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BRCA1 and BRCA2 mutation carriers: considerations

J What my risks of developing cancer over time? r
1 Risks of cancer recurrence, second cancers?

J What other factors influence risk?

©Cancer Research-UK

1 Optimal timing for risk-reducing surgery, chemoprevention,
screening? Changes in lifestyle? How do they affect future risk?

(1 What are the implications for my close relatives?

(1 Are there alternative methods for monitoring disease

development?
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The EMBRACE study

http://ccge.medschl.cam.ac.uk/embrace/

 Epidemiological Study of Familial Breast Cancer
UK and Eire

* Begun:July 1998

* BRCA1/2 mutation carriers and family members
* Men and women

 Collects data on affected and unaffected

PI: Douglas Easton
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EMBRACE: Core components - baseline

« Baseline epidemiological questionnaire
* Blood sample

« Mutation details

« Family history as a pedigree drawing

« Clinical detalls of pre-baseline diagnoses and treatments
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EMBRACE: Core components - follow up

Follow up occurs at approximately 2, 5 and 10 years after
recruitment

« Smaller epidemiological questionnaire

* Blood sample

« Clinical detalls of recent diagnoses / surgery / treatment
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Follow up — mutation carriers
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Follow up — mutation carriers

Cancer

Medical
' 7 notes

-pathology
-surgery
-treatment
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EMBRACE: study recruitment over time
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International collaborations

http://cimba.ccge.medschl.cam.ac.uk
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CIMBA - Consortium of Investigators of Modifiers of BRCA1/2

Centre for Cancer Genetic Epidemiology / \
You are here: COGE Consortia / CIMBA - Consortium of Investigators of Modifiers of BRC

iers of BRCAL/2 f CIMBA Groups

CIMBA Groups I BCCS CI M BA

The map below shows the country locations af the current participating CIMBA study groups. P

always walcome to join provided thay can meat the minimum algibllis

~Lifestyle factors Genetic modifiers

case zoom in for more detad. New groups are

Mapp  Satwiine

= 1 80 groups groups
! worldwide

® d ~64,000 BRCA1/2
e mutation carriers

coe 3 0 >100 publications
UNIVERSITY OF -8y CANCER

CAMBRIDGE

CAMBRIDGE "‘{m‘fﬁ RESEARCH  CENTRE

EARLY DETECTION




What are the future disease risks?

Family based studies

< 2 7
e. e e “e

BRCA2
BC 35 /BC 42 45 BC 47 /BC 45

17
» Possible biases in family selection
» Imprecise information on relatives
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What are the future disease risks?

Prospective studies Cancer
Q Q Q Q
Unaffected l

—

J Optimal epidemiological study design, but
d Requires long periods of observation
d Until recently no large studies available for BRCA1/2
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Female BRCAL, BRCAZ2 prospective risk

estimates: 9,856 women

Breast Cancer

reasl cancer risk
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Risks of Breast, Ovarian, and Contralateral Breast Cancer

for BRCAT and BRCA2 Mutation Carriers 2017
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Are my relatives at elevated risk?

EMBRACE data: breast cancer risk for BRCAL/2 predictive test negatives
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Cumulative risk (%)

~1900 women relatives
Mean follow-up ~7yrs
Relative risk ~1.0
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Large variability in risks for BRCA1/2 carriers

J Risks vary over time

» Lifestyle, hormonal factors influence risks

J Risks vary by number of affected relatives

» Other genetic factors influence risks
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Mutation specific risks

Cancer risks depend on the position of the mutation within the gene

5.0 -

[ E—

BRCAZ2: Cumulative breast cancer risk by
mutation location (wide)
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BRCA1/2 mutations vs Common genetic variation

» BRCA1 and BRCA2 mutations are rare in the population

» Contribute a lot to an individual’s genetic risk

ATCTCTTGGCTCCAGCATCGATGAAGAACGCA
TCATTTAGAGGAAGTAAAAGTCGTAACAAGGT
GAACTGTCAAAACTTTTAACAACGGATCTCTT

TGTTGCTTCGGCGGC CGCAAGGGTGCCCG
GGCCTGCCGTGGCAG CCCAACGCCGGGCC
TCTCTTGGCTCCAGC GATGAAGAACGCAG

CAGCATCGATGAAGAACGCAGCGAAACGCGAT
CGATACTTCTGAGTGTTCTTAGCGAACTGTCA
CGGATCTCTTGGCTCCAGCATCGATGAAGAAC
ACAACGGATCTCTTGGCTCCAGCATCGATGAA
CGGATCTCTTGGCTCCAGCATCGATGAAGAAC
GATGAAGAACGCAGCGAAACGCGATATGTAAT
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BRCA1/2 mutations vs Common genetic variation

