
Summary
Linkage studies of families with many cancer patients 
have identified high-penetrance cancer genes such as 
BRCA1 and BRCA2. However, a large component of 
inherited cancer risk remains unaccounted for. It has 
been proposed that common low-penetrance variants 
in cancer susceptibility genes contribute significantly 
to genetic predisposition, either individually or 
through their interactions. In the POLYGENE project, 
genome-wide association studies of two European 
populations of different history and structure are 
being performed in order to identify common risk 
variants that contribute to the risk of prostate and 
breast cancer. At the same time new statistical 
methods will be developed that may identify the most 
important variants among the hundreds of thousands 
surveyed, direct the replication of positive findings 
and localise the causative genes. The major outcome 
of POLYGENE will hopefully be a catalogue of genetic 
variants that affect the risk and progression of 
prostate and breast cancer. 

Problem
Cancer is caused by a complex interplay between 
genetic and environmental factors. The relative 
contribution of genetics to the risk of common cancers 
varies considerably between cancer types, with breast 
and prostate cancer considered to be the two cancers 
where genetics play the largest role. Using the 
combined twin registries of Sweden, Denmark and 
Finland, Lichtenstein et al. concluded that 42% of 
prostate cancer risk could be explained by genetic 
factors, which is higher than the genetic risk 
estimates for any other cancer type (1). The same 
study estimated that 32% of breast cancer risk could 
be contributed by genetics. Other researchers have 
pointed out that twin studies can yield only a lower 
limit of the proportion attributable to genetics, 
suggesting that genetic factors may contribute much 

more than would be suggested by twin studies (2, 3). 
The analysis of cancer occurrence in relatives of 
cancer patients also lends strong evidence for genetic 
factors that increase the risk of cancer. A study of the 
familiality of all cancers diagnosed in Iceland from 
1955 to 2002 shows that relatives of breast and 
prostate cancer patients have a significantly increased 
risk of of developing these cancers, as well as a 
subset of other cancers (4). 

The identification of cancer susceptibility genes of 
large effect, such as BRCA1 and BRCA2, raised hopes 
that systematic studies of large cancer-prone families 
would lead to the identification of the major genetic 
determinants of cancer. However, the field of breast 
cancer genetics, where most of the effort has been 
focused, has not seen discoveries of highly penetrant 
breast cancer genes since BRCA1 and BRCA2 were 
found. This is despite the fact that population-based 
epidemiology studies have shown that only 15-20% of 
familial breast cancers occur in families carrying 
mutations in the BRCA1 or BRCA2 genes. In prostate 
cancer, mutations in three genes have been found in 
families with multiple cases of prostate cancer but the 
prevalence of these mutations is too low to be of 
clinical relevance at the population level. A 
collaborative effort for the mapping of additional and 
more relevant hereditary prostate cancer genes has 
been started (The International Consortium for 
Prostate Cancer Genetics, ICPCG) in order to overcome 
two of the most important problems in linkage 
analyses: small sample sizes and genetic 
heterogeneity. This consortium, with linkage data 
available from more than 1200 HPC families, has 
come up with some new candidate genomic regions 
but candidate genes have not been identified yet (5).   

Accumulating evidence suggests that most of genetic 
cancer risk is due to multiple risk alleles, where the 
risk associated with each individual allele is small to 
moderate. Importantly, as the variants may interact in 
a multiplicative or supermultiplicative (epistatic) way, 
an individual with several susceptibility alleles may be 
at significant risk. If the polygenic model is correct, 
linkage analysis of families with multiple cases of 
breast or prostate cancer will not suffice because it 
lacks power to detect the low-penetrance risk variants. 
In addition, people with relatively high inherited risk 
of cancer may not have a significant family history and 
can thereby not be accounted for. The association 
approach (i.e. the comparison of genetic variants 
between cases and controls) is the current method of 
choice for identifying low-penetrance genes (risk ratio 
1.1-2.0). Genotyping technologies are now available 
that allow the scanning of the human genome with 
hundreds of thousands of genetic markers in order to 
detect small but possibly relevant differences in allelic 
frequencies of all genes. 

Association studies, however, have several 
weaknesses which have been amply demonstrated by 
the large number of reports of genetic associations 
that have failed to be confirmed. The most prominent 
problems include biological and phenotypic 
complexity, population stratification and lack of 
power. Population stratification is a form of 
confounding which results from an unobserved 
different genetic background of the cases and 
controls. This may lead to many genetic variants being 
significantly different between cases and controls 
even though they have nothing to do with the 
pathogenesis of the disease. The huge amount of data 
generated by genome-wide association studies 
present a major statistical challenge with pressing 
need for improvements in analysis methods that can 
sort spurious associations from real ones and probe 
possible interactions between genetic variants. Last, 
but not least, genetic associations found in one 
population need to be replicated independently in 
one or more different populations in order to weed 
out false positive signals. These considerations were 
all taken into account in the structure of POLYGENE.

