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PATIENT ADVOCACY AND
BREAST DENSITY NOTIFICATION LEGISLATION

« The late Dr. Nancy Cappello

ed stage breast cancer in 2004

e nation’s first breast
in CT

+ 38 states have dense breast notification laws
« Federal legislation in process

+ 8statesand DC have supplemental screening
reimbursement laws
* L, IN, LA, CT, NJ, VT, AR, DC, CO

Advocacy and breast density inform legislation emphasize the importance of addressing implicatio.  “reastder...
detection

BI-RAL RREAST D NSITY CLASSIFICATION
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DISCLOSURES

* GE Healthcare- research funding, consultant
+ Hologic-Scientific advisory board

* Densitas- Advisory Board

“

Bi. “STDF" LITY”

« Describes amount of fibrous, epithelial and glandular tissue in the breast
relative to the amount of fatty breast tissue on mammography

BREAST DENSITY PREVALENCE




DENSITY — MASKING EFFECT

—,
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+ Women with density of 75% or more had an INCREASED risk of breast cancer
+ Compared to women with density in <10% of mammogram

« Increased risk was greater in younger than in older women

« For women < median age of 56,

+ 26% of all breast cancers and 50% of interval cancers (cancers detected less thai
negative screening test) were attributable to density (BIRADS density~ )

INTEK. ' CANC <S AND BREAST DENSITY

Density 0dds Ratio 95% CI
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“BREAST DENSITY” POSES RISK FOR DEVELOPING BREAST CANCER
* Increases risk of developing breast cancer

* Results in higher interval cancer rates = worse prognosis

*Higher grade, later stage at diagnosis

*Mechanisms for this are not fully understood

* Density reflects the proportion of epithelial and stromai isue in the breast
compared to non-dense fatty tissue

as of

f carcinogenesis

+ Since breast cancers originate in epithelial cells, greater a
fibroglandular tissue reflect greater numbe. el

C NCERIN DENSE BREAS
EFFECT ON PROGNOSIS?

+ Higher rate of interval cancers - worse prognosis—> worse outcome
* Majority are ER NEGATIVE, HIGHER TUMOR GRADE AND LARGER IN SIZE

© Why?
* Hypotheses: Growth factors
* Breast stroma produces growth factors

* months after a * More rapid tumor growth in dense tissue

Roubidot

MA. Invasive Cancers detected after breast cancer screening yielded a negative
result: rel R y

of mammograph totumor prognostic factors. Radiol

(09,5.2)

(15,87)

(2.1,15.3)

WE ASSESS BREAST DENSITY: TOOLS

(4.8,65.9)
P<0.001

Higher rates of interval cancers - Worse prognosis

Boyd, NF et al. NEJM 2007; 356:227-36
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30 ANATOMIC DEPICTION OF DENSITY
TAKING A CLOSER LOOK AT MAMMOGRAPHIC DENSITY Extremely Dense

Moderately Dense Scattered

+ R BLRADS Adas proides the guidance for visual assessment of density
+ Vil perception of x-ray images can be reduced to an evaluaton of pivels, appesring as varying patems and fextures at verying intensites

« Visually also assessing 30 anatomic structure projected on 20 MG imaging

ACR BI-RADS LEXICON — 4™ vs. 5™ EDITION

o 4th edition: (<28% granaular) The breasts are almost entirely fatty

* Based on quantitative percentage scale There are scatered fbroglandular densities
« Limitation: unstable cut-point categorizations (approx. 25% - 50% glandular) There are scattered areas of fibroglandular density
* For example, categorizing density at 49% vs 50% dense places the same

patient in density categories 2 vs 3 when in fact no substantive difference

L ¢ is heterogencously dens
exists between the two

& detection of small

: are heterogeneously den
(apprax. 51% - 75% glandular)

obscure small masses

« 5t edition (2013): visual assessment of mammographic density in fou

The breasts are extremely dense, which lowers the
qualitative categories The br

extremely dense. This may lower sensitivity of mammagraphy
the mammography
(>75% glandular)

(Duartles have been elifiiidfad)

CHANGE. SI-RADS-> TERPRETATION VARIABILITY PR

Masking effect become.  ‘erwith BI-P 5th edition> may lead to an increase in c/d density \ DENSITY WITH BI-RADS 5
i CRITERIA (B WITH BI-RADS 4)

STUDY: Irshad et al describe the inipact of the 5t edition of BI-RADS breast density assessment
guidelines on density report patterns in AIR in 2017

Collection of breast density data by five radiologists and for 16,907 density assignments of BI-RADS
5t edition and 19,066 density assessments using BI-RADS 4% edition

Results (p<0.001)
decrease in fatty assessments
% increase in scattered assessments
2.6% increase in heterogeneously dense assessments
decrease in extremely dense assessments
+ Overallincrease in dense assessments
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DIFFERING MAMMOGRAPHIC TECHNIQUES -->
INTERPRETATION VARIABILITY