An individual’s genome

ATCTCTTGGCTCCAGCATCGATGAAGAACGCA
TCATTTAGAGGAAGTAAAAGTCGTAACAAGGT
GAACTGTCAAAACTTTTAACAACGGATCTCTT
TGTTGCTTCGGCGGCGCCCGCAAGGGTGCCCG
GGCCTGCCGTGGCAGATCCCCAACGCCGGGCC
TCTCTTGGCTCCAGCATCGATGAAGAACGCAG
CAGCATCGATGAAGAACGCAGCGAAACGCGAT
CGATACTTCTGAGTGTTCTTAGCGAACTGTCA
CGGATCTCTTGGCTCCAGCATCGATGAAGAAC
ACAACGGATCTCTTGGCTCCAGCATCGATGAA
CGGATCTCTTGGCTCCAGCATCGATGAAGAAC
GATGAAGAACGCAGCGAAACGCGATATGTAAT
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BRCA1/2 mutations vs Common genetic variation

Genetic risk driven by 100’s-100,000’s of common inherited genetic
variations scattered in the genome — “SNPs”

ATCT GGC GCA TGAAGAA A
TCAT TAAAECGTAAC%T
TTTA ACGGATC ‘
ﬁ GGC CGCAAGG CCCG
ﬁ ECAG§CCCAACG GGCC
TCTC AGC GATGAAG CAG
CAGCATCGA AGAACGCAGCGAAA
CGAT ﬁGTGTTCTTAGC
CGGAﬁ CTCCAGCATCGﬁ
ATCTCTTGG

GAT
CAGC GAT
ATCTCTTGGCTCC

TCA
ATCGATGAAG
GAAGAACGCAGCG
NIVERSITY OF
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CGCGATATGT
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BRCA1/2 mutations vs Common genetic variation

Each SNP contributes little to risk of developing breast, ovarian, or

prostate cancer
ATCT GGC GCA TGAAGAA A
TCAT TAAI\ECGTAAC%T
TTTA ACGGATC ‘
ﬁ GGC CGCAAGG CCCG
ﬁ ECAG§CCCAACG GGCC
TCTC AGC GATGAAG CAG
CAGCATCGA AGAACGCAGCGAAA GAT
CGAT ﬁGTGTTCTTAGC
CGGAﬁ CTCCAGCATCGﬁ
ATCTCTTGG

TCA
CAGC GAT
ATCTCTTGGCTCC

ATCGATGAAG
GAAGAACGCAGCG
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BRCA1/2 mutations vs Common genetic variation

Adding the SNP effects can have big impact on cancer risk
Polygenic Risk Scores

ATCTCTTGGCT (uf ATCGATGAAGAACGCA
TCATTTAGPRGA) PAAGTCGTAACAAGGT
GAACT@RC GJS.... AACAACGGATCTCTT

TGTTCRLEDN ECGCAAGGGTGCCCG
GGCCT = CCCAACGCCGGGCC
TCTCTRIECRC N P GATGAAGAACGCAG
CAGCA A 7 GCGAAACGCGAT
CGATAC 'TAGCGAACTGTCA
CGGATCTCTTG ATCGATGAAGAAC

ACAACGGATCTCTTGGCTCCAGCATCGATGAA
CGGATCTCTTGGCTCCAGCATCGATGAAGAAC
GATGAAGAACGCAGCGAAACGCGATATGTAAT
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Genome wide associlation studies

Included BRCA1/2 mutation carriers

Breast cancer: >180 SNPs

- - W (1 ey 1 ]
- —

—log1o(p)

Ovarian cancer: >30 SNPs
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Prostate cancer: >140 SNPs
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Michailidou et al (Nature 2017), Milne et al (Nat Genet 2017), Phelan et al (Nat Genet 2017)
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General population: PRS and breast cancer risk
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Lifetime absolute risk

