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Criteria of good disease and test for
cancer screening

Screening mammography evidence

based on age
When to start, how often, when to stop

Risk-based screening
Screening women with dense breasts



Criteria of dlse_ase good for BOSCE
cancer screening e s

Common
Causes significant morbidity and
mortality

Treatment more effective in early stage
than late stage




Breast cancer risk or death in
the next 10 years in U.S.

Current Age % diagnosed (or die)

B C A ;C
Waorking fogether fo advance
breast cancer research

20 07---1 in 2000

30 46---1in 250 (1 in 1000)
40 1.49---1in70 (1 in 300)
50 2.33-—-1in44 (1in 150)
60 3.47--1in29 (1in 100)

Lifetime women-- 12% or 12 in 100 (2.7%)

Lifetime men-- 0.12% or 12 in 10,000 50.03%?



5-year breast cancer survival BC@C
rates in U.S. by stage [l

Stage Localized Regional Distant
<560 50+ <50 50+ <50 50+

2008-14 97 99 87 85 37 24
Percent 54 064 39 28 5 06

-]
SEER, April 2016



Criteria of good screening test sxBCSC

Screening reduces disease specific
mortality

|dentifies disease in an early stage, results
In less advanced stage disease

Disease identified by screening is
biologically significant

Test has high sensitivity & low false-positive
rate

Safe, cheap, & acceptable to patient



Meta-analyses of _screen_ing BCSC
mammography trials -- film okirg s

Age RR(95% CI)  NNS*
39-49  0.92(0.75-1.02) 3333
50-59  0.86 (0.68-0.97) 1300
60-69  0.64 (0.45-0.92) 470
)
2

70-74  0.80 (0.51-1.28 800

All cause 0.99 (0.97-1.002)
mortality

*Number women screened for 10 years to avert a breast cancer death

e
Myers et al, Jama, 2015; Nelson et al, Ann Intern Med, 2016



Advanced disease reduced Iin

screened women ages >50

BCSC

Working together to advance
breast cancer research

Definition of
Advanced
Cancer

Stage Il or greater
Size 250 mm
Size 240 mm
Size 250 mm

Stage Ill or greater
Size 250 mm
Size 240 mm

Group, n/N

20/13740
14/19844
26/25214
33/53890
93/112 688

22/16 505
62/57 236
15/19711
99/93 452

Events/Screening Events/Control

Group, n/N

23/13740
7/15604
22/25216

77/106 971
129/161 531

42/16 505
69/40381
20/19694

131/76 580

Relative Risk
(95% CI)
0.87 (0.48-1.58) ——
1.57 (0.63-3.90) &
1.18 (0.67-2.08) —i—
0.85 (0.57-1.28) —i—
0.98 (0.74-1.37) @ Ages 3949
0.52 (0.31-0.88) ——
0.63 (0.45-0.89) ——
0.75 (0.38-1.46) -
0.62 (0.46-0.83) € Ages >50
I I I
0.25 1.50 1.00 2.00
Favors Favors
Screening Control
Group Group

-]
Nelson et al, Ann Intern Med, 2016



Invasive Cancer & DCIS Incidence &
Breast Cancer Mortality, 1975-2012

160
Invasive
140
120
S 100- -
S 34% decrease in breast cancer
o mortality from 1990-2012
© 80-
—
E)_ 60 - Screening Treatment
‘ ‘ Ductal carcinoma in situ
40 - go0e :m:::
20 - Mortality




Overdiagnosis & overtreatment RCSC
from screening mammography ozt

Cases not clinically detected in the absence
of screening because of lack of progression
or death from other causes

Canadian National Breast Screening Studies
22% of invasive cancers

37% invasive + DCIS

CISNET
12% of detected cases

UK independent panel
19% of detected cases

-]
Miller et al, BMJ, 2014; Mandelblatt et al, Ann Intern Med, 2016



Breast Cancer Surveillance BCSC
Consortium [l

BCSC data have been used for more than
475 publications and more than 70 grants

Kaiser Permanente Statistical Coordinating Center

WA Registry

Vermont Breast
Cancer Surveillance
System

g

New Hampshire
Mammography
Network
(1994-2010 with partial data
collection from 2011+)

