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Prostate cancer (PCa) is the most common
cancer diagnosed in North American men,
excluding skin cancers. It is estimated that, in
2004, approximately 230,110 new cases and
29,900 prostate cancer-related deaths will occur
in the United States [1]. In Australia, one in 11
men will develop the disease during their life-
time [2]. The annual number of new cases regis-
tered in England and Wales increased by over
threefold between 1971 and 2004, from 6174
to over 21,000 [3] (www.icr.ac.uk/Everyman).
Prostate cancer remains a major public health
problem.

Several risk factors for the disease have been
suggested, including diet, sexually transmitted
agents, and endocrine factors [4]. However, none
of these environmental factors has been
confirmed to have a significant causative effect
on PCa. Current known risk factors include race
[5,6] and a positive family history of the disease.
The degree to which the differences in these
cohorts can be attributable to environmental
factors is unclear.

Over the last 45 years, prostate cancer has
been observed to run in families. Familial aggre-
gation (at least two cases in the family) has been
observed in around 20% of cases and a heredi-
tary form of PCa in approximately 5% [7]. Epi-
demiological evidence shows familial clustering
of PCa, and it is currently established that a pos-
itive family history is a strong risk factor.

One of the major issues surrounding familial
prostate cancer (FPC) includes identifying
gene(s) predisposing to PCa in families at high

risk. If a predisposition gene(s) could be charac-
terized, then those at increased risk of PCa can
be potentially identified and offered modes of
prevention and targeted screening. The other
major issue is the clinical management of pati-
ents who are known to have a family history of
prostate cancer.

Evidence for the Genetic
Etiology of Prostate Cancer

Evidence for familial aggregation of prostate
cancer dates as far back as 1956 [8]. Significant
linkage in familial prostate cancer was first pub-
lished in 1996 by a group from Johns Hopkins
University, Baltimore, Maryland [9]. This group
reported linkage at a locus on chromosome
1q24-25, which was named hereditary prostate
cancer 1 (HPCI). Several large linkage studies
have since been conducted, and the results
revealed new loci and challenged others [sum-
marized in refs. 10-13].

So far, genotyping data have been reported
in over 1600 families. There are numerous
conflicting reports supporting or refuting
linkage within many areas in the genome. This
challenges our understanding of the genetic
basis of this disease. This search is distinct from
the search for a familial breast cancer predispo-
sition gene, in which analysis of linkage in select
regions revealed a site where the BRCAI gene
was situated [14]. This work shows that the
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genetic predisposition to PCa is highly complex,
probably involving numerous predisposition
genes, and that a high proportion of high-risk
families may not be due to a single high-risk
gene.

Epidemiological Evidence

It was observed in the 1950s and 1960s that the
risk of PCa in relatives of sufferers was higher
[15,16]. Early observations were made in large
families in Utah [17,18] in which PCa seemed to
cluster. To appreciate the evidence of a familial
component, case control, cohort and twin
studies, must be explored.

Case-Control Studies
Case-control studies can be grouped into two

main types. The first type compares PCa inci-
dence in first-degree relatives of affected

Table 2.1. A comparison of case-control studies

patients (cases) with the incidence in the rela-
tives of cancer free men (controls). The second
type compares the fraction of PCa cases vs. con-
trols with a positive family history of the disease
[15-17,19-34]. These studies are summarized in
Table 2.1.

These studies indicate that the relative risks
(RR) in first-degree relatives of PCa patients
range from 0.64 to 11.00-fold [summarized in
refs. 35-37]. With the single exception of the RR
of 0.64 [19], in a study that was done on a small
sample set of 39 families, 15 of these 16 studies
reported an RR of 1.76 or higher. Furthermore,
the RR has been observed to increase when more
than one relative is affected. Steinberg et al. [23]
in 1990 showed that the RR with an affected first-
degree relative was 2.0 and with a second-degree
relative was 1.7, but with both first- and second-
degree relatives combined the RR rose consider-
ably, to 8.8. It was also observed that the RR
increased as the number of family members
increased, with RRs of 2.2, 4.9, and 10.9 for one,

No. of cases in first-
degree relatives of:

Reference No. of cases Cases Controls Relative risk
Morganti et al., 1959* [8] 183 11 1 11.0
Woolf, 19607 [16] 228 15 5 3.0
Krain, 1974* [20] 221 12 2 6.0
Fincham et al., 1990* [24] 382 58 31 3.2
Cannon et al., 1982} [17] 2824 k3 k3 2.4
Meikle et al., 1985t [22] 150 11 1 4.0

(at age 80)

Brothers only 16.6

(at age <49)
Isaacs et al., 1995* [29] 690 119 55 1.76
Keetch et al., 1995F [30] 1084 273§ 85 3.40
% with positive family history % %
Steele et al., 1971* [19] 39 12.8 20.0 0.64
Schuman et al., 1977* [21] 40 16.7 7.3 2.30
Steinberg et al., 1990% [23] 691 15.0 8.0 1.90
Spitz et al., 1991* [25] 378 13.0 5.7 2.30
Ghadirian et al., 1991* [26] 140 15.0 2.0 7.50
Ghadirian et al., 19977 [32] 640 15.0 5.0 3.32

* Information from patient/control questionnaire only.

t Diagnosis verified by hospital records, cancer registration or death certificate.
i Measured genealogical index; see Neuhausen, et al. (Br J Urol 1997;79).

§ First- and second-degree relatives.
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Table 2.2. Relative odds for prostate cancer in brothers of
prostate cancer cases by age

Familial Prostate Cancer

Table 2.4. Age-adjusted relative risk estimates for prostate
cancer by number of additional affected family members

Age of affected Age of brother (years) 80+
case

<65 65-79
<65 5.97** 2.77* 2.29
65-79 2.77* 2.04** 2.52%*
80+ 2.29 2.52% 1.14

* p < .01;%*p < .001.
Reprinted from Cannon L, Bishop DT, Skolnick M,
Hunt S, Lyon JL, Smart CR. Genetic epidemiology of prostate
cancer in the Utah Mormon Geneology. Cancer Survey.
1982;1:47-69.

two, and three additional affected relatives
besides the proband, respectively. This is strong
evidence for at least a genetic component in pre-
disposition to familial disease. The observed
increases in RR are too large to be explained by
an environmental effect alone.

Another interesting observation is that the
RR to family members increases as the age of
the proband decreases [17,38], rendering
further support to a genetic role. This pattern,
in which the relative risk markedly increases as
the age of the proband decreases, offers some
of the best evidence that there is a genetic
role (Table 2.2). This table is helpful in risk
assessment for genetic counseling. A brother of
a proband with prostate cancer at age 50 has a
1.9-fold higher risk of developing prostate
cancer compared with a brother of a man
diagnosed with the disease at age 70 [38]. As
the closeness and number of affected members
in the family increases (Tables 2.3 and 2.4),
and when both factors are taken together, there
is a marked increase in the level of RR (Table
2.5).

Table 2.3. Relative risks for prostate cancer in relatives of
prostate cancer cases by degree of relationship

Affected relatives Relative risk (95%

confidence interval [CI])

First-degree 2.0 (1.2-3.3)
Second-degree 1.7 (1.0-2.9)
Both first- and 8.8 (2.8-28.1)

second-degree

Steinberg GD, Carter BS, Beaty TH, et al. Family history and
the risk of prostate cancer. Prostate 1990;17(4):337-3347.
Copyright © 1990 John Wiley & Sons, Inc. Reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley &
Sons, Inc.

