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One in 10 men in the developed world will present with prostate cancer (CaP), and in an
ageing population developing strategies for its chemoprevention or treatment is of signif-
icance. For decades, androgen ablation has remained the frontline treatment for CaP that is
no longer organ-confined and thus deemed surgically inoperable. Orchidectomy or drug-
induced reduction of serum testosterone levels with the consequent removal of growth-
promoting effects in the prostate is the driving rationale for this regimen. However, resis-
tance often develops within a few months to years and androgen-insensitive tumours
develop. In recent years, there has been an increasing focus on chemoprevention with
agents such as finasteride being employed to reduce the risk of developing CaP. Signifi-
cantly, such chemoprevention strategies are also based on 5a-reductase inhibition thus
reducing intraprostatic dihydrotestosterone levels. Although there may be an overall
reduction in CaP incidence in cohorts using such chemoprevention, in a subset of users
who do develop this pathology there results a more aggressive, higher-grade disease. There
have also been suggestions regarding the protective role of androgens against high-grade
CaP. This leads to the intriguing notion that 17p-oestradiol (E;) may be an initiating driver
of CaP; in fact, in old studies in which CaP was induced in rodents, E, often accelerated the
effect of the carcinogen. Might certain chemoprevention strategies or androgen ablation
result in a systemic feedback loop in hormone synthesis or metabolism? If so, elevated
serum E, levels could result in its increased conversion to genotoxic catechol oestrogens
in target tissues such as the prostate. Paradoxically, if E, were to be an initiating factor
in CaP, anti-oestrogens might be an overlooked treatment or chemoprevention strategy.
© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

deemed surgically inoperable, androgen ablation hasremained
the frontline treatment. However, within a few months toyears

The hormone-responsive prostate gland is the most common post-surgery or after chemical castration, androgen-insensi-
site of pathology in the human male; the most commonly tive tumours often arise. Chemoprevention strategies, often
occurring malignancy at this site is prostate adenocarcinoma based on 5a-reductase inhibition, to reduce the risk of develop-
(CaP). For CaP that is no longer organ-confined and thus ing CaP are currently being examined. There are, however,
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feasible mechanisms through which androgen ablation or cer-
tain chemoprevention strategies could resultin elevated serum
17B-oestradiol (E,) levels. In hormone-responsive target tissues
such as the prostate gland that express cytochrome P450 (CYP)
enzymes like CYP1B1," this might result in increased conver-
sion to genotoxic catechol oestrogens. This review raises the
intriguing notion that E; is an initiating driver in CaP. Paradox-
ically, the use of anti-oestrogens might be an overlooked treat-
ment or chemoprevention strategy in CaP. To understand
prostate carcinogenesis, itis important to analyse the evidence
regarding the role of androgens and oestrogens in normal pros-
tatic morphogenesis and development, and theirrolein cancer.
This review will focus primarily on whether there is evidence
that oestrogens play a role in CaP and if this lends support for
a different chemopreventive strategy for this disease.

2. Incidence of CaP

CaP is the most commonly diagnosed non-cutaneous cancer
in men in developed countries. Worldwide there were
679,000 new cases in 2002 making it the 2nd most common
male cancer. There is approximately an 80-fold difference in
incidence and a 16-fold difference in mortality demographi-
cally between highest-incidence (e.g. US) and lowest-inci-
dence regions (e.g. China).? However, with increasing
affluence and westernisation there appears to be an elevation
in CaP incidence and mortality in traditionally low-incident
Asian countries.®>* Despite much research, the aetiology of
CaP remains obscure. The only known risk factors, all
un-modifiable, for this disease are age, family history and
ethnicity. Age is possibly the strongest risk factor and 75%
of CaP occurs in men over 65 years.” The world population
of men in this age bracket is projected to quadruple by 2050;
based on current estimates, this will result in a significant rise
in the burden of this disease on society.’

