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Introduction

Prostate cancer (PCa) is one of the commonest cancers in
men and a major cause of cancer-related mortality. Family
history is the strongest known risk factor for developing PCa.
This is illustrated by the observation that a man with one
close relative (such as a father or a brother) with PCa has
approximately twice the risk of developing PCa when com-
pared to a man with no family history. A man with two close
male relatives affected has a fivefold increase in lifetime risk.
This degree of relative risk and the increase in its magnitude
indicate a strong genetic component to disease development.
However, unlike other cancers such as breast, ovarian, and
colonic cancers, the search for mutations in candidate genes
is proving to be more elusive. Uncovering the genes that pre-
dispose to PCa among families where disease is clustered
has been the objective of many research groups over the past
15 years. Epidemiological and twin studies support a role for
the genetic predisposition to PCa. Familial cancer loci have
been identified, but discovery of the genes that cause familial
prostate cancer (FPC) remains largely elusive. Unraveling
the genetics of PCa is challenging and is likely to involve the
analysis of numerous predisposing factors, which may be
manifestations of multiple mutagenic pathways. Increased
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familial risk of prostate cancer could be due to the inheritance
of multiple moderate-risk genetic variants. Although the
study of hereditary prostate cancer (HPC) has increased our
understanding of its genetic etiology, many issues remain
largely unresolved. This difficulty with identification of PCa
predisposition genes may be due to a number of reasons.
PCa, in terms of total prevalence, is a very common condi-
tion, and it may not be far wide of the mark to say that the
majority of prostates in the Western world will eventually
harbor some cancer cells. The disease varies significantly in
the spectrum of aggressiveness. We do not know, with abso-
lute conviction, which patients who have been diagnosed
with PCa require treatment. It is against this quandary that
genetics could play its influence. PCa is diagnosed in the
later years of life; therefore, obtaining DNA samples from
living affected men for more than one generation is often not
possible, and linkage in large pedigrees may be unfeasible.
The presence within high-risk pedigrees of phenocopies
(individuals with PCa but without the genetic alteration)
weakens the linkage results. The genetic heterogeneity of
this complex disease (the fact that different pedigrees may be
due to different genetic mutations) and the uncertainty
regarding the optimal genetic model could render linkage
results inaccurate, making gene identification difficult.
Significant linkage in FPC was first published by a group
from Johns Hopkins University, USA [1]. They reported link-
age at a locus on chromosome 1q24-25, which they named
hereditary prostate cancer 1 (HPC1). Since then, several large
linkage studies have taken place, and the results of many dif-
ferent groups have uncovered new loci and challenged oth-
ers [2-5]. To this date, research on PCa linkage has reported
genotyping data in over 1,600 families. There are numerous
contradictory studies reporting or refuting linkage within a
multitude of areas in the genome, and this challenges our
understanding of the genetic basis of this disease. This is in
contrast from the search for a familial breast cancer predis-
position gene in which analysis of linkage in select regions
revealed a site where the BRCA I gene was situated [6]. This
demonstrates that the genetic predisposition to PCa is highly
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complex, probably involving numerous predisposition
genes and that a high proportion of high-risk families may
not be attributable to a single high-risk gene. Conventional
linkage may not be the best method of predisposition gene
identification in this disease because of genetic heterogeneity
whereby various familial clusters are due to different genes.
This chapter addresses the current evidence that supports a
genetic component to the etiology of PCa and attempts to put
into context the diverse findings that have been implicated
with the development of HPC. It explores why understand-
ing the genetics of PCa has been so difficult. Lastly, manage-
ment strategies of men with HPC are discussed.

Evidence for Genetic Etiology

Current evidence for the genetic etiology of PCa can be
grouped into epidemiological evidence, case—control stud-
ies, cohort studies, and twin studies.