Aims
The major aim of POLYGENE is to identify common 
genetic variants that confer risk of prostate or breast 
cancer. This task will be approached at two levels; 
first, by large-scale genotyping of prostate and breast 
cancer patients and controls and simultaneously by 
improving statistical and computational methods for 
analysis of the resulting data. 

To increase our likelihood of success, we have chosen 
to study two European populations with different 
genetic backgrounds, the homogeneous population of 
Iceland and the more mixed population of the 
Netherlands. The Icelandic population has proven very 
useful in genetic studies of complex diseases; notably, 
a genetic prostate cancer risk variant was recently 
identified in Iceland and subsequently replicated in 
several different populations (6). Good disease records 
are available which can help reduce phenotypic 
complexity and information on the substructure of the 
population can be taken into account to minimise 
stratification (7). In total, we will genotype over 2,000 
prostate and 2,000 breast cancer patients from the 
two populations and compare these to the genotypes 
of 5,700 controls. By using a large group of controls, 
we increase our power for detecting disease variants 
with a modest effect. Thus, we will have more than 
70% power to detect a risk variant of 10% allelic 
frequency or higher with a risk ratio of 1.4. For 
prostate cancer, we will have 63% power to detect a 
risk-variant of the same frequency and risk ratio. The 
collection of extensive clinical information allows the 
definition of different clinical phenotypes which is of 
crucial importance in genetic studies of complex 
diseases like breast and prostate cancer.

Analysis of association in a marker by marker fashion 
is often inefficient and the second aim of POLYGENE is 
to further develop existing methods that 
simultaneously use information from several markers 
(multipoint methods) (8, 9). Furthermore, methods 
that search for interactions between sets of unlinked 
markers which individually have only small effects will 
be developed. The importance of interactions is 
presently debatable, but the POLYGENE data set 
provides an excellent test case. Finally, since the 
statistical design consists of several stages, methods 
that can guide the selection of subsets of markers to 
be screened in a larger population in subsequent 
stages of the investigation will be developed and 
refined (10).

Potential results
If the goals of POLYGENE are achieved, it will lead to 
the identification of common genetic variants that 
have moderate but significant influence on the risk of 
developing prostate or breast cancer. Furthermore, it 
will be possible to explore the association between 
these variants and various clinical parameters, such 
as disease severity, progression and outcome. The 
project funds the establishment of a population-
based biorepository of prostate and breast cancer 
samples in Nijmegen that can be used for additional 
studies of the genetics and epidemiology of these 
diseases. The computational and statistical methods 
developed in POLYGENE will be augmented by 
existing knowledge of genes that are known or 
suspected to play a role in cancer. However, the 
methods will also have general applicability in other 
large genome-wide association studies on complex 
human diseases.
 

Potential applications
The definition of all genetic risk factors for prostate 
and breast cancer is of high importance for several 
reasons. First, it will increase our knowledge of how 
minor differences in normal cellular physiology can 

over time lead to cancer in these organs. Second, this 
information may unveil new cellular mechanisms that 
confer predisposition to prostate cancer and possibly 
other cancer types as well. Last, but not least, 
increased knowledge about the functional aspects of 
prostate and breast cancer predisposition may lead to 
the development of new methods for diagnosing and 
treating the disease.  

Prostate and breast cancer are predominantly diseases 
of older age, their incidence is rising (especially 
considering the ageing population in Europe) and the 
social impact and healthcare costs are escalating. Early 
diagnosis and treatment are key factors in determining 
survival of breast and prostate cancer patients. 
Although there is no evidence yet for prostate cancer, 
regular screening of individuals at high risk for breast 
cancer greatly improves disease outcome. However, in 
both diseases, screening programmes have led to 
overdiagnosis (up to 50% in prostate cancer (11) and 
excessive treatment of localised lesions that might 
never progress to symptomatic cancer. Measures 
aimed at focusing the screening effort towards 
individuals at highest risk for developing prostate or 
breast cancer are needed. The definition of genetic risk 
variants may help focus screening towards individuals 
that have the highest risk of developing these cancers.
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“To increase our likelihood of 
success, we have chosen to study 
two European populations with 
different genetic backgrounds, the 
homogeneous population of Iceland 
and the more mixed population of 
the Netherlands.”

Figure 2: Blood samples from over ten thousand cancer

patients and controls will be analysed in the POLYGENE study.

Figure 1: The genomes of any two unrelated people differ at 

about 1 in every 1,200 to 1,500 DNA bases. These differences in 

DNA are the genetic underpinning for much of human variety, 

including genetic risk of developing cancer.  The POLYGENE 

proposal focuses on identifying genetic variants that influence 

a person’s risk of developing breast or prostate cancer.
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