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ABSTRACT

Purpose: We review the current epidemiological and genetic knowledge regarding hereditary
prostate cancer, and outline its clinical implications.

Materials and Methods: Published articles on hereditary prostate cancer were identified using
the MEDLINE data base.

Results: A risk of prostate cancer, particularly early onset disease, is strongly affected by
family history (number of relatives with prostate cancer and their age at diagnosis). A family
history of prostate cancer increases the positive predictive value of prostate specific antigen
testing and, hence, heredity should always be assessed when deciding whether to perform
biopsies in a man with a prostate specific antigen level of 3 to 10 ng./ml. Epidemiological studies
indicate that dominantly inherited susceptibility genes with high penetrance cause 5% to 10% of
all prostate cancer cases, and as much as 30% to 40% of early onset disease. More than a half
dozen chromosome loci that may comprise such genes have been mapped, but as of May 2002 no
prostate cancer susceptibility gene of major importance had been cloned. Most likely, environ-
mental factors and comparatively common variants of several other genes affect prostate cancer
risk in families with or without multiple cases of the disease. On average, hereditary prostate
cancer is diagnosed 6 to 7 years earlier than sporadic prostate cancer, but does not otherwise
differ clinically from the sporadic form. As a consequence of the earlier onset, a greater proportion
of men with hereditary prostate cancer die of the disease than those with nonhereditary prostate
cancer. At present, the only clinically applicable measure to reduce prostate cancer mortality in
families with hereditary disease is screening, with the aim of diagnosing the disease when it is
still in a curable stage.

Conclusions: Hereditary susceptibility is now considered the strongest risk factor for prostate
cancer and has profound clinical importance. The genetic mechanism behind such susceptibility
has turned out to be more complex than initially thought, and will probably not be completely
understood for many years to come.
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Although familial clustering of cancer was described almost a
century ago, it was not until the 1970s that hereditary predis-
position was recognized as an important cause of cancer. In the
last 2 decades of the twentieth century it was recognized that
3% to 10% of all cancers originating from the breasts, ovaries
and colorectum are caused by germline mutations in tumor
suppressor genes, and that susceptibility to those cancers is
inherited as highly penetrant, autosomal dominant mendelian
traits in some families.1 Familial aggregation of prostate cancer
was first reported by Morganti et al2 in 1956, but the concept of
hereditary prostate cancer was not established until 1992,
when researchers at The Johns Hopkins School of Medicine in
Baltimore published their results from a segregation analysis of
691 men with localized prostate cancer.3 Their analyses indi-
cated that 9% of the prostate cancer cases in the subjects’
families were caused by a rare high risk allele, and as many as
43% of the cases diagnosed before age 55 years. The penetrance
of this allele was calculated to be 88% by age 85 years.

In 1996 a locus on the long arm of chromosome 1 that likely
comprises such a high risk allele was mapped through a
genome wide linkage analysis.4 The putative prostate cancer
susceptibility gene at this locus was named HPC1 (heredi-
tary prostate cancer gene 1). Several other gene loci have

been claimed to comprise hereditary prostate cancer genes,
but as yet no clinically important prostate susceptibility gene
has been identified or cloned.5�12 The difficulties of cloning
the hereditary prostate cancer genes, together with the large
number of proposed gene loci, indicate that the genetics of
hereditary prostate cancer are more complex than the genet-
ics of hereditary susceptibility to cancer at many other sites.
Although the molecular genetics of hereditary prostate can-
cer are still obscure, there is no doubt that hereditary sus-
ceptibility is of profound importance for the development of a
substantial proportion of prostatic cancers,13 and that family
history of prostate cancer is a parameter that should be
accounted for in clinical practice.