« DBT - warranted new BI-RADS

+ Breast density should be assessed on standard DM or synthesized MG,
NOT on tomosynthesis slices

* Aswith DM, if the two breasts differ in density, classification should be
based on the more dense breast

« DBT (3D) imaging may result in a decrease in c/d categorization

« Retrospective study of 24736 women screened with DBT versus
digital mammography alone had lower likelihood of categorization of
high density breasts

DBT vs digital: odds ratio, 0.69 (p<0.001); Synthetic and DBT vs digital:
odds ratio, 0.43 (p<0.001)

Lower likelihood to categorize high density breasts with synthetic and
DBT compared to digital and DBT: odds ratio, 0.62 (p<0.001)

Kontos D, Conant EF. Screening Modal

AIRWISE COMPARISONS OF RADIOLOGISTS
[N PERCENT DENSITY ASSESSMENTS

VARIABILITY IN VISUAL ASSESSMENT OF PERCENT DENSITY*

« 4radiologists
300 mammagrams
% density- x-aiis
Ranges vary and distribution varies

* Forex, Rads 3 and 4, PBD 65% with wide variability in
density assessment categorization

VARIA. MITYIND ANSITY CATEGORIZATION TECHNOLOGIC ADVANCEMENTS:
- Density assessment e ‘edin” .ice of 83 breast radiologists in NCI's Population-Based OVERCOMING VARIABILITY OF DENSITY ASSESSMENT

Research Optimizing Scr. @ ugh Personalized Regimens or PROSPR network

+ Rate of assignment of “dense” category (3/4) ranged from 6.3% of screening exams to
up to 84.

Statistical adjustment for patient variables: age, body mass index, race and ethnicity had
little effect on variability

AUTOMATED vs SEMI-AUTOMATED ALGORITHMS
+ Created to overcome subjective visual BI-RADS assessment and produce reproducible qualitative methods

Among women with consecutive mammograms interpreted by different radiologists
through an average span of 1.2 years, there was 17.2% discordance in dense vs non- i
dense category assignments and women shifted in both directions * Area vs volumetric
+ Reproducible, quantitative metrics and a continuous density score aid in more granular density-based risk
stratification

BL, Kontos D. Beyond BI-RADS Density: A Call for Quantification i the aging Clinic. Radiology 201
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* Retrospective study of screen-detected vs interval breast cancers

Destounis showed that quantitative volumetric measures of breast density

* - stronger association with rate of development of interval cancers compared

with clinical BI-RADS assessment

AREA ALGORITHMS

Based on thresholding and segmentation that can be highly operato.
dependent by physicist applying filters

Use processed or ‘for presentation’ images
Typically research algorithms

Imaging physics models

A

MACHINE LE~ NG
ALGORITHMS

anhand-crafted image foatures tht . ude patiams, tertures &
istogram features

applied to RAW or PROCESSED images
GOOD CORRELATION, GOOD AGREEMENT v ual PO

t algorithms for PBD and BI-RADS 5 ed. breast density scales

+Training tatstial learing algarithms using lange image deta sefs of
Iabeled images
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SEMI-AUTOMATED VS AUTOMATED ALGORITHMS

HAND CRAFTED IMAGE AUTOMATED

Intensity histograms, FEATURES IMAGE FEATURES

thresholding,

segmentation relative physics patterns, textures

intensity histograms,
patterns, textures

Percent density typically ranges Percent density typica’ wnges  Percent density typically ranges

from 0%to 100% T — from D% o 10L from D% to 100%

from 0% to 35%

Area-based Volume-based " wming Deep Learning

Imaging Physics A iet)

Require images

BI-RADS 4% vs 5% ed densi tegories defined by
different cut-points on guantitative scale

GOOD CORRELATION, POOR AGREEMENT with
visual PBD

« Relfance on raw images (rot whatradiclogist

Derived from physics models eritically dependent
on:

* identfying reference pixels

V[I I.I.IM ETR": + assumptions relating to breast thickness (requires

equipment calibration), compression and other

MGORITHMS ~ sssoston s

« Nlign with how the visual cortex processes images
when radiologists visualize mammograr
« bxcellent correlation & agreement ual PBD
ents
= Distinct algarithms for PBD & BI-RADS 5% ed.
breast density scales

«Training deep learning algorithms using very large
image data sets of labeled images

DEEP LEARNING ALGORITHMS
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COMMERCIALIZED ALGORITHMS

BREAST DENSITY AND BREAST CANCER RISK

AL TG CURVE

Each

BREAST DENSITY & BREAST CANCER RISK

associated with breast cancer risk
years of peer reviewed literature
T AUC = 1 discrimination between individuals with and
without disease

« The association between breast density and breast cancer risk is a KEY validation paint for any breast density algorithm

A perfect made | /€ of | (high spec and high

sers)
A useless mode/ fas an AUL of 5.