A positive family history of CaP is an independent risk fac-
tor, and various studies have pointed to predisposing herita-
ble factors.®” The Nordic twin study comparing concordance
rates of different cancers in monozygotic and dizygotic twins
suggested that up to 42% of CaP risk can be explained by her-
itable factors.® Despite this suggested heritable component,
linkage analysis and genetic polymorphism studies have
mostly failed to demonstrate compelling gene-associated
risks.” Recently, genome-wide association studies and admix-
ture mapping have implicated an 8924 variant for the
increased risk and incidence of CaP seen in younger African-
American men as compared to those with American-
European ancestry.”' Recall bias for family members with
the disease, shared environment, life-style, mere chance
due to the high prevalence of latent disease and widespread
PSA testing can confound inheritance studies of CaP as these
may result in familial clustering effects.’*™*3

Although there are marked differences in the levels of clin-
ically detected CaP amongst different ethnicities and geo-
graphical regions of the world, the prevalence of latent
disease may be more uniform. In fact, recent studies suggest
that there might be a lower prevalence of latent disease in
countries where screening with prostate specific antigen
(PSA) is widespread.'*> What driver makes latent CaP mani-
fest itself clinically in some populations and not in others?

Environmental factors and/or hormonal effects may have a
role in this.

3. Prostate development

Normal prostate organogenesis and development occur under
hormonal control. In the foetus, circulating androgens pro-
duced by the foetal testis interact with the urogenital mesen-
chymal androgen receptor (AR) to induce epithelial-cell
differentiation and prostate bud growth.'®*® Testosterone
can exert its action directly through the AR or effects may
be mediated following its irreversible conversion by the en-
zyme Sa-reductase type II to the 10-fold more potent dihydro-
testosterone (DHT). There is a profound reduction in prostatic
morphogenesis and development in humans and mice that
lack 5a-reductase type II enzyme.'®?° Epithelial-cell differen-
tiation including ductal branching, canalisation and basal cell
and luminal cell formation is regulated by paracrine influ-
ences from the urogenital mesenchyme.’® Conversely, the
presence of prostate epithelium plays a crucial role in the dif-
ferentiation of mesenchymal cells into periductal smooth
muscle cells.?* During adult life, androgens act upon the stro-
mal ARs to maintain a fully differentiated, growth-quiescent
gland while epithelial-cell ARs maintain the secretion func-
tions in the mature prostate.’®

4. Androgens and CaP

Androgens are required for the normal growth and differenti-
ation of the prostate. Though there is evidence implicating
androgens in prostatic carcinogenesis,?>?* the epidemiologi-
cal data confirming this are sparse (Table 1). A meta-analysis
of 10 prospective studies by Eaton and colleagues®* found no
differences in pre-diagnostic serum levels of endogenous
androgens and their metabolites in men who subsequently
went on to develop CaP compared to those who remained dis-
ease-free.”* The serum level of androstanediol glucuronide
(3a-diol-g), a downstream product of DHT metabolism, was
found to be 5% higher in CaP cases suggesting higher intra-
prostatic androgenic activity. More recent studies have also
failed to show any positive association between circulating
androgens and CaP (Table 2).>° There have also been sug-
gestions that higher androgen serum levels may be protective
against aggressive forms of CaP.?®

There is only a weak correlation between serum androgen
levels and tissue concentrations.?®3¢8 Additionally, testos-
terone is the major circulating androgen whereas it is mainly
DHT that is found in tissues. The enzyme aromatase is also
expressed in the prostate and this may convert testosterone
to E,.>°*? Intraprostatic hormone levels may more directly
influence growth and carcinogenesis; hence, measuring
tissue concentrations of steroid hormones may be a more
sensitive indicator of risk. Such studies that examined intra-
prostatic hormone levels found higher androgen (testoster-
one, DHT and 3a-diol-g) levels in prostates of patients with
CaP compared with controls.?®43

With the apparent ethnic differences in CaP incidence and
mortality, several studies have investigated whether differ-
ences in androgen levels are responsible. For instance, lower
testosterone levels were found in Japanese men compared
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Table 1 - Population studies comparing the levels of steroid hormones

Study Comparison Hormones Results

Henderson et al.>° 48% higher in blacks?