Epidemiological Evidence

In the 1950s—1960s, it was noted that the risk of PCa develop-
ment in relatives of sufferers was higher than the population
average [7, 8]. Large families have been observed, in which
prostate cancers seemed to cluster. Early observations were
made in large families studied in Utah [9, 10]. To further explore
the evidence for a familial component to PCa development, case
control, cohort, and twin studies have been reported.

Case-Control Studies

Case—control studies can be divided into two broad strategies.
One strategy compares prostate cancer incidence in first-
degree relatives of PCa patients (cases) with the incidence in
relatives of cancer-free individuals (controls). The second
strategy compares the percentage of PCa cases vs. controls
with a family history of the disease [7-9, 11-26]. These stud-
ies indicated that the relative risks (RR) among first-degree
relatives of affected individuals range from 0.64 to 11.00-fold
[27-29]. With the exception of the RR of 0.64 [11], in a study,
which was carried out on a small sample set of 39 families, 15
of these 16 studies reported an RR of 1.76 or more. This RR
increases further when more than one relative is affected.
Steinberg et al. [15] demonstrated that the RR with an affected
first-degree relative was 2.0, with a second-degree relative was
1.7, but with both first- and second-degree relatives combined,
RR rose markedly to 8.8. Additionally, the RR increased as the
number of family members increased, with RRs of 2.2, 4.9,
and 10.9 observed for 1, 2, and 3 additional affected relatives
besides the proband, respectively [15]. This is robust evidence
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for the involvement of a genetic component in familial disease
as these increases in RR are too large to be dismissed solely as
an environmental effect. Further evidence of a genetic influence
is demonstrated by the observation that the RR to relatives
increases as the age of the proband decreases [9, 30]. A brother
of a proband with PCa at the age of 50 has a 1.9-fold higher
risk of developing prostate cancer compared with a brother of
a man diagnosed with the disease at the age of 70 [30].

Cohort Studies

Cohort studies attempt to avoid potential bias through prob-
ing an unselected population. Goldgar et al. [31] showed an
FPC RR of 2.21 in first-degree relatives of 6,350 probands
from an unselected population from the Utah Population
Database. Likewise, Gronberg et al. [32] found an RR of
1.70 from their study involving 5,496 sons of Swedish men
from Cancer Registry data.

Twin Studies

These have demonstrated an increased RR in mono com-
pared with dizygotic twins of just over 3- to 6-fold [33]. Page
et al. [34] studied 15,924 male twin pairs and found pair-
wise concordance (twin pairs where both men were affected)
rates among monozygotic twins was 15.7 %, while for dizy-
gotic twins the frequency was 3.7 % (p=<0.001). Proband-
wise concordance (number of concordant affected twins
divided by total number of affected twins) was 27.1 % for
monozygotic twins and 7.1 % for dizygotic twins, which
gives a risk ratio of 3.8. Similar results were noted in a
Finnish study [35]. A further study concluded that up to 42 %
of PCa risk could be attributable to heritable factors [36].
The absolute risk of prostate cancer for twins diagnosed up
to the age of 75 was found to be sixfold higher for mono- vs.
dizygotic twins (18 % vs. 3 %). It also demonstrated a statis-
tically significant reduction in time interval between the age
at diagnosis for monozygotic twins compared with dizygotic
twins (5.7 years vs. 8.8 years; p=0.04).