Affected relatives Odds ratio

(besides proband) (95% CI)

1 2.2 (1.4-3.5)
4.9 (2.0-12.3)

3 10.9 (2.7-43.1)

Steinberg GD, Carter BS, Beaty TH, et al. Family history and
the risk of prostate cancer. Prostate 1990;17(4):337-47.
Copyright © 1990 John Wiley & Sons, Inc. Reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley &
Sons, Inc.

Cohort Studies

One of the potential pitfalls in the studies con-
ducted is the potential bias introduced by focus-
ing on an unselected population. Cohort studies
attempt to avoid this bias. Goldgar et al. [39]
showed a familial PCa RR of 2.21 in first-degree
relatives of 6350 probands from an unselected
PCa population from the Utah Population Data-
base. In another study involving 5496 sons
of Swedish men from Cancer Registry data,
Gronberg et al. [40] found a RR of 1.70.

Twin Studies

Several twin studies show an increased RR in
mono- compared with dizygotic twins of just
over three- to sixfold [41]. In a study by Page et
al. [42] on 15,924 male twin pairs, they found
that pair-wise concordance (twins where both
men had PCa) rates among monozygotic twins
was 15.7%, while that of dizygotic twins was
3.7% (p = < .001). Proband-wise concordance
(number of concordant affected twins divided
by total number of affected twins) was 27.1%

Table 2.5. Estimated risk ratios for prostate cancer in first-
degree relatives of probands, by age at onset in proband and
additional family members

Age at No. of additional One or more
onset of relatives affected  additional first-degree
proband relatives affected
50 1.9 (1.2-2.8) 7.1 (3.7-13.6)

60 1.4 (1.1-1.7) 5.2 (3.1-8.7)

70 1.0* 3.8 (2.4-6.0)

* Reference group.

Carter BS, Beaty TH, Steinberg GD, Childs B, Walsh PC.
Mendelian inheritance of familial prostate cancer. Proc Natl
Acad Sci USA. 1992 Apr 15;89(8):3367-3371.
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for monozygotic twins and 7.1% for dizygotic
twins, which gives a risk ratio of 3.8. These
results were supported by another study in
Finland [43]. Lichtenstein et al. [44] showed in
another study that up to 42% of PCa risk could
be attributable to heritable factors. The absolute
risk of PCa for twins diagnosed up to age 75 was
sixfold higher for mono- versus dizygotic twins
(18% vs. 3%). The time interval between age at
diagnosis for monozygotic twins compared with
that for dizygotic twins (5.7 years vs. 8.8 years;
p = 0.04) was shorter, and this was statistically
significant. These data all support a genetic
component for PCa, possibly from multiple
interacting genes.

Segregation Analyses

Despite the fact that the case-control studies
described support the significance of genetic
factors in the development of PCa, the genetic
mode of transmission is still debated. Segrega-
tion analyses study the structure of familial clus-
ters and describe the mode of inheritance,
age-specific cumulative risk (penetrance), and
allele frequency of genetic predisposition to a
disease. Carter et al. [38], using such analyses,
observed that PCa diagnosed at < 55 years might
be caused by 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 up to 85 years. Alleles were pre-
dicted to exist at a frequency of 0.003 and to
cause a cumulative risk of PCa of 88% by age 85
years versus 5% for noncarriers. Similar conclu-
sions have been reached by other reports, but
with a higher allele frequency and lower pene-
trance of about 67% (Gronberg et al. [40], allele
frequency 0.0167; Schaid et al. [45], allele fre-
quency 0.006). Some studies noted higher risks
to brothers of prostate cancer cases compared
with fathers [46,47], suggesting a recessive or X-
linked model. Ewis et al. [48] reported an odds
ratio of 2.04 (p = .02) for allele C of dY¥s19 in
Japanese PCa patients, whereas other alleles of
this region were protective [allele D, odds ratio
(OR) 0.26, p = .002]. Thus the Y chromosome
(father to son transmission) also seems to be
implicated. It is possible that several models
coexist, giving rise to the observed age-linked
risks [49]. Dominantly inherited risk allele(s)
could partially explain early-onset PCa, and a

recessive or X-linked model could account for its
later onset [50].

Molecular Analysis Evidence:
Linkage Studies

In contrast to other common cancers such
as breast and colon cancer, in which a small
number of high-risk genes account for a per-
centage of the high-risk multiple case families,
familial PCa is likely to be caused by numerous
different genes. Linkage analysis is performed
by using a gene-hunting technique that iden-
tifies co-segregation of the disease in large, high-
risk families, with disease-causing genetic
mutations. Linkage analysis has been used to
map many familial cancer loci, for example,
colorectal cancer, breast/ovarian cancer, and
melanoma [reviewed in ref. 51]. By analyzing
co-inheritance of polymorphic stretches of
DNA, linkage analysis focuses on the region
within which a disease-causing locus may lie.
Having identified a region of linkage, candidate
gene mutation analysis within the region is
undertaken to identify the disease-causing
mutation.

Candidate Gene Analysis
Evidence: BRCA2, NBS, and
CHEK2 Genes

The candidate gene approach is used to search
for genetic markers of disease susceptibility,
where a gene is targeted based on the character-
istics of its protein product. PCa cases were
noted, in the early 1990s, to be clustered within
breast cancer families [52,53]. The RR of PCa in
male carriers of mutations in the breast cancer
predisposition genes BRCAI and BRCA2 is
increased. The RR with respect to BRCAI was
found to be 3.33 [54] and 1.82 in a further study
by the Breast Cancer Linkage Consortium
(BCLC) [55].

For BRCA2, the RR was found to be 4.65 in the
BCLC series. The RR is higher in men with PCa
diagnosed before 65 years (RR 7.33), with an
estimated cumulative incidence by age 70 of
7.5% to 33.0%.
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A founder mutation in BRCA2 mutation is
reported to confer a cumulative PCa risk to car-
riers of 7.6% by age 70 [56]; 67% of men who had
the mutation developed advanced PCa with a
high mortality [57]. This raised the possibility
that BRCA2 predisposes to more aggressive
disease. A report in a Swedish family carrying a
deleterious BRCA2 mutation [58] supports the
evidence that such mutations could be patho-
genic. Gayther et al. [59], in a set of 38 United
Kingdom families, conducted a mutation screen
of BRCAI and BRCA2 genes. Two germline dele-
terious BRCA2 mutations were observed. A
further study was conducted by Edwards et al.
[60] on 263 men aged <55 at diagnosis, and they
found six pathogenic mutations. Interestingly,
these were downstream of the ovarian cancer
cluster region, which is central in the gene,
implying a genotype/phenotype correlation. The
mutations accounted for 2% of PCa diagnosed at
this young age. This equated to a RR of 23-fold
by 60 years of age and an absolute risk of PCa of
1.3% by age 55 and 10% by age 65. This seems
to support claims that BRCA2 is a high-risk
PCa gene. More recently, studies reported an
increased risk of PCa in conjunction with the
Ashkenazi founder mutations in the BRCAI and
BRCA?2 genes [61,62].

Following these initial observations, germline
mutations have been found in the NBS gene at a
higher frequency in PCa cases than controls [63],
albeit only in a founder Slavic population to
date, and in the CHEK2 gene [64]. This raises the
possibility that PCa predisposition in a propor-
tion of cases might be caused by mutations in the
DNA repair pathway genes. It is thought that
these gene mutations in the homozygous form
may give rise to a severe phenotype (in the case
of NBS this would be the Nijmegen breakage
syndrome and in the case of BRCA2 this would
be Fanconi anemia D2). However, in the het-
erozygous form, there would be a risk of getting
PCa.