Total E; — 37% higher in blacks®

Pregnant American black (n=20) and T
white (n = 20) women E, (total, free, %free)

Ross et al.>! American black (n = 50) and white T (total, free, %free Free T and mean total T higher in blacks®
g
(n =50) college students E, Higher in blacks®
E,, SHBG No significant difference

Ross et al.>? Japanese (n = 54), American white T No significant difference

(n=50) and black (n = 50) students 3a-diol-g Higher levels in whites and blacks?®
Gapstur et al.>® Young American black (n =483) and T (total, free), SHBG No significant difference. Age related decrease in T

white (n = 695) men and increase in SHBG seen from 3rd decade onwards
Litman et al.*® Black (n=538), Hispanic (n=651) and T, SHBG No significant difference

DHT, DHT/T ratio
T (total, free)
3a-diol-g

SHBG, E,

Significantly higher in blacks after adjustments
Higher in Mexican-Americans

Higher in whites

Higher in blacks®

white (n=710) men

Rohrmann et al.>*  Non-hispanic black (n = 363), white
(n=674) and Mexican-American
(n =376) men

T - testosterone, E; — oestrone, E, - 17B-oestradiol, DHT - dihydrotestosterone, SHBG - sex hormone binding globulin, 3a-diol-g — androstanediol

glucuronide.

a Statistically significant.

Table 2 - Case-control studies comparing the levels of circulating steroid hormones

Study Comparison Hormones Results
Nomura et al.>**¢  Japanese-Americans, cases (n = 98) and T, DHT Higher in controls®
controls (n = 98) E, Higher in cases®
Barrett-Connor American men, cases (n=57) and T No significant difference
effalstae controls (n =951) Androstenedione Significant risk?
E, No significant difference
Nomura et al.*!*  Japanese-Americans, cases (n = 141) T, DHT, No significant difference
and controls (n = 141) Androstenedione
Gann et al.??2¢ American white men, cases (n = 222) T Increasing risk with higher levels?
and controls (n = 390) DHT No association
3a-diol-g Weak association with risk®
E, Inverse (non-linear) association?

Vatten et al.>3a¢

Norwegian men, cases (n =59) and
controls (n = 180)

T, DHT, 3a-diol-g

No significant difference

Chen et al.>*° American men (94% Caucasians), cases T No association with risk
(n=300) and controls (n = 300) 3a-diol-g Weak association with risk®
E; Inverse risk with higher levels?
Stattin et al.>*¢ Nordic men, cases (n =708) and T Inverse risk with higher levels?
controls (n = 2242) Free T, SHBG Decreased risk®
Platz et al.®*c US men, cases (n = 460) and T No overall difference (positive association with low
controls (n = 460) grade?; inverse association with high grade?)
DHT, SHBG, E, No significant difference

Severi et al.?*¢
Wiren et al.?’

Heracek et al.?®

Australian men, cases (n = 524) and
controls (n = 1859)

Swedish men, cases (n=392) and
controls (n =392)

Czech men (n=178; BPH - 57, CaP - 121)

T, Androstenodione

SHBG 3a-diol-g, E,
T, 3a-diol-g, SHBG

T, Free T, DHT, SHBG

No significant difference. Inverse association
with aggressive CaP. ¢
No significant difference

No significant difference

T - testosterone, E; — oestrone, E, - 17B-oestradiol, DHT - dihydrotestosterone, SHBG - sex hormone binding globulin, 3a-diol-g - androstanediol
glucuronide, BPH - benign prostatic hyperplasia, CaP - prostate cancer.
a Reviewed by Eaton et al.*.
b Prospective cohort study.

