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A bs tr ac t

Background

New developments in the search for susceptibility alleles in complex disorders pro-
vide support for the possibility of a polygenic approach to the prevention and treat-
ment of common diseases.

Methods

We examined the implications, both for individualized disease prevention and for 
public health policy, of findings concerning the risk of breast cancer that are based 
on common genetic variation.

Results

Our analysis suggests that the risk profile generated by the known, common, mod-
erate-risk alleles does not provide sufficient discrimination to warrant individual-
ized prevention. However, useful risk stratification may be possible in the context 
of programs for disease prevention in the general population.

Conclusions

The clinical use of single, common, low-penetrance genes is limited, but a few 
susceptibility alleles may distinguish women who are at high risk for breast can-
cer from those who are at low risk, particularly in the context of population 
screening.
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Empirical genomewide association 
studies have identified six breast-cancer 
susceptibility alleles that are common in the 

general population. These findings have brought 
us a step closer to a polygenic approach to the 
prevention of breast cancer. The risks conferred 
by individual loci are small, but risk alleles seem 
to act multiplicatively. As a result, the risk of 
breast cancer is approximately six times as great 
among women carrying 14 risk alleles as among 
those carrying no risk alleles at these loci. Over-
all, there is an approximately log-normal distri-
bution of relative risk in the population on the 
basis of combinations of genotypes at these loci. 
The efficiency of population-based preventive pro-
grams such as screening mammography could be 
improved by targeting women who are at the great-
est risk for breast cancer according to genotype.

An improved understanding of genetic risk 
factors and their interactions with the environ-
ment would allow accurate predictions of disease 
and facilitate prevention through measures direct
ed toward persons at high risk.1,2 Nevertheless, 
whether molecular testing for common genetic 
variants can have sufficient predictive power to be 
of practical use has been questioned.3-5

We examined the implications of findings 
concerning the risk of breast cancer based on 
common genetic variation, using data on family 
history from a population-based series of women 
with breast cancer.6 We found that the data were 
compatible with a log-normal distribution of ge-
netic risk in the population and that the distri-
bution of risk was sufficiently wide for useful 
discrimination between high-risk and low-risk 
groups.

We concluded that genetic risk profiles would 
improve population-based programs of inter-
vention for breast cancer if common alleles could 
be identified. At the time of our study, however, 
such alleles were unknown. Here, we review 
progress in unraveling the basis of inherited 
susceptibility to breast cancer, and we explore 
the implications of recent findings for counseling 
women regarding their individual risk and for 
guiding public health policy.

Me thods

Genetic Susceptibility to Breast Cancer

Breast cancer tends to cluster in families; the dis-
ease is approximately twice as common among 

first-degree relatives of patients as among wom-
en in the general population.7-9 The higher rate of 
breast cancer among monozygotic twins of pa-
tients than among dizygotic twins or siblings 
suggests that genetic variation, rather than life-
style or environmental factors, accounts for most 
of the familial clustering.10,11

Familial clustering of breast cancer occurs in 
specific inherited breast-cancer syndromes in 
which single genes confer a high risk. Several 
such genes, including BRCA1, BRCA2, PTEN, and 
TP53, have been identified by means of family-
based linkage studies. The susceptibility alleles 
of these genes are rare in the general popula-
tion, and they account for less than 25% of the 
inherited component of breast cancer.12 Other 
genes that confer a risk equivalent to that of 
BRCA1 and BRCA2 are unlikely to exist, since most 
families with four or more cases of breast cancer 
can be accounted for by BRCA1 or BRCA2,13 and 
extensive attempts to identify similar genes with 
the use of family-based linkage studies have 
failed.

Genetic association methods have long been 
used to map cancer-susceptibility alleles,14 but 
until very recently, these efforts were largely un-
successful. Initially, moderate-risk alleles were 
identified in family-based studies by sequencing 
candidate genes in women from families with 
multiple cases of breast cancer that was not 
due to mutations in the known high-penetrance 
genes. One of these alleles is the 1100delC protein-
truncating variant in the cell-cycle–checkpoint 
kinase gene (CHEK2).15-18 This variant confers a 
relative risk of breast cancer of 2.3 and has a 
higher prevalence among patients with a family 
history and a diagnosis of breast cancer at a 
young age than among unselected patients.18 As-
suming a constant relative risk with age, the esti-
mated absolute risk of breast cancer among car-
riers of 1100delC would be 13% by 70 years of 
age, as compared with an estimated absolute risk 
of 5.7% among noncarriers. These estimates are 
based on data on the incidence of breast cancer 
in England and Wales19 (see the Table in the 
Supplementary Appendix, available with the full 
text of this article at www.nejm.org). All subse-
quent absolute risks presented in this article are 
based on the same incidence data. The CHEK2 
1100delC makes only a small contribution to the 
overall burden of breast cancer, however, since it 
accounts for only 1.4% of the excess risk among 
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