Genome Searches in
Prostate Cancer

A genome-wide search (GWS) involves the
process of running a large (typically in the
region of 400) number of microsatellite markers
throughout the genome to locate disease-
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predisposing genes by looking for co-
segregation of markers with the disease in
families. The attempt to identify prostate cancer
susceptibility loci has been undertaken across
the genome by numerous groups. The Anglo-
Canadian-Texan-Australian-Norwegian-
European Union Biomed (ACTANE) group has
defined age at onset and number of cases and
focused on the collection of clinically significant
PCa, because the disease manifests 10 years later
on average than prostate-specific antigen (PSA)-
detected disease, and hence men with clinically
detected early-onset PCa could have had a raised
PSA level at an earlier age [36].

Thus far, several GWSs have been reported for
prostate cancer [9,11,13,65-80]. The significant
results are summarized as follows:

1923-24: HPC1 and the RNASEL Data

A group from Johns Hopkins University,
Baltimore, Maryland, conducted a study in 91
North American and Swedish families, and its
report suggested that 34% of families might
be linked to this locus [9]. This GWS identified
a locus named HPCI (hereditary prostate
cancer 1) at 1q24-25. Various groups have since
either confirmed [81-84], or challenged [65,66,
68,72,85,86] the Hopkins’ observation. Goode
et al. [72], and Goddard et al. [87] identified evi-
dence of linkage in families with more aggres-
sive PCa.

Xu [88],in a meta-analysis, found that approx-
imately 6% of all PCa families were linked to
1q24-25. A further analysis concluded that HPCI
might play a role in a subset of families with
several young-onset cases especially in African-
American men. Carpten et al. [89] subsequently
found mutations in the cell proliferation and
apoptosis regulating gene RNASEL. Some
reports have shown RNASEL mutations to be
associated with PCa, but with a much lower RR
than would be extrapolated by the linkage evi-
dence. Rokman et al. [90] showed that the
Glu265X in RNASEL was present 4.5-fold more
often in affected family members compared with
controls. RNASEL was found by other groups to
confer much smaller PCa risks or have found no
mutations in this gene in PCa families. RNASEL
seems not to be a highly penetrant prostate
cancer gene, which seems to conflict with
current linkage evidence [91,92].
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Other Loci and Candidates from GWS

Other loci have been identified that have
significant logarithm of odds (LOD) scores or
whose risks fall on further detailed scrutiny
[93,94].

Other Significant Loci

PCaP (1q42.2-43 [65]) was a locus identified
in the German/French population, but not
confirmed by other groups. CAPB (1p36 [67]) is
alocus associated with primary brain tumor and
PCa, which on further analysis was probably
more associated with young-onset PCa rather
than brain tumor [95]. Suarez et al. [66]
described a locus on chromosome 16q in sibling
pairs. Berry et al. [71] described another one on
20q (HPC20). These are still to be confirmed. It
is likely that the HPC20 locus is not real, as recent
analyses from multiple groups in the Interna-
tional Consortium for Prostate Cancer Genetics
(ICPCG) have failed to confirm linkage to this
locus in a meta-analysis (Schaid and the ICPCG,
in press, 2004). A further locus has been
described on the long arm of chromosome X
(HPCX; Xq27-28) by Xu et al. [96]. Some loci, for
example, 7q, 19q [97-99], have been found to be
associated with more aggressive PCa. Eight
GWSs have been published recently in one
issue of The Prostate (ACTANE Consortium
[80]; Lange et al. [73]; Schleutker et al. [74];
Cunningham et al [75]. Xu et al. [76]; Wiklund
et al. [77]; Janer et al. [78]; Witte et al. [79]). This
work was summarized in an accompanying
review by Easton et al. [13]. The conclusion of
these GWSs to date is that there is considerable
genetic heterogeneity.

Low-Penetrance Genes

Some of the genetically acquired risks of inher-
itance of PCa could be due to common low-
penetrance genes. A significant association
between a susceptibility to PCa and common
genetic variants, for example, the androgen
receptor (AR) genes, has been observed.
Although the AR has been excluded as a site for
a highly penetrant dominant PCa susceptibility
locus, it is a candidate for a lower penetrance
PCa susceptibility gene. The most consistent
polymorphisms to date that confer a moderately

increased risk are in the SRD5A2, GSTP1 and AR
genes [100-110].

Clinical Management

About 10% of PCa cases are thought to be due
primarily to high-risk inherited genetic factors
or PCa susceptibility genes. Men with a father or
brother with PCa are twice as likely to develop
PCa as men with no affected relatives. The risk
increases with increasing number of relatives
that are affected, for example, men with two
or three first-degree relatives affected have a
fivefold and 11-fold increased risk of PCa,
respectively (see Tables 2.1 to 2.5).

With the increase in PCa awareness among
patients and health care professionals, an in-
creasing number of people are querying the
optimal management of individuals with a
family history of PCa. The clinical management
of FPC remains a challenge. Due to the sig-
nificant number of men with a family history of
PCa, the appreciation and understanding of key
management issues is critical.

The current clinical management issues
surrounding FPC involves several components:
(1) biological aggressiveness, (2) outcomes
following definitive treatment, (3) survival
curve differences between FPC and sporadic
cases, (4) treatment vs. observation in screen-
detected patients, (5) role of chemoprevention,
(6) role of targeted screening, and (7) genetic
counseling.

Biological Aggressiveness

The biologic aggressiveness of FPC has been the
focus of interest of several investigators. Walsh
[111] first noted that there was no significant
difference between phenotypes of hereditary,
familial, and sporadic prostate cancer among
those who underwent radical prostatectomy
with respect to preoperative PSA, PSA density,
Gleason score, tumor histology, pathological
stage, or clinical stage. Kupelian et al. [112] later
observed that men with localized PCa with a pos-
itive family history may have a worse outcome at
3 and 5 years following either radiation therapy
or surgery than those with sporadic cases. Three
further studies found no difference in the aggres-
siveness of the disease in familial compared with
sporadic cases [113-115].
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These seemingly equivocal results can par-
tially be explained by the heterogeneous nature
of the various target groups studied, bias in the
self-reporting of family history, and the different
subgroups of family history, for example, single
first-degree versus multiple relatives with PCa.
Recently, E2F3 expression was found to be a
potential independent factor in predicting
overall survival of patients with PCa [116]. Such
prognostic markers, if replicated in FPC, would
be useful in identifying a subset of FPC that has
a poorer prognosis.

Outcomes Following Definitive
Treatment in Familial
Prostate Cancer

Kupelian et al. [117] conducted a study to deter-
mine if FPC patients have a less favorable prog-
nosis than patients with sporadic PCa after
treatment for localized disease with definitive
treatment, that is, either radical prostatectomy or
radiotherapy. The 5-year biochemical relapse-
free survival rates for patients with negative and
positive family histories were 52% and 29%,
respectively (p <.001). This is the first study that
demonstrated that the presence of a family
history of PCa correlates with treatment
outcome and suggests that FPC may have a more
aggressive course than nonfamilial PCa. Further
studies are currently underway to validate this
finding.