¢ Nested case-control study.
d Statistically significant.

e Not statistically significant.

to a Dutch cohort.** When serum levels of testosterone, DHT
and sex hormone binding globulin (SHBG), and DHT/testoster-
one ratios were compared in Oriental-Americans, whites and

African-Americans, significantly higher testosterone levels
but significantly lower DHT/testosterone ratios were found
in Oriental-Americans.* Similar findings were reported in a



EUROPEAN JOURNAL OF CANCER 44 (2008) 928-936 931

more recent study comparing serum androgens in Black, His-
panic and Caucasian cohorts; serum testosterone levels were
similar between the groups, but black males showed a higher
DHT and DHT/testosterone ratio (Table 1).%

CaP has a long natural history with the vast majority of the
disease remaining latent in one’s lifetime. Autopsy studies
have shown a high prevalence of high-grade prostatic intra-
epithelial neoplasia (HGPIN) and latent CaP in the 3rd to 4th
decades of life.*”*® A single measure taken at the 5th or 6th
decade or later may not reflect the overall lifetime exposure
to androgens; furthermore, one might speculate that such
measurements at this point in life may not allow for relevant
extrapolation to hormonal carcinogenesis.*® In utero expo-
sure of African-American males to higher maternal E, and
testosterone levels has also been a speculated cause for high-
er CaP risk later in life.® One study found higher concentra-
tions of total testosterone in young black men compared to
a matched Caucasian cohort;’* however, subsequent studies
have failed to show such differences (Table 1).°>>*

5. S5a-Reductase and CaP

Sa-Reductase converts testosterone to DHT and exists in 2
forms; type I, which is found in skin and liver, and type II,
which is predominantly located in the prostate and genital
skin.”® 5a-Reductase type Il enzyme is encoded by SRD5A2 lo-
cated at chromosome 2p23.°° Just as DHT is important for
prostate growth and development, it may play a role in CaP.
Male pseudohermaphrodites with a 46XY genotype have a
congenital deficiency of the 5u-reductase type II enzyme.
They possess a small, rudimentary prostate and do not devel-
op benign prostatic hyperplasia (BPH) or CaP.>” It has been
suggested that there is an increased 5a-reductase activity in
the prostates of higher-risk Caucasian as compared to low-
risk Asian populations;®*°® however, similar levels of prosta-
tatic 5a-reductase activity between Caucasian and Chinese
cohorts have also been reported.®

5a-Reductase inhibitors seem to be attractive candidates
for CaP prevention. Finasteride is a competitive Sa-reductase
type II inhibitor that is used in the treatment of BPH. Its
administration in men results in rapid reduction in DHT lev-
els, reduction in prostatic volumes and marked involution of
prostatic epithelium.®®¢! The Prostate Cancer Prevention Trial
(PCPT) established a large-scale phase III, double-blind, pla-
cebo-controlled randomized trial looking into the efficacy of
finasteride in reducing the prevalence of CaP over a 7 year per-
iod. During the trial period, there was a 25% risk reduction in
prevalence in the finasteride group compared to placebo;
however, there was also a 1.3% rise in the cases of high-grade
CaP in the group receiving the drug.®” As finasteride usage de-
creased prostate volume by 24%, it was suggested that an in-
creased proportion of tissue was biopsied in users and thus,
the actual risk reduction may be even greater than that ob-
served. ® Regarding the increased detection of high-grade
CaP in the finasteride arm, it has been argued that androgen
deprivation due to usage may result in changes mimicking
high-grade disease.®? It has also been suggested that it may
be a consequence of PSA under-correction resulting in higher
PSA velocity at biopsy in men on finasteride.®* Criticisms

regarding the findings of the PCPT study have been that as
it looked at the period prevalence of CaP by both for-cause
and end-of-study biopsies, the risk reduction is an overesti-
mation and the actual reduction may actually be 10% when
only for-cause biopsies are considered.®® Reduced DHT envi-
ronment in the prostate of patients on finasteride may induce
high-grade CaP or may preferentially promote its growth as
these tumours may be androgen insensitive.®? In patients
treated with finasteride, tissue levels of testosterone may rise
10-fold and this in itself may be carcinogenic;®® another view
is that increased E, levels are formed following testosterone
aromatisation and this may promote the development of
high-grade CaP.®® Decreased DHT levels in Japanese men with
high-grade CaP have recently been reported.®”

