
J ‘ _——— quantum noise

NPS(f) = NPS,(f) + NPS(f)

Contrast Resolution: NPS measurements

coronal sagittal

e )’
NPS(u,v —WL\‘—A,— #

B

cone angle

Noise Power Spectrum (NPS) measurements (Bodega)

RECON algorithm -

o Near-Neigh

[
H ; Bilinear
§

. RECON algorithm

Yang et ., Noise power properties of a cone beam CT system for breast cancer etection, Med Phys. 2008
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Breast CT Clinical Trials
Anatomical Noise:
Computer Observer Performance
Human Observer Performance
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Clinical Trials

* Over 600 women on UC Davis scanners

* women with suspicion of breast cancer (BIRADS 4 & 5)
« Informed consent / HIPAA compliant

« 10 - 16 second scan (breath hold)

* >200 have had contrast injection

Low-Dose Cone-Beam Breast CT: Physics and Technology Development

Breast CT Clinical Trials
@ Images
Anatomical Noise
Computer Observer Performance

Human Observer Performance
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second volunteer imaged: January 2005
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first breast cancer imaged: January 2005

bCT (no injected contrast)

. POSTCONTRAST.

bCT (with contrast)
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Contrasted Enhanced breast CT

Malignant

benign
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Breast CT Clinical Trials
Images
@ Anatomical Noise
Computer Observer Performance

Human Observer Performance
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Burgess, et al (2001)
r* NPS,(f) = o f P

total noise anatomical noise
‘ _——— quantum noise

NPS(f) = NPS,(f) + NPS,(f)

Anatomical Noise

A E Burgess a0 P. F. Judy, “Human obscrver detestion

se.” Med. Phys. 28,
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Breast CT, Tomosynthesis, and Mammography Texture Comparisons
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Breast CT Clinical Trials
Images
Anatomical Noise
@ Computer Observer Performance

Human Observer Performance
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Computer (PWMF) Observer Performance

Effect of slice thickness on detectability in breast CTusing a prewhitened
mached filter and simulaled mass lesions
Signal Known Exactly (SKE)

Rcheser, Now Yok 14828

Evaluated versus slice thickness
(from 0.4 mm to 44 mm)

1 1

bCT  “mammo”

Real breast CT data sets (N=151) Simulated Spherical Lesions
from 1 mm to 15 in diameter

Simulated lesion insertion into real breast
CT data sets with different slice thickness

Ll = 1K+ AT M (dli, kD M(ID/2]=d, [, 1. k])

Lesion
Intensity . L. .
adaptive lesion insertion model
nolesion \—_/ ourmodel
- . other lesion insertion models
i, Modulation
(blurring)

s v e
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Pre-whitened Matched Filter

H FT{S(y))
§ i
H PRSI f,)

S(x,y): 1000 samples

PS(x,y): 1000 samples

For g slice thicknesses

From 0.3 to 44 mm

FT{average lesion} average losion
MUSmm 0.5mm 34.5mm 0.5mm 345mm 05mm M4.5mm 0.5 mm

PWHF

For each bCT data set:
1000 true lesions & z
1000 non-lesions over all pixels

SKE lesion PWMF template applied 1
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Computer (PWMF) Observer Performance
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Breast CT Clinical Trials
Images
Anatomical Noise
Computer Observer Performance

@ Human Observer Performance
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CT images

Projection images
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Understanding Breast Anatomy (Mining the Breast CT data)
Breast Density (amplitude)
Breast Density (distribution)
Breast Volume and Shape
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Breast Density (amplitude)

The myth of the 50-50 breast
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Breast Density (distribution)

The characterization of breast anatomical metrics using dedicated
breast CT

1010 sevise 23 Febrary 2011; sccepted for pobéscsion 24 Febraary 2011

Breast Density (distribution)
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Radial glandular fraction
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Huang S.-Y, Boone .M. et al. “The characterization of breast anatomical metrics using dedicated breast CT” Med Phys. 38 (4), 2011
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Breast Volume and Shape

Molds for Breast Immobilization

Physical D y (polyethylene ~ adi )
Protocol Optimization

Image Quality Assessment
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Summary and Conclusions
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Summary:
¢ Breast CT has superior mass detection than mammography, based
upon texture analysis, computer and human observer studies

« CE breast CT highlights malignant calcifications and is likely
equivalent to CE-breast MRI

« Breast CT is FDA approved for diagnostic breast imaging, need to
push the technology to achieve superior screening performance

« Breast CT is an emerging technology which will have an important
role in reducing breast cancer mortality in the near future.
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Boranst Tomography Project
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Univessity of Califoria Davis
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