In patients not stratified as having FPC, bio-
chemical failure rates were shown to be similar
irrespective of whether radical prostatectomy or
radiotherapy was the monotherapy undertaken
for clinically localized PCa [118]. Eight-year bio-
chemical failure rates were found to be identical
in men treated with either radical prostatectomy
or radiotherapy [119]. With respect to FPC, the
key question is whether the outcomes are differ-
ent between those offered different modes of
monotherapy. Hanlon and Hanks [120], in an
attempt to evaluate biochemical outcome after
definitive radiotherapy as a function of family
history groupings, found no significant differ-
ence in biochemical failure rates between care-
fully matched men with and without FPC. The
findings of this study support others that failed
to show an increased risk of failure after
definitive therapy for clinically localized PCa in
men with familial disease.

Familial Prostate Cancer

Azzouzi et al. [121] compared the biological
and clinical features of sporadic and familial
clinically localized PCa treated with radical
prostatectomy, and found that the outcome is
similar in those with and without a family
history.

Large-scale prospective family history data
collection and outcome analyses, therefore, need
to be done to see whether a genetic change
influencing PCa etiology correlates with factors
altering treatment response.

At present the comparative roles of radiother-
apy versus radical prostatectomy in the manage-
ment of men with FPC are not ratified by robust
studies; however, preliminary studies seem to
suggest that outcome in FPC is not influenced by
the mode of definitive therapy.

Sporadic and Familial Prostate
Cancer: Biochemical Failure and
Differences in Survival

Gronberg et al. [122] tried to estimate the
survival of men with FPC and compare them
with prostate cancer cases unselected for family
history. No significant differences in either
overall or prostate cancer-specific survival
between familial and sporadic cases were found.

Tumor grade at diagnosis in familial cases did
not differ from that in a population with prostate
cancer unselected for family history. The conclu-
sion, based on the result from this study, was that
no differences in treatment between men with
and without a positive family history of prostate
cancer are justified.

However, Kupelian et al. [123],in an analysis of
the outcome after radical prostatectomy of
patients with familial versus sporadic prostate
cancer, observed that the former group has a
higher likelihood of biochemical failure after
radical prostatectomy. They concluded that this
effect was independent of pretreatment or patho-
logical factors. Currently, it may be reasonable to
recommend that treatment plans should not be
altered based on presence or absence of FPC, but
further large-scale studies are needed.

Treatment Versus Observation in
Screen-Detected Patients

If highly penetrant genes responsible for PCa,
such as the results of risk due to germline muta-
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tions in BRCA2, were replicated, there would be
a rationale for offering genetic counseling and
testing for this disease. At present, these results
should be replicated on a further sample set of
blood samples from PCa cases diagnosed at
young age prior to offering clinical diagnostic
BRCA2 genetic counseling and testing, and this
is in progress in the UK. Familial Prostate
Cancer Study [10].

The American Urological Association cur-
rently recommends that men at high risk of
developing PCa, that is, those with a family
history of the disease or men of African-
American descent, begin receiving routine
prostate cancer screening at age 40 [124]. Its rec-
ommendation is that such men receive PSA
testing and digital rectal examination (DRE)
annually starting at age 50. This is recommended
earlier if there is a family history of the disease
or if one is of African-American descent, as
above [125].

However, the exact age for initiation of
screening has yet to be clearly defined. A tar-
geted screening study using PSA alone in first-
degree relatives of men diagnosed at <65 years
or relative pairs with an average age of onset of
70 years or three or more relatives diagnosed at
any age is underway in South Thames (the
Cancer Research UK. TAPS study, principal
investigator Dr. Melia). The age of screening in
different ethnic groups is currently under debate
and further adds to the complexity of defining
an optimal age for screening. Those men,
however, found to be positive for PCa following
the screen should be treated as documented in
current clinical guidelines irrespective of family
history.

The main recent area of controversy is the
utility of the PSA value, particularly at low levels
(see below) [126]. In the finasteride chemopre-
vention study, all men were offered biopsy, and
15% of those with a PSA of <1.5 had histological
prostate cancer. The dilemma is that these diag-
noses may not be clinically significant, and
better progression markers are needed both in
sporadic and familial disease.

Role of Chemoprevention

The chemoprevention of PCa involves the deliv-
ery of agents that could potentially inhibit the
crucial carcinogenic steps in its development.

The characterization of genetic susceptibility
loci could enable men at high risk of developing
PCa to be identified and to serve as subjects for
chemoprevention trials. Provided these trials
yield positive results, they could potentially lead
to a recommendation for preventative therapy in
genetic carriers.

The key components of chemoprevention
include specific agents and their biochemical
targets, intermediate end-point biomarkers, with
their critical pathways and cohorts identified by
both genetic and acquired risk factors [127].
Several putative chemopreventive agents are
currently under investigation. Results of a pop-
ulation-based, randomized phase III trial
demonstrate that finasteride may prevent PCa.
However, the study was slightly disappointing in
that only low-grade tumors seem to have been
prevented, and in fact the number of high-grade
tumors was greater in the finasteride group
[126].

Clarke et al. [128], in their study of the role of
selenium, found that although selenium shows
no protective effect against the primary end
point of squamous and basal cell carcinomas of
the skin, the selenium-treated group in their
series had substantial reductions in the inci-
dence of PCa as a secondary end point. Prelimi-
nary data seem to indicate that there may be
some benefit with the use of other agents as
potential preventatives in addition to selenium.
These include vitamin E, vitamin D, other
5a-reductase inhibitors, cyclooxygenase-2 inhi-
bitors, lycopene, and green tea. Some of these
agents are being tested in new large-scale phase
III clinical trials [129].

The Selenium and Vitamin E Cancer Preven-
tion Trial (SELECT) is a phase III clinical trial
designed to test the efficacy of selenium and
vitamin E alone and in combination in the pre-
vention of prostate cancer [130]. Refinements in
new powerful tools such as proteomic analysis
of tissue-based and secreted proteins [131]
and gene chip complementary DNA (cDNA)
microarrays for multiplex gene expression
profiling could help optimize the identification
of new molecular targets, cohorts at risk, and the
design of suitable combination trials.

The patient with FPC may benefit from the
use of chemopreventive agents, and the results
of further large-scale trials will define its puta-
tive role in the future. The prospect of re-
commending surgical prophylactic therapy in
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genetic mutation carriers would be extremely
controversial.

Targeted Screening

Targeted screening studies have shown a greater
proportion of raised PSA levels in relatives
of patients as compared to sporadic cases of
prostate cancer. In a screening study of prostate
cancer in high-risk families performed by
McWhorter et al. [132], it was shown that pre-
viously unsuspected and clinically relevant
cancers were found in 24% of a total of 34 first-
degree relatives, compared to the approximately
one expected (p < .01). This emphasizes the
importance of PSA screening in first-degree
relatives of prostate cancer patients. Targeted
screening can be done by checking serum PSA
levels in relatives of young- or early-onset PCa
patients or families with multiple cases. It is rea-
sonable to start screening either at age 40 or 5
years younger than the youngest age at diagno-
sis of a relative (whichever is the higher).

The first targeted screening study based on
BRCA1/2 genotype will start later this year (the
Identification of Men with Genetic Predisposi-
tion to Prostate Cancer and Its Clinical Treat-
ment [IMPACT] study [133]). Several large units
have already started targeted screening pro-
grams with the objective of identifying markers
of disease aggression. The programs have been
initiated despite the established general setbacks
of PSA screening, including lack of clearly
defined optimal intervals between individual
screens, increased false-negative biopsy rates,
and diagnosis and subsequent management
of incidentally found prostatic intraepithelial
neoplasia.

