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Breast Cancer in Canada

~1/5 CASES

OCCUR IN WOMEN < 50 YEARS OLD

1/8 WOMEN WILL DEVELOP
BREAST CANCER
DURING HER LIFE

RELATIVE MORTALITY RATIO (5 YRS)

5 000

DEATHS ARE ATTRIBUTED TO THIS
CANCER EACH YEAR

v

CANCER STAGES

27 400

NEW CASES/YEAR

MEAN COST OF CARE (2 YRS)

CANCER STAGES



Breast Screening in Canada

e (Canadian Taskforce on Preventive Health Care recommends screening women
ages 50 to 74 years with mammography every 2 to 3 years

* Many screening programs screen outside these guidelines
e Some programs recommend MRI with mammography for women at high risk
Overall — guidelines are based on age rather than

May result in over-screening women at lower risk and underscreening women
at higher risk



Ontario Breast Screening Programs

Ontario Breast Screening Program (OBSP)

Started in July 1990 Started in July 2011

30 to 69 years

1. Known Gene Mutation Carrier
Age-based eligibility 2. Untested First Degree Relative
3. Family History & Risk >25%

4. Radiation therapy to chest

50 to 74 years
75+ (referral)

232 screening centers 33 screening centers
2 mobile coaches 23 genetic clinics,
73 assessment centers 8 laboratories

Mammogram every two years or
Annually based on family history*, density, &
benign breast disease

Mammogram and MRI
(or ultrasound) every year with doctor referral

Risk-based eligibility Age- and Risk-based eligibility

*first-degree family history of breast or ovarian cancer



Breast Cancer Risk Assessment

e Many women receive approximate risk estimates based on their family history

e Risk prediction tools (e.g., BOADICEA, IBIS) are currently used in genetic clinics (in
Ontario) to assess breast cancer risk and/or risk of carrying a mutation

RN

Multi-gene panel High Risk Screening
testing > Program

?




Genetic architecture of breast cancer

Multi-gene panel
testing

Polygenic
» Risk

Score

Slide provided by Dr. Jacques



Lee et al, Genet Med. 2019 Jan 15. doi: 10.1038/s41436-018-0406-9




BOADICEA version 5

Rare Genetic Variants Polygenic Risk Score Family History

breast, ovarian
prostate, pancreatic

= Other unobserved genetic effects
= Lifestyle/hormonal/reproductive risk factors
= Breast tumour characteristics: ER/PR/HER2

= Population demographics

Slide provided by Dr. Antonis

Lee A et al. Genet Med. 2019 Jan A tdwid0.1038/s41436-018-0406-9



Combining risk factors altogether: risk stratification example

NICE clinical management risk categories

Population risk Mod.erate High risk
risk
0.18 = Risk factors only
0.16
0.14
>
g 0.12
[}
0 0.10
2
5 0.081 Risk categories
O . .
© 0.0 =near population risk (< 17%)
0.04- =moderate risk (= 17% and < 30%)
0.021 Blue=high risk (= 30%)
0.00 - - — - - -
5 10 17 20 25 30 35 40

Breast Cancer Risk by Age 80 (%)
Lee et al Genet Med 201!

Slide provided by Dr. Antonis



Combining risk factors altogether: risk stratification example

NICE clinical management risk categories

Population risk Mod.erate High risk
risk
0.18 = Risk factors only
0.16 -
Genetics (SNPs, PRS) only

50.14
g 0.12
[}
0 0.10
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5 0087 Risk categories
O
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0.00 5 10 17 20 25 30 35 40

Breast Cancer Risk by Age 80 (%)
Lee et al Genet Med 201!

