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Article
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	Background	 The Selenium and Vitamin E Cancer Prevention Trial found no effect of selenium supplementation on prostate 
cancer (PCa) risk but a 17% increased risk from vitamin E supplementation. This case–cohort study investigates 
effects of selenium and vitamin E supplementation conditional upon baseline selenium status.

	 Methods	 There were 1739 total and 489 high-grade (Gleason 7–10) PCa cases and 3117 men in the randomly selected 
cohort. Proportional hazards models estimated hazard ratios (HRs) and 95% confidence intervals (CIs) for effects 
of supplementation within quintiles of baseline toenail selenium. Cox proportional hazards models were used to 
estimate hazard ratios, and all statistical tests are two-sided.

	 Results	 Toenail selenium, in the absence of supplementation, was not associated with PCa risk. Selenium supplementa-
tion (combined selenium only and selenium + vitamin E arms) had no effect among men with low selenium status 
(<60th percentile of toenail selenium) but increased the risk of high-grade PCa among men with higher selenium 
status by 91% (P = .007). Vitamin E supplementation (alone) had no effect among men with high selenium status 
(≥40th percentile of toenail selenium) but increased the risks of total, low-grade, and high-grade PCa among men 
with lower selenium status (63%, P = .02; 46%, P = .09; 111%, P = .008, respectively).

	Conclusions	 Selenium supplementation did not benefit men with low selenium status but increased the risk of high-grade PCa 
among men with high selenium status. Vitamin E increased the risk of PCa among men with low selenium status. 
Men should avoid selenium or vitamin E supplementation at doses that exceed recommended dietary intakes.

		  JNCI J Natl Cancer Inst (2014) 106(3): djt456 doi:10.1093/jnci/djt456

In 2001, the US National Cancer Institute initiated the Selenium 
and Vitamin E Cancer Prevention Trial (SELECT), which tested 
whether selenium (Se; 200 μg/d from L-selenomethionine), vita-
min E (400 IU/d of all rac-α-tocopheryl acetate) or both could 
reduce prostate cancer (PCa) risk (1). Study supplementation 
stopped 3 years before the expected trial end date because interim 
analyses showed very low likelihood of benefit with continued 
intervention (2). At that time, vitamin E alone modestly increased 
PCa risk (hazard ratio [HR] = 1.13; P < .06); with additional follow-
up, this became statistically significant (HR = 1.17; P < .008) (3).

Here we examine two prespecified hypotheses related to base-
line Se status and SELECT outcomes (4). First, we tested whether 
high Se status at baseline was associated with reduced cancer 
risk among men receiving placebo supplements, which addresses 
whether Se exposure within ranges common among US men was 
associated with risk. Second, we tested whether Se supplementa-
tion reduced cancer risk among men with low Se status at baseline. 
This was motivated by the Nutritional Prevention of Cancer Trial 
(NPC), which found that supplementation of men with moderate 
and low plasma Se decreased PCa risk by more than 75% but had 

no effect among men with high plasma Se (5). We also tested the 
a posteriori hypothesis that vitamin E supplementation increased 
PCa risk among men with low Se status at baseline, which was 
motivated by the finding that vitamin E alone, but not combined 
vitamin E and Se, increased cancer risk.

Methods
Participants and Data Source
Data and toenail samples are from SELECT, a randomized, pla-
cebo-controlled trial that tested whether Se and vitamin E, either 
alone or combined, reduced PCa risk (2). Briefly, in 427 participat-
ing sites across the United States, Canada, and Puerto Rico, black 
men aged 50 years or older or all other men aged 55 years or older, 
who had no history of PCa, and who had a serum prostate-specific 
antigen (PSA) of 4 ng/mL or less and nonsuspicious digital rec-
tal exam were eligible to participate. Between July 2001 and May 
2004, 35 533 men were block-randomized by study site to one of 
four groups: Se plus vitamin E; vitamin E plus placebo; Se plus 
placebo; or placebo plus placebo. On September 15, 2008, the Data 
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and Safety Monitoring Committee recommended the discontinua-
tion of the trial supplements, although active follow-up continued 
through each participant’s final clinic visit (between October 28, 
2009, and August 12, 2011). All men provided written informed 
consent, and study procedures were approved by the local institu-
tional review boards.

