
Use of multiple Single Nucleotide Polymorphism (SNP) testing to predict breast cancer risk in a 

familial screening clinic 

Running title: SNP testing in familial breast cancer 

Evans D Gareth MD, *1,2 Brentnall Adam PhD, *3 Byers Helen, 2 Harkness Elaine PhD, 4 Stavrinos Paula 

BSc, 2 Howell Anthony MD, 1,5 FH-risk study Group, Newman William N MD, 1 Cuzick Jack PhD 3 

1
Genesis Breast Cancer Prevention Centre and Nightingale Breast Screening Centre, University 

Hospital of South Manchester, Southmoor Road, Wythenshawe, Manchester, M23 9LT 

 
2
Manchester Centre for Genomic Medicine, Manchester Academic Health Sciences Centre, University 

of Manchester 

and Central Manchester Foundation Trust, Manchester, M13 9WL 

 
3
Centre for Cancer Prevention, Wolfson Institute of Preventive Medicine, Queen Mary University of 

London, London EC1M 6BQ 

 
4
Centre for Imaging Sciences, Institute for Population Health, University of Manchester, Oxford 

Road, Manchester, M13 9PT, UK. 

 
5 
The Christie NHS Foundation Trust, Withington, Manchester. 

 

*Joint first authors 

 

Corresponding author and address for correspondence: 

Professor DGR Evans, Consultant Clinical Geneticist, Genomic Medicine, MAHSC, St. Mary’s Hospital, 

Oxford Road, Manchester, M13 9WL, UK. 

Tel: 00 44 (0)161 276 6206, Fax: (0)161 276 6145, Email: gareth.evans@cmft.nhs.uk 

 

Funding: This study was funded by National Institute for Health Research (NIHR) grant {RP-PG-0707-

10031}. 

Conflict of interest: The authors declare no conflict of interest. 

Word Count: Abstract 260; main 3335  

mailto:gareth.evans@cmft.nhs.uk


Abstract 

Background: Familial-risk clinics have been set up worldwide to offer intensive screening 

and preventive strategies. Whilst genetic testing for BRCA1/2 provides important risk 

information for a minority, use of common breast cancer risk genetic variants has not yet 

been implemented, but may have relevance to a much larger number of women.  

Methods: A case-control study was designed to assess effects of the first 18 single 

nucleotide polymorphisms (SNP18) identified through genome-wide-association studies on 

breast cancer incidence. Pre-defined polygenic risk scores for the general population 

(SNP18), BRCA1 (SNP3) and BRCA2 carriers (SNP13) were obtained by multiplying 

normalised risk per-allele estimates.  

Results: SNP18 genotyping was performed in 2,055 samples including 451 women with 

breast cancer (364 prospective). SNP18 was predictive in the non-BRCA1/2 group (inter-

quartile range odds ratio 1.55 (95%CI 1.30-1.87), AUC-0.59 (0.55-0.62), O/E 96%). Findings 

were similar for women in prospective sub-sample, and unaffected by adjustment for 

classical risk factors.  There was some evidence to support the use of SNP3 (BRCA1 carriers, 

AUC 0.62 (95%CI 0.55–0.70)) and SNP12 (BRCA2 carriers, AUC 0.55 (0.48-0.62)), but general 

population SNP18 weights performed worse for these groups (BRCA1 AUC 0.52(0.44–0.59), 

BRCA2 AUC-0.53(0.45-0.60)). Using unadjusted SNP18 scores in 914 non-BRCA1/2 

unaffected women resulted in over half moving risk categories. 

Conclusion: SNP18 may be used to refine risk assessment for women already at increased 

familial risk without BRCA1/2 mutations. Unadjusted SNP18 lifetime risk adjustment results 



in many non-BRCA1/2 women moving risk category. Different weightings are required for 

female BRCA1/2 mutation carriers.  

Impact: SNP18 can be used in a familial breast cancer clinic for non-BRCA1/2 carriers. 
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INTRODUCTION 

Breast cancer is the most common malignancy among women [1].  It is approximately twice 

as common in first-degree relatives of affected women compared with the general 

population [2,3], indicating that breast cancer risk has a substantial inherited component [2-

4].  Mutations in BRCA1 and BRCA2 have been previously identified as a cause of hereditary 

breast cancer, but they account for only around 20% of the familial component [5,6].  

Pathogenic mutations in these tumour suppressor genes leads to substantially increased 

inherited predisposition to breast cancer with lifetime risks of up to 60-90% [7-9]. Further 

high-risk genes include TP53, CDH1, PTEN, STK11 and PALB2, but mutations in these are 

extremely rare and make up only a tiny proportion (1-2%) of cases of inherited breast 

cancer [6]. Although a number of moderate risk genes have also been identified conferring a 

2-3 fold relative risk of breast cancer that accounts for about 5% of the familial component, 

genotyping of these has not yet been proven to have utility in risk prediction [6]. 

Large scale genome-wide association studies (GWAS) have focused on identifying a large 

number of breast cancer susceptibility alleles with much lower effect sizes [10-13].  

