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Prostate cancer is the commonest non-skin malignancy in the United States and
has a substantial mortality rate despite the use of PSA-based screening,.
Furthermore, therapy for prostate cancer by surgery, radiotherapy or hormonal
manipulation carries a significant risk of treatinent-related morbidity. Recent
analysis of secondary endpoints of several large-scale randomized prospective
clinical trials for other malignancies has suggested that selenium or vitamin E
may result in a decreased incidence and mortality from prostate cancer. In vitro
and preclinical studies of these antioxidants support this hypothesis.

This review outlines the rationale and design of SELECT, the Selenium and
Vitamin E Cancer Prevention Trial, designed to test the hypothesis that selenium
or vitamin E alone or in combination can reduce the clinical incidence of prostate
cancer in a population-based cohort of men at risk. SELECT is a phase III,
randomized, double-blinded, prospective, 2 x 2 factorial clinical trial which will
randomize 32,400 healthy men with normal DRE and serum PSA to one of four
study arms: selenium alone, vitamin E alone, selenium + vitamin E, or placebo.
Study agents will be taken orally for a minimum of 7 and maximum of 12 y with
assessments of general health, incident prostate cancer and toxicity performed at
12 month intervals. Under the assumptions described, the detectable risk
reduction is 25% for an effective single agent relative to placebo, with an
additional 25% reduction for the combination relative to an effective single agent.
The estimated power for the comparison of a single agent vs placebo is 96% and
the power for the comparison of an effective single agent vs combination is 89%.
Secondary endpoints will include prostate cancer-free survival, all-cause mor-
tality, and the incidence and mortality of other cancers and diseases potentially
impacted by the chronic use of selenium and vitamin E. Other trial objectives
will include periodic quality of life assessments, assessment of serum micronu-
trient levels and prostate cancer risk, and studies of the evaluation of biological
and genetic markers with the risk of prostate cancer. Prostate Cancer and Prostatic
Diseases (2000) 3, 145-151.
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3.5% and 4.3%, respectivelv.! The dramatic increase in the
number of cases and the steady increase in mortality from
prostate cancer, which has only recently begun to decline,
have peaked interest in developing ways of improving
early diagnosis for institution of therapy at a more cur-
able stage. Although PSA-based screening regimens have
resulted in a substantial stage migration and greatly
reduced the frequency of tumors which are metastatic at
the time of diagnosis, there is no direct evidence that
screening results in improved survival.2® Furthermore,
the morbidity of various treatments remains substantial.
An ideal method to reduce the mortality and morbidity of
prostate cancer is through primary prevention, either by
reducing the number of life-threatening, clinically evident
cases or through a reduced age-dependent rate of disease
development, ie the disease would become evident 5, 10
or 15y later than it otherwise would occur.*

The recognition that the androgenic milieu is important
in the development of prostate cancer led to the Prostate
Cancer Prevention Trial (PCPT, SWOG-9217) with finas-
teride. The PCPT is an ongoing Phase III, double-blind,
placebo-controlled, randomized trial to determine the
efficacy of finasteride in reducing the period prevalence
of prostate cancer. Finasteride is a testosterone analog that
competitively inhibits the enzyme 5-a reductase (type 2)
that converts testosterone to dihydrotestosterone (DHT)
and causes a profound reduction in circulating and
cellular DHT.S Finasteride inhibits growth of prostate
cancer cells in vitro and is an active preventive agent in
certain animal models of prostate carcinogenesis.®” The
PCPT opened in 1993 and easily exceeded the goal of
18,000 randomized men during a 3y accrual period,
demonstrating broad public support for chemoprevention
efforts to thwart this common malignancy.

Recent research suggests that selenium and vitamin E
are promising candidates for prostate cancer prevention.®
Compelling data supporting the use of both agents in this
setting come from secondary analyses of large-scale che-
moprevention trials for other cancers.®!% These analyses
have suggested that selenium and vitamin E may prevent
the development or progression of prostate cancer.
SELECT, a Phase HI randomized, double-blind, placebo-
controlled, population-based clinical trial has been
designed to test the efficacy of selenium and vitamin E
alone and in combination in the prevention of prostate
cancer. SELECT is funded by the National Cancer Insti-
tute and will be coordinated by the Southwest Oncology
Group, with participation form major cooperative groups
in North America, including ECOG, CALGB, NCCTG,
RTOG, the Veterans Administration, and the Canadian
Urologic Oncology Group. The trial is anticipated to open
in the fourth quarter of 2000.