MATERIALS AND METHODS

Articles in this field were identified using the MEDLINE
data base. The search was conducted using the following key
words in various combinations: prostate cancer, hereditary,
familial, genetics, risk, linkage. For all relevant articles iden-
tified the search function “Related Articles” was used, which
yielded a number of additional articles. The latest MEDLINE
search was conducted in October 2001. Epidemiological stud-
ies on family history as a risk factor have been reviewed
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previously, and only a small number of these are referred to
in the present review.14

RESULTS AND DISCUSSION

Family history as a risk factor for prostate cancer. Family
history is now firmly established as the strongest risk factor
for prostate cancer. Following the first report on familial
aggregation of prostate cancer in 1956,2 a large number of
epidemiological studies on family history as a risk factor
have shown an increased risk of prostate cancer for brothers
and sons of men with the disease.14 The table shows the
relationship between family history and prostate cancer risk,
with an attempt to adjust the findings of the epidemiological
studies for various kinds of bias. It is noteworthy that the
risk increases, particularly for early onset disease, for rela-
tives of men diagnosed at an early age.15, 16 Several epidemi-
ological studies have indicated that the risk is greater for
brothers than for sons of men with prostate cancer.17�21

Since there is strong evidence for X-linked inheritance in
some families,7, 22 and some evidence for recessive inheri-
tance,23, 24 these findings are likely to be clinically relevant.
However, the higher risk for brothers than for sons of men
with prostate cancer may also be explained by shared envi-
ronmental factors and detection bias.

The importance of family history when investigating men
with slightly elevated prostate specific antigen (PSA). Con-
trary to the sensitivity and specificity of screening tests, the
positive predictive value varies with the prevalence of the
disease in the screened population.25 The higher the preva-
lence, the higher the positive predictive value. As a conse-
quence, the risk of prostate cancer for men with a slightly to
moderately elevated serum concentration of PSA is substan-
tially higher (that is the positive predictive value of an ele-
vated PSA is higher) for those with a positive family history
than for those with no affected relatives. This fact should be
considered when one is deciding whether to perform prostatic
biopsies in men with a PSA of 3 to 10 ng./ml. In a study by
Aprikian et al of 2,968 men referred to a urological depart-
ment for prostate cancer detection 40% of the 329 patients
who reported having a relative with prostate cancer had a
positive biopsy compared with 29% of the 2,639 patients who
reported a negative family history.26 Mean patient age, PSA,
PSA density and proportion of men with a suspicious digital
rectal examination were equivalent in the 2 groups. Similar
findings were reported in a screening study conducted in
Canada.18 In a Finnish screening study heredity, PSA and
findings on digital rectal examination were the 3 most im-
portant factors predicting prostate cancer diagnosis.27

The increase in positive predictive value is more pro-
nounced if the relative has been diagnosed at an early age or
if multiple family members are affected. Thus, assessment of
the family history of prostate cancer should always be part of
the investigation of men with a PSA of 3 to 10 ng./ml., and the
family history should be considered together with other es-
tablished factors, such as the ratio of free-to-total PSA, PSA
density, patient age and so forth, when deciding whether
prostatic biopsies should be performed. One should also ar-
range for a more vigilant followup after negative biopsies in
men with a positive family history.

How common is hereditary prostate cancer? Since the he-
reditary prostate cancer genes have not yet been cloned, the
definition of hereditary prostate cancer is still based on the
pedigree only. The generally accepted definition includes nu-
clear families with 3 cases of prostate cancer, families with
prostate cancer in each of 3 generations in the paternal or
maternal lineage and families with 2 men diagnosed with the
disease before age 55 years.28 Approximately 3% to 5% of
prostate cancer cases can be classified as hereditary based on
these criteria.3, 29, 30 However, because of the difficulty in
identifying female mutation carriers, the pedigree has poor
sensitivity in detecting families with hereditary susceptibil-
ity to prostate cancer. The true proportion of prostate cancer
caused by mutations in dominantly inherited susceptibility
genes with high penetrance is more likely 5% to 10%.28, 30

Among men with early onset prostate cancer hereditary sus-
ceptibility is much more common, and may account for up to
one-third of the cases diagnosed before age 60 years and more
than 40% of those diagnosed before age 55 years.3, 30

Prostate cancer susceptibility genes. HPC1 on Chromosome
1q24–25: In 1996 a genome wide search with linkage analy-
sis resulted in mapping of a prostate cancer susceptibility
gene to chromosome 1q24–25.4 This gene, named HPC1, was
linked to prostate cancer in one-third of the 79 North
American and the 12 Swedish families studied. Several sub-
sequent investigations confirmed the existence of a suscepti-
bility gene at this locus,10, 31�37 but others have failed to
demonstrate significant linkage in families with hereditary
prostate cancer.5, 22, 38�44 Therefore, the proportion of fami-
lies with hereditary prostate cancer linked to HPC1 is prob-
ably substantially less than the initial estimate.