Metro Chicago Breast
Cancer Registry

San Francisco
Mammography
Registry

Colorado Mammography

Advocacy Project _ Carolina Mammography
(1994-2006) New Mexico Registry
Mammography Project
(1994-2010)

Active registries Historic registries




BCSC outcomes per 10,000 digital exBCSC

Working together to advance

screens prsashiancermeseorch

OQutcomes ____ 4049 50-59 60-69 7074

False-positives 1,212 808 696
(false alarms)

No. biopsies per 100 60 30 30
Invasive breast

cancer diagnosed

False- negatlves 11
(missed cancers)

nvaswe cancer 35

DCIS 16 18

-]
Nelson et al, Ann Intern Med, 2016




Do the benefits of screening BCSC
outweigh the harms? pikcg e g




Common inputs

CISNET models

Unique simulation or
analytical model

6 different
breast
cancer

models

Outputs

BC incidence,
mortality, life

years gained
(LYG), false
positives




CISNET models aBCSG

b 2as (1 (‘ I researc

Models simulate events in individual life histories

No screening

Clinically Death from
Birth Onset diagnosed breast cancer
I I
L] l I
Screening | !
I
Detectable by ~ Screen \L ' Death from
Birth Onset screening  diagnosed V' other cause
® > ‘—'—’
Lead time
<€ > Effect of
SOjourn time Screening



Model estimates of digital screening BCSC
mammogram effectiveness by intervakb:s: ;o

Age & Deaths* Benign False- Overdiag-
Interval averted biopsy” positive*

1y 9 228 1,798

2y 7 146 953
40-49 y

1y 1.3 99 1,143

2y 1.0 58 576

*per 1,000 women screened over screening period

nosis™

25
19

S
2

Mandelblatt et al, Ann Intern Med, 2016



When to start screening BOSE
mammograp h ) bR igioge e e

ACR, SBI -- start at age 40

ACOG, ACS, USPSTF, ACP -- discuss 40-
49, offer based on value of benefit vs. harm

ACS -- start at age 45

USPSTF, AAFP, WHO, ACOG, ACP - start
at age 50

Most European countries and Canada start
age 50



ACS rationale for starting BOSC
screen I n g at ag e 45 isTgaOHE ook

Observational studies — 20-40% reduction
In breast cancer mortality
Breast cancer mortality similar 45 vs. 50
40-44 -- 13.2 per 100,000
45-49 -- 20.6 per 100,000
50-54 -- 30.8 per 100,000
55-59 -- 41.3 per 100,000
Harms higher in women 40-44 vs. 45-49

Oeffinger et al, Jama, 2015



How often to screen with ROSC
mammography et ok

ACR, SBI — annual

ACS — annual 45-54, biennial starting at 55
ACOG - every 1-2 years

USPSTF, WHO, AAFP, ACP — biennial

Most European countries biennial, Canada
q2-3; United Kingdom g3

Potential harms of screening; false-positive

mammogram and biopsy, overdiagnosis
I




Risk of late stage disease with RCSC
2 vs. 1 year screening interval :ozzze--

Advanced Tumor

staget >15mm

Premenopausal +28%"* +21%"*
Postmenopausal -5% +11%*

tStage IIB or higher
*P< 0.05

Miglioretti, Jama Oncol, 2015



When to stop screening RCSC

mammography

ACR, SBI -- if life expectancy <5-7 years

ACS -- if life expectancy <10 years

ACOG —-toage 75, s
USPSTF, WHO, AAF

nared decision-making

P ACP —age 75

Most European countries and Canada stop

at age 70-75



Breast cancer deaths averted ;.3 q
per 1000 women screened i

s
d

10

— Control group === Screening group 1.9

No of breast cancer death
per 1000 people screene

0 2 4 6 8 10 12 14 16
Time after screening (years)

Lee, BMJ, 2013; Demb, JNCI, 2019



Stopping ages based on BC@C
comorbidities [

Comorbidities
Ref None Mild Moderate Severe
Agestop 74 76 72 70 64-66

Deaths 1.0 1.0 0.8 0.9 0.6
averted®

Overdiag- 0.5 0.7 0.6 0.9 0.7
nosis”®

*per 1,000 women screened
« Mild: history of MI, acute M, ulcer, or rheumatologic disease