In this case–cohort study, case patients (n = 1739; high grade = 
489) were men with baseline toenail samples available for analy-
sis who were diagnosed with PCa before July 31, 2009. Most case 
patients (n = 1611, 92.7%) were diagnosed before the use of study 
supplements was discontinued, and most (n = 1459, 83.9%) were 
reviewed centrally for pathological confirmation and grading. High- 
and low-grade tumors were defined as Gleason scores 7 to 10 and 
2 to 6, respectively (6). Grade was abstracted from local pathology 
reports for 43 case patients and was unknown for 237 case patients.

A subcohort (N = 3117) was created as the comparison group as 
follows. Men randomized into the study were separated into nine 
age/race strata: 1) black men aged less than 55 years, 2) black men 
aged 55 to 59 years, 3) black men aged 60 to 64 years, 4) black men 
aged 65 to 69 years, 5) black men aged 70 years or more and 6) men 
of all other races aged 55 to 59 years, 7) men of all other races aged 
60 to 64 years, 8) men of all other races aged 65 to 69 years, and 
9) men of all other races aged 70 years or more. For each case, men 
were selected randomly from within the same age/race strata, using 
a case:subcohort ratio of 1:3 for black men and 1:1.5 for men of all 
other races.

Demographic and health-related characteristics were col-
lected at baseline by self-administered questionnaire. All men were 
requested to provide toenail samples at baseline, and 89% com-
plied. Samples were collected from all toes, shipped to the speci-
men repository, and stored at room temperature and low humidity 
to prevent fungal growth.

Measuring Toenail Se Concentrations
Toenail Se concentration was measured by neutron activation anal-
ysis at the University of Missouri Research Reactor Center using 
previously described methods (7–12). Each daily analysis batch 
consisted of SELECT toenail samples (approximately 100), repli-
cates (approximately 50), quality control samples (n = 3–5), cross-
calibration check samples (n = 10), and Se standards (n = 3–5). All 
samples were well above the threshold for neutron activation anal-
ysis sensitivity. The coefficient of variability for duplicate pairs was 
2.77%, the average cross-batch coefficient of variability was 3.03% 
(range  =  2.30%–4.27%), and the mean value of quality control 
standards (1.112 ± 0.022  µg/g) was in good agreement with their 
certified value (1.1 ± 0.1 µg/g).

Statistical Analysis
Differences in distributions of demographic and health-related 
characteristics between case patients and noncase subjects were 
tested using general χ2 statistics. Linear regression models were 
used to generate least squared means of toenail Se concentrations 
adjusted for covariables (baseline age, body mass index, PSA, diabe-
tes, and use of Se supplements, as well as family history of PCa and 
race/ethnicity). Within these regression models, tests for differ-
ences in mean toenail Se across categorical covariables were based 
on F tests for the covariate overall and t tests for pairwise contrasts 

between specific categories; tests for trend across ordinal covari-
ables were based on a linear variable coded 1 to n, where n is the 
number of categories. Cox proportional hazards models were used 
to estimate the hazard ratios and 95% confidence intervals (CIs) for 
the associations of baseline toenail Se with PCa risk (placebo arm 
only), and tests for trend were based on a linear variable for quintile 
of baseline toenail Se. Stratified Cox proportional hazards models 
were also used to estimate the effects of supplementation on PCa 
risk within quintiles of baseline toenail Se, defined by its distri-
bution in the subcohort. Please see the Supplementary Statistical 
Appendix (available online) for details on how the assumption of 
proportionality was verified for the Cox proportional hazard mod-
els. Tests for differences across toenail Se quintiles were modeled as 
the cross-product of treatment with a linear variable for quintile of 
toenail Se concentration. Results are also given for effects for any 
Se (the combined Se-treated arms) and for contrasts of low vs high 
toenail Se, in which cutpoints were chosen a posteriori based on 
initial findings. Separate models were fit for total, low-grade, and 
high-grade PCa. The Supplementary Statistical Appendix (avail-
able online) gives a detailed description of statistical methods, as 
well as the numbers of case patients and subcohort men by grade 
and quintile of toenail Se.