Slide provided by Dr. Antonis



Combining risk factors altogether: risk stratification example

NICE clinical management risk categories
Moderate

Population risk _ High risk
risk
0.18 = Risk factors only
0.16 -
o1 Genetics (SNPs, PRS) only
> = COmbined — full model
a 0.12
[}
0 0.10
z
5 0087 Risk categories
© 0.0 =near population risk (< 17%)
0.041 =moderate risk (= 17% and < 30%))
0.02 Blue=high risk (= 30%)
0.00 5 10 17 20 25 30 35 40

Breast Cancer Risk by Age 80 (%)
Lee et al Genet Med 201!

Slide provided by Dr. Antonis
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PERSPECTIVE |&I: Research Strategy

OVERARCHING GOALS:

" To improve personalized risk
assessment to offer cost-
effective risk-based
screening and prevention of
breast cancer to individuals
most likely to benefit.

" To determine the optimal
implementation
approaches within the
Canadian healthcare system.

J.D. Brooks et al. J. Pers. Med. 2021, 11(6), 511; doi.org/10.3390/jpm11060511
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Adaptation and Validation of BOADICEA in Canadian
population

Calibration of the BOADICEA tool for use within the Canadian population.

1) Generate prevalence estimates for breast cancer risk factors included in
BOADICEA

2) Generate estimates of the association between each available risk factor
and breast cancer risk for incorporation into BOADICIEA.

3) Prospectively validate the calibrated BOADICEA model in Canadian
cohorts.

- -



CanPath is following the health of over 330,000 adult
Canadians for decades
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Adaptation and Validation of BOADICEA in Canadian
population

Calibration of the BOADICEA tool for use within the Canadian population.

1) Generate prevalence estimates for breast cancer risk factors included in
BOADICEA

2) Generate estimates of the association between each available risk factor
and breast cancer risk for incorporation into BOADICIEA.



Comparing CanPath, CCHS and BOADICEA Distributions: BMI|

W % %

Self-reported BMI (kg/m?)c

3.3 1.7 2.2
18.5-24.9 35.7 43.8 42.3

250299 BEEELE: 30.0 30.7
25.2 24.6 24.9



Comparing CanPath and BOADICEA Estimates: BMI

) | BOADICEA | ¢ ilon | ORESKC)
20-49) BOADICEA Cases/Controls olit{leidd),

<18.5 1.28 12/1116  1.29(0.72, 2.32)
18.5-24.9 1.00 239/24911 Ref
0.92 133/14300  0.91(0.73, 1.12)
0.74 103/13102  0.81(0.64, 1.03)




Comparing CanPath and BOADICEA Estimates: Age at Menarche

CanPath o
Age at menarche (y) [BOADICEA Cases/Controls OR (95%Cl)

1.19 303/10955 1.15 (1.01, 1.31)
1.09 682/25306 1.08 (0.98, 1.19)
1.07 1359/50212 1.10(1.02, 1.19)
1.00 1335/51041 Ref

0.98 685/26487 0.98 (0.90, 1.08)
0.92 253/11259 0.86 (0.75, 0.98)

0.82 218/8428 1.01 (0.88, 1.17)



Comparing CanPath and BOADICEA Estimates: Number of live births

: : CanPath .
Live births (all women) | BOADICEA Cases/Controls OR (95%Cl)

1.00 197/8155 Ref
0.87 695/28188 0.92 (0.79, 1.09)
0.81 1863/68759 0.87 (0.75, 1.01)

>2 Births 0.71 1047/39165 0.73 (0.62, 0.85)




Adaptation and Validation of BOADICEA in Canadian
population

Calibration of the BOADICEA tool for use within the Canadian population.

1) Generate prevalence estimates for breast cancer risk factors included in
BOADICEA

2) Generate estimates of the association between each available risk factor
and breast cancer risk for incorporation into BOADICIEA.

3) Prospectively validate the calibrated BOADICEA model in Canadian
cohorts.

