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Objective To test if supplemental dietary selenium is
associated with changes in the incidence of prostate
cancer.

Patients and method A total of 974 men with a history
of either a basal cell or squamous cell carcinoma were
randomized to either a daily supplement of 200 pg of
selenium or a placebo. Patients were treated for a
mean of 4.5 years and followed for a mean of 6.5 years.

Results Selenium treatment was associated with a sig-
nificant (63%) reduction in the secondary endpoint of
prostate cancer incidence during 1983-93. There
were 13 prostate cancer cases in the selenium-treated
group and 35 cases in the placebo group (relative risk,
RR=0.37, P=0.002). Restricting the analysis to the
843 patients with initially normal levels of prostate-
specific antigen (<4 ng/mL), only four cases were
diagnosed in the selenium-treated group and 16 cases
were diagnosed in the placebo group. after a 2 year

treatment lag, (RR =0.26 P=0.009). There were sig-
nificant health benefits also for the other secondary
endpoints of total cancer mortality, and the incidence
of total, lung and colorectal cancer. There was no
significant change in incidence for the primary endpo-
ints of basal and squamous cell carcinoma of the skin.
In light of these results, the ‘blinded’ phase of this trial
was stopped early.

Conclusions Although selenium shows no protective
effects against the primary endpoint of squamous and
basal cell carcinomas of the skin, the selenium-treated
group had substantial reductions in the incidence of
prostate cancer, and total cancer incidence and mor-
tality that demand further evaluation in well-
controlled prevention trials.
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Introduction

Prostate cancer is the most common cancer and the
second leading cause of cancer death in American men
[1]. It is estimated that in 1997, there will be 209 000
new prostate cancer cases and 41 800 deaths from
prostate cancer. The epidemiology of prostate cancer is
complex, with few established risk factors: those most
established are family history, age, country, race and
testosterone deficiency [2]. Interest in the role of diet in
the aetiology of prostate cancer is increasing with several
proposed associations [3]. Dietary factors which have
been investigated include dietary fat [4,5], lycopene, soy
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products [6], protease inhibitors [7]. retinol [8]. vitamin E
[9] and the essential trace element selenium (Se) {10,11].

The introduction of PSA screening for prostate cancer
coincided with a dramatic increase in incidence in the
late 1980s and early 1990s, presumably because of the
earlier diagnosis of prevalent cases of cancer. The inci-
dence doubled from 1984 to 163/100000 in 1993 in
the USA. This dramatic increase in incidence in the past
decade underscores the importance of enhancing pri-
mary and secondary prevention efforts, although the
benefits of PSA screening are still controversial.

The largest current phase IIl prostate cancer preven-
tion trial [12] uses a prevention strategy based on
antiandrogen therapy with a Sa-reductase inhibitor
which prevents the formation of Sa-dihydrotestosterone,
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an active derivative of testosterone. Preclinical trials
have shown some preventive eflicacy |13].

The association of prostate cancer with the intake of
certain dictary nutrients suggests that they may be
useful preventive agents. To our knowledge. there are
no current phase III prostate cancer prevention trials
testing the efficacy of dietary ingredients, although there
are some small pilot studies to establish feasibility. A
recent lung cancer prevention trial (ATBC Trial) that
used f-carotene and x-tocopherol in a factorial design
in Finnish smokers observed a reduced incidence of
prostate cancer in patients who received 50 U of
a-tocopherol acetate [9].

Dietary Se has been inversely associated with the risk
of cancer since the 1960s [14]. with substantial preclini-
cal evidence that dietary Se can significantly reduce the
incidence of many cancers. Selenium supplements have
been used in over 100 carcinogenesis experiments; with

two-thirds of the studies showing a significant reduction:

in cancer incidence. Several ecological epidemiological
studies have suggested that low blood Se levels increase
the risk of cancer [14]. Only two analytical epidemiolog-
ical studies have investigated the association of serum
Se and prostate cancer. The first study, within the Lipids
Research Clinics trial, found a borderline increase in the
incidence of prostate cancer in patients with low Se
levels [10]. However, this study lacked sufficient power
to detect modest differences in risk. The second study in
Sweden [11]. a low Se region. found a significantly
increased risk of prostate cancer and BPH in patients
with lower Se levels.

