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Breast Gl (With PET) 1o SCreening,
D1Iagnoesis; andlBreast Cancer: lreatment

Breast Cancer: m# 1/8 U.S. Women will be diagnosed
~43,000 deaths per year in U.S.

Second leading cause of cancer death in women
Early detection of breast cancer = better prognosis
Mammography s breast cancer screening

Women age 40 and up
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16,6 Second Acquisition Time
| 500 views (30 FPS)
80 kVp 3-8 mA

(50 — 133 mAs)

pendant geometry breast CT scanner



Breast CT Imaging:
~Same radiation dose as two view mammography
~360 patients imaged on two UC Davis bCT

~60 patients imaged with pre/post iodine contrast
(100 ml visopaque 320 @ 4 4ml/sec, —~100 sec delay)

~7 patients imaged with PET/CT
(5 mCi 18FDG)
~4 patient hands imaged PET/CT for rheumatoid arthritis

(10 mCi 18FDG)

First in human (cone beam bCT) — Nov 22, 2004
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Diagnhosis:
IDC/ILC

January 2005

Tumor is seen on many images




bCT (no injected contrast)
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Malignant tumors tend to enhance more than benign lesions
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Invasive Mammary Carcinoma

Whole-body PET/CT

Dedicated breast PET/CT
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Dose is size dependent !
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Mean Glandular Dese in Maminiegrapny

two-view mammography dose versus CB thickness
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breast modeled as cylinder

SIERRA MC code used

3

uGy per million photons

Monte Carlo Assessment of Dose Deposition
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Mean Glandular Dose In Breast CT

spectral model* polyenergetic functions
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80 kVp 0.20 mm Copper

mA on Bodega to deliver 2V mammography

Dose in breast CT Is set to be
Dia(cm)  ADIPOSE 50/50 GLANDULAR to the dose of two-view

" o 038 57 mammography for that women.
12 0.70 1.07 1.55
13 1.1 167 :

14 1.66 249
15 235 3.52

16 3.10 466 ~—ADIPOSE
17 3.74 5.66 R

18 411 6.24
-— GLANDULAR

bCT technique chart

mA to deliver 2V Mammo Dose
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Dose assessment repeated by Karellas and by Glick
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Spatial Resolution: MTF measurements

1.0

f(1/mm)



Shepp-Logan filter, 512X512,
500 views, 3.5 degree

——r=2.6 mm

—r=27.2 mm
—r=51.9mMmm
—r=76.9mm




MTF: computer simulation
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temporal lag of detector

H

focal spot measurement

scanner motion
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MTF simulations . measured
(WorSt case at periphery)

simulated

----375vid__ T
— — 500 views
——750 views
——1000 views
——1500 views
—— 3000 views
— Pulsed-fluoro
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Contrast Resolution: NPS measurements
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The myth of the 50-50 breast
M. J. Yaffe®

Sunnybrook Health Sciences Centre, University of Toronto, Toronto, Ontario M4N 3MS5, Canada

J. M. Boone and N. Packard
UC Davis Medical Center, University of California-Davis, Sacramento, California 95817

O. Alonzo-Proulx
Sunnybrook Health Sciences Centre, University of Toronto, Toronto, Ontario M4N 3M5, Canada

S.-Y. Huang
UC Davis Medical Center, University of California-Davis, Sacramento, California 95817

C. L. Peressaotti
Sunnybrook Health Sciences Centre, University of Toronto, Toronto, Ontario M4N 3M5, Canada

A. Al-Mayah and K. Brock
University Health Network, University of Left Breast Density Histogram
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2.5% loss in breast density every decade
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Receiver Operating Characteristic
(ROC) Curve Basics

sensitivity

1 - specificity



Any medical test produces data which can be considered the decision
parameter. Both normal and abnormal patients will undergo that test, and the
trained physician applies a decision threshold to “call” normals from abnormals.

decision threshold

“normal” “abnormal”

false negatives -
false positives

mal
normal abnorma

decision parameter



Sensitivity is the accuracy of diagnosis TP

in all patients who are abnormal. sensitivity =
TP + FN

decision threshold

normal abnormal

}TP

decision parameter

FN



TN

Specifi Ci’[y — Specificity is the accuracy of diagnosis
TN + FP in all patients who are normal.

decision threshold

normal ™ abnormal

decision parameter



Sliding the decision threshold (t), one  100%
trades off sensitivity and specificity.

0%
sensitivity  specificity

normal abnormal

decision parameter



receiver operating characteristic (ROC) curve

real world ideal performance
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‘ Computer Observer Studies

Nathan Packard
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Breast CT data

Synthetic spherical lesions, SKE

Projection Images Projection Images

~“mammography ~“mammography



Breast CT image S 3D Distance to edge
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lesion sample

average lesion
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Prewhitened Matched Filter

Thick Slices (Mammo)
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1 - specificity

Relative Filter Response (%)

Pre-whitened matched filter — “ideal observer”
1000 true and 1000 non-lesions per bCT — ~380 bCT data sets



Breast CT
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Receiver Operating Characteristic (ROC) Curve

True Positive Fraction

False Positive Fraction
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Breast CT
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Katie Metheany Lin Chen Anita Nosratieh

Evaluation of Anatomical NPS



anatomical noise

total noise
( ﬁ— guantum noise

NPS(f) = NPS,(f) + NPS_(f)  NPS,(f) = o f P

filtered noise
mammograms
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Burgess, et al

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

419-437 (2001).
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Characterizing anatomical variability in breast CT images
Kathrine G. Metheany, Craig K. Abbey, Nathan Packard, and John M. Boone®

University of California Davis Medical Center, Sacramento, California 95817

(Received 29 October 2007: revised 19 June 2008; accepted for publication 20 June 2008;
published 24 September 2008)
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Mammograms 213 7 83 03
(Burgess et al.)
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Bodega breast CT system Hologic (beta) Tomosynthesis System



cc tomosynthesis |
breast CT
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breast CT

Pt 224 Rt IDC mlo tomosynthesis cc tomosynthesis
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breast CT data (5123)
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