6. Role of oestrogen in CaP

Traditionally, oestrogen has been considered protective
against CaP and it has been used for the treatment of ad-
vanced disease.®® Its protective activity is primarily associated
with a negative feedback on the hypothalamo-pituitory-
gonadal axis leading to a state of chemical castration. Most
studies investigating the role of hormones in CaP have
examined serum E, levels, which may not reflect intra-
prostatic concentrations. Through the catalytic activity of
aromatase, E, is produced from testosterone locally in the
prostate.>**2%° The earliest evidence of oestrogens acting as
pro-carcinogens in the prostate comes from a study in Noble
(NDb) rats where it was shown that CaP developed more rapidly
when oestrogen was administered in addition to testoster-
one.? Significant dysplasia (and one case of adenocarcinoma)
in the dorso-lateral region of the prostate of Nb rats occurred
when they were treated with testosterone and E,; prolonged
treatment with DHT only resulted in prostatic enlargement.”®
Aromatase-knockout mice cannot produce E, locally in the
prostate, but show elevated levels of testosterone and DHT;
with age, they are prone to developing BPH but do not develop
CaP’! Such studies suggest that there may be a complex
interaction between oestrogen and testosterone in the devel-
opment of prostate carcinogenesis.

Prenatal and/or neonatal exposures to low levels of oestro-
genic agents in rodent models result in the induction of sig-
nificant effects in normal prostatic morphogenesis and
development. Such effects are described as neonatal oestro-
genisation or imprinting and seem to increase the sensitivity
of the subsequent adult prostate to testosterone, up-regulates
the oestrogen receptor (ER) in the prostate and enhances
inflammation, epithelial hyperplasia and dysplasia.”>”’* Cur-
rently, there is no direct evidence to support such neonatal
imprinting in humans. In utero exposure to higher levels of
oestrogen has been suggested as a causative factor for the
higher incidence of CaP in blacks compared to Caucasians
(Table 1).°° Prior to 1971 in the US and until the 1980s in some
European countries, diethylstilbestrol (DES) was administered
to pregnant mothers leading to elevated foetal oestrogen
exposure. Although no study to date has shown any positive
risk of CaP in male offspring pre-natally exposed to DES, these
men may only now be entering the susceptible age for this
disease.”>””
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7. ER and CaP

Oestrogens mediate their effects through nuclear ER, and two
receptor subtypes have been isolated in the prostate; ERa is
mainly expressed in the stromal compartment and ER is ex-
pressed in the epithelium.”®®° These isoforms are distinct
products of two different genes; ERa is encoded by chromo-
some 6q25.1%" and ERp is encoded by chromosome 14q22-24.52

E, controls both ERa and ERP expressions in the prostate.
ERo appears to play a more important role in prostate growth
and carcinogenesis. Studies in ERa-knockout mice suggest
that they are only prone to develop BPH and not HGPIN or
CaP, as opposed to wild-type mice treated with testosterone
and E, for 4 months.?? Neonatal imprinting may be mediated
by ERa.2* ER seems to inhibit ERa activation and may pro-
mote differentiation and cellular homeostasis of the prostatic
epithelium.®>®” ERB may be under androgenic regulation in
the prostate as suggested by its down regulation in castrated
rats, which is reversed by subsequent testosterone adminis-
tration.®® In light of the age-associated declines in testoster-
one levels in humans (see later), this may be a possible
modulating factor in the regulatory role of ERB in ageing
men and may have important implications.

