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Abstract

There is dramatic international variation in prostate cancer mortality rates. The variation suggests that the disease has an
environmental cause and encourages the search for a way to prevent it. Androgenic stimulation over a period of time, perhaps due

to a high fat diet, has been suggested as a cause of prostate cancer. The corollary to this hypothesis is that lowering androgenic
stimulation over time will prevent prostate cancer. 5-Alpha-reductase inhibition through drugs like ®nasteride have been shown to
decrease androgenic stimulation of the prostate. A clinical trial is underway using ®nasteride to assess this hypothesis. Epidemio-

logical and laboratory studies also suggest that those with high selenium and vitamin E intake have a lower risk of prostate cancer.
Recent serendipitous ®ndings of two randomised clinical trials support this. A study to assess these compounds is currently being
designed. Other promising but less developed interventions in the chemoprevention of prostate cancer include vitamin D supple-

mentation and diet modi®cation. # 2000 Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction

There is dramatic international variation in prostate
cancer mortality rates. This combined with evidence
that risk can be increased through migration from areas
of low risk to areas of high risk suggests that environ-
mental elements are important in its aetiology and pro-
vides some hope that interventions may decrease
prostate cancer risk. Biomarkers, including testosterone
and insulin-like growth factor, and nutritional factors,
especially meat, fat and dairy intake, have been linked
to a greater risk of disease. Higher consumption of
selenium and vitamin E, fructose/fruits and tomatoes
have all been associated with a reduced occurrence of
prostate cancer, but as yet their e�cacy for prevention
remains unproven [1±3].
A relatively new direction for cancer prevention and

control is chemoprevention [4]. Chemoprevention is
de®ned as the use of speci®c natural and synthetic che-

mical agents to reverse or suppress carcinogenesis and
prevent the development of invasive cancer. Chemopre-
vention depends on the ability of certain chemical
agents to block mutagenesis and control cellular di�er-
entiation and proliferation in epithelial tissues. Impor-
tant to the chemoprevention is the fact that
carcinogenesis is a process over time, involving cellular
growth and division. Inhibition of or slowing the
process can prevent cancers. Already, retinoids and
tamoxifen have been shown e�cacious in reversing pre-
malignancy and preventing second primary tumours.
Especially because the nature of chemoprevention is
the treatment of healthy subjects, chemopreventive
agents must have low toxicity in order to be clinically
useful [5±7].
Several interventions are su�ciently mature that they

can be tested in largescale prostate cancer chemopre-
vention trials. Among them: selenium, alpha-tocopherol
and 5-alpha-reductase inhibitors. Data supporting the
testing of vitamin D, and of dietary modi®cation are
developing [8,9]. Diet modi®cation has little or no mor-
bidity and may have additional bene®ts by decreasing
mortality from other malignancies and cardiac disease.
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2. 5-Alpha-reductase inhibition

The 5-alpha-reductase inhibitor, ®nasteride, is being
tested in the US National Cancer Institute clinical
cooperative groups in the Prostate Cancer Prevention
Trial (PCPT) which began in 1993 [10]. Key to the
hypothesis that 5-alpha-reductase will prevent prostate
cancer is the fact that studies of prostate biology sup-
port the concept that long-term androgenic stimulation
is important to prostate carcinogenesis. Studies further
suggest that dihydrotestosterone is the principal andro-
gen responsible for normal and hyperplastic growth of
the prostate gland.
Dihydrotestosterone is 10 times more potent an

androgen than testosterone. Given that cancer is a pro-
cess of malignant transformation evolving over time.
Therefore, an altered endocrine state, such as suppres-
sion of dihydrotestosterone synthesis activity, may have
an impact on prostate cells inhibiting carcinogenic
transformation. In vitro and in vivo preclinical observa-
tions support this hypothesis [11,12].
In vitro studies have demonstrated that ®nasteride has

a negative in¯uence on the growth of previously estab-
lished prostate cancer cell lines [13,14]. In studies of
prostate cancer tumour grafting into animals, the 5-
alpha-reductase inhibitor, turosteride was an e�ective
inhibitor of tumour growth [15±17].
Several animal studies involving rats have demon-

strated that 5-alpha-reductase inhibition can prevent or
slow the growth of prostate cancer [15,18]. In these stu-
dies rats are administered an initiator and testosterone
to promote prostate carcinogenesis. Half the rats are
treated with a 5-alpha-reductase inhibitor and their rates
of development of prostate cancer compared with that
of the half that was not treated with the possible pre-
ventive agent. Tsukamoto and colleagues had an espe-
cially interesting ®nding in which ®nasteride appeared
more e�ective at preventing abnormal prostate pathology
than the androgen receptor blocker, bicalutamide [15,19].
5-Alpha-reductase inhibitors inhibit the enzyme that

converts testosterone to dihydrotestosterone. Finaster-
ide (Proscar) is the ®rst 5-alpha-reductase inhibitor to
enter human trials and it has been approved by multiple
regulatory bodies for the treatment of benign prostatic
hyperplasia (BPH). It lowers dihydrotesterone levels
and slightly increases intra-prostatic testosterone levels
[4,20,21]. In clinical trials and in common usage, ®nas-
teride has a very good safety pro®le. In a randomised
double-blind study, a very small but statistically sig-
ni®cant proportion of men reported impotence and/or
loss of libido on therapy when compared with men
treated with placebo [21]. Finasteride is a well-tolerated
and e�ective alternative to watchful waiting in the
treatment of moderate BPH [16,18,22] and has been
approved by the US Food and Drug Administration for
the treatment of male pattern baldness [16,22±25].