Mavaddat et al AJHG 2019
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Polygenic Risk Scores in BRCA1, BRCA2

mutation carriers: act like volume control

Kuchenbaecker et al INCI 2017
LeCarpentier et al JCO 2017
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Polygenic Risk Scores in BRCA1, BRCA2

mutation carriers: act like volume control

BRCAZ2 breast cancer risk

\/ Kuchenbaecker et al JNCI 2017

LeCarpentier et al JCO 2017
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Polygenic Risk Score in BRCA1, BRCA?2

mutation carriers: act like volume control

BRCAZ2 breast cancer risk

Low
polygenic
risk score

v Kuchenbaecker et al JNCI 2017

LeCarpentier et al JCO 2017
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Polygenic Risk Scores in BRCA1, BRCA2

mutation carriers: act like volume control

BRCAZ2 breast cancer risk

Low High
olveenic polygenic
I:iskyfcore risk score

v Kuchenbaecker et al JNCI 2017

LeCarpentier et al JCO 2017
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Polygenic Risk Scores in BRCA1, BRCA2

mutation carriers: act like volume control

_ Applicable males:
Applicable to females:

] Breast Cancer
(] Breast Cancer

_ J Prostate Cancer
[ Ovarian Cancer

Kuchenbaecker et al INCI 2017
LeCarpentier et al JCO 2017
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Lifestyle and hormonal risk modifiers: IBCCS

studies
Age at menarche (4 (4
Parity (Y/N) X X
Number of children v v
Breastfeeding v v
Oral Contraceptive Prep use v/ (ever)* /(ever)*
Alcohol consumption, X X
Smoking v k* Vv t*
Body Mass Index 4 v
Height (4 (4 * Evidence inconsistent
Mammographic Density v v **>5 years prior to fftp
Schrijver et al, INCI Cancer Spect 2019; Andrieu et al INCI Cancer Spect 2019; Qian et al INCI 2019; Mitchell et al Can Res 2006;
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Lifestyle and hormonal risk modifiers: IBCCS

studies

Ovarian Cancer Risk factor | BRCA1 BRCA2

Number of children v consistent
Oral contraceptive use v v
Tubal ligation v consistent

Studies ongoing

Schrijver et al, submitted; Antoniou et al CEPB 2008
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Susceptibility to breast cancer in 2019

e Reproductive Breast Cancer Familial Aggregation
e Menstrual Unexplained: ~55%

* Hormonal

* Lifestyle

* Physiological

: : GWAS  TP53 CHEK2
: Mammographlc denSIty identified: PTEN ATM

° Fam”y history >180 loci CDH1PALB2
STK11INBN

NF1

BRCA1
BRCA2
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Integrating all risk modifiers

Predicted 5-year BC risks by different risk factor combinations

0.08@

==Averagel / — ”High risk factors”

0.078 D%
—10%0

0.0601
==20%0]
0.05B 1 ==25%m
“==30%0
“==35%0

0.040

o
o
w

.

o
o
N
&Y

.
“low risk factors”

5-year breast cancer risk

0.01(

UNIVERSITY OF
CAMBRIDGE



©
BOADICEA model CanRisk

https://www.canrisk.org

1119 Quick Screening Questions

General Practitioner

Practice Murse fMurse Practitioner
Genetic Counsellor

Genetic Consultant

Researcher

Close

Lee et al, Genet Med 2019
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TEST 0.3

@ indicates completed stages & indicates mandatory field

indicates hover information

# Homa

El Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm

@ indicates external link X
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[ Personal Details
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Women's Health

Children
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Medical History

Genetic Tests

Family History
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BOADICEA V
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Absolute Risk of Breast Cancer

The woman's risk of developing breast cancer
over the next 5 years is 0.5%. In other words,
about 5 out of 1000 women with these risk

factors will develop cancer over the next 5 year
period.

The woman's risk of developing breast cancer
over the next 10 years is 1.4%. In other words,
about 14 out of 1000 women with these risk
factors will develop cancer over the next 10 year

period.

The woman's risk of developing breast cancer
by the age of 80 is 17.2%. In other words, about
172 out of 1000 women with these risk factors
will develop breast cancer by the age of 80.

Personal Risk of Developing Breast Cancer Compared to the Population

The woman's risk of developing breast cancer
by the age of 80 is 17.2%, compared to the
average population risk of 11.4%.

In other words, about 172 out of 1000 women
with these risk factors will develop breast cancer
by the age of 80, compared to an average
woman where 114 in 1000 will develop breast
cancer.

breast cancer risk %

100

mm Personal risk

mm Population risk

Iscale y-axis

55 60 65 70 75 80
Age (years)




Icon Array to Show Breast Cancer Risk after 5 years, 10 years and at the Age of 80

Next 5 Year Risk ¥ Next 10 Year Risk ¥ Risk by Age 80

Breast Cancer 10 Year Risk

The woman's risk of developing breast cancer over the next 10 years is
1.4%. In other words, about 14 out of 1000 women with these risk factors will
develop cancer over the next 10 year period.

