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BRCA1 and BRCA2 mutation carriers: considerations 

©Cancer Research-UK 

What my risks of developing cancer over time? 

 Risks of cancer recurrence, second cancers? 

What other factors influence risk?  

Optimal timing for risk-reducing surgery, chemoprevention, 

screening? Changes in lifestyle? How do they affect future risk? 

What are the implications for my close relatives? 

 Are there alternative methods for monitoring disease 

development? 



The EMBRACE study 

Cambridge 

• 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 

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

PI: Douglas Easton 



EMBRACE: Core components -  baseline 

• Baseline epidemiological questionnaire 

 

• Blood sample 

 

• Mutation details 

 

• Family history as a pedigree drawing 

 

• Clinical details of pre-baseline diagnoses and treatments 



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

 

• Smaller epidemiological questionnaire 

 

• Blood sample 

 

• Clinical details of recent diagnoses / surgery / treatment 
 

EMBRACE: Core components -  follow up 



Follow up – mutation carriers 
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Follow up – mutation carriers 
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Medical 
notes 
 
-pathology 
-surgery 
-treatment 

Cancer 



EMBRACE: study recruitment over time  



International collaborations 
http://cimba.ccge.medschl.cam.ac.uk 

EMBRACE 

IBCCS 
Lifestyle factors 

CIMBA 
Genetic modifiers 

 80 groups groups 

worldwide  

 

 ~64,000 BRCA1/2 

mutation carriers 

 

 >100 publications 



What are the future disease risks?  
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Family based studies 

BRCA1 

BRCA2 BRCA2 

Possible biases in family selection  
 Imprecise information on relatives  



What are the future disease risks?  
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Cancer 

Unaffected 

Prospective studies 

 Optimal epidemiological study design, but 

 Requires long periods of observation 

 Until recently no large studies available for BRCA1/2  



Female BRCA1, BRCA2 prospective risk 
estimates:9,856 women 

Breast Cancer  Ovarian Cancer  
Breast Cancer  Ovarian Cancer  

2017 



Are my relatives at elevated risk? 

EMBRACE data:  breast cancer risk for BRCA1/2 predictive test negatives 

~1900 women relatives 
Mean follow-up ~7yrs 
Relative risk ~1.0 

Girardi et al Genet Med 2018  



Large variability in risks for BRCA1/2 carriers 

 Risks vary over time 
 
 Lifestyle, hormonal factors influence risks 

 

 
 Risks vary by number of affected relatives 

 

 Other genetic factors influence risks 
 
 



Mutation specific risks 

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

A 



BRCA1/2 mutations vs Common genetic variation 

An individual’s genome 



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” 
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BRCA1/2 mutations vs Common genetic variation 

A 

A A 

A 

G G 

G 

G 

C 

C C 

C T 

T 

T 

T 

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



BRCA1/2 mutations vs Common genetic variation 
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Adding the SNP effects can have big impact on cancer risk 

Polygenic Risk Scores 



Genome wide association studies 

Michailidou et al (Nature 2017), Milne et al (Nat Genet 2017), Phelan et al (Nat Genet 2017)  

Included BRCA1/2 mutation carriers 

Breast cancer: >180 SNPs 
 
Ovarian cancer:  >30 SNPs 
 
Prostate cancer: >140 SNPs 
 



General population: PRS and breast cancer 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 JNCI 2017 
LeCarpentier et al JCO 2017 
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BRCA2 breast cancer risk 

68% 
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Applicable to females:  
 
 Breast Cancer 

 
 Ovarian Cancer  

Applicable males:  
 
 Breast Cancer 

 
 Prostate  Cancer  



Lifestyle and hormonal risk modifiers: IBCCS 
studies 

Breast Cancer Risk factor  BRCA1  BRCA2 

Age at menarche  ✔ ✔ 

Parity (Y/N) ✗ ✗ 

Number of children ✔ ✔ 

Breastfeeding ✔ ✔ 

Oral Contraceptive Prep use ✔(ever)* ✔(ever)* 

Alcohol consumption, ✗ ✗ 

Smoking ✔** ✔** 

Body Mass Index ✔ ✔ 

Height ✔ ✔ 

Mammographic Density ✔ ✔ 
Schrijver  et al, JNCI Cancer Spect 2019; Andrieu et al JNCI Cancer Spect 2019; Qian et al JNCI 2019; Mitchell et al Can Res 2006;   

* Evidence inconsistent 
**>5 years prior to fftp 



Lifestyle and hormonal risk modifiers: IBCCS 
studies 

Ovarian Cancer Risk factor  BRCA1  BRCA2 

Number of children ✔ consistent 

Oral contraceptive use ✔ ✔ 

Tubal ligation ✔ consistent 

Schrijver  et al, submitted; Antoniou et al CEPB 2008 

Studies ongoing 



Susceptibility to breast cancer in 2019 
 

• Reproductive 

• Menstrual  

• Hormonal  

• Lifestyle  

• Physiological  

• Mammographic density  

• Family history  

Unexplained: ~55% 

BRCA1 
BRCA2 

CHEK2 
ATM 
PALB2 
NBN 

TP53 
PTEN 
CDH1 
STK11 
NF1 

GWAS 
identified: 
>180 loci 

Breast Cancer Familial Aggregation 



Integrating all risk modifiers 

“High risk factors” 

“low risk factors” 
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Figure 4. Each curve shows the predicted 5-year 

breast cancer risk for BRCA2 mutation carriers at the 

bottom percentile of  the combined risk factor 

distributions.  

28	 43	 55	

Predicted 5-year BC risks by different risk factor combinations 

Milne and Antoniou, Endocr Relat Cancer. 2016  



BOADICEA model  
https://www.canrisk.org 

Lee et al, Genet Med 2019 











Future Plans: Early detection of cancer in BRCA1/2 

New CR–UK Early Detection Grant, (Easton and Rosenfeld) 

PALB2, CHEK2, ATM, RAD51C, RAD51D mutation carriers 

Increased annual sample collection 
Annual blood samples 
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Change in protocol 
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Change in protocol Cancer 
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Evaluate ED assays: ctDNA, methylation, proteins etc 
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