+ Mammographic breast density is one of the strongest breast cancer risk factors. !

= Many risk models now incorporate breast density as a risk factor: Gail, Tyrer-Cuzick, BCSE (Breast Cancer Surveillance — sortium)
risk caloulator. 0C curve can be used to demonstrate the ability of
the model to predict breast cancers
False Positive Rate
(I-Specifcity)

BREAST CANCER RISK MODELS

Predict 5- and I0-year risk of deeloping bresst caner®

BREASTCANCER, "CMODELS & {MMOGRAPHIC DENSITY

Gail  Tyrer-Cuzick v8 BCSC BRCAPRO  Claus 1993

Age v v v v
Addition of mammographic density to both the Tyrer-Cuzick v and the Gail model improved the BMI X v

predictive performance! Menarche
Menopause X v

HRT
Biopsy /ADH
v

AUC Model Density Model + Density
Tyrer-Cuzick v 0.57 0.59 0.61
Gail 0.55 0.59 0.59

v
v
v

2° FHx Breast CA X
1° & 2° FHx Ovarian CA

 hge and famil history are commn o al isk models.

« Density alone performed as well as Gail + Density
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MASKING EFFECT

« Sensitivity in fatty breasts can be higher than 90%

« Sensitivity in very dense breasts can be as low as 50%

« 28.8%of interval detected cancers are in the
top density decile

* 12.8%of screen-detected cancers were in the
top decile

* 9.3%of contrals were in the top density decile

« TEvB: breast density « RF
+ Overal: AROC =052
« White: AUROC =062
* African American: AURDC = 0.45

+ Hybrid: Desp Learing + RF
+ (verall AUROC =070

« White: AWROC =071
* African American: AURDC = 0.71

«IMELINE

ms
Cal ealt

heea-based [—— | Machielsaming Dasp Lazraing

Imaging Physics AL (trained models)
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AUTOMATED BREAST DENSITY AND RISK

visual analogue scale (VAS), Cumulas, Densitas, Quantra and
sment and their relation to breast cancer risk

re included with th Tyver-Cuzick (1) risk scoe in alogistc regression anlysis to evluae breast cancer risk
* VASstrongest predictor of n-detected cancers
* Quantra— no significant association

ers concuded nd Volparal meesures had  strong assocaton with breast car sk, proveing a practical atometed
atifation for breast sorening

AL “MATF™ DENSITY ALGORITHMS TO PREDICT RISK

« Puliti et al. volumetric breast density and risk of advanced cancers after negative screening episode: a
cohort study. Breast Cancer research (2018) 20: 95

» Risk of advanced cance ased for extr
automated brea: urement

, Johnston L, Highnam R, Arieno A, Morgan R, Chan A. Using Volumetric Breast Density to
antify the Potential Masking Risk of Mammographic Density. AIR 2017; 208: 1-6,

« Highest breast density category associated with highest risk
« Breastdensity is only risk factor associated with diagnosis of interval cancer versus screen-detected cancer

« Highest density 3.6 fold morelikely to have interval cancer diagnosis compared with other categories

HOW CAN WE BRING PRECISION MEDICINE INTO CLINICAL CARE?

Deliver personalized screening on the basis of breast cancer risk

Providing reproducible estimates of risk can lead to more effective delivery of
personalized screening to improve patient outcomes

Breast density assessment can be used to deliver personalized/precision
screening based on risk
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CLUSION
HOW CAN WE BRING PRECISION MEDICINE INTO CLINICA|

« Breastdensity is an important risk factor for breast cancer and it is important to understand for

appropriate breast cancer screening.
+ Breast cancer risk vares widely from woman to womanin general screening popultion
+ 12.5% average woman) o 857 (acrr b um U M + Reliable assessment of breast density is crucial in accurate assessment of breast cancer risk
+ Reliance on clinically proven methods to address breast density and breast cancer risk is essential in

+ Cookie-cutter appraach ta isk estimation using crude criteria based an ad-hat categarizaton ofrisk factors eads ta imprecision and either providing excellent patient care

umnecessary or excessive follw-up and treatment « Earlier qualitative methods are limited
+ Automated methods help move us to standardizingassessment with cons ncyand reproducibility

+ Talored screening protocol based on ndiidual risk cant® v ) .
* Increasinginterest in this area will continue to provide informationandgu  1ce on application in a
+ Inform targeted breast cancer prevention strategies large scale breast cancer screening program

* Improve clinical outcomes

CONCLUSION THANK YOU

In summary, technology’ s mission in today’s world of breast imaging is to seek
specificity without loss of sensitivity

Safe to say that Breast Imaging is NOT a one size fits all solution
Continued research in this arena is important to identify the best solution”

Personalized screening is THE FUTURE « Acknowledgements: . Abdolel. Dalhousie Uniersity, Densitas lnc
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