Segregation Analyses

“Segregation analyses” is a method that studies the structure
of familial clusters and describes the likely mode of inheri-
tance, age-specific cumulative risk (penetrance), and allele
frequency of genetic predisposition to a disease. Carter et al.
[30], using such analyses, suggested that early-onset PCa
(<55 years) may be due to a rare autosomal dominant highly
penetrant allele, which could account for up to 43 % of
disease in this age group and up to 9 % of PCa in men aged
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up to 85 years. Alleles for such a rare autosomal dominant
gene were predicted to exist at a frequency of 0.003 and to
cause a cumulative risk of disease of 88 % by 85 years of age
compared with 5 % for noncarriers. Other researchers have
arrived at similar conclusions but have suggested a com-
moner allele frequency and a lower penetrance of about 67 %
(Gronberg et al. [32], allele frequency 0.0167; Schaid et al.
[37], allele frequency 0.006). A recessive or X-linked model
is suggested by some studies, which noted higher risks to
brothers of PCa cases compared with fathers [38, 39]. Ewis
et al. [40] report an odds ratio of 2.04 (»p=0.02) for allele C
of dYs19 in Japanese prostate cancer patients, while other
alleles of this region were protective against the disease
(allele D, OR 0.26 p=0.002). The Y chromosome (father-to-
son transmission) is therefore also implicated. It is possible
that a mixture of several models coexist, giving rise to age-
related risks [41]. Dominantly inherited risk allele(s) may
predispose to early-onset disease, and a recessive or X-linked
model could account for its later onset [42].

Molecular Analysis Evidence: Linkage Studies
(Genome-Wide Scans)

Linkage analysis is a gene-localizing technique that looks
for co-segregation of a disease in sizeable, high-risk fami-
lies, with disease-causing genetic mutations. Linkage analy-
sis has been used to successfully map many familial cancer
loci, e.g., colorectal cancer, breast/ovarian cancer, and mela-
noma [43]. Initially, linkage analysis helps to pinpoint the
region within which a disease-causing locus may lie by ana-
lyzing co-inheritance of polymorphic stretches of DNA, e.g.,
microsatellite markers. The sequencing of the human genome
will facilitate the use of single nucleotide polymorphisms
(SNPs). As these are more common than polymorphic runs
of DNA sequence, a denser linkage maps can be determined.
Once a region of linkage is identified, then candidate gene
mutation analysis within the region can be undertaken to
identify the disease-causing mutation.

Candidate Gene Analysis Evidence

The search for genetic markers of disease susceptibility often
utilizes the candidate gene approach. Here, a gene is targeted
based on the properties and metabolic pathways of its protein
product. PCa cases were noted to be clustered among breast
cancer families as far back as the 1990s [44, 45]. The relative
risk (RR) of PCa development in male carriers of mutations
in the breast cancer predisposition genes BRCAI and BRCA2
is increased. The RR with respect to BRCA was found to be
3.33 [46] and 1.82 in a further analysis by the BCLC [47].
That of BRCA2 was found to be 4.65. The RR is higher in
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men with PCa diagnosed before 65 years (RR 7.33), with an
estimated cumulative incidence by the age of 70 of 7.5-
33.0 %. A founder mutation 999del5 in BRCA2 has been
identified in study carried out in Iceland. This mutation is
reported to confer a cumulative PCa risk to carriers of 7.6 %
by the age of 70 [48]. Sixty seven percent of men who had
the mutation all developed advanced PCa associated with a
high mortality rate [49], implying that BRCA2 predisposes to
more aggressive disease. A report in a Swedish family carry-
ing the BRCA2 mutation 6051delA [50] adds weight to the
evidence that such mutations are pathogenic. A mutation
screen of BRCAI and BRCA2 genes was conducted by
Gayther et al. [51]. Two germline deleterious BRCA2 muta-
tions were discovered. A study conducted by Edwards et al.
[52] on 263 men aged <55 at diagnosis discovered six patho-
genic mutations located outside the ovarian cancer cluster
region in the gene, implying a genotype/phenotype correla-
tion that accounted for 2 % of PCa at this young age. This
equated to an RR of 23 by the age of 60 and conferred an
absolute risk of PCa of 1.3 and 10 % by the age 55 and 65,
respectively. This supports the notion that BRCA?2 is a high-
risk PCa gene. Two recent studies have reported an increased
risk of prostate cancer associated with the Ashkenazi founder
mutations in the BRCA genes, lending further evidence to
these data [53, 54]. Subsequently, germline mutations have
been found in the NBS gene in the Slavic population at a
higher frequency in PCa cases than controls [55] and in the
CHEK? gene [56]. This implies that PCa predisposition may
in some instances be due to mutations in genes in the DNA
repair pathway, that in the homozygous form give rise to a
severe phenotype (in the case of BRCA2 this would be
Fanconi’s anemia D2 and in the case of NBS would be
Nijmegen Breakage Syndrome), but in the heterozygous
form, would increase the risk of PCa development.