Genetic Counseling and
Testing/Research

Currently, genetic analysis (e.g., BRCA2 muta-
tion analysis) should be performed only within
the context of a research study that will deter-
mine penetrance and genotype-phenotype
correlation of specific mutations. The criteria
for the Cancer Research U.K./British Prostate
Group/British Association of Urological Sur-
geons’ Section of Oncology Familial Prostate
Cancer Study (principal investigator Dr. Eeles)
are as follows:

Familial Prostate Cancer

+ Men with PCa diagnosed at <60 years

+ Affected relative pairs with PCa where one is
<65 years at diagnosis

+ PCa families with three or more members
diagnosed at any age

Even in the absence of genetic testing,
African-American men and men with a strong
family history of prostate cancer (as defined in
the TAPS study, see above), may opt to initiate
screening by PSA and DRE from as early as 40
years.

Conclusion

Prostate cancer is one of the common cancers
where there is good evidence for a larger genetic
component to its etiology, but the genetic
models are complex. It is highly likely that the
PCa predisposition genes will be polygenic and
may be interacting within families. Some PCa
predisposition genes are likely to be DNA repair
genes (e.g., BRCA2) but these may account
for only a small proportion of young cases.
However, the discovery of high-risk BRCA2
mutations has led to the first clinical targeted
screening trial based on genotype in this disease
(the IMPACT study, discussed above), and this
trial will serve as a basis for further targeted
screening and chemoprevention trials based on
genotype as further genes are identified. The
lessons learned in IMPACT will be screening
uptake in a high-risk male population, the psy-
chological issues of screening men at higher risk
of PCa, the utility of PSA in a higher risk popu-
lation, the identification of new and better bio-
markers and the clinical parameters of PCa so
identified.

References

1. American Cancer Society. Cancer Facts and
Figures 2004. Atlanta: American Cancer Society,
2004.

2. ATHW and AACR. AIHW National Mortality
Database, Australia’s Health 2004, ATHW.

3. Majeed A, Babb P, Jones ], Quinn M. Trends in
prostate cancer incidence, mortality and survival
in England and Wales 1971-1998. BJU Int
2000;85(9):1058-1062.

4. Dijkman GA, Debruyne FM. Epidemiology of
prostate cancer. Eur Urol 1996;30(3):281-295.



26

Urological Cancers: Science and Treatment

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Parkin DM, Pisani P, Ferlay J. Estimates of the
worldwide incidence of eighteen major cancers
in 1985. Int ] Cancer 1993;54(4):594-606.

. Whittemore AS, Wu AH, Kolonel LN, et al. Family

history and prostate cancer risk in black, white,
and Asian men in the United States and Canada.
Am ] Epidemiol 1995;141(8):732-740.

. Cussenot O, Cancel-Tassin G. Genetic suscepti-

bility to prostate cancer. Med Sci (Paris) 2004;
20(5):562-568 (French).

. Morganti G, et al. Recherches clinico-statistiques

et génétiques sur les néopasies de la prostate.
Acta Genet Statist 1959;6:304-305.

. Smith JR, Freije D, Carpten JD, et al. Major sus-

ceptibility locus for prostate cancer on chromo-
some 1 suggested by a genome-wide search.
Science 1996;274(5291):1371-1374.

Eeles RA, the UK Familial Prostate Study Co-
ordinating Group and the CRC/BPG UK Familial
Prostate Cancer Study Collaborators. Genetic
predisposition to prostate cancer. Prostate
Cancer Prostatic Dis 1999;2(1):9-15.

Ostrander EA, Stanford JL. Genetics of prostate
cancer: too many loci, too few genes. Am ] Hum
Genet 2000;67(6):1367-1375.

Simard J, Dumont M, Labuda D, et al. Prostate
cancer susceptibility genes: lessons learned and
challenges posed. Endocr Relat Cancer 2003;
10(2):225-259.

Easton DF, Schaid DJ, Whittemore AS, Isaacs WJ.
International Consortium for Prostate Cancer
Genetics. Where are the prostate cancer genes? A
summary of eight genome wide searches.
Prostate 2003;57(4):261-269.

Hall JM, Lee MK, Newman B, et al. Linkage of
early-onset familial breast cancer to chromo-
some 17q21. Science 1990;250(4988):1684-1689.
Morganti G, Gianferrari L, Cresseri A, Arrigoni
G, Lovati G. [Clinico-statistical and genetic
research on neoplasms of the prostate]. Acta
Genet Stat Med 1956-1957;6(2):304-305.

Woolf CM. An investigation of the familial
aspects of carcinoma of the prostate. Cancer
1960;13:739-744.

Cannon L, Bishop DT, Skolnick M, Hunt S, Lyon
JL, Smart CR. Genetic epidemiology of prostate
cancer in the Utah Mormon Genealogy. Cancer
Surv 1982;1:47-69.

Cannon-Albright L, Eeles RA. Progress in pro-
state cancer. Nat Genet 1995;9(4):336-338.
Steele R, Lees RE, Kraus AS, Rao C. Sexual factors
in the epidemiology of cancer of the prostate. ]
Chronic Dis 1971;24(1):29-37.

Krain LS. Some epidemiologic variables in
prostatic carcinoma in California. Prev Med
1974;3(1):154-159.

Schuman LM, Mandel J, Blackard C, Bauer H,
Scarlett J, McHugh R. Epidemiologic study of

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

prostatic cancer: preliminary report. Cancer
Treat Rep 1977;61(2):181-186.

Meikle AW, Smith JA, West DW. Familial factors
affecting prostatic cancer risk and plasma sex-
steroid levels. Prostate 1985;6(2):121-128.
Steinberg GD, Carter BS, Beaty TH, Childs B,
Walsh PC. Family history and the risk of prostate
cancer. Prostate 1990;17(4):337-347.

Fincham SM, Hill GB, Hanson ], Wijayasinghe C.
Epidemiology of prostatic cancer: a case-control
study. Prostate 1990;17(3):189-206.

Spitz MR, Currier RD, Fueger JJ, Babaian R]J,
Newell GR. Familial patterns of prostate cancer:
a case-control analysis. ] Urol 1991;146(5):1305-
1307.

Ghadirian P, Cadotte M, Lacroix A, Perret C.
Family aggregation of cancer of the prostate in
Quebec: the tip of the iceberg. Prostate 1991;
19(1):43-52.

Whittemore AS, Wu AH, Kolonel LN, et al. Family
history and prostate cancer risk in black,
white, and Asian men in the United States
and Canada. Am ] Epidemiol 1995;141(8):732-
740.

Hayes RB, Liff JM, Pottern LM, et al. Prostate
cancer risk in U.S. blacks and whites with a
family history of cancer. Int J Cancer 1995;
60(3):361-364.

Isaacs SD, Kiemeney LA, Baffoe-Bonnie A, Beaty
TH, Walsh PC. Risk of cancer in relatives of pro-
state cancer probands. ] Natl Cancer Inst 1995;
87(13):991-996.

Keetch DW, Rice JP, Suarez BK, Catalona WJ.
Familial aspects of prostate cancer: a case control
study. J Urol 1995;154(6):2100-2102.

Lesko SM, Rosenberg L, Shapiro S. Family history
and prostate cancer risk. Am J Epidemiol 1996;
144(11):1041-1047.

Ghadirian P, Howe GR, Hislop TG, Maisonneuve
P. Family history of prostate cancer: a multi-
center case-control study in Canada. Int ] Cancer
1997;70(6):679-681.