Altogether over 94 single nucleotide polymorphisms (SNPs) have now been associated with 



breast cancer risk [6], the SNPs at 18 loci identified in 2010 account for about two thirds of 

the familial component attributed by the identified associated variants [6,12].  Though the 

modest risk associated with these variants suggest that a significant percentage of familial 

risk in breast cancer remains unexplained with many susceptibility variants yet to be 

discovered [6].  

 

There is evidence to suggest that some of these genetic variants also alter the breast cancer 

risk for those with BRCA1 or BRCA2 mutations [13-16].  Antoniou et al determined that nine 

of the common breast cancer susceptibility SNPs (at the TOX3, FGFR2, MAP3K, LSP1, 2q35, 

SLC4A7, 1p11.2, 5p12, 6q25.1 loci) were associated with altered penetrance in BRCA2 

mutation carriers [14,15].  More recent work from the CIMBA consortium has confirmed a 

contribution of SNPs to breast cancer risk in BRCA1 carriers [16]. We have previously 

assessed SNP18 [12] in BRCA1 and BRCA2 mutation carriers showing that using the Turnbull 

weightings appears to predict risk in BRCA2, but not BRCA1 carriers [17]. Here we assess the 

utility of SNP18 on a familial screening clinic with subdivision of women into those with and 

without BRCA1 or BRCA2 mutations. 

MATERIALS AND METHODS 

Study design (Family History Risk-FH-risk) 

A case-control study was designed to assess the predictive value of a combined SNP panel in 

women at increased risk of breast cancer due to their family history. As many cases of 

breast cancer as possible from a family-history clinic in Manchester UK were recruited to 

provide DNA. Women also attending the clinic but without a breast cancer diagnosis were 



invited to contribute DNA as controls. Analysis of the SNP risk score was stratified by 

BRCA1/2 testing. A statistical model was used to account for differences between 

phenotypic risk factors in non-BRCA1/2 cases and controls at entry to the clinic, in order to 

minimise possible bias due to these confounding factors. The study had more than 90% 

power to detect an effect of the SNP score. 

Setting 

Women included had been referred to the Genesis Prevention Centre in South Manchester 

for risk assessment and breast screening between 1987 and 2014. All breast cancers that 

occurred after entry to a family-history clinic between Jun-1990 and Mar-2014 were 

identified as potential cases, in addition to those previously diagnosed with breast cancer 

before they entered the clinic. Participants were contacted between Nov-2010 and Oct-

2013 to obtain consent and DNA samples. Those with DNA already taken were consented 

for use of the sample. Deceased cases (n=75), (49/75 (65%) with previous DNA collected), 

did not require consent. Those that had not previously provided a blood sample provided a 

sample after full informed consent.  Women unaffected by breast cancer were asked to 

consent to SNP testing and were given results using a polygenic risk score (PRS) described 

below. Ethics approval for the study was through the North Manchester Research 

(08/H1006/77) and University of Manchester ethics committees (08229). 

 

Participants 



Women were eligible for this study as cases if they had been diagnosed with breast cancer 

before or after entry to the clinic. Diagnosis of breast cancer was confirmed by hospital 

records or the North West Cancer Intelligence Service (NWCIS).   

Eligibility for controls was based on attending the clinic at the time of recruitment, and by 

matching age at mammogram to cases. The reason for matching cases and controls on age 

at mammogram was to ensure that an age when disease-free and at risk of breast cancer 

was balanced between cases and controls, and for a possible future study of mammographic 

density. Dates of last follow-up were either date of breast cancer diagnosis or date the 

woman was last in contact with the department or other NHS service, date of risk reducing 

mastectomy or date of death.    

Assay methods 

DNA was extracted from fresh blood lymphocyte samples provided by women consenting to 

FH-Risk or existing DNA samples were used. BRCA1/2 mutation testing was carried out when 

clinically indicated using DNA Sanger sequence and Multiple Ligation dependent Probe 

Amplification(MLPA) analysis. Relatives of those identified with BRCA1/2 mutation carriers 

were then offered cascade screening for the family specific genetic mutation. Women 

recruited to FH-risk without prior testing were offered BRCA1/2 testing if appropriate. All 

women were genotyped for 18 SNPs that have been shown to be associated with breast 

cancer risk in the general population (FGFR2, CASP8, TOX3, MAP3K, 2q, CDKN2A, 10q22, 

COX11, NOTCH, 11q13, 10q21, SLC4A7, 6q25.1, 8q24, RAD51L1, LSP1, 5p12, 10q) as 

previously described [17].  

 



Risk factors 

Women with breast cancer diagnosed in clinic were offered full mutation testing for BRCA1 

and BRCA2, and all women with at least a 10% likelihood of a BRCA1 or BRCA2 mutation 

(using the Manchester score [21]) have been tested. 