Genome Searches

The running of a large number of microsatellites, typically in
the region of 400, has many terms: genome-wide search,
genome-wide scan, or genome-wide screen — and can conve-
niently be abbreviated to GWS. Numerous linkage analysis
experiments have been conducted across the genome to iden-
tify prostate cancer susceptibility loci. The ACTANE (Anglo-
Canadian-Texan-Australian-Norwegian-EU Biomed) group
has focused on the collection of early-onset clinically
detected disease. This is because the disease manifests
10 years later on average than PSA-detected disease, and
therefore these men would have had a raised PSA level at
even earlier age and may therefore be highly predisposed
genetically [28]. Thus far, several GWS have been published
for PCa [1, 3, 5, 57-72]. The significant results are as
follows.
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1923-24: HPC1 and the RNASEL Data

The first GWS identified a locus named HPC/ (hereditary
prostate cancer 1) at 1q24-25. A group from Johns Hopkins
University, Baltimore, carried out the study in 91 North
American and Swedish families, and their report suggested
that up to 34 % of families could be linked to this locus [1].
Several other groups have since either confirmed [73-76] or
refuted [57, 58, 60, 64, 77, 78] the original report. Goode
et al. [64] and Goddard et al. [79] found evidence of genetic
linkage in families with more aggressive PCa. A meta-anal-
ysis conducted by Xu et al. [80] representing many groups
within the International Consortium for Prostate Cancer
Genetics (ICPCG) reported data obtained on 772 families
and reported that a lower estimate of 6 % of all families was
linked to 1q24-25. A more extensive analysis concluded that
HPCI might have a role in a subset of families with numer-
ous young-onset cases, particularly among Afro-Caribbean
men. Carpten et al. [§1] subsequently found mutations in the
cell proliferation and apoptosis-regulating gene RNASEL
which was in this region. Of 8 families that were linked to
the 1q region, two had germline mutations; one was a stop
Glu265Ter (E265X) termination codon, but the other was a
missense mutation. Neither segregated with the disease.
Some, but not all, further reports have shown RNASEL muta-
tions to be associated with PCa risk but with a much lower
relative risk than would have been predicted by the linkage
evidence. Rokman et al. [82] showed that the Glu265X in
RNASEL was present 4.5-fold more often in affected family
members compared with controls. Other groups have found
that RNASEL may confer much smaller PCa risks or have
found no mutations at all in PCa cases; therefore, it is likely
to be low-penetrance PCa cancer gene that is at odds with the
linkage evidence [83, 84]. This suggests that either the link-
age results are misleading or that a highly penetrant HPCI
exists but is still to be discovered.

Other Loci and Candidates from GWS

Other loci have unfortunately had a similar history to that
described above, namely, loci are identified that have
significant logarithm of the odds (LOD) scores, and candi-
date genes have mutations described therein which are sub-
sequently refuted or whose risks fall on further detailed
analysis [85, 86].