‘Rationale for study agents

Selenium

Selenium is a nonmetallic trace element recognized as a
nutrient essential to human health. Its primary function
was first elucidated in 1973 when it was identified as a
component of glutathione peroxidase, an enzyme that
protects against oxidative damage by catalyzing reduc-
tion of lipid hydroperoxides.’"? Selenium is an essential
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constituent of at least four extracellular and cellular
glutathione peroxidases, three thyroidal and extra-
thyroidal iodothyronine 5 deiodinases, thioredoxin
reductase, and selenoproteins P (from plasma) and M
(from muscle) whose functions are unknown. Typical
dietary intake of selenjum in the US is 80-120ug/day,
and the recommended dietary allowance is 0.87 pg/kg.">

Selenium is present in nature in both organic and
inorganic forms. Foods contain both forms, predomi-
nantly as the amino acids selenomethionine and seleno-
cysteine. The enteric absorption of selenomethionine is
essentially complete, and the estimated whole body half-
life is 252 days.’* Selenomethionine is metabolized by
competition with the sulfur-containing analog methionine
in protein synthesis or is catabolized to yield selenide,
which is either used in the co-translational synthesis of
selenocysteine or is methylated and excreted.

Selenium compounds can inhibit tumorigenesis in a
variety of experimental models.’> Of the more than 100
reported studies in more than two dozen animal models
that monitored tumor production and/or preneoplastic
changes, two-thirds have shown reductions in tumor
incidence in response to selenium supplementation.
Although a few of the reports (1 =4) found that selenium
treatment enhanced tumorigenesis, the preponderance of
evidence indicates that high-level exposure to selenium
compounds can be anti-tumorigenic. Data relating sele-
nium specifically to prostate cancer in animals is limited,
in part due to the paucity of valid model systems. Male
rats pretreated with DMBA fed an antioxidant-rich diet
that included selenium did not show a reduction in the
incidence of prostate cancer compared to controls.'¢ Sele-
nium has been shown, however, to inhibit the growth of
DU-145 human prostate carcinoma cells in vitro.'”

There are a number of potential mechanisms proposed
for the anti-tumorigenic effects of selenium, and it is likely
that many of them are operational. These include anti-
oxidant effects, enhancement of immune function, induc-
tion of apoptosis, inhibition of cell proliferation, alteration
of carcinogen metabolism, cytotoxicity of metabolites
formed under high-selenium conditions, and an influence
on testosterone production (Figure 1).18-24

‘Antitumor Activity of Selenium
S Antiturnorigenic in many laboratory models
‘@ Inhibits growth in vitro
‘@ Potential mechanisms

— antioxidant effects

'~ induction of apoptosis

'— inhibition of cell proliferation

' — metabolites cytotoxic

7Figure 1 Antitumor activity of seleniu



Humuan obsercationul stidies of selenivon and prostate cancer.
Epidemiologic evidence suggests that selenium status
may be inversely related to the risk of at least some
cancers.'® Data relating selenium status specifically to
prostate cancer are limited but suggestive. Two small
prospective studies in the United States have been
reported in subjects with selenium values in the normal
range.*2¢ These studies hinted that a benefit could be
achieved with higher selenium status, but very small
sample sizes (11 and 13 cases, respectively) limit their
interpretation. Another prospective study in Finland
(n=51) assessed the benefit of increasing serum selenium
levels in individuals with very low initial levels and
found that there was no association between selenium
level and cancer risk.>’ A recent nested case-control
study of selenium on advanced prostate cancer risk
embedded in a prospective design included time-inte-
grated assessment of selenium status by measurement
in toenails, careful appraisal and control of other potential
confounds, and the largest number of advanced prostate
cancer cases (1 =181) studied to date.?® The results sug-
gest that the risk of advanced prostate cancer was
reduced by one-half to two-thirds for men with the high-
est selenium status compared to those with the lowest
status.