SNP18 was based on published per SNP odds ratios and risk allele frequencies (RAF) from 

the iCOGS (collaborative oncological gene-environment  study) analysis [13], where 

BRCA1/2 carriers risks were based on analysis from CIMBA (consortium of investigators of 

modifiers of BRCA1/2), and non-carriers were from a BCAC (breast cancer association 

consortium) analysis. When published odds ratios were not available for a given SNP these 

were sought through the iCOGs database (Antoniou A personal communication). The 

assumptions used are given in supplementary tables. We calculated the odds ratio for each 

of the three SNP genotypes (no risk alleles, 1 risk allele, and 2 risk alleles), assuming 

independence and normalising by an assumed risk allele frequency. To obtain an overall 

breast cancer SNP risk score for each woman, we multiplied the odds ratios for each of her 

18 genotypes together.  

Phenotypic risk factors of breast cancer was assessed through a questionnaire completed in 

the clinic and saved onto a computer database.  The Tyrer-Cuzick (TC) model version 7.02 

was used to calculate risk from the information recorded [18] for non-BRCA1/2 carriers and 

the complete database. The risk factors used in the model were family history pedigrees of 

breast and ovarian cancer up to second-degree relatives, height, weight, age at first child, 

and age at menarche and menopause. Hormone replacement therapy use and benign 

breast disease were not used because they were not reliably recorded on the database. 

Women were censored at date of death, date of breast cancer, date of risk-reducing 



mastectomy or date of last follow up whichever was earlier and expected risk of breast 

cancer from cohort entry until that time was computed. A manual assessment of lifetime 

risk was also used, based on a life-tables approach [19,20]. This used categories that are 

relevant to UK NICE guidelines [22] of average 8-16%, moderate 17-29%, high 30-39% and 

very high 40%+ lifetime risk. 

.  

Statistical analysis methods 

Hardy-Weinberg equilibrium (HWE) for each SNP was tested by assessing the observed 

number of homozygotes against expected using a binomial distribution. Assay failures were 

ignored in the SNP score by imputing a relative risk of 1.0 when they occurred. Differences 

in phenotypic risk factors at entry between the non-BRCA1/2 cases and controls and the 

complete cohort were tabulated. A Wilcoxon test was used for differences in age at entry 

for cases and controls. Analysis was stratified by BRCA1/2 testing groups. The main test 

statistic was a univariate likelihood-ratio χ2 (df=1) of the log PRS; confidence intervals for 

odds ratios were based on profile likelihood. The predictive ability of the log SNP scores 

were assessed using logistic regression. In non-BRCA1/2 carriers and prospective cases the 

model also included the logarithm absolute risk from the Tyrer-Cuzick model (v7) over the 

follow-up period for each woman. Spearman correlation was calculated between 10-year 

risk and SNP18 in controls. Unadjusted area under the ROC curve (AUC) was used as a 

secondary measure of discrimination with DeLong confidence intervals. Risk was also 

presented in groups using observed and expected odds ratios. Expected odds ratios were 

calculated using the predicted relative risk ri (PRS) and case-control fraction π=n0/n1, where 



n1,n0 are the number of cases and controls respectively. Specifically, by using the ratio of 

expected number of cases 
i=1

nj
 riπ(1+riπ)−1 and controls 

i=1

nj
 (1+πri)

−1 for the nj subjects in 

group j, all divided by the case-control fraction (π). Confidence intervals for observed 

divided by expected odds ratios used Wilson’s method for the binomial parameter. A plot of 

observed vs expected relative risk from the SNP score in deciles used a trend line from 

logistic regression. Analysis was carried out in GNU R version 3.1.1. 

 

 

Results 

Data 

Between 1987-2012 9222 women were seen at the Family History clinic to assess breast 

cancer risk and initiate screening if appropriate. Eighty seven women had been diagnosed 

with breast cancer prior to being seen leaving 9135 for prospective analysis. There were 489 

prospective breast cancers. DNA samples were obtained from 451/576 (77%) women with 

breast cancer. There were 16,832 years of follow up (median 7.9 years) from recruitment to 

the clinic to the last follow up or breast cancer. The median year of entry to the clinic for the 

prospective cases was 1996 (IQR 1993-2002), it was 2004 (IQR 1998-2009) for controls.   

The composition of the sample by BRCA1/2 testing (individual and family) is shown in Table 

2. For the prospective analysis 87 cases were excluded because they were diagnosed at or 

before entry to the clinic. This left 1969 women who attended the family-history clinic and 



were breast cancer free at baseline including 803 with a family BRCA1/2 mutation, with 364 

cases (112 with BRCA1/2) and 1605 controls (691 BRCA1/2). Table 3 shows a comparison of 

the distribution of phenotypic risk factors and 10-yr risk at baseline in non BRCA1/2 carriers. 

The non-BRCA1/2 controls were at a slightly higher risk than the overall cohort, being older 

and with a more substantial family history of the disease. The non-BRCA1/2 controls were 

also younger at entry than non-BRCA1/2 cases (P<0.001). The BRCA1/2 cases and controls 

had a similar age at entry (controls: median 39, IQR 32-46, cases: 37, 33-45; P=0.3). 

Quality control of the genotyping was satisfactory: the call rate for each SNP was more than 

98%, and HWE was verified separately by BRCA1/2 testing group (supplementary material). 