The primary endpoint of PCPT is the reduction of
biopsy-proven prostate cancer incidence over a de®ned
period (also known as the period prevalence of the dis-
ease). A total of 18 882 healthy men, aged 55 years and
older, have been randomised. Half are receiving ®nas-
teride (5 mg/day) and half are receiving placebo (one
matching tablet per day) for 7 years. All men are
screened annually for prostate cancer with digital rectal
examination (DRE) and prostate speci®c antigen (PSA)
is performed in a central laboratory. The trial is
designed to have a 92% power to detect a 25% reduc-
tion in the period prevalence of biopsy-proven disease
using a two-sided test with a=0.05. The blinding of the
trial is complicated by the known impact of ®nasteride
on the major screening test for prostate cancer, prostate
speci®c antigen (PSA) [26]. PSA levels in ®nasteride-
treated patients do allow for appropriate interpretation
of PSA values and does not mask the detection of PCa
[25,27]. At 7 years all survivors will undergo a sextant
biopsy to determine the period prevalence of prostate
cancer. This 10-year study began in 1993 and will
achieve its primary endpoint in October 2004 [28].
While the primary objective of this study is to deter-

mine whether ®nasteride can reduce the period pre-
valence of prostate cancer over a 7-year period, the
biological and data resources of this study will provide
multiple opportunities to better understand this most
common cancer in the US [19,29].

3. Selenium

Selenium is found in a number of food products and
there is tremendous geographic variance in terms of its
availability. In a laboratory study selenomethionine
administration to cancer cell lines resulted in apoptotic
cell death and aberrant mitoses [5],
There was enough support for the hypothesis that

selenium prevented squamous and basal cell skin can-
cers such that a randomised placebo controlled trial was
conducted. A total of 974 men were randomised [30].
This trial did not ®nd a protective e�ect in terms of skin
cancer but there was a serendipitous ®nding of a lower
rate of prostate cancer. 16 cases in the placebo group
versus 4 cases in the treatment group among the 843
men who began the study with a serum PSA less than 4
ng/ml. (RR=0.26 P=0.009). There were signi®cant
health bene®ts also for the other secondary endpoints of
total cancer mortality and the incidence of total, lung
and colorectal cancer [30].

4. Vitamin E (alpha-tocopherol)

Experimental and epidemiological investigations have
suggested that alpha-tocopherol (the most prevalent
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chemical form of vitamin E found in vegetable oils,
seeds, grains, nuts and other foods might reduce the risk
of cancer, particularly lung cancer. This was tested by
the Alpha-Tocopherol, Beta-Carotene Cancer Preven-
tion Study (ATBC Study). In the ATBC study a total of
29 133 men aged 50±69 years who smoked ®ve or more
cigarettes daily were randomly assigned to receive
alpha-tocopherol (50 mg), beta-carotene (20 mg), alpha-
tocopherol and beta-carotene, or a placebo daily for 5±8
years (median: 6.1 years). The study is most cited for
®nding an increase in lung cancer risk among men
administered beta-carotene supplements and it also did
not ®nd lung cancer bene®t for vitamin E administra-
tion but did ®nd a substantial 33% reduction in prostate
cancer risk in this group; 99 cases among men rando-
mised to vitamin E and 151 among men randomised to
receive the vitamin E placebo [31,32].

5. The SELECT trial

Prostate cancer prevention was not a substantive part
of the original hypothesis of the selenium study reported
by Clark and colleagues nor of the ATBC study of
vitamin E and beta-carotene study. Such intriguing ser-
endipitous ®ndings can not be ignored and must be
further explored in a prospective randomised clinical
trial. The US National Cancer Institute and its coop-
erative groups are in the process of designing such a
study which has been entitled `SELECT'. It will be a
2�2 design in which one-fourth will receive selenium,
one-fourth will receive vitamin E, one-fourth will
receive both drugs and one-fourth will receive placebo.
The trial will likely enrol more than 32 000 men and run
for more than a dozen years.

6. Conclusion

The primary prevention of prostate cancer is a rela-
tively new concept. No agent has yet been found that
clearly decreases prostate cancer risk. No promising
intervention can be de®nitively proven without a rando-
mised clinical trial. These trials, whilst large, expensive
and long in duration, do provide an opportunity to learn
and study a number of factors about the aging male.
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