In an analysis of 772 families with hereditary prostate cancer
from a large number of centers in North America, Europe and
Australia the estimated proportion of those linked to HPC1 was
only 6%.35 Linkage to HPC1 was mainly found in families with
male-to-male germline transmission of early onset disease di-
agnosed in 5 or more family members, with 29% of the families
fulfilling these 3 criteria linked. A study showing that allelic
imbalance at the HPC1 locus is not common in hereditary
prostate cancers suggests that HPC1 may not act as a classic
tumor suppressor gene.45 The HPC1 gene is not likely to be of
much importance in the carcinogenesis of sporadic prostate
cancer.45�48

PCaP on Chromosome 1q42–43: In 1998 a group of French
and German researchers published evidence for a second
prostate cancer susceptibility gene on the long arm of chro-
mosome 1 (1q42.2–43) based on linkage analysis of 47 fam-
ilies.5 The putative gene at this locus was named PCaP
(predisposing for cancer of the prostate). Three years later,
the French researchers published supportive evidence for the
importance of this locus in the population of Southern and
Western Europe,43 but with 1 exception,10 it has not yet been
possible to confirm these findings in other popula-
tions.36, 37, 40�42, 44, 49

HPCX on Chromosome Xq27–28: Several epidemiological
studies have indicated that the risk of prostate cancer is
higher for brothers than for sons of men with the disease,
suggesting X-linked or recessive inheritance in some fami-
lies. Therefore, it was not surprising when a prostate cancer
susceptibility gene located on the X chromosome (Xq27–28)

Effect of family history of prostate cancer on lifetime risk of clinical
prostate cancer

Family History Relative
Risk

% Absolute
Risk

Negative 1 8
Father affected at 60 yrs. or older 1.5 12
1 Brother affected at age 60 yrs. or older 2 15
Father affected before age 60 yrs. 2.5 20
1 Brother affected before age 60 yrs. 3 25
2 Affected male relatives* 4 30
3 Or more affected male relatives† 5 35–45

The absolute lifetime risk of clinical prostate cancer for men with a negative
family history is derived from Swedish studies, but the figures are approxi-
mately the same for other high incidence populations in Northern Europe,
North America and Australia. The relative risks represent approximations
based on a synthesis of published epidemiological studies, accounting for
various kinds of bias. The relative risk of early onset prostate cancer and
thereby death from prostate cancer for men with relatives with early onset
disease is substantially higher than the risks shown in the table.

* Father and brother, or 2 brothers, or a brother and a maternal grandfather
or uncle, or a father and a paternal grandfather or uncle.

† The absolute lifetime risk for mutation carriers is probably 70% to 90% for
high penetrance genes such as HPC1.
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was reported in 1998.7 The gene, named HPCX, accounted for
16% of the North American hereditary prostate cancer cases
analyzed in the original report. HPCX also seems to be a
major prostate cancer susceptibility gene in the Finnish pop-
ulation,7, 22 but it has been difficult to confirm linkage in
other populations.41�44, 49, 50 Lange et al found additional
support for this locus among white, but not among black,
American families with hereditary prostate cancer.51

It should be noted that HPCX cannot be a classic tumor
suppressor gene. Tumor suppressor genes, such as the reti-
noblastoma gene and the BRCA genes, are located at the
somatic chromosomes and, according to Knudson’s “2-hit hy-
pothesis,” 1 copy (maternal or paternal) of the gene carries an
inactivating germline mutation, whereas the other copy
maintains sufficient action until it gets “hit” by a deleterious
mutation in an individual cell, initiating carcinogenesis.52