Covariables in all Cox models were body mass index, history of 
diabetes, family history of PCa, and baseline PSA concentration. 
Results are also age- and race-adjusted because all models were 
stratified by race/age groups before being combined to generate 
summary statistics. Statistical analyses were performed using SAS 
version 9.2 software (SAS Institute, Cary, NC); all tests were two-
sided, and P less than .05 was used as the criterion for statistical 
significance.

Results
Table  1 gives demographic characteristics and other study-
related variables. Of case patients, 41.8% were aged 65 years or 
older and 13.7% were black. Because of matching, the age dis-
tribution of the subcohort was similar to that of case patients, 
and because of the sampling scheme, the ratio of case patients to 
subcohort members was 1.0:3:1 for blacks and 1.0:1.6 for other 
races. Risk factors for cancer were consistent with those in the 
epidemiological literature: compared with men without cancer, 
those with cancer were more likely to have a family history of 
PCa (15.7% vs 32.0%; P < .001) and baseline PSA greater than 
2 μg/mL (21.2% vs 66.3%; P < .001) and less likely to have dia-
betes (12.0% vs 6.8%; P < .001); men with low-grade cancer 
were less likely to be obese than those without cancer (body mass 
index ≥30 kg/m2: 27.4% vs 33.3%; P < .001). During the year 
before randomization, 30.6% of men used less than 50 μg/day 
of supplemental Se, which is a level common in multivitamins, 
and only 55 men (1.2%) reported using 150  μg/day or more. 
Prestudy Se supplement use was similar among men who were or 
were not subsequently diagnosed with cancer.

Table  2 gives the geometric mean toenail Se concentrations 
in cancer case patients and noncase subjects, cross-classified by 
factors related to PCa risk. The mean toenail Se concentration 
was 0.89 μg/g (range = 0.48–8.97) and did not differ between case 
patients and noncase subjects. Mean toenail Se did not differ by 

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt456/-/DC1
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age, family history of PCa, body mass index, history of diabetes, 
or baseline PSA concentration. Among noncase subjects, toe-
nail Se concentration was 8% (P < .001) lower in blacks and 7% 
(p=0.005) lower in Hispanics compared white whites; among case 
patients, toenail Se was 10% (P < .001) lower in blacks compared 
with whites. Mean toenail concentrations increased with higher 
prerandomization supplemental Se use, from 0.87  μg/g among 
nonsupplement users to 1.06 μg/g among noncase subjects and 
1.09  μg/g among case patients using 150  μg Se/day or more  
(Ptrend < .001).

Table 3 gives associations of baseline toenail Se concentrations 
with risks of total, low-grade, and high-grade cancer in the pla-
cebo arm. There were no statistically significant differences in risk 
contrasting the lowest quintile with higher quintiles of toenail Se 
concentration, nor was there a statistically significant trend across 
quintiles (P ≥ .30 for all tests). When defining the lowest category 
as less than 0.70 μg/g (case patients = 37) to better match other US 

studies (11,13), there was no difference in risk compared with men 
with toenail Se of 0.9 μg/g or greater (HR = 1.27; 95% CI = 0.72 
to 2.22).

