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Cancer Screening

Cancer screening aims to detect cancer before symptoms appear.

Lung Cancer —— smokers — Low Dose CT
Breast Cancer — women — Mammogram
Prostate Cancer — men — PSA (blood test)
Colon Cancer — people >50 — Colonoscopy
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Breast Cancer Statistics (2006)

212,290 new cases
40,970 deaths

1 / 8 women will get breast cancer (12.5%)

Ravdin, et al., NEJM

Cancer Incidence and Screening
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Mammography:
Standard of Care
CC R N | ¥
MLO
Breast CT Mammography

compression paddle

detector
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Dedicated Breast CT
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Computer aided design / computer aided manufacture (CAD/CAM)

Cambria 2011 Doheny 2014

Doheny
AN
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Components (Albion and Bodega)

Varian 4030CB Kollmorgen Comet 1 kW Tube
194 um pixels Servo Motor

2x2 388 um Propulsion

1024 x 768 x 30 FPS Bearing

Angle Encoder

18
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Half Cone Beam CT Geometry
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Components (Cambria and Doheny)

-.. . Yaskawa
Varian 4030CB Servo Motor
Propulsion
Bearing
Angle Encoder
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Engineering impacts physics

x-ray fluence

x-ray energy (keV)
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Doheny: Software Control of Hardware Components

Filter/collimator

changer Filter wheel
Flat panel

detector

PET head 1

PET head 1
actuator

Collimator wheel
Heat exchanger

Gantry motor X-ray .
tube Acquisition PET head 2 PET head 2 Filter changer ¢ oiinaror changer
computer  actuator actuator actuator

9/23/2014
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Yaskawa gantry servo motor / bearing
system / angle encoder / TTL & RS232
console language

3 NEMA #23 stepping motors
for vertical translation of PET heads
(2) and x-ray tube (1)

Arduino micro-controller

Stepping motor with
integrated controller (uses
programmable firmware)

9/23/2014
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Doheny - Wiring
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CT Scan Acquisition
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Felkamp Reconstruction Module
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calibration, corrections, reconstruction

Hounsfield Unit Calibration
@ primary

Hw

primary +
scatter

log subtraction
from projections
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Reconstruction Algorithm (1): Feldkamp

voxel-driven reconstruction

reconstruction volume
bilinear interpolation

focal spot location

FDK Reconstruction Code

-

2003 ~42 minutes

2008 ~35 minutes
>100x
2010 ~20 seconds

9/23/2014
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Reconstruction Algorithm (2): constrained TV minimization

Investigation of iterative image
reconstruction in low-dose breast CT

Junguo Bian', Kai Yang?, John M Boone’, Xiao Han’,
Emil Y Sidky® and Xiaochuan Pan**

! Department of Radiology. Massachusetts General Hospital and Harvard Medical
School

* Department of Radiology. University of California, Davis, CA, USA

* Department of Radiology. The University of Ch
* Departments of Radiology and Radiation and C
Chicago, C . IL, USA

- Y

Feldkamp TV minimization
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Reconstruction Algorithm (3): denoising projections

Projection Images

sV

Dedicated breast computed tomography: Volume image denoising
via a partial-diffusion equation based technique
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Patient # 277 Post Con
Step 1: Initial observation-post con
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Patient # 277 Post Con
Step 5: Compare post-con with pre-con in HU values

Enhancement =~ 48 HU

Image registration framework

lix -1, @)vl, )+ v )
w-1,@F

d(x)

Vi, )+ V)
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Patient # 277 Post Con
Step 2: Compare with registered/subtracted dataset
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Patient # 277 Post Con
Step 3: ROI Recon
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Detector Performance

m) Noise (texture) Analysis (NPS)

Spatial Resolution Analysis (MTF)

53

Detector Performance (noise)

anatomical noise

total noise f—

ﬁ_ guantum noise
NPS(f) = NPS,(f) + NPS,(f)

54

9/23/2014
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Contrast Resolution: NPS measurements

coronal

sagittal

cone angle

Noise Power Spectrum (NPS) measurements
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Detector Performance (resolution)
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Spatial Resolution: Computer Modeling MTF

- by 10
—+ 0
08
| (hf o7
17 [
ot)=f-Ala-(-ep-tM)+a-(-ef-UT)+a-(-ep-t/T) s
=y
03
02
0l
o 00
mﬂsnmmmzsnawasnmmm 00 02 04 06 0% 10 12 14
{frams) frequency (1/mm)
detector lag detector MTF focal spot size
10 ¢
08 ' - << - 375 views
o8] — = 500 views
| —— 750 views
T == 1000 views
061 —— 1500 views
1 —— 3000 views
E 0s 1 — Pulsed-fluoro
041
ll.J:
021
01
0.0
gantry rotation o e P 1 z0