Selenium is involved in the biosynthesis of testosterone
[15] and can stimulate the production of pituitary and
adrenal hormones [16]; therefore, Se can be theoretically
linked to the function of the pituitary-adrenal-gonadal
axis. prostate pathophysiology and to prostate carcino-

genesis. Recently, a new:prostate:selenoprotein has been-
identified which preferentially- incorporates: 8e- when:

compared with glutathione peroxidase [17]: the signifi-
cance of this discovery for prostate carcinogenesis
remains to be determined.

The male study patients from the Nutritional
Prevention of Cancer Trial. a double-blind trial of dietary
Se supplementation, provide the opportunity to test
whether Se supplementation reduces the incidence of
prostate cancer in a population not recruited or selected
for a urological study.

Patients and methods

The study was a double-blind, placebo-controlled, ran-
domized cancer prevention trial using a nutritional dose
of Se in patients with a history of non-melanoma skin
cancer. The randomization procedure was blocked by

© 1998 British journal of Urology 81. 730-734

time and stratified by clinic. Patients were eligible for
randomization if they had: (i) a history of two or more
basal cell carcinomas (BCCs) or one squamous cell
carcinoma (SCC) of the skin, with one of these carci-
nomas occurring within the previous year: (ii) a 5-year
life expectancy: and (iii) no reported internal malignanc-
ies treated within the previous 5 years. The intervention
agent was 200 pg of Se supplied as a 0.5 g high-Se yeast
tablet (Seleno Precise) by Cypress Systems, Inc., Fresno,
CA. USA for Nutrition 21, La Jolla, CA, USA. The placebo
of brewer’s yeast was identical in smell and appearance
to the intervention agent.

The first patients were randomized to the trial in
1983. The primary endpoints for the trial were the
incidence of BCCs and SCCs of the skin. In 1990, after
the initiation of the trial, several secondary endpoints
were added to the trial, i.e. mortality from all causes and
cancer, and the incidence of lung, colon and prostate
cancers.

At each 6 monthly clinic visit, the study participants
were interviewed to identify the incidence of illness and
the use of prescribed and proprietary drugs. In addition,
patients provided a sample of blood for the analysis of
Se levels as one method of monitoring for toxicity.
Additional aliquots of blood from the patients were stored
at —80°C and were used for the retrospective determi-
nation of plasma PSA levels using the Abbott Diagnostics
IMX PSA assay (Abbott Park, IL, USA), a microparticle
enzyme immunoassay. The first available blood after
randomization was used for the determination of the
initial PSA levels.

The selenium content of each batch of tablets were
determined in the laboratories of Dr G.F. Combs (Cornell
University, Ithaca, NY, USA) and of Dr L.S. Palmer (South
Dakota State University, Brookings, SD. USA) [18]. The
Se concentration was determined by atomic absorption

- spectrophotometry (Perkin-Elmer 3030, Peérkin-Elmer

Corp. Norwalk. CT. USA) equipped with an electrode-
less discharge lamp and automatic Zeeman-effect back-
ground correction. Quality control included multiple
aliquots of exhaustively analysed human plasma as
external-contrel-samples—A —coefficient-of -variation-of -
<7% (for duplicate analyses) was the criterion for
acceptance [19].

Patients who discontinued treatment were followed
annually to identify new illness and confirm their vital
status. All identified cancers were confirmed by medical
documentation and reviewed by an appropriate medical
specialist. Each cancer was staged using the TNM classi-
fication system. Prostate cancers were classified as local
for TNM Stage O, 1 and 2; advanced prostate cancers
were defined as TNM Stage 3 and 4.

Incidence data were evaluated using standard survival
analysis techniques, including log-rank statistics and
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Cox proportional hazards models; all P values were
two-tailed. The intention-to-treat model was used for all
analyses.