- -
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."% >300,000

' ‘ Breast Cancer
. Subtypes

Patients
O
093

>300,000

'.“ Controls

International

More than doubling the size of . .
current breast cancer GWAS M uItl-raC|aI

https://dceg.cancer.gov/Confluence
Lead by: Montserrat Garcia-Closas — (moved to ICR London) lllumina Global Screening Array
Now lead by: Peter Kraft, Gretchen Gierach >665,000 variants
Project Manager: Tom Ahearn Multi-Ethnic Genotyping Array (MEGA)
>1.3M variants
Custom content ~ 100K variants




Confluence progress to date

e 300,222 cases and 228,852 controls

e Current CanPath Total: 904 cases and 1396 controls

e 5 Consortia and 224 studies

e February 2023 — first freeze for receiving new data/biospecimens

* Genotyping is on-going — expected to be completed by the end of this
year

e Analysis for initial concepts to start January 2024
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Overall Objective

Evaluate acceptability and uptake of risk-based approach to breast
cancer screening in Ontario and Quebec

= Recruit ~5,000 women ages 40 to 69 screened at one of six
Ontario Breast Screening Program (OBSP) sites or in Quebec
through Dec. 2021

" Exclusion criteria: breast, ovarian or pancreatic cancer; known
high risk; had genetic testing and/or counselling for breast cancer
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1-Year Follow-up Risk Assessment and
Screening Questionnaire

One year 300 you completed a follow-up Risk Assessment and Screening
Questionnaire 35 part of a research siudy to understand the benefits of
knowing your breast cancer risk level and how this informagion can be
used to make an informed choice about breast screening. I is important
‘o update this and collect some addifional information.

Should you wish to speak with someone about fhis questionnaire, please
call 416-217-1226 or cur tol-free number 1-833-781-6046.

Almost entirely Scattered Heterogeneously Extremely
fatty fibroglandular Dense Dense ‘

PRS: BCGR SNP test ~300 SNPs

 Next generation sequencing of SNPs

* Clinical grade

e Standard operating procedures

e Assay designed for high volume/low-cost

(= PERSPECTIVE >7
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Risk Assessment: CanRisk (BOADICEA)

(= PERSPECTIVE
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GENETIC RISK PROFILE - including PRS

FAMILY HISTORY OF CANCER

DEMOGRAPHIC DATA

MAMMOGRAPHIC DENSITY

LIFESTYLE AND HORMONAL
FACTORS

Reproductive history
BMI

Height

Alcohol

Oral contraceptives

HIGH RISK
Outputs
RISK 10-year risk
Lifetime risks
GENERAL

POPULATION RISK



Risk Prediction: CanRisk Web Tool

A. Lee et al. Genetics in Medicine 21, 1708-1718 (2019)

Inputs:

e Risk factors

e Family History

* BI-RADS Density

e Polygenic Risk Score

Outputs:

e 5-year risk

e 10-year risk
e Lifetime risks

29



Risk Categories: 10-year absolute risk

SCREENING ACTION PLAN

40-69 years: Annual mammogram and MRI

40-49 years: Talk to doctor about screening

50-69 years: Annual mammogram

40-49 years: No regular screening

50-69 years: Biennial mammogram

@, PERS PECT|VE *10 year absolute risk scaled to remaining lifetime

INTEGRATION & IMPLEMENTATION risk (RLR) at age 30 (the anchor) to age 80.



Personalized Risk Communication Letter

ﬁour Risk Level: Average/Higher than Average/High\

In Canada, about <number> out of 1000 women your
age may develop breast cancer over the next 10 years.

Your risk for developing breast cancer is about
<same/higher/much higher> as most Canadian
women your age.

In this risk level, up to/between/more than <number>
out of 1000 women your age may get breast cancer

{ver the next 10 years. /

@ PERSPECTIVE .
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Understanding Your Assessment
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Understanding Your Assessment
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1-Year Follow-up Risk Assessment and
Screening Questionnaire

One year 300 you completed a follow-up Risk Assessment and Screening
Questionnaire 35 part of a research siudy to understand the benefits of
knowing your breast cancer risk level and how this informagion can be
used to make an informed choice about breast screening. I is important
‘o update this and collect some addifional information.