Men have only 1 X chromosome, and a germline truncating
mutation in any of the genes on that chromosome would
make all cells lack the corresponding protein from embryo-
genesis onward. HPCX mutations seem to be more common
in late onset prostate cancer, which may indicate that a
dysfunctional HPCX gene acts as a promoter rather than an
initiator in prostatic carcinogenesis.22

CAPB on Chromosome 1p36: In 1999 a fourth chromosome
locus linked to hereditary prostate cancer was reported.6

Only a small percentage of the families with hereditary pros-
tate cancer who were analyzed were associated with this
locus, but in the original study most families with multiple
cases of prostate cancer and 1 or more cases of brain tumor
were linked to it. Therefore, the putative gene at this locus
was named CAPB (cancer of the prostate and brain). Some
supportive evidence was found in American37 and European53

populations although the locus was not related to brain tumors
in the latter group. Other studies have failed to confirm this
locus in families with hereditary prostate cancer.36,41,43

HPC2 on Chromosome 17p12: In 2000 Myriad Genetics,
Inc. (Salt Lake City, Utah) patented a gene located on chro-
mosome 17p12. The gene was named HPC2/ELAC2 because
it is homologous to the elaC in Escherichia coli bacteria. This
was the first prostate cancer susceptibility gene to be cloned,
but most likely it is a rare cause of hereditary prostate
cancer. The patent was based on the finding of a germline
terminating mutation in men with prostate cancer from only
1 family in Utah.9

In addition to this single family with a terminating muta-
tion, another family from Utah was found to have a missense
mutation (Arg781His, changing an arginine residue to histi-
dine in the protein) in HPC2 segregating with prostate can-
cer.9 A second missense mutation, Ala541Thr, was found to
be common in the general population (prevalence approxi-
mately 4%), and seemed to increase the risk of prostate
cancer by a factor of 2 to 3. Supportive evidence that the
Ala541Thr variant is associated with increased risk of pros-
tate cancer was published by 2 American groups.54, 55 How-
ever, the results of 2 other American studies56, 57 and 1
Finnish study58 were negative. In fact, no truncating muta-
tions were found in the HPC1/ELAC2 gene in 93 American57

or 107 Finnish58 patients with hereditary prostate cancer,
and no genome wide screen has shown significant linkage to
this locus. Thus, more studies are needed to define the role of
this gene in prostate cancer.

HPC20 on Chromosome 20q13: In 2000 Berry et al pub-
lished results from a genome wide search indicating that 12%
of 162 North American families with hereditary prostate
cancer analyzed were linked to a locus on chromosome
20q13.8 The putative gene at this locus was named HPC20.
Additional evidence for this locus was published by Zheng et
al.59 In both studies linkage was more common among pa-
tients with later onset disease. Some support, although not
statistically significant, was also produced by a third

American group,60 while negative results were published by
French researchers.61

Why are there so many putative loci? When HPC1 was
mapped in 1996, most researchers thought the investigation
of hereditary prostate cancer would follow the path of that for
hereditary breast, ovarian and colorectal cancers, that is that
within a few years HPC1 would be cloned and 1 or 2 addi-
tional hereditary prostate cancer genes would be identified.
Instead, there have been new loci reported every year, and as
of October 2001 only 1 gene (HPC2) of uncertain significance
has been cloned. In addition to the aforementioned 6 loci,
several other loci that may be of importance in some families
with hereditary prostate cancer have been reported, includ-
ing 4q,10 16q23.211 and 8p22–23.12

Why are there so many putative hereditary prostate cancer
gene loci, and why is it so difficult to clone hereditary pros-
tate cancer genes? Partly, the problems are methodological.
Prostate cancer is a common disease and linkage studies, as
well as attempts to clone mapped genes, are confounded by
sporadic cases in families with hereditary prostate cancer.
Most studies are performed in the United States, where
screening for the disease has greatly increased the detection
of sporadic cases and, hence, the number of phenocopies in
families with hereditary prostate cancer. Screening is likely
particularly common among men with relatives diagnosed
with prostate cancer, which further obscures the picture.
Furthermore, it is likely that different genes are of impor-
tance in different populations. The conflicting results from
linkage studies in families with hereditary prostate cancer were
reviewed and well analyzed by Ostrander and Stanford.62

Some of the loci investigated for prostate cancer susceptibil-
ity genes may eventually turn out to be artifacts.