Results

There were no significant differences between the treat-
ment and placebo groups for the baseline risk factors
(Table 1). Plasma Se concentration of the Se-treated
group increased by ~67% to a mean of 190 ng/mL
within the first year of randomization. At the end of
1993, the trial had 6464 person-years of follow-up and
only three patients were lost to follow-up. Patients in
the Se-treated group remained on treatment for a mean
of 4.5 years, compared with 4.4 years in the placebo
group. They also had a slightly longer follow-up (6.2 vs
6.1 years).

There were no dermatological signs of Se toxicity

during the trial. There were=no:statistically significant -

differences in the incidence of new BCCs or SCCs between
the groups, although slightly more cases of both types
of skin cancer occurred in the Se group [20].

Forty-eight patients were diagnosed with a new pros-
tate cancer; patients randomized to the Se group had a
statistically significant lower incidence (63%) of prostate
cancer (relative risk [RR]=0.37, P=0.002) than the
placebo group (Table 2). Patients in the lowest tertile of
baseline plasma Se had a statistically significant treat-
ment effect (RR=0.08), as did patients in the middle
tertile (RR =0.30); patients in the highest tertile had a
non-significant reduction in risk (RR =0.85).

Table 3 presents the occurrence of prostate cancer by

Table 1 Baseline characteristics of the male study population

Characteristic Se Placebo

Patients randomized* 479 495

Age (years) (mean[sp]) 64.4 (8.8) 63.2(9.9)

Plasma Se {(ng/ml) 115.0 (22.0) 115.0 (21.6)
(mean/sn})

Initial PSA >4 ng/mL 10.4 9_.0

(% of subjects)

*Excludes six patients with a history of prostate cancer before
randomization.

Table 2 Tertile of baseline selenium

Tertile Se (ng/mL) Se cases Placebo cases RR P
<1064 1 13 0.08 0.002
106.4-121.2 4 13 030 0.03
>121.2 8 9 0.85 0.75
Total 13 35 0.37 0.002

Table 3 The incidence of prostate cancer by initial PSA level,
1983-93

Person Se Placebo
years cases cases RR P
All patients 6464 13 35 0.37 0.002
With psaA* 6186 12 32 0.38 0.003
Diagnosis 4319 7 28 0.25 <0.001
> 2 yearts
First PSA (ng/mL)
<4 3984 4 16 0.26 0.009
>4 336 3 12 0.19 0.005
4-10 281 1 6 0.11 0.02
>10 56 2 6 0.48 0.39

*44 of 48 prostate cancer cases had a valid prediagnosis
PSA estimate.

bath:time since randomization and initial PSA level. The
RR for all patients (0.37) and those with an initial PSA
(0.38) are similar. Excluding cases that were diagnosed
in the first 2 years of the study (six Se, seven placebo)
eliminated those cases with a short duration of treat-
ment. The use of this 2-year treatment lag enhanced the
treatment effect (RR =0.25). Stratification on initial PSA
level did not substantially affect the estimate of the RR
for either normal (RR=0.26) or elevated PSA values
(RR=0.19). There is a suggestion that patients with a
modest PSA increase (4-10 ng/mL) had a stronger treat-
ment effect (RR=0.11) than patients with PSA values
of >10 ng/mL (RR =0.48); this difference in treatment
effect was not statistically significant.

The Se-treated group had a significantly lower inci-
dence of prostate cancer (RR=0.42, P=0.02) for local
disease (TNM stage 0-2) and advanced disease (TNM
stage 3, 4) (RR=0.27, P=0.03). The patient age at

" "diagnosis was similar for both treatment groups, at 71.9

years for placebo and 72.4 years for the Se-treated
group. However, the younger patients, (<65 years) had
a stronger treatment effect (RR=0.09) than older
patients (RR=0.49), although statistically these treat-
ment effects based on age are no different (P=0.10).
When considering only events that occurred after the
definition of additional endpoints in 1990, there were
significantly more cases (n=27) in the placebo group
than in the Se group (nine cases, RR=0.33, P=0.002).
For each calendar year in which a case of prostate
cancer occurred, the incidence was lower in the Se group.