Table  4 gives the effects of Se supplementation. Among men 
receiving Se alone, there were no statistically significant differences 
in the effects of supplementation on total, low-grade, or high-grade 
cancer across quintiles of toenail Se (all P ≥ .27). Risks for high-grade 
cancer were non-statistically significantly increased by 52% (P = .28) 
and 74% (P = .15) among men in quintiles 4 and 5 of toenail Se; in 
the a posteriori test among men with toenail Se greater than or equal 
to the 60th percentile, it increased risk by 62% (P = .08). Among men 
receiving Se plus vitamin E, there were no differences in supplemen-
tation effects on risks of total or low-grade cancer across quintiles of 
toenail Se (all P ≥ .53); however effects differed for high-grade cancer 
(Pinteraction = .05). Supplementation increased the risks of high-grade 
cancer by 121% (P = .03) and 124% (P = .04) in quintiles 4 and 5 of 
toenail Se; in the a posteriori test among men with toenail Se greater 

Table 1.  Distribution of baseline demographic and health-related characteristics in subcohort and prostate cancer case (PCa) patients

Characteristic

All men  
(n = 4661)

Subcohort 
(n = 3117)

Cancer

No cancer 
(n = 2922)

All PCa case 
patients  

(n = 1739)

Low-grade case 
patients  

(n = 1013)

High-grade 
case patients 

(n = 489)

No. (%) % % % % %

Age, y
  �  <60 1412 (30.3)  30.8  31.0  29.1  30.8  23.5
  �  60–64 1379 (29.6)  29.4  29.3  30.1  31.0  28.2
  �  65–69 1087 (23.3)  23.4  23.0  23.8  23.1  25.8
  �  ≥70 783 (16.8)  16.4  16.7  17.0  15.1  22.5
Race/ethnicity
  �  Black 938 (20.1)  24.0  24.0  13.7  12.3  14.5
  �  Hispanic 185 (4.0)  4.2  4.3  3.3  2.9  2.0
  �  White 3458 (74.2)  70.1  70.0  81.2  83.0  81.4
  �  Other 80 (1.7)  1.7  1.7  1.8  1.8  2.0
Family history of prostate cancer
  �  Yes 1016 (21.8)  16.5  15.7  32.0  33.1  29.4
  �  No 3643 (78.2)  83.5  84.3  68.0  66.9  70.6
  �  P (vs. No Cancer) * <.001 <.001 <.001
Body mass index, kg/m2

  �  <25 899 (19.3)  19.1  19.3  19.3  19.2  18.0
  �  25–<30 2269 (48.7)  47.6  47.4  50.8  53.4  46.2
  �  ≥30 1493 (32.0)  33.3  33.3  30.0  27.4  35.8
P (vs no cancer) * <.03 <.001 .67
Diabetes
  �  Yes 470 (10.1)  11.6  12.0  6.8  5.5  8.4
  �  No 4191 (89.9)  88.4  88.0  93.2  94.5  91.6
  �   P (vs no cancer) * <.001 <.001 .14
Prostate-specific antigen, μg/mL
  �  <1.00 1438 (30.9)  42.5  44.8  7.5  6.8  7.0
  �  1.00–1.99 1452 (31.2)  34.0  34.1  26.2  25.1  26.2
  �  2.00–2.99 990 (21.2)  14.9  13.9  33.6  33.3  35.4
  �  ≥3.00 780 (16.7)  8.6  7.3  32.7  34.8  31.5
  �  P (vs no cancer) *  <.001  <.001  <.001
Supplemental selenium, μg/d
  �  0 2841 (61.0)  61.5  61.4  60.1  61.1  57.9
  �  <50 1426 (30.6)  30.3  30.4  30.9  30.6  32.9
  �  50-<100 210 (4.5)  4.3  4.4  4.7  4.3  5.1
  �  100-<150 129 (2.8)  2.7  2.7  2.9  2.7  2.7
  �  ≥150 55 (1.2)  1.2  1.1  1.3  1.3  1.4
  �  P (vs. No Cancer)*  .90  .98  .60

*	 Two-sided χ2 tests.
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than or equal to the 60th percentile, supplementation increased risk 
by 124% (P  =  .002). When both Se-treated arms were combined, 
the interaction of supplementation with baseline toenail Se on high-
grade disease was statistically significant only in the a posteriori test 
contrasting low with high toenail Se (Pinteraction =  .02), in which Se 
supplementation increased risk by 91% (P = .007). We also examined 
these data using lower cutpoints for baseline toenail Se categories 
(<0.7, 0.7–<0.8, 0.8–<0.9, and ≥0.9 μg/g), which yielded hazard ratios 
for any Se treatment of 0.79, 0.89, 1.05, and 1.22 (Ptrend = .30) for total 
cancer, respectively, and 1.19, 0.82, 1.08, and 1.81 (Ptrend =  .05) for 
high-grade cancer, respectively.