Glover FE Jr, Coffey DS, Douglas LL, et al. Famil-
ial study of prostate cancer in Jamaica. Urology
1998;52(3):441-443.

Bratt O, Kristoffersson U, Lundgren R, Olsson H.
Familial and hereditary prostate cancer in south-
ern Sweden. A population-based case-control
study. Eur J Cancer 1999;35(2):272-277.

Eeles RA, Dearnaley DP, Ardern-Jones A, et al.
Familial prostate cancer: the evidence and the
Cancer Research Campaign/British Prostate
Group (CRC/BPG) UK Familial Prostate Cancer
Study. Br J Urol 1997;79(suppl 1):8-14.

Singh R, Eeles RA, Durocher F et al. High
risk genes predisposing to prostate cancer
development-do they exist? Prostate Cancer
Prostatic Dis 2000;3(4):241-247.



27

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Johns LE, Houlston RS. A systematic review and
meta-analysis of familial prostate cancer risk.
BJU Int 2003;91(9):789-794.

Carter BS, Beaty TH, Steinberg GD, Childs B,
Walsh PC. Mendelian inheritance of familial
prostate cancer. Proc Natl Acad Sci USA 1992;
89(8):3367-3371.

Goldgar DE, Easton DF, Cannon-Albright LA,
Skolnick MH. Systematic population-based
assessment of cancer risk in first-degree relatives
of cancer probands. J Natl Cancer Inst 1994;
86(21):1600-1608.

Gronberg H, Damber L, Damber JE. Familial
prostate cancer in Sweden. A nationwide register
cohort study. Cancer 1996;77(1):138-143.
Ahlbom A, Lichtenstein P, Malmstrom H,
Feychting M, Hemminki K, Pedersen NL. Cancer
in twins: genetic and nongenetic familial risk
factors. ] Natl Cancer Inst 1997;89(4):287-293.
Page WEF, Braun MM, Partin AW, Caporaso N,
Walsh P. Heredity and prostate cancer: a study of
World War II veteran twins. Prostate 1997;
33(4):240-245.

Verkasalo PK, Kaprio J, Koskenvuo M, Pukkala
E. Genetic predisposition, environment and
cancer incidence: a nationwide twin study in
Finland, 1976-1995. Int ] Cancer 1999;83(6):743-
749.

Lichtenstein P, Holm NV, Verkasalo PK, et al.
Environmental and heritable factors in the cau-
sation of cancer-analyses of cohorts of twins
from Sweden, Denmark, and Finland. N Engl ]
Med 2000;343(2):78-85.

Schaid DJ, McDonnell SK, Blute ML, Thibodeau
SN. Evidence for autosomal dominant inheri-
tance of prostate cancer. Am ] Hum Genet 1998;
62(6):1425-1438.

Narod SA, Dupont A, Cusan L, et al. The impact
of family history on early detection of prostate
cancer. Nat Med 1995;1(2):99-101.

Monroe KR, Yu MC, Kolonel LN, et al. Evidence
of an X-linked or recessive genetic component to
prostate cancer risk. Nat Med 1995;1(8):827-
829.

Ewis AA, Lee J, Naroda T, et al. Linkage between
prostate cancer incidence and different alleles of
the human Y-linked tetranucleotide polymor-
phism DYS19. ] Med Invest 2002;49(1-2):56-60.
Cui ], Staples MP, Hopper JL, English DR,
McCredie MR, Giles GG. Segregation analyses
of 1,476 population-based Australian families
affected by prostate cancer. Am ] Hum Genet
2001;68(5):1207-1218.

Conlon EM, Goode EL, Gibbs M, et al. Oligogenic
segregation analysis of hereditary prostate
cancer pedigrees: evidence for multiple loci
affecting age at onset. Int ] Cancer 2003;105(5):
630-635.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Familial Prostate Cancer

Eeles RAPB, Easton DF, Ponder BAJ, Eng C,
eds. Genetic Predisposition to Cancer, 2nd ed.
London: Arnold, 2004.

Tulinius H, Olafsdottir GH, Sigvaldason H, Tryg-
gvadottir L, Bjarnadottir K. Neoplastic diseases
in families of breast cancer patients. ] Med Genet
1994;31(8):618-621.

Anderson DE, Badzioch MD. Familial breast
cancer risks. Effects of prostate and other
cancers. Cancer 72:114-119.

Ford D, Easton DF, Bishop DT, Narod SA, Goldgar
DE. Risks of cancer in BRCAl-mutation carriers.
Breast Cancer Linkage Consortium. Lancet 1994;
343:692-695.

Thompson D, Easton DF, and the Breast Cancer
Linkage Consortium. Cancer Incidence in
BRCA1 Mutation Carriers. ] Natl Cancer Inst
94:1358-1365.

Thorlacius S, Struewing JP, Hartge P, et al.
Population-based study of risk of breast cancer
in carriers of BRCA2 mutation. Lancet 1998;352:
1337-1339.

Sigurdsson S, Thorlacius S, Tomasson ], et al.
BRCA2 mutation in Icelandic prostate cancer
patients. ] Mol Med 1997;75:758-761.

Gronberg H, Ahman AK, Emanuelsson M, Bergh
A, Damber JE, Borg A. BRCA2 mutation in a
family with hereditary prostate cancer. Genes
Chromosomes Cancer 2001;30:299-301.

Gayther SA, de Foy KA, Harrington P, et al. The
frequency of germ-line mutations in the breast
cancer predisposition genes BRCAI and BRCA2
in familial prostate cancer. The Cancer Research
Campaign/British ~ Prostate  Group  United
Kingdom Familial Prostate Cancer Study Collab-
orators. Cancer Res 2000;60:4513-4518.
Edwards SM, Kote-Jarai Z, Meitz J, et al. Cancer
Research UK/British Prostate Group UK Familial
Prostate Cancer Study Collaborators, British
Association of Urological Surgeons Section of
Oncology. Two percent of men with early-onset
prostate cancer harbor germline mutations in
the BRCA2 gene. Am ] Hum Genet 2003;72(1):
1-12.

Kirchhoff T, Kauff ND, Mitra N, et al. BRCA muta-
tions and risk of prostate cancer in Ashkenazi
Jews. Clin Cancer Res 2004;10(9):2918-2921.
Giusti RM, Rutter JL, Duray PH, et al. A twofold
increase in BRCA mutation related prostate
cancer among Ashkenazi Israelis is not associ-
ated with distinctive histopathology.] Med Genet
2003;40(10):787-792.

Cybulski C, Gorski B, Debniak T, et al. NBSI is a
prostate cancer susceptibility gene. Cancer Res
2004;64(4):1215-1219.

Dong X, Wang L, Taniguchi K, et al. Mutations in
CHEK?2 associated with prostate cancer risk. Am
] Hum Genet 2003;72(2):270-280.



28

Urological Cancers: Science and Treatment

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Berthon P, Valerie A, Cohen-Akenine A, et al. Pre-
disposing gene for early-onset prostate cancer,
localized on chromosome 1q42.2-43. Am ] Hum
Genet 1998;62(6):1416-1424.

Suarez BK, Lin J, Burmester JK, et al. A genome
screen of multiplex sibships with prostate cancer.
66(3):933-944.

Gibbs M, Stanford JL, McIndoe RA, et al. Evi-
dence for a rare prostate cancer prostate cancer-
susceptibility locus at chromosome 1p36. Hum
Genet 1999;64(3):776-787.