Analysis and presentation 

Table 4 presents the results when using the SNP scores as a continuous predictor.  It shows 

that SNP18 in the non-BRCA1/2 carrier group was a significant factor (LR-χ2 22.7, P<0.001), 

with an inter-quartile range odds ratio of 1.55 (95%CI 1.30-1.87) and AUC 0.59 (0.55-0.63). 

Findings were similar when restricted to the prospective sub-sample. SNP18 was 

uncorrelated with Tyrer-Cuzick 10-year risks (Spearman correlation 0.01 in controls, P=0.7), 

and was similarly predictive when adjusted for Tyrer-Cuzick risk over the period from entry 

to last follow-up (IQR-OR 1.58, 95%CI 1.29-1.89). SNP scores in the BRCA1/2 groups 

suggested that they might refine risk, but analysis was limited by sample size and the 

strength of the predictor. SNP18 score performed worse than the BRCA1/2-specific weights 

used by SNP3 and SNP13 especially for BRCA1.  

Figure 1a illustrates the performance of SNP18 in non-BRCA1/2 carriers by showing the 

distribution in cases and controls. Some analysis of SNP18 quintiles is shown in Table 5. 



There was more than a two-fold increase in risk between the bottom and top quintiles of 

SNP18 in non-carriers. The predicted risk was also close to expected, being 96% (95% CI 56 – 

136%) of expected in the complete data. This excellent calibration is further illustrated in 

Figure 1b,c. The predicted risk was 100% (95%CI 57-142%) of expected after adjustment for 

risk from classical factors. When using lifetime risk categories (calculated by lifetables[18-

20]) relevant to UK NICE guidelines [22] of average 8-16%, moderate 17-29%, high 30-39% 

and very high 40%+ there was a substantial proportion of the unaffected non-BRCA1/2 

population that moved risk category if an unadjusted PRS was used. Of 914 women more 

than half 475 (52%) moved category with 432 (25.4%) moving up a category and 443 

(26.6%) moving down. Using the upper threshold of risk for MRI screening of 25% lifetime 

risk in North America 32/174 (18.4%) moved up into the MRI category, whereas 149/740 

(20%) moved down out of this category. 

DISCUSSION 

The current report demonstrates that using a PRS from genotyping SNP18 was highly 

predictive of breast cancer risk in our familial risk clinic once families with BRCA1 and BRCA2 

mutations had been excluded, and the observed matched expected risk. We also observed 

the relationship after adjustment for risk from classical factors. This has important 

implications for provision of breast cancer risk information in the familial situation. It implies 

that iCOGs weightings can be used to assess risks in women already at increased risk from 

their family history. It would therefore be reasonable to use SNP18 to modify risk 

predictions from this model. If unaffected women are undergoing genetic testing for BRCA1 

and BRCA2 mutations either as stand-alone tests or part of a panel, use of multiple SNP 

testing could be considered at the same time. Even if using a 10% threshold for BRCA1/2 



testing (many clinicians now test far below this), the great majority of women will receive a 

negative ‘uninformative’ test, which with only a 10% predicted element from BRCA1/2 will 

only, in most instances slightly reduce their predicted risk of breast cancer as most of their 

imputed familial risk will not have been from the probability of a BRCA1/2 mutation. For 

these women a SNP PRS could provide a more meaningful result once BRCA1 and BRCA2 

mutations have been excluded as it is much more likely that they were at risk of non 

BRCA1/2 familial risk factors. Indeed this is only the second independent confirmation that a 

SNP PRS can be used to predict breast cancer risk accurately in a familial cohort outside the 

iCOGs consortium [23]. Use of SNP18 PRS in an unadjusted fashion as supported by our data 

results in over half of women moving NICE risk category. A substantial proportion of 18-20% 

of women with familial risk also move either side of the North American MRI screening 

threshold. A recent study from the Australian Family registry showed that using a 77 SNP 

PRS added significantly to the prediction from risk algorithms including BOADICEA, 

BRCAPRO and Tyrer-Cuzick [24], in 750 cases and 405 controls. For instance improving the 

AUC of Tyrer-Cuzick from 0.57 to 0.63. 

Indeed it is likely that use of a PRS may have more additional value than extended gene 

mutation panel tests of moderate and highly penetrant genes. In a study of 198 women 

referred for BRCA1/2 testing 57 (29%) harboured pathogenic mutations in BRCA1/2[25].  A 

further 16 had what were classified as pathogenic mutations in the extended panel of 42 

genes. However, the concept of what were ‘actionable’ (identifies pathogenic mutations in 

genes that substantially affect risk) mutations is debateable. The authors concluded that 15 

women (11% of the non BRCA1/2) had mutations that were actionable. However, four of 

these were MUTYH1 heterozygous mutations that do not even confer a 2-fold risk of 



colorectal cancer and no clear increase risk of breast cancer.   Many of the remainder were 

genes that still have an unknown breast cancer risk that almost certainly do not reach a high 

risk definition (>40% lifetime risk)-NBN, BLM, SLX4, PRSS1, and ATM. Only three in fact met 

high risk criteria and two of these were for other cancers –CDKN2a (melanoma, pancreas) 

and MLH1 (colorectal, endometrial) with only CDH1 potentially meeting a high risk 

definition for breast cancer. However, nearly all subjects carried a variant of ‘uncertain 

significance’ in at least one gene with an average of two per woman. Therefore in broader 

terms only three women (2%) without a BRCA1/2 mutation had a really useful result from 

the extended panel test with the problem of how to counsel nearly all of them on an 

uncertain result. In contrast a SNP PRS would provide an adjusted overall risk for all women 

testing negative for BRCA1/2.  