ERB is highly expressed in normal human prostate; how-
ever, there seems to be some loss of expression of this recep-
tor in BPH and up to 3/4 of CaP cases do not show ERp
expression.®® This loss of ERP expression in CaP implies a
regulatory role in normal prostatic growth. Paradoxically,
ERP exhibits elevated expression in metastatic CaP.2° Cancers
that are ERB-positive are also associated with a higher relapse
rate.?? ERB may be protective against abnormal epithelial-cell
proliferation and carcinogenesis, and a reduction in expres-

sion may be required in oestrogen-dependent CaP
progression.*®
8. E,-mediated genotoxicity and CaP

Oestrogens or endocrine-active agents may also act as geno-
toxic agents; it may be that both receptor-mediated hormonal
effects and genotoxic activity through DNA-adduct formation
and the induction of single-strand breaks (SSBs) may contrib-
ute to carcinogenesis.”’® CYP enzymes may play an impor-
tant role in hormone genotoxicity, particularly CYP1B1 that
catalyses the conversion of E, to catechol oestrogens.’*
CYP1B1 is a phase I metabolising enzyme that is involved in
the monooxygenation of a variety of endogenous and exoge-
nous compounds including steroids and xenobiotics. It is a
constitutively expressed, inducible enzyme that is present
in a variety of extra-hepatic tissues that are hormone respon-
sive. In benign human prostate, its expression has been found
to be higher in the cancer-susceptible peripheral zone com-
pared to the transition zone.»®® This has led to suggestions
that anti-oestrogen activity may be a novel chemotherapeutic
approach,®® something that has recently been lent support by
findings that there is a strong association between polymor-
phisms in this gene and CaP risk.”” Such genetic variants
may influence DNA-adduct formation and tumour-cell differ-
entiation whilst playing a role in oestrogen-mediated mecha-
nisms in CaP.%®1%

Amongst the CYPs, CYP1B1 is the most efficient oestrogen
hydroxylase involved in the extra-hepatic hydroxylation of E,
to 4-OH E,.'° The 4-OH E, metabolite may be inactivated by
catechol-O-methyltransferase (COMT) or may undergo redox
cycling to reactive quinines or semiquinones that may give
rise to DNA adducts or SSBs.”>*? CYP1B1 expression may be
ERa -regulated by E, although it is also inducible by a variety
of environmental and/or dietary (pro-)carcinogens acting as
exogenous ligands.'®*'%? Differential CYP1B1 expression may
modulate both exogenous and endogenous (pro-)carcinogen
metabolism, and consequently the susceptibility of target
prostate epithelial cells to DNA-damaging mechanisms.’**10°

o. Ageing, environmental oestrogenisation
and obesity

Circulating serum testosterone levels decline gradually with
increasing age; this decline is more marked for free and bio-
available testosterone. Mean serum testosterone levels at 75
years of age are about 66% of that of a 25-year-old, while free
and bio-available testosterone is only 50% of that of a younger
man.'® Although there is also a moderate decline in the lev-
els of free E,, overall there appears to be an increase in E,/tes-
tosterone ratio with increasing age. Also, with ageing there is
an increase in intra-prostatic E, and E,/androgen ratio, partic-
ularly in prostatic stroma of BPH or normal prostate.'”’
Declining androgenic influences with increasing age in the
face of persistent oestrogenic stimulation may enhance CaP
growth.