Berry R, Schaid DJ, Smith JR, et al. Linkage analy-
ses at the chromosome 1 loci 1q24-25 (HPC1),
1q42.2-43 (PCAP), and 1p36 (CAPB) in families
with hereditary prostate cancer. Am ] Hum Genet
2000;66(2):539-546.

Tavtigian SV, Simrad ], Teng DH, et al. A
candidate prostate cancer susceptibility gene at
chromosome 17p. Nat Genet 2001;27(2):172-
180.

Hsieh CL, Oakley-Girvan I, Gallagher RP, et al.
Re: prostate cancer susceptibility locus on chro-
mosome 1q: a confirmatory study. ] Natl Cancer
Inst 1997;89(24):1893-1894.

Berry R, Schroeder JJ, French AJ, et al. Evidence
for a prostate cancer- susceptibility locus on
chromosome 20. Am ] Hum Genet 2000;67(1):
82-91.

Goode EL, Stanford JL, Chakrabarti L, et al.
Linkage analysis of 150 high-risk prostate cancer
families at 1q24-25. Genet Epidemiol 2000;
18(3):251-275.

Lange EM, Gillanders EM, Davis CC, et al.
Genome-wide scan for prostate cancer suscepti-
bility genes using families from the University of
Michigan prostate cancer genetics project finds
evidence for linkage on chromosome 17 near
BRCA1. Prostate 2003;57(4):326-334.

Schleutker J, Baffoe-Bonnie AB, et al. Genome-
wide scan for linkage in Finnish Hereditary
Prostate Cancer (HPC) families identifies novel
susceptibility loci at 11q14 and 3p25-26. Prostate
2003;57(4):280-289.

Cunningham JM, McDonnell SK, Marks A, et al.
Mayo Clinic, Rochester, Minnesota. Genome
linkage screen for prostate cancer susceptibility
loci: results from the Mayo Clinic Familial
Prostate Cancer Study. Prostate 2003;57(4):335-
346.

Xu J, Gillanders EM, Isaacs SD, et al. Genome-
wide scan for prostate cancer susceptibility genes
in the Johns Hopkins hereditary prostate cancer
families. Prostate 2003;57(4):320-325.

Wiklund F, Gillanders EM, Albertus JA, et al.
Genome-wide scan of Swedish families with
hereditary prostate cancer: suggestive evidence
of linkage at 5q11.2 and 19p13.3. Prostate 2003;
57(4):290-297.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Janer MFD, Stanford JL, Badzioch MD, et al.
Genomic scan of 254 hereditary prostate cancer
families. Prostate 2003;57(4):309-319.

Witte JSSB, Thiel B, Lin J, et al. Genome-wide
scan of brothers: replication and fine mapping of
prostate cancer susceptibility and aggressiveness
loci. Prostate 2003;57(4):298-308.

The International ACTANE Consortium. Results
of a genome-wide linkage analysis in prostate
cancer families ascertained through the ACTANE
consortium. Prostate 2003;57(4):270-279.
Gronberg H, Smith ], Emanuelsson M, et al. In
Swedish families with hereditary prostate cancer,
linkage to the HPCI locus on chromosome
1q24-25 is restricted to families with early-onset
prostate cancer. Am ] Hum Genet 1999;65(1):
134-140.

Cooney KA, McCarthy JD, Lange E, et al. Prostate
cancer susceptibility locus on chromosome 1q: a
confirmatory study. J Natl Cancer Inst 1997;
89(13):955-959.

Neuhausen SL, Farnham JH, Kort E, Tavtigian SV,
Skolnick MH, Cannon-Albright LA. Prostate
cancer susceptibility locus HPCI in Utah high-
risk pedigrees. Hum Mol Genet 1999;8(13):2437-
2442.

Xu ], Zheng SL, Chang B, et al. Linkage of prostate
cancer susceptibility loci to chromosome 1. Hum
Genet 2001;108(4):335-345.

McIndoe RA, Stanford JL, Gibbs M, et al. Linkage
analysis of 49 high-risk families does not support
a common familial prostate cancer-susceptibility
gene at 1q24-25. Am ] Hum Genet 1997;61(2):
347-353.

Eeles RA, Durocher F, Edwards S, et al. Linkage
analysis of chromosome 1q markers in 136
prostate cancer families. The Cancer Research
Campaign/British Prostate Group U.K. Familial
Prostate Cancer Study Collaborators. Am ] Hum
Genet 1998;62(3):653-658.

Goddard KA, Witte JS, Suarez BK, Catalona WJ,
Olson JM. Model-free linkage analysis with
covariates confirms linkage of prostate cancer to
chromosomes 1 and 4. Am ] Hum Genet
2001;68(5):1197-1206.

Xu J. Combined analysis of hereditary prostate
cancer linkage to 1q24-25: results from 772
hereditary prostate cancer families from the
International Consortium for Prostate Cancer
Genetics. Am ] Hum Genet 2000;66(3):945-957;
erratum in Am ] Hum Genet 2000;67(2):
541-542.

Carpten J, Nupponen N, Isaacs S, et al. Germline
mutations in the ribonuclease L gene in families
showing linkage with HPCI. Nat Genet 2002;
30(2):181-184.

Rokman A, Ikonen T, Seppala EH, et al. Germline
alterations of the RNASEL gene, a candidate



29

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

HPCI gene at 1g25, in patients and families with
prostate cancer. Am ] Hum Genet 2002;70(5):
1299-1304; erratum in Am ] Hum Genet 2002;
71(1):215.

Casey G, Neville PJ, Plummer S]J, et al. RNASEL
Arg462Gln variant is implicated in up to 13% of
prostate cancer cases. Nat Genet 2002;32(4):
581-583.

Chen H, Griffen AR, Wu YQ, et al. RNASEL muta-
tions in hereditary prostate cancer. ] Med Genet
2003;40(3):e21.

Wang L, McDonnel SK, Cunningham JM, et al. No
association of germline alteration of MSRI with
prostate cancer risk. Nat Genet 2003;35(2):
128-129.

Meitz JC, Edwards SM, Easton DF, et al. Cancer
Research UK/BPG UK Familial Prostate Cancer
Study Collaborators. HPC2/ELAC2 polymor-
phisms and prostate cancer risk: analysis by
age of onset of disease. Br ] Cancer 2002;87(8):
905-908.

Badzioch M, Eeles R, Leblanc G, et al. Suggestive
evidence for a site specific prostate cancer gene
on chromosome 1p36. The CRC/BPG UK Famil-
ial Prostate Cancer Study Coordinators and Col-
laborators. The EU Biomed Collaborators. ] Med
Genet 2000;37(12):947-949.

Xu J, Meyers D, Freije D, et al. Evidence for a
prostate cancer susceptibility locus on the X
chromosome. Nat Genet 1998;20(2):175-179.
Witte JS, Goddard KA, Conti DV, et al.
Genomewide scan for prostate cancer-
aggressiveness loci. Am ] Hum Genet 2000;
67(1):92-99.

Slager SL, Schaid DJ, Cunningham JM, et al.
Confirmation of linkage of prostate cancer
aggressiveness with chromosome 19q. Am ] Hum
Genet 2003;72(3):759-762.

Neville PJ, Conti DV, Krumroy LM, et al. Prostate
cancer aggressiveness locus on chromosome
segment 19q12-q13.1 identified by linkage and
allelic imbalance studies. Genes Chromosomes
Cancer 2003;36(4):332-339.