In this analysis the combined risk SNP odds ratios from iCOGS were used. These were 

derived from large case-control studies of the general population[13,24]. Many of the SNPs 

have not been validated for risk assessment in BRCA1/2 carriers, with 15 of SNP18 not 

having yet been shown to have validity for BRCA1 mutation carriers[14,15]. For BRCA1 this is 

not surprising where the majority of cancers are oestrogen receptor negative (most of 

SNP18 are associated with oestrogen receptor positive breast cancer) in contrast to the 

general population and BRCA2. To provide an accurate risk for BRCA1/2 a different 

weighting would be required for each SNP for each gene with many SNPs that would be 

used in a population setting dropping out of the panel as they have not yet been validated 

for either BRCA1 and or BRCA2. The prediction in table 4 shows that SNP18 with iCOGS 

weightings for BRCA1 has a non-significant prediction that improved by using just the three 

SNPs validated with CIMBA weightings. Similarly, although there was partial prediction in 



BRCA2 carriers from SNP18, this improved by using CIMBA BRCA2 weightings. We have 

previously used BRCA1 weightings in 3 SNPs validated for BRCA1[14,15] in a dataset of 462 

BRCA1 carriers with 269 cancers which showed no validity for the three SNPs[17]. The 

results for SNP3 in BRCA1 carriers in the present dataset were driven by rs3757318 in ESR1. 

The individual effect for this SNP was larger than expected (supplementary material). A 

limitation of the analysis is that many of the BRCA1 cohort were part of the EMBRACE 

project, and were therefore used (with many other samples) to estimate the odds ratios for 

SNP3 from analysis through CIMBA. Analysis excluding these is very limited, and there are 

only 8 BRCA1 controls. However the results (supplementary material) at least show that 

odds ratios are in the correct direction for those who were not part of EMBRACE. 

The present study has some limitations. Not all of the non BRCA group had been tested for 

BRCA1/2 and therefore will include a small number of mutation carriers. However, this 

number will be small as all were below the NHS testing threshold of 10% a priori risk of 

mutation detection in England and Wales [22]. Amongst the 124 untested prospective 

breast cancers we would estimate no more than 4-5% would harbour a BRCA1/2 mutation; 

approximately 6 women. Similarly amongst the untested unaffected women we would 

assess an even smaller proportion are likely to harbour BRCA1/2 mutations. As such this 

should have a very small effect on our results.  

In summary we believe the current study provides good evidence for utility of multiple SNP 

testing in the familial risk clinic which may be enhanced further by assessing more recently 

identified risk association SNPs [24,25]. We would advise using the iCOGs weightings in 

women at high risk of a BRCA1/2 mutation only if BRCA1/2 testing has already been 

undertaken and has proven negative or is undertaken at the same time. If women test 



positive for BRCA1 or BRCA2 then different algorithms need to be used if a SNP risk 

prediction element is to be used to refine their risk estimate. 
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Table 1: SNP used with odds ratios per allele and weightings derived from iCOGS 

dataset [13]. 

 

SNP Chromoso

me 

Position Ref EAF EOR 

 rs614367 11 69328764 C 0.15 1.21 

rs704010 10 80841148 T 0.62 0.92 

rs713588 10 5886962 G 0.44 0.99 

rs889312 5 56031884 C 0.72 0.89 

rs909116 11 1941946 T 0.49 0.93 

rs1011970 9 22062134 G 0.17 1.05 

rs1156287 17 53076799 G 0.71 1.07 

rs1562430 8 128387852 T 0.43 0.90 

rs2981579 10 123337335 A 0.60 0.79 

rs3757318 6 151914113 G 0.07 1.16 

rs3803662 16 52586341 A 0.74 0.81 

rs4973768 3 27416013 C 0.47 1.09 

rs8009944 14 69039588 C 0.74 0.96 

rs9790879 5 44899885 C 0.60 0.92 

rs10995190 10 64278682 G 0.16 0.86 

rs11249433 1 121280613 A 0.40 1.09 

rs13387042 2 217905832 A 0.49 0.88 

rs10931936 2 202143928 T 0.72 0.96 

 

Footnote: EAF is the expected risk allele frequency (COGS, EOR is the expected per-allele odds ratio 

(COGS) 

 



Table 2: BRCA1/2 testing groups 

Family Testing Controls Cases Controls(%) Cases(%) 

No BRCA1/2 Low risk, not tested 656 126 40.9 27.9 

No BRCA1/2 Family tested negative 258 158 16.1 35.0 

BRCA1  201 79 12.5 17.5 

BRCA1 Proband negative 141 2 8.8 0.4 

BRCA2  204 78 12.7 17.3 

BRCA2 Proband negative 145 8 9.0 1.8 

 