Could it be that hereditary predisposition is less important
for prostate cancer development than we initially thought?
Probably not, but the genetic mechanisms may be more com-
plex than we foresaw. A recent large study of Nordic twins
identified the prostate as the site with the greatest propor-
tion of cancers caused by hereditary factors (42%).13 This
high estimate indicates that there are several common ge-
netic polymorphisms (gene variants) or missense mutations
(mutations that result in the exchange of only 1 amino acid in
the protein) that only moderately increase the risk of pros-
tate cancer and that require additional environmental fac-
tors (external or internal, for example endocrine) to result in
clinical disease. Currently investigated candidate genes for
such genetic variants include the androgen receptor and 5�-
reductase type 2 genes,63 and the CYP17 and CYP19 genes
(encoding enzymes in the testosterone metabolism).64, 65 Re-
cessive inheritance may also be important in some fami-
lies.23, 24

The small difference in age at onset between hereditary
and sporadic prostate cancer (6 to 7 years compared with 20
years in breast, ovarian and colorectal cancers) implies that
environmental factors may be of importance in many families
with hereditary prostate cancer. Furthermore, there may be
as yet unknown genes that modify the expression or pen-
etrance of the prostate cancer susceptibility genes, which
could partly explain the difficulties in confirming and cloning
the mapped genes discussed previously. Within the next de-
cade it may be discovered that the majority of prostate cancer
cases occur in a genetically predisposed minority of the pop-
ulation. This finding could form the basis for a selective
screening strategy in the future.

Cancer at other sites in hereditary prostate cancer. Whereas
an increased risk of prostate cancer in first degree relatives of
men with the disease has been a constant epidemiological
finding, studies of associations between prostate cancer and
cancer at other sites are conflicting. Although there seems to
be a connection between susceptibility to prostate cancer and
susceptibility to other cancers, such as brain tumors,6, 66

gastric cancer34, 67 and breast cancer,34, 68 in some families
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the results of hitherto published studies indicate that most
genes involved in hereditary susceptibility to prostate cancer
are relatively site specific. However, this issue cannot be
settled until the different genes are cloned and large popu-
lations of mutation carriers can be studied.

BRCA1 and BRCA2. Men in families with germline muta-
tions in 1 of the 2 breast cancer susceptibility genes, BRCA1
and BRCA2, are at increased risk for prostate cancer.69 The
estimates of prostate cancer risk in such families are incon-
sistent, but the relative risk for mutation carriers compared
with noncarriers is likely in the range of 2 to 5, with a higher
risk for carriers of BRCA2 than BRCA1 mutations.70�72 Data
from Iceland indicate that men with a mutation in BRCA2
are at particularly high risk for poorly differentiated, dissem-
inated prostate cancer.73 A nuclear family with 5 cases of
early onset prostate cancer and 3 cases of breast cancer, all
with a truncating mutation in the BRCA2 gene, has been
reported from Sweden.74 Excluding families with multiple
cases of breast cancer, germline mutations in BRCA1 and
BRCA2 are not likely to be of significant importance as a
cause of prostate cancer.75

Clinical characteristics of hereditary prostate cancer. A
characteristic feature of prostate cancer is that it is com-
monly multifocal, with an average of 5 apparently indepen-
dent foci at the time of diagnosis.76 Multifocality is otherwise
a typical feature of hereditary cancer, but the multifocality of
prostatic carcinomas is not related to family history.76 There
are no differences between patients with hereditary prostate
cancer and those with sporadic prostate cancer regarding
tumor grade and pathological stage at diagnosis.76�79

Comparing survival between hereditary and sporadic pros-
tate cancer cases is difficult because increased awareness of
symptoms and more common participation in screening may
result in the earlier diagnosis of hereditary cases, leading to
longer survival (lead time bias). Furthermore, it may well be
that the clinical characteristics of the disease depend on
which susceptibility gene is involved in a family. Most stud-
ies have shown similar outcomes for men with sporadic ver-
sus hereditary prostate cancer,77, 78, 80�84 while some indi-
cate that hereditary disease may be associated with a worse
prognosis.85, 86