Data from controlled intervention trials of selenium. The real
enthusiasm for selenium in the prevention of prostate
cancer comes from the results of the clinical trial con-
ducted by Clark et al in the US among individuals with
low-to-normal selenium status.!? In this study, 1312 sub-
jects with a prior history of skin cancer were randomized
to receive 200 pg/day of elemental selenium in the form
of selenized yeast or placebo and followed for an average
of 4.5y for the development of basal or squamous cell
carcinoma of the skin and other cancers. The study
findings for the primary endpoint (non-melanoma skin
cancer incidence reduction) were negative. Analysis of the
data for secondary endpoints revealed that prostate
cancer incdence was reduced by two-thirds among
those in the selenium-supplemented group as compared
to placebo group. Based on a small number of cases
additional stratified analyses suggested a greater reduc-
tion in prostate cancer in those having low baseline
selenium blood levels, those less than 65y old, and
those with low serum PSA values.?®

Vitamin E (z-tocopherol)

Vitamin E is a family of naturally occurring, essential,
fat-soluble vitamin compounds. Its importance in mam-
malian biology was first revealed by earlier fertility
research.% Vitamin E functions as the major lipid-soluble
antioxidant in cell membranes; it is a chain-breaking, free-
radical scavenger and inhibits lipid peroxidation, specifi-
cally biologic activity relevant to carcinogen-induced
DNA damage.®

At least eight different tocopherols and tocotrienols
have vitamin E biological activity, all sharing a common
6-hydroxychroman ring and long, saturated phytyl side
chain structure. The tocopherols (x-, f-, y- and 4-) are
characterized by a fully saturated phytyl chain, while the
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Antitumor Activity of Vitamin E
® Antitumorigenic in many laboratory models

® Inhibits prostate cancer in rat models
® Potential mechanisms
— free radical scavenger/antioxidant
— blocks nitrosamine synthesis
— antiproliferative
— inhibits fatty acid metabolism
— inhibits prostaglandins
Figure 2 Antitumor activity of vitamin E.

tocotrienols t the same a-, -, 7- and d-moieties
but with three unsaturated chain bonds. The most active
form of vitamin E is a-tocopherol; it is also among the
most abundant and is widely distributed in nature and
the predominant form in human tissues.3233

Alpha-tocopherol may influence the development of
cancer through several mechanisms (Figure 2). It has a
strong inherent potential for antioxidation of highly reac-
tive and genotoxic electrophyles, such as hydroxyl, super-
oxide, lipid peroxyl and hydroperoxyl, and nitrogen
radicals, thereby preventing propagation of free radical
damage in biological membranes, and decreasing muta-
genesis and carcinogenesis.3! Vitamin E also blocks nitro-
samine formation. Alpha-tocopherol inhibits protein
kinase-C activity and the proliferation of smooth muscle
cells and melanoma cells, thus possibly affecting tumor
growth or aggressiveness.3-37 Vitamin E also induces the
detoxification enzyme NADPH: quinone reductase in
cancer cell lines, and inhibits arachadonic acid and
prostaglandin metabolism.?®*° Effects on hormones
which can increase cellular oxidative stress and prolifera-
tive activity and on cell-mediated immunity have also
been »

In vitro studies suggest that vitamin E can inhibit the
growth of certain human cancer cell lines, including
prostate, lung, melanoma, oral carcinoma and breast,
while animal experiments show prevention of various
chemically induced tumors, including hormonally
mediated tumors.?0-43 Similarly, vitamin E has been
shown to slow the growth of prostate tumors in vitro
and in vivo in rats receiving various doses of chemother-
apeutic agents. In another study, vitamin E inhibited
dietary-fat promoted growth of LNCaP xenografts in an
athymic mouse model.*

Vitamin E is present in small quantities in a wide
range of foods, including vegetable oils, nuts, vegetables,
milk fat and egg yolk. Vegetable oils and vegetable oil-
containing products such as margarine, mayonnaise and
shortening are the richest vitamin E sources in the US
diet, followed by whole-wheat products and nuts.*S
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Approximately 20-50% of dietary vitamin E is absorbed.
Tissue levels vary considerably, with highest concentra-
tions in platelets, the testis and prostate, adrenal and
pituitary glands. The average dietary vitamin E intake
among men and women in the US is estimated to be 10
and 7mg/day, respectively.i®¥’ For dietary purposes,
vitamin E activity is expressed as a-tocopherol equiva-
lents; ie, biological effects equivalent to those from 1mg
of x-tocopherol. The recommended dietary allowance of
the National Research Council is set at 10 mg for men and
8 mg for women daily.*® The planned formulation for
SELECT is synthetic dl-z-tocopheryl acetate, which
encompasses the eight possible stereoisomers resulting
from methyl group positioning at the 2', 4, and 8 asym-
metric chroman carbon atoms. It is the same form used in
the ATBC Study (discussed below) that resulted in a one-
third reduction in prostate cancer incidence and a 41%
reduction in prostate cancer mortality.’