« Moderate: vascular disease, cardiovascular disease, paralysis or diabetes, or combinations of diabetes with
MI, ulcer, or rheumatologic disease

« Severe: AIDS, COPD, mild to severe liver disease, chronic renal failure, dementia, or coniestive heart failure

Lansdorp-Vogelaar et al, Ann Intern Med, 2014



Lifetime risk of breast cancer BC@C

death T
Deaths
Risk % avertedt

Overall 2.70
50-74 biennial 2.00 V4
40-74 biennial 1.88 3
45-49 annual, 50-74 1.90 3
biennial

Tper 1,000 women screened

24

Kerlikowske et al, Jama Intern Med, 2015; Moss et al, Lancet Oncol, 2015



Improving benefit-harm ratio s
with risk-based screening Ykt rors ghors

Screening most efficient if strategy based on risk
Target fixed number of women at high risk
Decreases harms for low risk women
Decreases costs

Breast cancer risk used to determine
When to start screening

Screening frequency :2\ E

Supplemental imaging | &

=




Breast cancer risk assessment BCSC
models Werkng ogeher o

General Family risk
Breast cancer risk BRCAPro —
assessment tool BRCA carrier

BCS(BCSC model highest calibration A* —
T and discrimination > Gail > TC fier +
"Clin average-risk population
uvdiliall vdncer
Tyrer-Cuzick™ —
10y — BRCA

carrier

e
McCarthy, JNCI, 2019

*includes breast density measure



BCSC Risk Calculator
FREE iPhone & iPad app

BCSC

Get v
This app is designed for both
iPhone and iPad
Rating: 17+
LINKS
Privacy Policy
Developer Website

© Breast Cancer Surveillance
Consortium

Tice J, et al., JCO, 2015

BCSC Risk Calculator

Weiwen Lin >

Details  Ratings and Reviews  Related

Screenshots iPad

Carrier ¥ 3:27 PM -

BCSC Risk Calculator V2

Introduction

The Breast Cancer Surveillance
Consortium (BCSC) Risk Calculator was
developed and validated in 1.1. million
women undergoing mammography across
the United States, among whom 18,000
were diagnosed with invasive breast
cancer. The BCSC Risk Calculator has
been externally validated in the Mayo
Mammography Health Study. The BCSC
Risk Calculator is an interactive tool
designed by scientists that participate in
the Breast Cancer Surveillance
Consortium to estimate a woman'’s five-
year risk of developing invasive breast
cancer. In 2015, the BCSC risk calculator
has been updated to include benign
breast diseases diagnoses and to estimate
both five-year and ten-year breast cancer
risk.

The BCSC Risk Calculator was designed
for use by health professionals. If you are
not a health professional, you are

A = v T

Introduction

Carrier ¥ 320 PM -

< Back Review Calculate

1. Prior history of breast cancer, DCIS,
breast augmentation or mastectomy
No

2. Age
50

3. Race/ethnicity

Native American

4, First-degree relatives diagnosed with

breast cancer
No

5. Prior breast biopsies
Non-proliferative lesion

6. Breast density

Scattered fibroglandular densities

Calculate 5- &10-Year Breast Cancer Risk

Risk Calcutator

BCSC

Working together to advance
breast cancer research

Carrier ¥ 3:29PM -

< Back Assessment Result Restart

Based on the information provided, the
woman's estimated risk for developing
invasive breast cancer over the next 5
years is 0.98%, over the next 10 years is
2.13%.

The average 5-year risk for a woman the
same age and race/ethnicity is 0.91%. The
average 10-year risk for a woman the
same age and race/ethnicity is 1.98%.