Table 3: Phenotypic risk characteristics at entry 

Factor Description Complete cohort Control                 

(No BRCA1/2) 

Prospective case 

(No BRCA1/2) 

Database  Available 10,088*        1,176       260 

questionnaire Unavailable                        24 

(2%) 

                     1 (<1%) 

Age Entry (yr) Median (IQR) 39 (33-46) 40 (35-46) 43 (37-48) 

Menopause Pre(%) 6103 (60%) 728 (62%) 169 (65%) 

 Peri(%) 709 ( 7%) 58 ( 5%) 20 ( 8%) 

 Post(%) 1051 (10%) 148 (13%) 44 (17%) 

 Unknown(%) 2225 (22%) 242 (21%) 27 (10%) 

BMI (kg/m2) Median (IQR) 24.0 (21.8-27.3) 24.4 (22.1-28.0) 23.8 (21.7-26.2) 

 Unknown (%) 3715 (37%) 381 (32%) 56 (22%) 

Parity Unknown 1086 (11%) 179 (15%) 32 (12%) 

 Nulliparous 4511 (45%) 661 (56%) 138 (53%) 

 Parous 4491 (45%) 336 (29%) 90 (35%) 

Age first child 

(parous) 

Median (IQR) 25 (21-29) 25 (21-29) 25 (22-30) 



First-degree 1 6727 (67%) 728 (62%) 168 (65%) 

relatives (n (%)) 2 or more 1246 (12%) 207 (18%) 61 (23%) 

Tyrer-Cuzick 10y% Median (IQR) 3.17% (1.73-5.09%) 3.86% (2.31-6.03%) 4.40% (2.98-6.14%) 

*Number seen up to 2014 

 

 

 

  



 

Table 4: Results with use of PRS as continuous risk factor. 

 IQR (controls) IQR-OR 95% CI LR-χ2 AUC 95% CI 

All cases       

SNP18 (NOT BRCA) 0.81 - 1.27 1.55 1.30 - 1.87 22.7 0.59 0.55 - 0.63 

SNP3 (BRCA1) 0.94 - 0.99 1.38 1.16 - 1.67 12.7 0.62 0.55 - 0.70 

SNP13 (BRCA2) 0.79 - 1.14 1.32 0.91 - 1.93 2.1 0.55 0.48 - 0.62 

SNP18 (BRCA1) 0.81 - 1.17 0.96 0.71 - 1.30 0.1 0.52 0.44 - 0.59 

SNP18 (BRCA2) 0.74 - 1.20 1.19 0.80 - 1.77 0.7 0.53 0.45 - 0.60 

Prospective cases only       

SNP18 (Not BRCA) 0.81 - 1.27 1.55 1.29 - 1.87 21.3 0.59 0.55 - 0.63 

 -- adjusted for TC risk  1.56 1.29 - 1.89 21.7   

SNP3 (BRCA1) 0.94 - 0.99 1.44 1.17 - 1.76 12.6 0.64 0.55 - 0.72 

SNP13 (BRCA2) 0.79 - 1.15 1.44 0.90 - 2.31 2.3 0.57 0.47 - 0.66 

IQR, inter-quartile range; OR, odds ratio; CI, confidence interval; LR- χ2, 
likelihood ratio test statistic; 

AUC, area under the receiver operating characteristic; TC, Tyrer-Cuzick absolute riskp 

  



Table 5 SNP18 results by quintile in non-BRCA1/2 carriers 

Quintile SNP18 

cutpoint 

Cancer n OR 

(Observed) 

OR 

(Expected) 

O/E (95% CI) 

All cases       

1  49 307 0.78 0.66 1.18 (0.91-1.51) 

2 0.78 38 296 0.60 0.86 0.70 (0.52-0.93) 

3 0.94 58 299 0.98 1.03 0.95 (0.75-1.19) 

4 1.11 67 296 1.19 1.24 0.96 (0.78-1.18) 

5 1.37 82 296 1.56 1.62 0.96 (0.80-1.15) 

Prospective cases only   

1  42 300 0.75 0.66 1.14 (0.86-1.49) 

2 0.78 34 286 0.62 0.86 0.72 (0.53-0.98) 

3 0.94 54 301 1.01 1.03 0.98 (0.76-1.24) 

4 1.11 57 286 1.14 1.24 0.92 (0.73-1.16) 

5 1.37 74 288 1.59 1.62 0.98 (0.80-1.18) 

SNP18 cutpoint, lower limit of quantile; OR, odds ratio; O/E observed odds ratio divided by 

expected. 