Other Significant Loci
PCaP (1g42.2-43; Berthon et al. [57]) — this was a locus

that was identified in the German/French population but
not corroborated by other researchers. CAPB (1p36;
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Gibbs et al. [59]) — a locus which is associated with pri-
mary brain tumor and PCa which on further analysis seemed
more associated with young-onset PCa than brain tumor
[87]. A locus has been described on chromosome 16q in
sibling pairs by Suarez et al. [58] and one on 20q (HPC20)
by Berry et al. [63], but these are yet to be independently
confirmed. Another locus has been described on the long
arm of chromosome X (HPCX; Xq27-28) by Xu et al. [88]).
This has been corroborated by some other researchers, but
the gene has yet to be identified. There are also loci that are
implicated in the development of more aggressive disease,
e.g., 79, 19q [89-91]. Eight GWS have been published
recently in one issue of the Prostate (ACTANE Consortium
[72]; Lange et al. [65]; Schleutker et al. [66]; Cunningham
et al. [67]; Xu et al. [68]; Wiklund et al. [69]; Janer et al.
[70]; Witte et al. [71], Dec 2003). A summary of these was
published in a review by Easton et al. [5]. The conclusion
of these GWS to date is that there are numerous loci sug-
gested by the GWS from various groups which are not con-
sistently replicated by independent groups on study of
further PCa families. This implies that there is considerable
genetic heterogeneity in PCa. The possibility that PCa is
due to a combination of low penetrance means that more
common genetic variants may be entertained when large
families are rare and it is difficult to locate predisposition
genes by linkage. Candidate studies of polymorphisms are
presently under way in PCa. There is currently no uniform
pattern of polymorphisms that confers markedly increased
risk from the data. The most consistent polymorphisms to
date that confer a moderately increased risk are in the
SRD5A2, GSTP1, and the AR genes [92-102].

Recent Findings of the UK GWAS
and Potential Clinical Role

Eeles et al. previously conducted a genome-wide associa-
tion study in which 541,129 SNPs were genotyped in
1,854 PCa cases with clinically detected disease and in
1,894 controls. They then extended the study to evaluate
potential correlations in a second stage in which they gen-
otyped 43,671 SNPs in 3,650 PCa cases and 3,940 con-
trols and in a further stage involving an additional 16,229
cases and 14,821 controls from 21 studies. They identified
seven new PCa susceptibility loci on chromosomes 2, 4,
8, 11, and 22 (with P=1.6x10(=8) to P=2.7x10(=33))
[103]. It is possible that the seven novel genetic loci found
could contain several potential candidate genes, which
could contribute to PCa development and progression. A
key association was found on chromosome 10, just 2 bp
away from the transcription start site of the microsemino-
protein B (MSMB) gene. MSMB encodes PSP94, a member
of the immunoglobulin-binding factor family made by
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epithelial cells of the prostate and secreted into seminal
plasma. Loss of expression of PSP94 is linked with recur-
rence after radical prostatectomy. This seems to suggest
that this SNP may be causally related to disease risk [104].
Therefore, PSP94 could be a future screening target espe-
cially as it can be found in blood. There is a region on
chromosome 7 that the gene LMTK2 (also known as
BREK) which codes for a signaling protein [105] and
could act as a novel target for drug therapy. The chromo-
some 19 hit contains kallikrein genes KLK2 and KLK3
which code for the proteins hK2 and PSA, respectively.
There is evidence that hK2 may be useful for PCa screen-
ing and prognosis [106]. Twenty-four SNPs in the KLK3
(PSA) gene have subsequently been evaluated in men
from five studies, and no association was reported with
PCarisk [107]. Eeles et al. looked at the variation in KLK
genes, PSA, and risk of PCa. In the first stage of a study,
they used controls selected for low PSA levels. Stage 2
controls were not selected for a low PSA. However, they
still found an association. Following this a study involv-
ing 13 groups worldwide where the controls were not
selected for a low PSA level, still showed an association
of the chromosome 19 SNP (between KLK2 and KLK3)
with PCa risk [108]. The chromosome 6 association is in
intron 5 of SLC22A3, one of the organic cation transporter
(OCT) genes. These have been shown to be critical for
elimination of some drugs and toxins [109]. Many genes
are near the SNP of interest on the X chromosome. The
NUDTI0 and NUDTI1 genes encode enzymes that deter-
mine the rate of phosphorylation in DNA repair, stress
responses, and apoptosis [110].