Human observational studies of vitamin E and prostate
cancer. Epidemiologic evidence for a protective effect for
vitamin E in human cancer is growing but varies across
cancer sites. In general, the case—control and cohort
studies are most supportive of a protective role for
vitamin E in lung and colorectal cancer, with some data
also available for prostate cancer.

Observational studies are inconsistent with regard to a
beneficial association between serum vitamin E and pros-
tate cancer. These studies have assessed cancer risk
through estimated dietary intake or through determina-
tion of plasma or serum a-tocopherol concentrations. Of
the few prospective studies having a sufficient number of
prostate cancers for analysis, two reported no dose-
response association, and one reported a statistically
significant protective association.#*-52 The Basel Study
of serum vitamin E among 2974 subjects over a 17y
follow-up period found low z-tocopherol to be associated
with higher prostate cancer risk.>® These studies share the
observation of lower serum or plasma vitamin E concen-
trations among prostate cancer cases years prior to diag-
nosis compared to controls.>°~33 In a trial-based cohort
analysis, the associations between prostate cancer and
baseline serum and dietary x-tocopherol differed signifi-
cantly according to the x-tocopherol intervention status,
with the suggestion of a protective effect for total vitamin
E intake among those men who also received a-toco-
pherol supplementation.> One other case— control study
reported no association between vitamin E intake and risk
of prostate cancer.>

Data from controlled intervention trials of a-tocopherol. The
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Trial
(ATBC) a large, randomized, double-blind, placebo-con-
trolled trial of a-tocopherol (50mg synthetic dl-a-toco-
pheryl acetate daily) and beta-carotene (20mg daily,
alone or in combination) reported a protective effect for
vitamin E and prostate cancer among 29,133 male smo-
kers aged 5069y at entry.>>” During the median follow-
up period of 6.1y, there were 246 new cases of prostate
cancer and 64 deaths from prostate cancer. Among those
assigned to the a-tocopherol supplementation arm of the
trial (n =14,564), there were 99 incident prostate cancers
compared with 147 cases among those assigned to the
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“non-z-tocopherol arm (17 =14,569)." This represented a

statistically significant 32% reduction in prostate cancer
incidence (95% confidence interval, 12-47%; P =0.002).
The observed preventive effect appeared stronger in
clinically evident cases (ie stages B-D) where the inci-
dence was decreased 40% in subjects receiving o-toco-
pherol (95% confidence interval, — 20% to — 55%).
Prostate cancer mortality data, though based on fewer
events, suggested a similarly strong effect of 41% lower
mortality (95% confidence interval, — 1% to — 64%).
Alpha-tocopherol supplementation  did not appear to
affect survival time, although relatively few participants
continued taking supplements after diagnosis. Although
prostate cancer was prespecified as a secondary endpoint
in this trial, these findings suggest a potentially substan-
tial benefit of a-tocopherol in reducing the risk prostate
cancer.

In summary, the available data from controlled inter-
vention trials, human observational studies, and preclini-
cal models strongly support the testing of selenium and
vitamin E as chemopreventative agents in prostate cancer.

'SELECT study design

SELECT is a Phase III, double-blind, placebo-controlled,
2 x 2 factorial study (Table 1) of selenium and vitamin E
alone and in combination in 32,400 healthy men with a
digital rectal examination (DRE) not suspicious for cancer
and a serum prostate specific antigen (PSA) <4ng/ml
(Table 2). Age eligibility is 55y for Caucasians and 50y for
African-Americans, since African-Americans aged 50-55
have comparable prostate cancer incidence rates to Cau-
casians aged 55-60. Randomized men will be equally
distributed among four study arms (Table 1). Intervention
will consist of a daily oral dose of study medication and/
or matched placebo according to the randomization
(Table 3). Study duration will be 12y, with a 5y uniform
accrual period and a minimum of 7 and maximum of 12y
of intervention depending on the time of randomization.