  



   

   

 

 

 

Figure 1: Results for non-BRCA1/2 group. Panel (a) shows a histogram of SNP18 in controls and 
prospective cases; then the observed vs expected odds ratio is plotted in panel (b) for prospective 
cases and (c) all cases. In panels (b) and (c) the points (o) are observed and expected in each 
decile, the solid line (—) is from a logistic regression fit to the individual-level data, the dashed line 
is the 45-degree diagonal.  
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Table S1: SNPs genotyped including non-prospective cancers but excluding BRCA1/2 
carriers 

 

 SNP gg(0) gG(0) GG(0) gg(1) gG(1) GG(1) EAF RAF EOR OR Fail Ph ctl Ph case O/E ctl O/E case 

 rs614367 834 331 34 204 81 9 0.15 0.17 1.21 1.01 1 (<1%) 0.895 0.819 1.00 1.01 

rs704010 428 580 192 96 137 61 0.62 0.59 0.92 0.85 0 (0%) 0.875 0.326 0.99 1.05 

rs713588 219 588 389 43 136 115 0.44 0.42 0.99 0.81 4 (<1%) 0.927 0.755 1.00 1.01 

rs889312 562 506 119 124 133 36 0.72 0.68 0.89 0.85 14 (1%) 0.755 0.928 1.01 1.00 

rs909116 259 593 347 57 149 87 0.49 0.46 0.93 0.94 2 (<1%) 0.828 0.679 1.01 0.97 

rs1011970 832 328 40 192 94 7 0.17 0.17 1.05 1.10 1 (<1%) 0.476 0.488 1.01 0.97 

rs1156287 86 492 596 26 112 155 0.71 0.72 1.07 1.01 27 (2%) 0.364 0.433 0.98 1.03 

rs1562430 209 567 418 41 137 116 0.43 0.40 0.90 0.85 6 (<1%) 0.480 0.914 1.02 1.00 

rs2981579 389 586 224 73 153 68 0.60 0.56 0.79 0.78 1 (<1%) 0.879 0.518 1.00 0.96 

rs3757318 1012 176 10 243 49 2 0.07 0.08 1.16 1.11 2 (<1%) 0.724 0.951 1.00 1.00 

rs3803662 597 500 96 147 128 19 0.74 0.71 0.81 1.04 7 (<1%) 0.629 0.320 0.99 0.95 

rs4973768 340 587 268 63 164 66 0.47 0.48 1.09 1.15 6 (<1%) 0.609 0.047 1.01 0.88 

rs8009944 632 477 88 143 125 26 0.74 0.72 0.96 0.87 3 (<1%) 0.922 0.924 1.00 0.99 

rs9790879 420 577 203 82 165 47 0.60 0.58 0.92 0.88 0 (0%) 0.823 0.022 1.01 0.87 

rs10995190 22 270 908 5 61 228 0.16 0.13 0.86 0.91 0 (0%) 0.818 0.793 1.00 1.01 

rs11249433 411 553 206 80 147 67 0.40 0.43 1.09 1.30 30 (2%) 0.395 0.980 1.02 1.00 

rs13387042 299 576 292 62 135 97 0.51 0.51 1.14 1.28 33 (2%) 0.640 0.224 1.01 1.07 

rs10931936 624 502 68 164 107 22 0.72 0.73 0.96 1.05 7 (<1%) 0.045 0.503 0.95 1.03 

gg, gG, GG, genotype combinations with reference to Table 1 allele; (0) for controls; (1) cases; EAF is the expected risk 
allele frequency (COGS); RAF is the observed risk allele frequency; EOR is the expected per-allele odds ratio (COGS); OR 
is the point estimate from these data; HWE is tested where Ph is the p-value from a test on the number of homozygotes, 
where the observed number of homozygotes divided by expected is also given.  

 

  



  

Table S2: Summary of SNPs genotyped, BRCA1 only. Those included in SNP3 highlighted in bold. 

 