14 women are likely to develop breast cancer

4 986 women are unlikely to develop breast cancer

(I XXX XL LTI ISR LXIS I L
(I XTI I S X I S I XX S XX ISR XTI
(XXX XI LI EI S XX LIS XTI EX XX S
(XXX IXI LI IS XX SRS XSS XIS S LTS
(XXX IXI LI IS XX SRS XSS XX ES SR T XS
(XXX XTI LIRS XX S R X R XSS XIS SR T XX
(XX XTI LIS XXX XL LR X R X S XXX EX SR T XX
(I XX XX IR LI XX XS L X E X X S XX XSS SR LI X
(L X X IR L I S X I I Y Y S XX XIS XXX
(XS XTI IS XXX S X X S XX ISR
(XXX XX I LI XXX LIRSS XTI SR T XX S
(XXX IXI LI IS XX SRS XSS XIS S LTS
(XXX IXI I IEI XIS RS XIS SIS S LI LT S
(XXX XTI LIRS XX S R X R XSS XIS SR T XX
(XXX XTI R XXX SR R X RS XS XX ISR T XX
dddddddiddidddddidiiiidididddidiiiidiidd
(L XX XXX IR LI XXX RS L X EX XS XX LRI X
(XS XTI IS XXX S X X S XX ISR
(XXX XX I LI XXX LIRSS XTI SR T XX S
(XX XTI IEI XXX I RIS S XIS LT XX S
(XXX IXI I IEI XIS RS XIS SIS S LI LT S
(XXX XTI IR XXX SRS XSS XIS S LTS
(XXX XTI R XXX SR R X RS XS XX ISR T XX
(XX XTI LIS XXX XL LR X R X S XXX EX SR T XX
(LIS XX TR EX XX XX L X X XXX SRR X X

Breast Cancer Remaining Lifetime Risk

The woman's risk of developing breast cancer by the age of 80 is 17.2%. In
other words, about 172 out of 1000 women with these risk factors will develop
breast cancer by the age of 80.

172 women are likely to develop breast cancer

4 828 women are unlikely to develop breast cancer

(XX IIXITLIIIII IS SIS LIS LIS X
(LI XX I LIS SRR L LIS L XS SRS L RS X
(I XX LS TSR LRI S XS XX T RIS X
(L XSS XS XT LSS XL LR S LSS XX SRR XS X
(XX X IR XIS I S Y L S X XXX EEIIEI IS
PR RRPRRRRRRRRMRR PR RRR RN
PRRRPPPRPPPPRRPRPRRPPPRRRPRRRRRRRRIRIRNG
PRPRPRPRPPPPRPPRRRRPRPPRRPRRRRRRRRIRIINE
PRPRPRPRPPPPRPPPPRRPRPPIRPRVRRRRRRIPRRG
(LI XX I LIS SRR L LIS L XS SRS L RS X
(XX XX I LSS SRR L LIS L XSRS L RS X
dddddddibbidddddddiiiiiiddiidiiiiiidiidd
(XIS XT IS XSS LR S LSS XX SRR XIS X
PR RRPRRRRRRRRMRR PR RRR RN
PRRRPPPRPPPPRRPRPRRPPPRRRPRRRRRRRRIRIRNG
PRRRPPPRPPPPRPPRRRRPPPPRRP PR RRRRIRIRNG
PRPRPRPRPPPPRPPPPRRPRPPIRPRVRRRRRRIPRRG
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(XX XX I LSS SRR L LIS L XSRS L RS X
(I XX LS TSR LRI S XS XX T RIS X
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Future Plans: Early detection of cancer in BRCA1/2

(INew CR-UK Early Detection Grant, (Easton and Rosenfeld)
JPALB2, CHEK2, ATM, RAD51C, RAD51D mutation carriers

dincreased annual sample collection

J Annual blood samples
Change in protocol

Q Q Q Q
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Future Plans: Early detection of cancer in BRCA1/2

(INew CR-UK Early Detection Grant, (Easton and Rosenfeld)
JPALB2, CHEK2, ATM, RAD51C, RAD51D mutation carriers

dincreased annual sample collection

J Annual blood samples
Change in protocol Cancer

Q Q allla]| |a]|la Q

v
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Future Plans: Early detection of cancer in BRCA1/2

(INew CR-UK Early Detection Grant, (Easton and Rosenfeld)
JPALB2, CHEK2, ATM, RAD51C, RAD51D mutation carriers

dincreased annual sample collection
J Annual blood samples

I

(J Evaluate ED assays: ctDNA, methylation, proteins etc
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