The most prominent clinical feature of hereditary prostate
cancer is the comparatively early age at onset. Patients from
families with hereditary prostate cancer are diagnosed, on
average, 6 to 7 years earlier than those with sporadic pros-
tate cancer.4, 30, 77, 78 As a consequence of the earlier onset, a
greater proportion of men with hereditary prostate cancer die
of the disease. For example in Sweden prostate cancer is the
cause of death in approximately half of all men diagnosed
with the disease, but this rate increases to 75% in those with
hereditary prostate cancer.78 The conclusion that can be
drawn from available studies is that patients with hereditary
prostate cancer should not be treated differently from those
of comparable age with sporadic disease, other than that
watchful waiting might be a less suitable option for men who
have had the painful experience of a having a close relative
die of the disease.

Counseling men at high risk for prostate cancer. More and
more male patients at urological outpatient departments are
concerned about possible hereditary predisposition to pros-
tate cancer. These men should be offered basic genetic coun-
seling, including an explanation of the genetic mechanisms of
autosomal dominant and X-linked traits, and notification of
risk in absolute (for example 35% to 45%, or 1 in 2 to 3, for
men in families with hereditary prostate cancer) and relative
terms (for example 4 times the risk for men in the general
population; see Appendix). Many unaffected men in families
with hereditary prostate cancer overestimate their lifetime
risk of the disease and, therefore, such information will often
reduce concerns about cancer risk.87 Members of families
with hereditary cancer syndromes usually have experienced

close relatives dying of cancer, often at an early age. Aware-
ness of being at high risk for cancer is often associated with
anxiety or depression, and it is of paramount importance to
address the psychological aspects of cancer predisposition
when counseling this group of patients.88

How can we reduce prostate cancer mortality in the popu-
lation at high risk for the disease? In the future it may be
possible to replace mutated susceptibility genes or to reduce
the risk of disease by chemoprophylaxis, but presently these
therapeutic modalities are only vague shadows on the hori-
zon. Prophylactic radical prostatectomy might be an option
when presymptomatic genetic testing becomes feasible and
gene carriers with extremely high risk (70% to 90%) of pros-
tate cancer can be identified. However, the side effects of
radical prostatectomy will probably restrict its use even
among these men. Therefore, at present, and most likely for
the next few decades, early detection, aimed at diagnosing
the disease when it is still in a curable stage, will be the
standard recommendation when counseling men at high risk
for prostate cancer.

Screening. Screening for prostate cancer is a controversial
issue. Mammography screening has proved to reduce breast
cancer mortality in randomized studies,89 but screening for
prostate cancer with PSA and digital rectal examination has
no such scientific basis. Randomized screening studies are in
progress in many European countries, but results with re-
gard to mortality will not be available for another half de-
cade.90 However, there is no doubt that regular PSA testing
of asymptomatic middle-aged men reduces the number diag-
nosed with locally advanced and metastatic disease.91

Although screening for prostate cancer is not generally
recommended in Sweden, the Swedish national guidelines for
the management of hereditary cancer syndromes, which will
be published later this year, include a recommendation for
annual PSA testing and clinical examination in men who
have 2 or more close relatives with prostate cancer. The risk
of clinical prostate cancer developing before age 70 years in
these men is approximately 15%, which is more than 5 times
the risk for those with a negative family history. The risk
increases to 30% to 45% if a relative is diagnosed before age
70 years.15

Compared with screening in the general population,
screening in a select high risk group defined by family history
has an improved cost-to-benefit ratio. The extremely high
incidence of prostate cancer dramatically decreases the num-
ber of men required to be screened to detect 1 case. Also, the
positive predictive value of PSA is higher, leading to a
smaller proportion of healthy men with false-positive test
results. In addition, the earlier age at onset of hereditary
prostate cancer, with the associated higher mortality, in-
creases the potential gain in survival by curative treatments
and decreases the proportion of men who will be treated for
tumors that would not have progressed to symptomatic sys-
temic disease within their lifetime. Furthermore, men in
families with hereditary prostate cancer are often concerned
about their increased risk, and it is of substantial psycholog-
ical importance to these individuals that something be done
to reduce their risk of dying of cancer.87