Other PCa GWAS

Two other groups of researchers, CGEMS (USA) [111]
and deCODE Group (Iceland) [112], published their PCa
GWAS at the same time as the UK GWS. Both confirmed
previously reported associations at chromosomes 8q and
17q. CGEMS found similar hits to UK GWS on chromo-
somes 10 and 11. They additionally found novel tagSNP
associations on chromosomes 7 and 10. The deCODE
team found a novel region on chromosome 2pl5 in their
population. Duggan et al. in another GWAS investigated
aggressive PCas that were defined by having at least one
of the following: stage T3/T4, N+, M+, Grade III, Gleason
score >8, or preoperative serum PSA of at least 50 ng mL..
This group reported a different association on chromo-
some 9 located within the DAB2IP gene, which encodes a
novel Ras GTPase-activating protein [113]. More recently,
Sun et al. from the same group identified a second inde-
pendent risk locus in chromosome 17ql2 within the
HNFIB gene [114].
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Prostate Cancer Predisposition Gene Discovery

There are many uncertainties in the area of genetic predispo-
sition that are currently taxing researchers in this area. These
include (a) what is the optimal genetic model for PCa? (b)
are there different predisposition genes in different popula-
tions? and (c) how much concordance is there between vari-
ous groups for the putative loci? The results of future
large-scale multicenter studies will ultimately answer these
questions. It is entirely possible that the studies undertaken
thus far are underpowered and pooling of data may improve
the chances of finding genuine underlying linkage. This is
the aim of the creation of groups such as the International
Consortium of Prostate Cancer Genetics (ICPCG). Groups
undertaking linkage analyses worldwide collaborate within
the umbrella of this consortium. In 2000, via a meta-analysis,
the ICPCG found that the 1q24 locus may contribute to about
6 % of PCa families and was more commonly found in larger
prostate cancer clusters whose average age of onset was
<65 years [80]. Current data indicates that progression to
clinical disease is more likely following a raised PSA and
occurs a median time of 10 years after the PSA has risen
[115]. In theory, patients in families that are diagnosed with
clinically detected disease may have different set of predis-
posing genes to those involved in PSA screen detected
patients. At present, whether this is true, this is unknown. On
the issue of genetic heterogeneity for linkage, i.e., presence
of more than one PCa predisposition genes, it has been shown
that two percent of early-onset cases have deleterious muta-
tions in the BRCA2 gene and that a further small percentage
is due to NBS and CHEK?2 mutations. Yet models suggest
that up to 43 % of such cases may harbor a predisposition
gene [30]. This indicates that there are further PCa suscepti-
bility genes that are yet to be discovered. In an age when the
majority of monogenic human disease genes have been
identified, a particular challenge for human geneticists will
be resolving complex polygenic and multifactorial diseases.
It is likely that the majority of genetic predisposition to PCa
will follow this model where there exist many rather than
one PCa predisposition gene per family.

Clinical Management Concepts for HPC

The question of whether a genetic change influencing PCa
causation is associated with factors altering treatment is an
important consideration. Recent reports are contradictory.
Carefully documented multicentered, prospective family his-
tory data collection and outcome analysis are crucial to
improving our understanding of this condition. The current
management issues surrounding HPC involve several consid-
erations: (i) the degree of biological aggressiveness of HPC,
(i) whether HPC per se is an independent predictor of
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treatment outcome, (iii) whether there is a difference in the
survival curves between sporadic and HPC, and (iv) the out-
come patterns in those patients treated various radical treat-
ments, i.e., prostatectomy vs. radiotherapy by family history.

Determining the Degree of Biological
Aggressiveness

Walsh initially observed that there was no significant differ-
ence between phenotypes of sporadic, familial, and HPC
undergoing radical prostatectomy with respect to clinical
stage, pre-op PSA, PSA density, prostate weight, Gleason
score, pathologic stage, or tumor histology [115]. This was
challenged by subsequent observation that patients with
localized PCa who reported a positive family history tended
to have a worse outcome at 3 and 5 years following treat-
ment, be it radiation therapy or surgery, than those with spo-
radic cancers [116]. This was then again refuted by three
subsequent studies that found no difference in the aggres-
siveness of HPC compared to sporadic disease [117-119].
This area therefore remains unresolved.