Should you wish to speak with someone about fhis questionnaire, please
call 416-217-1226 or cur tol-free number 1-833-781-6046.

Almost entirely Scattered Heterogeneously Extremely
fatty fibroglandular Dense Dense ‘

PRS: BCGR SNP test ~300 SNPs

 Next generation sequencing of SNPs

* Clinical grade

e Standard operating procedures

e Assay designed for high volume/low-cost

(= PERSPECTIVE 34
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Breast Cancer Risk Level by Age Group (n=3,753)

100.0
90.0 gt 1
79.8 :
80-0 : 78.2
1
70.0 | 66.7
60.0
1
¥ 50.0 :
40.0
30.0 !
1
| 20.8
20.0 1 . 16.9
>-7 | 12.5 13.2
10.0 a4 ' 4.8 L
0.0 K :
Total (n=3,753) 40-49 (n=505) 50-59 (n=1,530) 60-69 (n=1,718)

B Average M Higher than Average @High



Screening Recommendation by age and risk level stratification (n=3,753)

Percent (%)

90

80

70

60

50

40

30

20

10

13.5

Total (n=3,753)

__________________________________

Mammogram | Multifactorial Risk Stratification
every2years T TTTTTTTTTTTTTTTTTmmmmmmoooos

81.9
No

Screening
66.7

Under screened
A
( \
Mammogram Mammogram +
every year MRI every year

20.8

15.0 12.5
. . 3.2
[

Average (n=2,996) Higher than Average High (n=166)
(n=591)

H40-49 W 50-69

37



Percent (%)

70

60

50

40

30

20

10

Family History
Stratification

Mammogram
every year

11.5

Family History (n=431)

Mammogram
every 2 years

59.9

Average (n=258)

Legend:

Over screened I
Under screened [ |

Mammogram
every year

27.1

Higher than Average
(n=117)

Mammogram +
MRI every year

13.0

High (n=56)

38



Percent (%)

50

40

30

20

10

Breast Density
Stratification

Mammogram
every year

BIRADS 'd' (n=468)

Mammogram
every 2 years

__________________________________

Legend:
Over screened [ ]

Under screened [ ]
Mammogram

every year

Mammogram +
MRI ever year

Average (n=227) Higher than Average

High (n=79)



Average n=2,996 (79.8%)

Higher than Average n=591 (15.7%)

High n=166 (4.4%)

40




Follow-up....

date: January 18, 2019

() PERSPECTIVE

1-Year Follow-up Risk Assessment and
Screening Questionnaire

Almost entirely Scattered
fatty fibroglandular

(= PERSPECTIVE

INTEGRATION & IMPLEMENTATION

Heterogeneously
Dense

Extremely
Dense

Opinions of mammography
Acceptability of risk-based
screening

Behaviour change

Risk perception

Anxiety

41



Beliefs about advantages of risk prediction (Q1 & Q2 & Q3)

Below are statements of some potential advantages of knowing your breast cancer risk. For each of the statements below, please check
the one answer that best describes to what extent it is an advantage to you.

Source: Jacobsen 1997, Rainey 2018



Before and after risk communication (Ql & Q2):
Beliefs about advantages of risk-based screening by risk level (n=3,065)

Advantage: Helping to make decisions about breast cancer screening

100% | : i
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% . . .

Before (Q1) After (Q2) i Before (Q1) After (Q2) i Before (Q1) After (Q2) i Before (Q1) After (Q2)
All (n=3,065) i Average (n=2,395) i Higher than average (n=519) i High (n=151)

m Very likely/Likely Neither likely or unlikely Unlikely/Very unlikely



Beliefs about disadvantages of risk prediction (Ql1 & Q2 & Q3)

Below are statements of some potential disadvantages of knowing your breast cancer risk. For each of the statements below, please
check the one answer that best describes to what extent it is a disadvantage to you.