 SNP gg(0) gG(0) GG(0) gg(1) gG(1) GG(1) EAF RAF EOR OR Fail Ph ctl Ph 

case 

O/E ctl O/E 

case 

 rs614367 144 42 10 47 29 3 0.15 0.18 1.00 1.45 0 (0%) 0.079 0.758 1.07 0.97 

rs704010 66 96 34 29 37 12 0.38 0.41 1.00 0.89 1 (<1%) 0.987 0.885 0.99 1.00 

rs713588 38 92 65 12 44 23 0.44 0.43 1.00 1.00 1 (<1%) 0.554 0.283 1.04 0.87 

rs889312 97 73 24 43 32 4 0.28 0.29 1.00 0.76 2 (1%) 0.117 0.700 1.09 0.96 

rs909116 48 100 48 21 42 16 0.51 0.51 1.00 1.14 0 (0%) 0.830 0.627 0.98 0.93 

rs1011970 139 48 9 64 14 1 0.17 0.15 1.00 0.59 0 (0%) 0.238 0.821 1.05 1.01 

rs1156287 18 75 102 1 37 40 0.28 0.27 1.00 0.83 2 (1%) 0.476 0.093 1.04 0.84 

rs1562430 41 83 72 17 36 25 0.57 0.57 1.00 0.90 1 (<1%) 0.062 0.484 1.12 1.07 

rs2981579 58 96 41 31 34 14 0.40 0.44 1.00 0.78 1 (<1%) 0.857 0.348 1.01 1.09 

rs3757318 184 12 0 62 16 1 0.07 0.05 1.20 4.14 0 (0%) 0.996 0.922 1.00 1.00 

rs3803662 115 67 13 42 33 4 0.29 0.24 1.05 1.12 1 (<1%) 0.522 0.616 1.03 0.95 

rs4973768 50 96 50 23 37 19 0.47 0.49 1.00 0.91 0 (0%) 0.721 0.515 1.02 1.06 

rs8009944 95 77 23 38 37 3 0.74 0.70 1.00 1.21 2 (1%) 0.265 0.217 1.07 0.88 

rs9790879 74 87 34 28 35 16 0.40 0.41 1.00 1.11 1 (<1%) 0.323 0.358 1.06 1.09 

rs10995190 3 48 145 2 19 58 0.16 0.14 1.00 1.07 0 (0%) 0.864 0.780 0.99 1.01 

rs11249433 60 106 27 34 34 11 0.40 0.40 1.00 0.76 3 (1%) 0.089 0.551 0.88 1.05 

rs13387042 53 91 52 13 46 19 0.52 0.51 1.01 1.18 1 (<1%) 0.284 0.127 1.07 0.82 

rs10931936 94 82 14 40 34 4 0.72 0.72 1.00 1.11 7 (3%) 0.620 0.512 0.97 0.93 

            

            

            

            

            

            

            



            

            

 

Table S3: Summary of SNPs genotyped, BRCA2 only. Those included in SNP12 highlighted in bold. 

  

 SNP gg(0) gG(0) GG(0) gg(1) gG(1) GG(1) EAF RAF EOR OR Fail Ph ctl Ph case O/E ctl O/E 

case 

 rs614367 147 55 2 54 23 1 0.14 0.15 1.08 1.14 0 (0%) 0.508 0.688 0.97 0.96 

rs704010 65 105 34 28 38 12 0.38 0.42 1.01 0.89 0 (0%) 0.496 0.973 0.95 0.98 

rs713588 37 99 68 16 43 19 0.44 0.44 1.00 1.27 0 (0%) 0.873 0.421 1.01 0.90 

rs889312 105 89 10 36 33 8 0.29 0.28 1.04 1.31 1 (<1%) 0.217 0.838 0.93 1.01 

rs909116 51 100 53 17 41 20 0.51 0.51 1.10 1.06 0 (0%) 0.727 0.724 1.02 0.95 

rs1011970 137 61 6 52 25 1 0.17 0.18 1.03 0.96 0 (0%) 0.923 0.578 0.99 0.95 

rs1156287 10 76 118 7 31 40 0.28 0.25 1.02 1.32 0 (0%) 0.756 0.731 0.98 1.02 

rs1562430 32 93 79 12 39 26 0.57 0.61 1.02 0.90 1 (<1%) 0.567 0.771 1.03 0.96 

rs2981579 70 104 30 24 39 15 0.40 0.41 1.28 1.19 0 (0%) 0.447 0.996 0.94 0.99 

rs3757318 176 28 0 69 9 0 0.07 0.07 1.15 0.82 0 (0%) 0.748 0.956 0.99 0.99 

rs3803662 131 65 8 44 31 3 0.27 0.21 1.24 1.26 0 (0%) 0.957 0.587 1.00 0.94 

rs4973768 63 82 59 20 42 16 0.47 0.49 1.00 0.94 0 (0%) 0.004 0.556 1.20 0.92 

rs8009944 113 72 19 47 28 3 0.74 0.74 1.00 1.30 0 (0%) 0.204 0.819 1.07 0.97 

rs9790879 69 106 29 26 41 11 0.40 0.40 1.07 1.01 0 (0%) 0.298 0.505 0.93 0.91 

rs10995190 3 52 149 1 17 60 0.16 0.14 0.94 0.83 0 (0%) 0.766 0.980 0.99 0.99 

rs11249433 74 98 32 32 36 7 0.40 0.38 1.00 0.75 3 (1%) 0.981 0.613 1.00 0.94 

rs13387042 54 97 49 16 36 23 0.52 0.50 1.01 1.26 7 (2%) 0.627 0.700 1.03 1.03 

rs10931936 108 75 21 42 33 2 0.72 0.73 1.00 1.26 1 (<1%) 0.201 0.299 1.07 0.90 

   

 

Table S4: Results excluding those from the EMBRACE project in BRCA1/2 groups. The odds 
ratio (OR) is between the 75 and 25 quantile of each predictor in controls. 



 

 Control Case IQR IQR-OR OR CI LR-CHI AUC AUC CI 

SNP3 (BRCA1) 8 21 0.95 - 0.98 1.14 0.85 - 1.80 0.7 0.57 0.35 - 0.79 

SNP13 (BRCA2) 12 27 0.74 - 1.28 1.72 0.49 - 6.47 0.7 0.57 0.36 - 0.79 

SNP18 (BRCA1) 8 21 0.79 - 1.03 0.98 0.55 - 1.84 0.0 0.49 0.25 - 0.73 

SNP18 (BRCA2) 12 27 0.75 - 1.30 1.45 0.46 - 4.69 0.4 0.53 0.31 - 0.75 

  

 