Irvine RA, Yu MC, Ross RK, Coetzee GA. The
CAG and GGC microsatellites of the androgen
receptor gene are in linkage disequilibrium in
men with prostate cancer. Cancer Res 1995;55:
1937-1940.

Hardy DO, Scher HI, Bogenreider T, et al. Andro-
gen receptor CAG repeat lengths in prostate
cancer: correlation with age of onset. J Clin
Endocrinol Metab 1996;81:4400-4405.

Ingles SA, Ross RK, Yu MC, et al. Association of
prostate cancer risk with genetic polymorphisms
in vitamin D receptor and androgen receptor. J
Natl Cancer Inst 1997;89:166-170.

Stanford JL, Just JJ, Gibbs M, et al. Polymorphic
repeats in the androgen receptor gene: molecu-

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Familial Prostate Cancer

lar markers of prostate cancer risk. Cancer Res
1997;57:1194-1198.

Giovannucci E, Stampfer M]J, Krithivas K, et al.
The CAG repeat within the androgen receptor
gene and its relationship to prostate cancer. Proc
Natl Acad Sci USA 1997;94:3320-3323.

Hakimi JM, Schoenberg MP, Rondinelli RH,
Piantadosi S, Barrack ER. Androgen receptor
variants with short glutamine or glycine repeats
may identify unique subpopulations of men
with prostate cancer. Clin Cancer Res 1997;3:
1599-1608.

Miller EA, Stanford JL, Hsu L, Noonan E,
Ostrander EA. Polymorphic repeats in the
androgen receptor gene in high-risk sibships.
Prostate 2001;48:200-205.

Hsing AW, Gao YT, Wu G, et al. Polymorphic CAG
and GGN repeat lengths in the androgen recep-
tor gene and prostate cancer risk: a population-
based case-control study in China. Cancer Res
2000;60:5111-5116.

Edwards SM, Badzioch MD, Minter R, et al.
Androgen receptor polymorphisms: association
with prostate cancer risk, relapse and overall sur-
vival. Int ] Cancer 1999;84:458-465.

Makridakis NM, Ross RK, Pike MC, et al. Associ-
ation of mis-sense substitution in SRD5A2 gene
with prostate cancer in African-American and
Hispanic men in Los Angeles, USA. Lancet
1999;354:975-978.

Kote-Jarai Z, Easton D, Edwards SM, et al.
CRC/BPG UK Familial Prostate Cancer Study
Collaborators. Relationship between glutathione
S-transferase M1, P1 and T1 polymorphisms and
early onset prostate cancer. Pharmacogenetics
2001;11:325-330.

Walsh PC. Hereditary Prostate Cancer, podium
talk at the annual meeting of the American
Society of Clinical Oncology, 1996.

Kupelian PA, Kupelian VA, Witte JS, Macklis R,
Klein EA. Family history of prostate cancer in
patients with localized prostate cancer: an inde-
pendent predictor of treatment outcome. J Clin
Oncol 1997;15(4):1478-1480.

Valeri A, Azzouzi R, Drelon E, et al. Early-onset
hereditary prostate cancer is not associated with
clinical and biological features. Prostate 2000;
45(1):66-71.

Klein EA, Kupelian PA, Witte JS. Does a family
history of prostate cancer result in more aggres-
sive disease? Prostate Cancer Prostatic Dis 1998;
1(6):297-300.

Bova GS, Partin AW, Isaacs SD, et al. Biological
aggressiveness of hereditary prostate cancer:
long-term evaluation following radical prostate-
ctomy. 1998;160(3 pt 1):660-663.

Foster CS, Falconer A, Dodson AR, et al. Tran-
scription factor E2F3 overexpressed in prostate



30

Urological Cancers: Science and Treatment

117.

118.

119.

120.

121.

122.

123.

124.

cancer independently predicts clinical outcome.
Oncogene 2004;23(35):5871-5879.

Kupelian PA, Kupelian VA, Witte JS, Macklis R,
Klein EA. Family history of prostate cancer in
patients with localized prostate cancer: an inde-
pendent predictor of treatment outcome. J Clin
Oncol 1997;15(4):1478-1480.

Potters L, Klein EA, Kattan MW, et al. Monother-
apy for stage T1-T2 prostate cancer: radical
prostatectomy, external beam radiotherapy, or
permanent seed implantation. Radiother Oncol
2004;71(1):29-33.

Kupelian PA, Elshaikh M, Reddy CA, Zippe C,
Klein EA. Comparison of the efficacy of local
therapies for localized prostate cancer in the
prostate-specific antigen era: a large single-
institution experience with radical prostatec-
tomy and external-beam radiotherapy. J Clin
Oncol 2002;20(16):3376-3385.

Hanlon AL, Hanks GE. Patterns of inheritance
and outcome in patients treated with external
beam radiation for prostate cancer. Urology
1998;52(5):735-738.

Azzouzi AR, Valeri A, Cormier L, Fournier G,
Mangin P, Cussenot O. Familial prostate cancer
cases before and after radical prostatectomy do
not show any aggressiveness compared with spo-
radic cases. Urology 2003;61(6):1193-1197.
Gronberg H, Damber L, Damber JE. Familial
prostate cancer in Sweden. A nationwide register
cohort study. Cancer 1996;77(1):138-143.
Kupelian PA, Klein EA, Witte ]S, Kupelian VA, Suh
JH. Familial prostate cancer: a different disease?
] Urol 1997;158(6):2197-2201.

American Urological Association. Prostate
Cancer Awareness For Men: A Doctor’s Guide for
Patients. AUA, 2001:4-5.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Cancer Reference Information: Can Prostate
Cancer Be Found Early? American Cancer
Society. October 3, 2001.

Thompson IM, Goodman PJ, Tangen CM, et al.
The influence of finasteride on the development
of prostate cancer. N Engl ] Med 2003;349(3):
215-224.

Lieberman R. Chemoprevention of prostate
cancer: current status and future directions.
Cancer Metastasis Rev 2002;21(3-4):297-309.
Clark LC, Dalkin B, Krongrad A, et al. Decreased
incidence of prostate cancer with selenium sup-
plementation: results of a double-blind cancer
prevention trial. Br ] Urol 1998;81(5):730-734.
Klein EA, Thompson IM. Update on chemopre-
vention of prostate cancer. Curr Opin Urol 2004;
14(3):143-149.

Klein EA. Clinical models for testing chemopre-
ventative agents in prostate cancer and overview
of SELECT: the Selenium and Vitamin E Cancer
Prevention Trial. Recent Results Cancer Res
2003;163:212-225; discussion 264-266.

Kommu S, Sharifi R, Edwards S, Eeles R. Pro-
teomics and urine analysis-a potential promising
new tool in urology. BJU Int 2004;93(9):
1172-1173.

McWhorter WP, Hernandez AD, Meikle AW, et al.
A screening study of prostate cancer in high risk
families. ] Urol 1992;148(3):826-828.
Tischkowitz M, Eeles R, IMPACT study: Iden-
tification of Men with genetic predisposition
to Prostate Cancer and its Clinical Treatment
collaborators. Mutations in BRCA1 and BRCA2
and predisposition to prostate cancer. Lancet
2003;362(9377):80; author reply 80.



2 Springer
http://www.springer.com/978-1-85233-911-1

Urological Cancers
Waxman, |. (Ed.)

2005, ¥V, 342 p. 45 illus., 31 illus. in color., Hardcover
ISBN: 978-1-85233-911-1



