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A polygenic risk score, or PRS, aggregates the effects of many genetic variants into a single
number which predicts genetic predisposition for a phenotype. In the standard approach, a PRS
is a linear combination of linear regression effect estimates and genotypes. Many studies have
shown that a PRS can predict disease status in research-based case-control studies [1-3]. Here,
we develop and validate genome-wide polygenic risk scores for breast cancer (BC) and attempt

to quantify their potential to inform population screening programs.

We developed a set of draft PRS models using the SBayesR [4] method that utilised summary
statistics from a previously published large genome-wide association study (GWAS) of BC
[5]. The models were validated and tested in independent datasets, not overlapping with the
samples used for GWAS. The optimal PRS model was chosen based on the maximum area under
the receiver-operator curve (AUC) in the UK Biobank [6] validation dataset, which included
white British women born in England (513 cases and 9,130 controls). Subsequently, we tested
the obtained PRS model in datasets comprised of the subsamples of UK Biobank participants
including white British women born in different regions of UK (5 groups including 2,329 cases

and 43,319 controls in total).

In the validation dataset, the best PRS model that included effects of 952,794 single nucleotide
polymorphisms, demonstrated an AUC of 64%. The model performed equally well in the testing



datasets, with AUCs ranging from 63% to 66%. Next, we estimated lifetime risks of BC for
all women from the testing datasets in percentiles of the PRS. The results demonstrate that the
estimated lifetime risk by age 75 ranged from 2% for women in the lowest 5% of the PRS
distribution to 17% in the highest 5%. At 50 years of age — the recommended age at which
to start BC screening — the average risk of having BC was 1.7%, whereas the risk for those in
top 5% of the PRS distribution was 4.4%, and for those in the lowest 5% the risk was 0.6%.
Notably, the women in the highest 5% of PRS achieved the risk of 1.7% by the age 38, while
those in the lowest 5% achieved equivalent risk only by the age of 71.

Thus, while the AUC may appear modest, the predicted risk differences in the tails of the distri-
bution are large. We conclude that PRS has the potential to improve BC population screening

programs through prediction of individual risk trajectory.
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