On the other hand, those men in high risk families who do
have elevated PSA values due to benign prostatic diseases
are a major concern. Unlike false-positive mammograms,
which can ultimately lead to a radical surgical biopsy that
proves the benign nature of the lesion, an elevated PSA only
signals an increased risk of a malignant tumor somewhere in
the target organ. We can never tell a man with elevated PSA
values that he has no cancer, regardless of how many pros-
tatic biopsies we obtain. For men at high risk for prostate
cancer who have experienced a close relative dying of meta-
static disease such a situation is severely distressing. Hence,
the risk of false-positive PSA tests should be discussed with
the patient before he is offered regular screening.
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The American Cancer Society recommends that screening
among men at high risk for prostate cancer be initiated at or
before age 45 years.92 In families with hereditary prostate
cancer it is reasonable to screen for the disease starting at
least 5 years before the earliest age at diagnosis in the
family, and at least 10 years before the age at which meta-
static disease appeared. For men with persisting normal PSA
values screening can be terminated at approximately age 70
years since the risk of dying of prostate cancer is low.93

The Swedish guidelines recommend annual PSA testing
and digital rectal examination. Although the latter does not
significantly increase sensitivity compared with PSA testing
alone,94 the physical examination and personal contact with
the physician during the consultation are likely of psycholog-
ical benefit. It is also important for these men to have an
opportunity to discuss their cancer risk, and to be informed
about advances in research, for example presymptomatic
genetic testing and diagnostic screening. Therefore, this
group of men is probably better managed by urologists than
by general practitioners or others.

It is important to be aware of the increased positive pre-
dictive value of PSA in this high risk population. Men with a
PSA of 3 ng./ml. or higher should undergo biopsy, and if the
results are negative they should undergo repeat biopsy or
reexamination at short time intervals.

Presymptomatic genetic testing. During the second half of
the 1990s several cancer susceptibility genes were identified
and cloned, making presymptomatic genetic testing possible
in many cancer prone families. The aim of such testing is to
identify mutation carriers, who should be offered prophylac-
tic treatment or intensive surveillance, and noncarriers, who
can be assured that their cancer risk is not higher than that
in the general population. Since hereditary cancer suscepti-
bility is caused by germline mutations, testing is performed
on leukocyte DNA from an ordinary blood sample. If a germ-
line mutation causing a defect (usually truncation) in the
protein of a cancer susceptibility gene is detected in an af-
fected individual, his or her relatives may be tested to deter-
mine whether they are carriers of that mutation. Presymp-
tomatic genetic testing for susceptibility to common cancers
is now generally applied in families with multiple cases of
breast and ovarian cancers, in which the genes BRCA1 and
BRCA2 are analyzed,95 and in families with colon cancer, in
which DNA mismatch repair genes are analyzed.96

Presymptomatic genetic testing has important psychologi-
cal, medicolegal and ethical consequences.97, 98 It is not only
those who have been identified as gene mutation carriers
who need support following genetic testing. In a study of
members of families with breast cancer, those who declined
testing were the ones most likely to react with depressive
symptoms.99 Adverse psychological reactions (“survivor’s
guilt”) may also occur in those with normal test results.100

Therefore, testing should always be preceded by thorough
education and counseling, and written informed consent.101

In addition, there should be active followup after counseling
for genetic testing, regardless of whether testing was actually
carried out.

Within a few years, some of the prostate cancer suscepti-
bility genes may be cloned, making presymptomatic testing
for mutations in these genes possible. The interest in genetic
testing is high among men with a family history of prostate
cancer and, therefore, practicing urologists should be pre-
pared to provide basic information about genetic testing to
these men in the near future.87, 102, 103 However, the large
number of genes involved in prostate cancer susceptibility,
and the probable importance of environmental and addi-
tional genetic factors that modify cancer risk, will make
genetic analyses complicated. In many, if not most, families
no mutation will be found that can be definitely associated
with an extremely high prostate cancer risk. Therefore, pr-
esymptomatic genetic testing in families with hereditary

prostate cancer probably will not be as important as it is in
families with hereditary breast, ovarian and colorectal can-
cers.