These results are based upon the
following answers about the woman:

- Age: 50

- Race/ethnicity: Native American

- First-degree relatives diagnosed with
breast cancer: No

- Prior breast biopsy: Non-proliferative
lesion

- Breast density: Scattered fibroglandular
densities

Reminder: The Breast Cancer Surveillance
Consortium Risk Calculator was designed
for use by health professionals. If you are
not a health nrofassional voi ara

A e v 1

Risk Calcutator



Breast Imaging Reporting
and Data System (BI-RADS)

Almost Scattered Heterogeneously Extremely
entirely fat fibroglandular dense dense
12% densities 39% 8%
41%

Kerlikowske et al. Ann Intern Med. 2015



Common risk factors account RCSC
for breast cancers T LT

35

3

o

Combined PAR =43%

25

Premenopausal Postmenopausal

Population Attributable Risk %

20
16%
15
10 9% 9% 9%
| - - H
0
Dense breasts Family history of History of breast Nulliparous or age at
(Shift c & d to b) (Shift obese & overweight ~Preast cancer biopsy first live birth >30
to normal weight) years

Engmann and Kerlikowske, et al., Jama Oncol, 2017



5-year risk (%) for 45-49y ABCSC
women i

BCSC No Family Hx Family Hx
Density 5-yrrisk Nobx Bx Nobx Bx

a 4 3 D O .8
b 0.8 0.7 1.0 1.0 1.7
C 1.2 1.0 1.7 1.6 2.6
d 1.6 1.3 21 21 3.3

Tice et al, Ann Intern Med, 2008; Tice et al, JCO, 2015



5-year risk (%) for 50-54y BC%C

women e cocn

BCSC No Family Hx Family Hx

Density 5-yrrisk Nobx Bx No bx
a 9 A A 0.7
b 1.0 0.9 14 1.4
C 1.6 1.3 22 2.1
d 2.1 1.7 2.8 2.7

Bx
1.1

2.2
3.4

4.4

32% of 50 year olds average risk less

than average risk 40-year old
Tice et al, Ann Intern Med, 2008; Tice et al, JCO, 2015



Deaths averted vary by risk if ,,z¢
screen women 50-74 biennial e

18 -

16 - RR=4.0 RR =40
RR =4.0
RR =4.0

14 -

Deaths averted per 1000 women

6.5 8

2 65 ‘
Almost entirely fat  Scattered densities Heterogeneously dense Extremely dense

Trentham-Dietz and Kerlikowske, et al. Ann Intern Med, 2016



Deaths averted vary by risk if apcge

screen women 50-74 triennial ‘=z

[EEN
N

[EEN
o

Deaths averted per 1000 women

Almost entirely fat Scattered densities Heterogeneously dense Extremely dense

Trentham-Dietz and Kerlikowske, et al. Ann Intern Med, 2016



Deaths averted vary by risk if ;,5-¢
screen women 50-74 annual e

25

20

15

10

Deaths averted per 1000 women

47 6 6.9 8.7 8.4 104 8.9 10.9

Almost entirely fat Scattered densities Heterogeneously dense Extremely dense

Trentham-Dietz and Kerlikowske, et al. Ann Intern Med, 2016



Breast Cancer Risk Factors

RR=1.3-1.9
>25¢ alcohol/day
Postmenopausal HT
Nullparity or age first birth >30
Body mass index >30 kg/m?
First-degree relative with breast cancer
Hx of breast biopsy
RR= 2.0
Two first-degree relatives with breast cancer

History of proliferative disease without atypia
RR=>2.0to0 4.0

LCIS or ADH

Trentham-Dietz and Kerlikowske, et al, Ann Intern Med, 2016



New federal law for breast BCSC
density notification - 2019 T LT
DE“S E R Mal;:rengee::nsity notification required (35 states)

B R E A S T |mo Effort for inform/education; notification not required

DenseBreast-info.org Active bill [ll Inactive bill/no notification enacted
[] state with insurance coverage

B -my iz

47% of women have dense breasts
(heterogeneously or extremely dense)

\i——-"fﬁ’

OS @2015 2018, Den ast-info, Inc
sed 14 Augus t2018
e =

Kerlikowske et al, Ann Intern Med, 2015; Sprague et al, JNCI, 2014



High breast density masks BC@C
Interval invasive tumors

BI-RADS Screen-
Density detected* Interval cancer*

a 1.8 0.21
b 3.3 0.38
C 4.8 0.84
d 5.1 1.11

64% of interval cancers in women
with BI-RADS c or d

*per 1,000 women 40-74 screened

-]
Kerlikowske et al, Ann Intern Med, 2011; Kerlikowske et al, Ann Intern Med, 2015