Is HPC an Independent Predictor
of Treatment Outcome?

Kupelian et al. [120] first indicated that a positive family his-
tory for PCa correlates with treatment outcome, in a sizeable
unselected series of patients, suggesting that familial PCa
may have a more aggressive course than nonfamilial PCa.

Is There a Survival Differences Between
Sporadic and HPC?

No significant differences in either overall or cause-specific
survival were found between sporadic, familial, and HPC
patients [121]. Present treatment guidelines do not differ
based on presence or absence of FPC.

Should Men with a Family History of Prostate
Cancer Avoid Conservative Treatment?

Based on current evidence, there is a rationale for genetic
screening of men at risk once the genes responsible for pros-
tate cancer are identified. The American Urological
Association (AUA) recommends that men who are at high
risk for developing PCa such as men with a family history of
disease or men of African-American descent commence rou-
tine PCa screening at the age of 40 [122], whereas The
American Cancer Society recommends that men receive
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PSA or digital rectal examination testing annually at the age
of 50 or earlier if they have a family history of the disease or
are of African-American descent [123]. In outcomes in HPC
men treated with radiotherapy vs. radical prostatectomy,
Hanlon et al. [124] found no significant difference in bio-
chemical failure rates between carefully matched men with
and without a family history of PCa. This backs other studies
that failed to show an elevated risk of failure after definitive
therapy for clinically localized PCa in men with either com-
bined hereditary and familial and patients with the sporadic
form of the disease.

Chemoprevention Trials

PCa chemoprevention is the judicious administration of agents
that impair one or more steps in prostatic carcinogenesis. The
principle aspects of chemoprevention include agents, their
molecular targets, strategic endpoint biomarkers, their critical
pathways, and cohorts identified by genetic and acquired risk
factors [125]. The identification of genetic susceptibility loci
would enable a cohort of men at high risk of developing PCa to
be identified to serve as subjects for chemoprevention trials. If
such trials yield favorable outcomes, they could potentially lead
to a recommendation for preventative therapy in genetic muta-
tion carriers. Several putative chemopreventive agents are cur-
rently being trailed. Results of a large population-based,
randomized phase III trial demonstrated that finasteride might
prevent PCa. However, the paper indicated that only low-grade
tumors were prevented and in fact the number of high-grade
tumors was significantly higher in the finasteride arm. Clarke
et al. [126] studied the possible effect of supplemental dietary
selenium on the change in the incidence of PCa. They found that
although selenium confers no protective benefit on the primary
study endpoint of squamous and basal cell carcinomas of the
skin, the selenium-treated group in their series had substantially
lower incidence of PCa as a secondary endpoint. Further inves-
tigations are clearly warranted. Initial data seem to suggest at
least some benefit with the use of other agents may potential
confer preventative effect. These include vitamin E, vitamin D,
other 5-alpha-reductase inhibitors, cyclooxygenase-2 inhibitors,
lycopene, and green tea. Some of which are being tested in new
large-scale phase III clinical trials [127]. The Selenium and
Vitamin E Cancer Prevention Trial (SELECT) is an intergroup
phase III clinical trial that aims to test the efficacy of selenium
and vitamin E alone and in combination in the prevention of
prostate cancer [128]. The emergence of new powerful tech-
niques such as proteomic analysis of tissue-based and secreted
proteins [129] and gene chip cDNA microarrays for multiplex
gene expression profiling is likely to facilitate the identification
of new molecular targets, cohorts at risk, and the design of
appropriate combination trials.
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Targeted Screening