‘“Table 1 2 x 2 factorial study design

Selenium + vitamin E Selenium + placebo

“Vitamin E + placebo Placebo + placebo

"Table 2 Eligibility criteria

. Age

> 55y for Caucasians
>50y for African-Americans
e SWOG performance status =0
« DRE not suspicious for prostate cancer
o Total serum PSA <4.0ng/ml
o No prior history of prostate cancer or high-grade prostatic
intraepithelial neoplasia (PIN)
* No anticoagulation therapy
¢ Normal blood pressure
» Willing to restrict supplementation of selenium and vitamin E
during participation




Table 3 Treatment doses and schedule

Agents Dose Route Frequency Duration
Selenium + 200pg/1 capsule -
matched vitamin E + p.o. qd 7-12y
placebo 1 capsule
Vitamin E + 400mg/1 capsule
matched selenium + p.o. qd 7-12y
placebo 1 capsule ) .
Selenium + 200pg/1 capsule Lo
vitamin E + p-o. qd 7-12y
H0mg/1 capsule
Matched selenium 1 capsule L
placebo + + p-o. qd 7-2y
matched vitamin 1 capsule
E placebo
p-o. = orally.
qd =daily.

Study endpoints

The primary endpoint for the trial is the clinical incidence
of prostate cancer as determined by a recommended
routine clinical diagnostic work-up, including yearly
DRE and serum PSA level. A centrally reviewed histo-
logic diagnosis of prostate cancer will be required in all
cases, except for those based on a total PSA > 50ng/ml
and a positive bone scan. Prostate biopsy will be per-
formed at the discretion of study physicians according to
local community standards. The study protocol recom-
mends biopsy for study participants who have a DRE
suspicious for cancer and/or for elevations in serum PSA.
Unlike the PCPT, no biopsy will be required at the end of
SELECT.

Secondary endpoints will include prostate cancer-free
survival, all-cause mortality, and the incidence and mor-
tality of other cancers and diseases potentially impacted

Table 4 Study endpoints

® Primary
Incident prostate cancer as determined by routine clinical care
* Secondary
Prostate cancer-free survival
Overall survival
Incidence and survival
All cancers
Lung cancer
Colorectal cancer
Serious cardiovascular events
o Other '
Quality of life measures
Molecular epidemiology
Dietary nutrient assessment
Biomarker studies

Table 5 Power calculations
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by the chronic use of selenium and vitamin E (Table 4).
Other trial objectives will include periodic quality of life
assessments, assessment of serum micronutrient levels
and prostate cancer risk, and studies of the evaluation
of biological and genetic markers with the risk of prostate
cancer.

Statistical considerations
Sample size calculation

The primary analysis of the study includes five pre-
specified comparisons:

e vitamin E vs placebo;

e selenium vs placebo;

e combination (vitamin E + selenium) vs placebo;
e combination vs vitamin E;

e combination vs selenium.

Based on the reported secondary analyses of the ATBC
and Nutritional Prevention of Cancer studies showing
approximately one-third and two-thirds reductions in
prostate-cancer incidence achieved by vitamin E and
selenium, respectively, the target risk reduction (interven-
tion effect) has been conservatively estimated. For the
factorial design, the detectable risk reduction is 25% for
an effective single agent relative to placebo, with an
additional 25% reduction for the combination relative to
an effective single agent. Under the null hypothesis, there
will be no difference in prostate cancer incidence between
the specified intervention and placebo (relative risk = 1.0).
The alternative hypothesis is that the incidence of prostate
cancer will be reduced by 25% or more for a single agent
vs placebo or for the combination vs an effective single
agent (relative risk 0.75).

The study allows for the potential interaction between
vitamin E and selenium, and additional analyses will
include tests for the main effects (vitamin E vs no vitamin
E and selenium vs no selenium) and for interactions.

The overall a level for the study is 5% (two-sided). Each
of the five pre-specified comparisons will be tested at the
1% level to maintain an overall 5% level for the study.
With a sample size of 32,400, the estimated power for the
comparison of a single agent vs placebo is 9%6% and the
power for the comparison of an effective single agent vs
combination is 89% (Table 5). The underlying assump-
tions used to derive this sample size and power are based
on study duration, prostate cancer incidence, drop-in rate,
medication rate and competing risks (cumulative loss to
death and lost to follow-up), all of which are discussed
below.