Half of women with dense

breasts have low 5-year risk BC@C
70
o 60 90% of women with dense breasts
£ 3 have low to average risk
gJD G) 50
.
5
E E 30
wnh 20 —
p L
0
Almost Scattered Hetero. Extremely
BCSC 5-year risk % entirely fat densities Dense dense
H Low: 0-1 67 38 23 19
u Average: >1-1.66 23 30 N 28 34 S
« Intermediate: 1.67-2.49 21 29 [ 22
High: >2.5 1 11 20 25

Kerlikowske et al, Ann Intern Med, 2015



High risk, high density — interval

cancer rate >1 per 1000 exams

BCSC

\/\/o*kmg Togeﬂ‘er to advance
I ' 1

2.0 .
24% of women with dense breasts
£ = at high risk of missed cancer
e & 15
5 O
e @
S S 1.0
— S
g —
Qg3 05
c e
oo (MmN HERE L
Almost Scattered Hetero. Extremely
BCSC 5-year risk % entirely fat | densities dense dense
M lLow: 0-1 0.14 0.21 0.63 0.72
w Average: >1-1.66 0.31 0.38 0.58 0.89
= Intermediate: 1.67-2.49 0.48 0.43 0.83 1.17
High: >2.5% N/A 0.90 1.48 1.62

Kerlikowske et al, Ann Intern Med, 2015




Alternative imaging strategies BCSC
for women with dense breasts =22

Change screening frequency
Tomosynthesis (3D)

Screening ultrasound -- hand held; whole
breast

Breast MR



Odds of advanced stage with 2, -
vs. 1yr screening interval (it o

Age Heterogeneously Extremely
group dense dense

40-49  1.32(0.93-1.88)  1.89 (1.06-3.39)

Kerlikowske, Jama Intern Med, 2013



Cancer detection by extent of
density for digital vs. DBT

Digital Digital + DBT
Exams 278,906 173,414

Invasive cancer rate”

Non-dense «Decrease recall and increase cancer
Dense detection -- mostly density b and ¢
* No difference in interval cancer rate

Recall rate” overall or by breast density category
Non-dense JuU [
Dense 127 109

*per 1,000 exams, P< 0.001 *Biopsy rate: 18.1 vs. 19.3

Rafferty et al, JAMA, 2016; Conant, JAMA Oncol, 2019; Hovda, Eur Radiol, 2019



J-START ultrasound trial BCSC

Randomized trial of average-risk women
age 40-49 years

Annual digital mammography + screening
ultrasound vs. annual digital mammography

Outcome = interval cancer

18 interval cancers in intervention group vs.
35 in control group

Rate of 0.5 per 1000 vs. 0.97 per 1000

]
Ohuchi, Lancet, 2016



MRI in women with dense
breasts

RCT of women with extremely dense breasts
Age 50-75 years (mean 54 years)

59% participation (N=4756)

Negative mammogram

Biennial MRI vs. biennial mammography

Outcome= 2.5 vs. 5.0 interval cancer/1000
screens — node positive rate no different

False-positive rate MRI group 79.8/1000
screens

de Lange, Clinical Radiology, 2018; Bakker, NEJM, 2019



Supplemental breast imaging e

Working fogether to advance
reast cancer research

brea

Incremental | Biopsy Radiation
breast cancer | rate per dose

detection per | 1,000 (location)
1,000 exams | exams

Digital NA 22 0.5 mSv
mammography (breast)

' Ultrasound | 2 to 4 50to 57 None

Digital breast 1102 28 1.0 mSv
tomosynthesis (breast)

Breast MRI 10 to 16 44 None

Molecular breast 8to 9 321037 2.4 mSv
imaging (whole body)

Kerlikowske et al. Jama. 2019




Summary

Women undergoing screening mammography
based on age has a modest impact on breast
cancer mortality and results in substantial harms

Risk-based screening maximizes the potential
benefits and minimizes the harms of screening

Assessment of BCSC 5-year risk can identify
women at high and low breast cancer risk for
targeted screening and supplemental screening

Targeted strategies consider breast cancer risk,
screening frequency, and imaging modality



NBCSC

Working together to advance
breast cancer research

Thank you