Yang et al., Computer modeling of the spatial resolution properties of a dedicated breast CT system, Med Phys 20988

9/23/2014

29



wire at edge with 500 views
wire at edge with 400 views
wire at edge with 300 views
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Cambria: Detector binning mode
1x1 versus 2x2 mode

2x2 mode: 500 views ‘ ‘ 1x1 mode: 285 views

Clinical Imaging

* Over 600 women on UC Davis scanners

* Image women with suspicion of BC

* Informed consent / HIPAA compliant

e 16 second scan (breath hold)

e 500 projection images (1024 x 768)

e 30 frame / sec acquisition rate

e About 200 have had contrast injection

* Radiation dose same as 2V mammography
* Image reconstruction 5123 or better

9/23/2014
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Contrasted Enhanced breast CT

Sagittal Sagittal

Malignant

Contrast Agent Kinetics

7 l B Benign B Malignantl

AUC = 0.87

# Lesions
5

20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 N=52
Enhancement (HU)

Malignant tumors tend to enhance more than benign lesions

9/23/2014
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Dedicated Breast CT: Initial Clinical
Experience’

KarenK. Lindfors, MD

John M. Boone, PhD RRsee
‘Thomas R. Nelson, PhD

Kai Yang, MS

Alexander L. C. Kwan, PhD® Materials and
DeWittF. Miller, BE Methods:

2010

To prospectively and intraindividually compare
breast computed tomographic (CT) images with screen-
film mammograms.

All patient studies were performed according to protocols
approved by the institutional review board and Radiation

2008

Contrast-enhanced Dedicated
Breast CT: Initial Clinical Experience’

Nicolas D. Prionas, MS
Karen K. Lindfors, MD
Shonket Ray, MS
Shih-Ying Huang, BS
Laurel A, Beckett, PhD
Wayne L. Monsky, MD, PhD
John M. Boone, PhD

Purpose: To quantify contrast material enhancement of breast le-
sions scanned with dedicated breast computed tomogra-
phy (CT) and to compare their conspicuity with that at

unenhanced breast CT and mammography.

Materials and  Approval of the institutional review board and the Radia-
Methods:  tion Use Committee and written informed consent were

&
=
g
=

PET / CT for dedicated breast imaging

ramsey badawi
simon cherry
abhijit chaudhari
spencer bowen
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Invasive Mammary Carcinoma
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glandular

Image Segmentation

air segmentation

air
skin
adipose

<=

Iterative 7-point 3D median filter /
two-means clustering analysis

3D segmented data set
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Breast Density Analysis

l l segmentation
glandular
= %
adipose

risk assessment & dosimetry

validation of 2D approaches (M. Yaffe)
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- (1)
X =12.3% 40
£
_ (1) =
c =8.5% 3 20
(&)
20 A
10
0 ~
0 5 10 15 20 25 30 35 40 45 50 55 60
VBD (%)
cT
The myth of the 50-50 breast
M. J. Yaffe®
Sunnybrook Health Sciences Centre, University of Toronto, Toronto, Ontario MAN 3M5, Canada
J. M. Boone and N. Packard
UC Davis Medical Center, University of California-Davis, Sacramento, California 95817
0. Alonzo-Proulx
Sunitybrook Health Sciences Centre, University of Toronto, Toronto, Ontario MAN 3M5, Canada
S.-Y. Huang
UC Davis Medical Center, University of California-Davis, Sacramento, California 95817
C. L. Peressotti
Sunnybrook Health Sciences Centre, University of Toronto, Toronto, Ontario MAN 3M5, Canada
A. Al-Mayah and K. Brock
University Health Network, University of Toronto, Toronto, Ontario MSG 2M9, Canada 76

9/23/2014

38



2.5% loss in breast density every decade

35

30

£ 2
2
g 20
Q 45 o
b7 o
3 == [
210
m

5 l I. P

0

30 40 50 60 70 80 90
Age (Years)

77

Mathematical Flat Fielding of Breast CT images

g, =Q.p+e

original image segmented image

_ 2 2 .2
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low order fit

corrected image
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segmented original LO fit to adipose corrected
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mammography

breast CT

Pt 224 Rt IDC mlo tomosynthesis cc tomosynthesis

anatomical noise

total noise f—
F— guantum noise
NPS(f) = NPS,(f) + NPSq(f)
N

NPS,(f) = o f B

Burgess, et al

A. E. Burgess, F. L. Jacobson, and P. F. Judy, “Human observer detection
experiments with mammograms and power-law noise,” Med. Phys. 28,

419-437 (2001). 82
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BCT- Coronal BCT- Sagittal