Several controversies surround the management of the rela-
tives of PCa patients. Targeted screening involves monitor-
ing serum PSA levels in relatives of young- or early-onset
PCa or families with multiple cases. The optimal age at
which screening should be initiated is yet to be determined.
The sub-30- and sub-40-year-old groups would not be
screened by the majority of clinicians, and many would com-
mence screening either at age 5 years younger than youngest
age at diagnosis of a relative or 40 years but not normally
younger than this. Targeted screening studies have demon-
strated a higher proportion of raised PSA levels in relatives
of cases in families compared with sporadic cases. In a
screening study of PCa, among high-risk families [130], it
was shown that previously unsuspected and clinically rele-
vant cancers were found in 24 % of a total of 34 first-degree
relatives compared to the approximately 1 (3 %) expected
(p<0.01). The study emphasized the paramount importance
of thorough screening in first-degree relatives of prostate
cancer patients. The first targeted screening study based on
BRCAI/2 genotype started in 2003 (the IMPACT study;
Tischkowitz and Eeles, 2003) [131]. In 2011, the team pub-
lished the findings of one wing of their study involving 300
men (205 mutation carriers; 89 BRCA1, 116 BRCA2, and 95
controls) over 33 months. At the baseline screen (year 1),
7.0 % (21/300) underwent a prostate biopsy. PCa was diag-
nosed in ten individuals, a prevalence of 3.3 %. The positive
predictive value of PSA screening in this cohort was 47-6 %
(10/21). One PCa was diagnosed at year 2. Of the 11 PCas
diagnosed, 9 were in mutation carriers, 2 in controls, and 8
were found to be clinically significant. Thus, suggesting that
the positive predictive value of PSA screening in BRCA
mutation carriers is high. Furthermore, it showed that screen-
ing seems to detect clinically significant PCa. The findings
of this study support the rationale for continued screening in
such “high-risk” men [132].

Future Perspectives

With the recent exponential increase in the development and
improvement of techniques involving proteomics, there has
been increased optimism in the prospect of finding clinically
relevant candidate genes, gene clusters, and signaling path-
ways. This would potentially lead to better diagnostic and/or
more specific targeted therapeutic plans in the management
of sufferers of PCa [133].

The current ability to tally and compare genome-wide
expression profiles in tissue samples could potentially shed
light on the molecular pathology toward PCa detection and
monitoring of disease progression and/or recurrence. Early
gene expression signature studies were hindered by the
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inherent limitations of bioinformatic tools. It is anticipated
that the validity of molecular signatures of PCa will ultimately
be proven by cross-validation on novel datasets and direct
coupling of these to prospective and translational studies
[134]. Sun et al., in an attempt to predict PCa recurrence
based on molecular signatures, conducted a computational
analysis of gene expression profile data obtained from 79
cases. Of these, 39 were classified as having disease recur-
rence. At the 90 % sensitivity level, a novel-derived prognos-
tic genetic signature achieved 85 % specificity. The results
were compared to a clinically validated postoperative nomo-
gram. The study was purported to be the first reported genetic
signature to outperform a clinically used postoperative nomo-
gram. They demonstrated the feasibility of utilizing gene
expression information for potential PCa prognosis [135].

PCa inheritance following a simple Mendelian pattern
may be identified in the families of probands with early-onset
cases. Currently, the only clinically applicable measure to try
to reduce PCa mortality in families with hereditary disease is
screening, which aims to diagnose the disease when it is still
at a curable stage. The precise mechanism of how gene muta-
tions contribute to an increased susceptibility for PCa remains
elusive, but the finding of germline mutations in the BRCA2,
CHEK?2, and NBSI genes suggest that a proportion may occur
due to mutations in the DNA repair pathway. This has
ramifications on treatment of such individuals with DNA-
damaging agents. It is most likely that the cause of the major-
ity of PCa cases will be multifactorial and will involve
environmental and genetic factors. The recent exponential
advances in understanding the clinical genetics of PCa offer
great optimism toward optimizing the management of PCa.
From a clinical genetics point of view, this could usher with it
a new paradigm in the way we manage PCa.
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