Discussion

Selenium is an essential nutrient with a recommended
daily allowance of 70 pg in men. The variable distri-
bution of Se in soil and foods produce geographical
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regions and populations with varying Se status. This
study was conducted in a lower Se region of the USA.
the eastern coastal plains. where the dietary Se intake
has been estimated to be 90 pg per day. The dietary Se
intake in the UK of 30-40 pg per day would correspond
to the lowest tertile of trial patients [21]. The 200 pg
supplement of Se used in this trial increased the plasma
levels of study patients to those that would be found in
the regions of the USA with adequate Se.

Patients in the Se-treated group had a statistically
significant reduction (63%) in the incidence of prostate
cancer during the first decade of the trial and during the
last 4 years of the trial after the definition of prostate
cancer as a trial endpoint. These results cannot be
explained by a favourable distribution of prostate cancer
risk factors in the Se group. as these patients were older
and had a higher proportion of initially high PSA levels
at entry to the trial.

The blinded phase of the trial ended ahead of schedule
on fanuary 31. 1996. This decision to open the trial
was made by the trial safety monitoring committee
prmarily because of a statistically significant reduction
in total cancer mortality and other secondary endpoints
in the Se group for the 1983-93 dataset. Overall, there
was no significant diflerence in the incidence of the
primary study endpoints of non-melanoma skin cancer.
However, there were significant reductions in the
additional endpoints of total cancer incidence and mor-
tality, and the incidence of lung. colon. and prostate
cancers. There was also an insignificant 17% reduction
in all-cause mortality [20].

One of the principal strengths ol the present study is
that patients were recruited independently of their uro-
logical symptoms, thus the results should be more gen-
eralizable than if the study patients had been recruited
from urology clinics. Conversely. this means that patients
had to seek their own urological care from community
physicians.

The availability of frozen plasma samples from early
in the trial is another strength of the study. as this
allowed PSA levels to be determined in most patients.
This permitted stratification by the initial PSA level,
eliminating the possibility of a favourable distribution of
patients with elevated PSA levels (i.e. prevalent prostate
cancer cases) lor the treatment group. There was also
no apparent difference in the treatment effect between
patients with normal and elevated initial PSA values.

The inverse association between baseline plasma Se
levels and the magnitude of the treatment eflect is
consistent with both the epidemiology of Se and cancer,
and how the protective effect of a nutritional supplement
would manifest itself, if a nutritional deficiency increased
the risk of disease. As the epidemiology suggests that
individuals with low Se levels are at higher risk of
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cancer. it would be expected that these individuals would
benefit most from a nutritional supplement. The
enhancement of the treatment eflect with a 2-year
treatment lag model and a weaker treatment effect of
patients with PSA levels > 10 ng/mL are also consistent
with a biological model of cancer prevention.

In summary. it appears that Se supplementation
decreases the incidence of prostate cancer in men with
a history of non-melanoma skin cancer. The results are
consistent both over time and by baseline Se levels.
Adjusting for initial PSA levels does not materially alter
the protective effect, except for patients with PSA levels
> 10 ng/mL. Similarly. the TNM stage of the patients
with prostate cancer is consistent with what would be
expected from an effective cancer prevention agent, as
is the strong protective effect for patients who were
randomized at less than 65 years of age.

Prostate cancer was included as an additional endpoint
in 1990 because of its high incidence and the suggestion
of a possible treatment effect in the early data obtained
before 1990. Limiting the data to events occurring after
the definition of the endpoints allows testing of the a
priori hypothesis that Se supplementation reduces the
risk of prostate cancer. Although based on fewer cases.
this treatment effect was highly statistically significant.

Supplementation with a nutritional dose of the essen-
tial trace element Se significantly reduced the incidence
of prostate cancer in a population of patients with non-
melanoma skin cancer. To our knowledge. this is the
first completed double-blind randomized coatrolled trial
to specifically test if a dietary supplement can prevent
prostate cancer. These results require confirmation in
independent trials, but suggest that Se supplementation
may be important for both the primary and secondary
prevention of prostate cancer.
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