Migration studies suggest that environment plays an
important role in CaP development.'®® Migrants from a low-
incident country to a high-incident country acquire a similar
level of CaP incidence as the host population.’® There is
some evidence of increased oestrogenising environmental ef-
fects,’%**2 and this may be one of the contributing factors for
the elevated prevalence of clinically significant CaP in the
Western world. Also, the global burden of obesity is rising.*?
In an obese state, there is increased aromatase activity result-
ing in higher peripheral conversion of testosterone to E,. This
may also give rise to a higher incidence of CaP in the devel-
oped world and the rising incidence in newly industrialized
countries. Though the endocrine changes associated with
obesity provide a plausible scientific mechanism, epidemio-
logical data linking CaP to obesity are conflicting.}***%¢

10. Phytoestrogens and SERMs

Phytoestrogens are weak oestrogenic compounds primarily
found in soy products but, also, in fruits and vegetables. They
may be protective against CaP through a number of effects: (1)
by competing for the same ER, they may prevent the action of
more potent oestrogens,”’ (2) by inhibiting aromatase, they
may thus decrease local tissue E, concentrations,® (3) by
inhibiting 5a-reductase,’® and (4) by inhibiting tyrosine ki-
nases,*?® which may also play a role in CaP.***

Like phytoestrogens, selective oestrogen receptor modula-
tors (SERMs) have weak oestrogenic activity. Depending upon
the profile of co-regulatory proteins present in a particular tis-
sue, they may act as ER agonists or antagonists. Also, different
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Fig. 1 - A central role for oestrogenic mechanisms in
prostate carcinogenesis. The dashed arrow represents a
possible negative effect (-ve) on CaP development; other
arrows are indicated to represent mechanisms inducing a
positive effect (+ve). Abbreviations: 5-ARI, 5a-reductase
inhibitor; E,, 17p -oestradiol; SERM, selective oestrogen
receptor modulator; T, testosterone.

Aging
5-ARI

CYP1B1

SERMs preferentially interact in an agonist or antagonist fash-
ion with a particular ER subtype.'?? In the past, the 1st-gener-
ation SERM tamoxifen has been used in the treatment of
advanced CaP with mixed results.'?*'?* However, as epidemi-
ological and experimental data increasingly point towards a
role for oestrogen in prostate carcinogenesis, the use of SER-
Ms may be a promising CaP-chemoprevention strategy. SER-
Ms do not alter androgen levels and thus have no sexual
side-effects. Tamoxifen may be capable of DNA-adduct for-
mation.’®'?® Newer SERMs such as toremifene may exhibit
less or no genotoxicity,"*"**® although others have suggested
the contrary.?* Also, long-term data on toremifene are lack-
ing although it was noted to prevent CaP in the TRAMP mouse
via ER-signalling pathways.**° It has also been observed to re-
duce progression to CaP in patients with HGPIN.**! Develop-
ment of newer SERMs with prostate specific action may play
a vital role in CaP chemoprevention. Unlike So-reductase
inhibitors, these may be better accepted due to fewer sexual
side-effects. Also, by selectively inhibiting E, activity at the
target organ they may also permit the systemically beneficial
actions of E, such as the maintenance of cognitive function,
bone mineralisation and prevention of cerebro-vascular and
cardiac events.”®'*?

11. Conclusions

There is a plausible argument that oestrogenic mechanisms
play a central role in prostate carcinogenesis (Fig. 1). Factors
such as increasing age modify oestrogenic status in human
males resulting in a reduction in the bio-available testoster-
one whilst increasing the E,/testosterone ratio. Coupled with
the facts that altering the E,/testosterone ratio is a mecha-
nism of inducing rodent prostate carcinogenesis and that
there is an altered ER profile in human prostate carcinogene-
sis, there is a compelling evidence that paradoxically oestro-
gen may be an initiating driver in CaP progression. Whether
such effects might be via receptor-mediated mechanisms

and/or non-receptor-mediated mechanisms (e.g. DNA damag-
ing) in the presence or in the absence of other (pro-)carcino-
gens remains to be ascertained. In the ageing population of
the developed world, there appears to be an increasingly rel-
evant endocrine influence in disease susceptibility. The po-
tential role of SERMs or other oestrogen-intervention
strategies is an important area of future investigation in CaP
chemoprevention.
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