CONCLUSIONS

Epidemiological studies indicate that dominantly inherited
susceptibility genes with high penetrance may cause 5% to
10% of all prostate cancer cases, and as much as 30% to 40%
of early onset disease. Furthermore, an even larger propor-
tion of cases is likely attributable to genetic variants that
only moderately increase prostate cancer risk. As a conse-
quence, men with a family history of prostate cancer have a
significantly increased risk of the disease, particularly if a
relative has been diagnosed at an early age or if multiple
family members have been affected. Since the prevalence of a
disease affects the positive predictive value of screening
tests, men with an increased PSA value and a family history
of prostate cancer are more likely to have cancer develop
than are those with the same PSA value and a negative
family history. Therefore, family history should always be
assessed and accounted for when deciding whether to per-
form biopsies in men with a PSA of 3 to 10 ng./ml.

Hereditary prostate cancer is diagnosed, on average, 6 to 7
years earlier than sporadic prostate cancer. Although there
do not seem to be other important differences in the clinical
characteristics of hereditary and sporadic disease, the earlier
age at onset of hereditary prostate cancer results in as many
as 75% of affected men dying of the disease if it is not
diagnosed early.

The need for genetic counseling will increase as public
awareness of prostate cancer and hereditary cancer syn-
dromes increases. All urologists should be able to offer basic
counseling, including appropriate risk notification and infor-
mation about available measures to reduce the risk of dying
of prostate cancer. At present, primary prevention, such as
chemoprophylaxis or gene therapy, is not available for men
at high risk for prostate cancer. Although screening using
PSA and digital rectal examination has not yet been proved
to reduce prostate cancer mortality, the balance between
costs, side effects and the potential benefits of screening are
improved when applied to a high risk population. Therefore,
annual screening should be offered to men with 2 or more
close relatives diagnosed with prostate cancer. However, in-
creased PSA values due to benign prostatic disease are par-
ticularly problematic in this high risk population, and this
issue should be discussed with patients before screening is
commenced.

Several chromosome loci that are likely to comprise domi-
nantly inherited prostate cancer susceptibility genes have
been pinpointed, and presymptomatic genetic testing may be
available in the near future. However, due to the large num-
ber of genes involved, testing will be complicated and it will
often not be possible to identify a relevant mutation that can
separate individuals at extremely high risk from those who
are at average risk for prostate cancer.

The genetic mechanisms behind hereditary susceptibility
to prostate cancer have turned out to be remarkably difficult
to unravel, most likely because they are more complex than
in many other hereditary cancer syndromes. The currently
available data suggest that prostate cancer risk in families
with or without multiple cases of the disease is modulated by
a number of genes and also by environmental factors. Even if
the number of studies published annually in this field has
grown rapidly during the last decade, we have only just
begun to imagine what the picture will be like when the
puzzle is finally pieced together.

ADDENDUM

After this review was accepted for publication, a letter was
published in Nature Genetics, which proposed the RNASEL

HEREDITARY PROSTATE CANCER910



gene on chromosome 1q24–25 as a candidate gene for
HPC1.104 RNASEL encodes a protein with antiviral and pro-
apoptotic activities. The authors reported on 2 families with
hereditary prostate cancer in which mutations (1 truncating
and 1 missense) segregated with prostate cancer. In 6 other
families linked to HPC1 no mutation in RNASEL was found.
Additional studies are needed before any firm conclusion can
be drawn regarding the relationship between RNASEL and
HPC1.

APPENDIX: ISSUES TO BE ADDRESSED WHEN COUNSELING
MEN WITH FAMILY HISTORY OF PROSTATE CANCER

Brief orientation regarding principles of hereditary suscep-
tibility to cancer

Estimation of individual’s risk of prostate cancer in abso-
lute and relative terms

Risk of prostate cancer in general population
Principles and practice of screening for prostate cancer
Risk for unaffected men of having elevated PSA
Genetic testing (not yet available)
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