Source: Jacobsen 1997, Rainey 2018



Before and after risk communication (Q1l & Q2):
Beliefs about disadvantage of risk-based screening by risk level (n=3,065)

Disadvantage: Receiving information that | don’t want to know
100%
90%

80%

54 54 54 55
70%
63 63 63 69
60%
50%
40%
23 22 23
30% 25
26 25
20% 28 23
Before (Q1) After (Q2) Before (Q1) After (Q2) Before (Q1) After (Q2) Before (Q1) After (Q2)
All (n=3,065) Average (n=2,395) Higher than average (n=519) High (n=151)

M Very likely/Likely Neither likely or unlikely Unlikely/Very unlikely
45



Overall Perception

aa

' BUT...

v/




Before risk communication (Q1 & Q3):
Acceptability for risk-based screening by risk level (n=2,351%)

If your estimated breast cancer risk was found to be higher If your estimated breast cancer risk was found to be much
than average, would you be willing to have your lower than average, would you be willing to have your
mammogram more often than you usually have? mammogram less often than you usually have?

80%

100% 100%
) 5 o2
90% 11 11 90%
80%
23
70% 70% 30 31 30
60% 60%
50% 50%
4
. 88 88 ; 3
40% 40% 34 33 35
30% 30%
20% 20%
0%

0%

All (n=2,351) Average (n=1,921) Higher than average High (n=83) All (n=2,351) Average (n=1,921) Higher than average High (n=83)
(n=347) (n=347)
B Absolutely Maybe Probably/Definitely not

M Absolutely © Maybe = Probably not = Definitely not

*excludes those who were screened every year or less

47
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Main Deliverables

Risk-based Screening Implementation Framework

 Development of a standardized approach and assurance for early
knowledge transfer to identify individuals most likely to benefit

Valuable Prospective Cohort

e Examine screening outcomes (cancer detection rate, false positives, early-
stage invasive cancer), screening behaviours and psychosocial outcomes

e Potential to examine long-term outcomes and further testing on bio-

panked material from saliva

* Linkage to administrative health data

INTEGRATION & IMPLEMENTATION



Ontario Administrative Health Data

& & 19 %

People &
Geography

People in

Ontario
; eligible for
~In patient health care
dr.'°5p'tal since 1985
ischarge
abstracts

Unique
a;ir:;rt%en?; f; individual First Nation
. IKN used for Métis CHF
Prescri!:\tion> linking HIV clinice
drug clag;ls (6= across all AMI
age 63) data sets Social Asth
Home care Assistance sthima
claims Demographics Developmental Dementia
Rehab Claims Deaths Disabilities
Long-term care Census

assessments

Courtesy of Susan Bronskill

Unique algorithm
based on Ontario
health card number

 Screening

behaviours and
outcomes

e Cancer diagnoses

and outcomes

S
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Economic Evaluation (Nicole Mittman and Michael Wolfson)

INPUTS OUTPUTS

NUMBER OF LIVES SA

Slide provided by Dr. Jacques



summary

Health

Patients Providers Systems

Acceptability Acceptability Resources

Uptake Education Cost

Screening
outcomes Care pathways

Cancer SOPs
outcomes

Outcomes




Summary

= Multifactorial risk levels compared to age, family history or breast
density alone can provide more appropriate recommendations by
reducing over screening (50 - 60%) in those at average risk and
increasing screening frequency or additional imaging (13 - 33%) for
those at higher risk

* The addition of polygenic risk scores with breast density and/or family
history improves risk stratification

=  Multifactorial risk stratification may better inform risk-based screening
recommendations



Summary

e Women see the benefit — but are not necessarily willing to accept less
screening

* Implementation will require significant training and the development of
new pathways of care

. Engagement with:
Decision makers (e.g., government agencies, Ministry of Health)
. T_hos)e who administer screening program (e.g., regional coordinating centres, screening
sites
« Those who deliver screening program (e.g., family physicians, radiologists,
radiographers)
 Ongoing work led by Dr. Nora Pashayan
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