MAMMO - CC_ MAMMO - MLO

TOMO - CC TOMO - MLO

MAMMO - €€ MAMMO - MLO

Hanning filter

spectral density
Q

frequency [cyc/mm)]

84
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NPS(f) = NPS,(f) + NPS,(f)

Coronal View
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bCT volume data sets

Anatomical complexity in breast parenchyma and its implications for optimal
breast imaging strategies

Lin Chen

Biomedical Enginecring Graduate Greup, University of California Davis, Sacramento, California 95817

Craig K. Abbay

Deparment of Psychology. University of California Santa Barbara. Santa Barbara. California 93 106

Anita Nosratieh
Biomedical Engincering Graduate Graup, University of Califarnia Davis, Sacramenta. California 95817

Karen K. Lindfors.

Department of Radiology. University of Califarnia Davis, Sacramento, Califarnia 95817

John M. Boone®

Department of Radiology. University of California Davis and Department of Biomedical Engineering.
University of California Davis. Sacramento, California 95817
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PWMF Observer Performance Analysis

Effect of slice thickness on detectability in breast CT using a prewhitened
matched filter and simulated mass lesions

Nathan J. Pay

Cares

(Rec

ckard
alth ine..

d 11 April 2011:

ter, New York 14615

published 14 March 2012)
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artificial lesion insertion
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—
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bCT volume data set SKE ROl selected PWMF applied
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Breast CT
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2-Alternative Forced Choice Design

CT images projection images

9/23/2014

48



CT: Computer
CT: Radiologists

1.00
CT: Physicists I
0.95 e e == — ==
8
g 0.90
£ 0.85
s 0.80
‘t
g 0.75 / Projection: Computer
3 0.70 PrOJ_ect!on: Radl9|9glsts
> Projection: Physicists
= 0,65
2
£ 0.60
(o)
0.55 I
0.50 i . . . , ,
0 4 6 8 10 12
Spherical Lesion Size (mm)
Figure 3
120%
£ T 4
£ 100% -
E * - CT: Radiologists
3 80% s
¥ b
§ eo% + -
m -
@ 7’
g /s
a 40% 7
g " , 7 Projection: Radiologists
© 20% .
E ”
0% 1 L 1 - :
4 6 8 10 12

Spherical Lesion Size (mm)

9/23/2014

49



Evolution of the UC Davis Breast CT Scanner
|

e Introduction to Breast Cancer Screening
e Breast CT Hardware (evolution)
* Breast CT Software
* Integrating Hardware with Software
e System Calibrations
* CT Image Reconstruction
e Image Display and Analysis
* Detector Performance
e Breast CT Data Analysis
e Breast Density Analysis
e Breast Texture / Comparisons to Mammo & Tomo
* |deal Observer Performance Analysis

e Monte Carlo Analysis / Radiation Dosimetr

e  Summary

Radiation Dose from Breast CT ?
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radiation dose is size dependent!
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Monte Carlo Assessment of Dose Deposition

monoenergetic functions
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breast modeled as a cylinder
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Mean Glandular Dose in Breast CT

spectral model* polyenergetic functions
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Dose assessment repeated by Thacker/Glick
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Breast CT technique chart | mA setting on Cambria
Breast

Diameter 0% 50% 1.00

™ (cm) Gland Gland Gland
—s 10.0 37 51 72
105 48 67 95
1.0 59 82 17
15 72 100 143
12.0 87 123 175
. 12.5 106 150 214
13.0 130 184 263
\ 135 157 224 322
14.0 189 271 389
14.5 224 323 465
15.0 262 379 548
15.5 301 437 633
» 16.0 340 495 719
16.5 377 550 800
\ 17.0 409 598 872
17.5 433 636 929
18.0 447 658 964

Dose in breast CT is set to be EQUAL to the dose of two-view
mammography for that women.

Evolution of the UC Davis Breast CT Scanner

e Introduction to Breast Cancer Screening
e Breast CT Hardware (evolution)
* Breast CT Software
e Integrating Hardware with Software
e System Calibrations
* CT Image Reconstruction
e Image Display and Analysis
* Detector Performance
e Breast CT Data Analysis
e Breast Density Analysis
* Breast Texture / Comparisons to Mammo & Tomo
e |deal Observer Performance Analysis
e Monte Carlo Analysis / Radiation Dosimetry
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Summary

* The Breast CT scanners at UC Davis have demonstrated that bCT
has considerable potential in clinical imaging

* Hardware at UC Davis was refined over a decade

* Software continues to evolve

* The large data set of breast CT images has proven valuable in
better understanding breast anatomy and has provided insight
WRT breast imaging modalities

* Breast CT continues to be studied for its role in breast imaging

Evolution of the UC Davis
Breast CT Scanner

Breast Tomographg Frojcct
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