Under the assumptions outlined below, the effective
relative risk of 0.75 translates to a relative risk of 0.58

Comparison Baseline hazard (incidence) _ Relative risk reduction Puwer
Single agent vs placebo - PCPT/SEER 5% %%
Placebo vs combination PCPT/SEER 4% >99%
Effective single agent vs combination 0.75 x PCPT/SEER 25% 89%

PCPT = Prostate Cancer Prevention Trial, SEER =Surveillance, Epidemiology, and End Resulis.

®
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under conditions of perfect compliance. The median time
under ohservation is estimated to be 8.8y.

Incidence rate

Based on PCPT, expectations are that participants will
average 63y of age at study entry. Baseline hazard rates of
prostate cancer for men on placebo are given by PCPT
rates for years 0-3 and SEER 1991-1995 rates for men
age 63 + s (s =subject time in years since randomization)
for all races combined for years 4—12. The yearly prostate
cancer incidence figures (PCPT/SEER rates) used in the
sample-size calculations begin at 0% at randomization,
reach 0.14% at year 1, and rise steadily to 1.36% 12y later.
With 8100 participants randomized to each of four
arms, the number of prostate cancer cases expected
under the alternative hypothesis is listed in Table 6.

Medication rate

Medication rate is an estimate of participant adherence
while assigned to study agents. It is quantified as the
percentage of full active drug dose taken by men in the
specified arm. It is assumed that the medication rate will
vary over time, with a decline from 100% after randomi-
zation to 51% at the end of 12y of treatment. These
estimates are based on off-treatment rates of the PCPT
for the first 4y of the study and with extrapolation of the
rate in the 4th year to year 12. These are conservative
estimates, and the SELECT medication rates may be
higher than in PCPT since finasteride has more side-
effects than those known for selenium or vitamin E at
the doses chosen for SELECT.

Drop-in rate

The drop-in rate for placebo subjects to active medication
is assumed to be constant at 10% for the 12y of treatment.
Recent Heart Outcomes Prevention Evaluation (HOPE)
data support this estimate.’” A drop-in rate of 15%
reduces the power to 92% for the comparison of placebo
to either single agent and 82% for an effective single agent
vs the combination.

Competing risks — death and loss

The cumulative competing risk is defined to be the
estimated cumulative all-cause mortality rate plus the
cumulative lost-to-follow-up (LTFU) rate. The mortality
rates used were taken from PCPT for the first 4y of

Table 6 Expected incidence of prostate cancer in each arm under
the alternative hypothesis

Number Proportion with Number with
atrisk  prostate cancer prostate cancer

Placebo 8100 0.066 533
Vitamin E 8100 0.050 403
Selenium 8100 0.050 403
Vitamin E + selenium 8100 0.038 304
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treatment and then adjusted upwards to the 1995 US
rates for all races. The LTFU rate was calculated to be
0.05% per year. The cumulative loss (death +LTFU) is
expected to be 0.8% at the end of the first year of the
study and 33.2% by the end of year 12.

Other factors

No lag time to agent effectiveness is posited; such a lag
time would have little effect on power because we are
assuming a very low prostate cancer incidence rate in the
first 2y of the study.

In contrast to finasteride, it is assumed that the drugs
being tested in SELECT do not affect PSA or prostate size,
either of which could bias the diagnosis of prostate
cancer. PSA levels at baseline and after 2y of vitamin E
use were analyzed on a subsample of participants from
the HOPE trial and after 3y in the ATBC study.>*” There
was no evidence of an effect on the PSA concentrations in
these studies.

Sample size estimates are for the primary endpoint
only. No adjustments have been made for multiple
outcomes, such as incidence of and death from other
cancers, cardiovascular deaths, or prostate cancer-specific
survival.

Summary

Ample evidence exists from preclinical studies, epidemio-
logic observations, and controlled and uncontrolled clin-
ical trials that selenium and vitamin E may prevent the
development or progression of prostate cancer. SELECT
is a large-scale, population-based, randomized controlled
trial which will directly test the effect of these agents
alone and in combination on the incidence of prostate
cancer in North American males.
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