Table 5 gives the effects of vitamin E supplementation. In quin-
tile 1 of toenail Se, supplementation non-statistically significantly 
increased risks for total, low-grade, and high-grade cancer by 39%, 
20%, and 63%, respectively (all P ≥ .23). In quintile 2, risks for 
total, low-grade, and high-grade cancer were increased by 92% 
(P = .02), 77% (P = .07), and 179% (P = .007), respectively. Among 
men with higher toenail Se, there were no effects of vitamin E sup-
plementation. In the a posteriori tests, supplementation of men 
with toenail Se less than the 40th percentile increased the risks of 
total, low-grade, and high-grade disease by 63% (P  =  .02), 46% 
(P = .09), and 111% (P = .008), respectively.

Discussion
In this large clinical trial, baseline Se status alone, in the absence of 
supplementation, was not associated with PCa risk. Nevertheless, 
the effects of supplementation with Se and vitamin E differed sub-
stantially between men with low and high Se status at baseline. 
Among men with high baseline toenail Se (≥60th percentile), Se 
supplementation increased the risk of high-grade cancer by 91% 
(P =  .007). Among men with low baseline toenail Se (<40th per-
centile), vitamin E supplementation (alone) increased the risks of 
total PCa by 63% (P = .02), and this effect was somewhat stronger 
for high-grade (111%; P  =  .01) compared with low-grade (46%; 
P = .09) cancer. The results for Se supplementation were contrary 
to our hypothesis that supplementation might benefit men with 
low Se status at baseline and suggest instead that supplementation 
is harmful for men with already high Se stores. The results for vita-
min E supplementation were also unexpected at the time of trial 
design, however they are consistent with primary trial findings that 
vitamin E alone, but not vitamin E plus Se, increased risk.

There have been multiple high-quality reviews of Se and 
PCa risk (14–18), each generally agreeing that low Se status may 
increase risk. Previous observational studies based on toenail Se 
concentrations have all reported lower PCa risk among men with 
high toenail Se concentrations. Two small US studies reported 
reduced risks of approximately 60% when Se concentration was 
greater than 0.69 μg/g (13) and 40% when Se concentration was 
greater than 0.76 μg/g (19), with no trend above these cutpoints. 
When we defined low Se status similarly (<0.70 μg/g), we could 
not replicate these findings (data given in Results). A  large study 
from the Netherlands reported a strong, inverse association with 
risk of advanced cancer, with a hazard ratio of 0.37 contrasting the 
lowest quintile with the highest quintile of toenail Se (≤0.469 vs 
>0.617 μg/g) (20). Because only 13 cancer case patients (0.9%) in 
SELECT had toenail Se concentrations less than 0.617, this study 
cannot address whether the very low Se status seen in Dutch men 
is associated with PCa risk. Our findings to do not support previous 
US studies and suggest that, at least within the ranges of toenail Se 
found in US men, Se status is not associated with PCa risk.

Two previous supplementation trials have examined high-dose 
Se and PCa prevention. The NPC supplemented 928 men from 
areas of the United States with low soil Se with 200 μg Se/d (from 
selenized yeast) and increased mean plasma Se to 190 μg/L (21). 
The Negative Biopsy Trial supplemented 699 men with 200 or 
400 μg Se/d (from selenized yeast) and increased mean plasma Se 
to 190 and 250 μg/L, respectively (1). Mean post-treatment plasma 

Table 2.  Mean toenail selenium concentration by baseline demo-
graphic and health-related characteristics

Characteristic

Toenail selenium (μg/g)

Noncase subjects  
(n = 2922) Mean*

Case patients  
(n = 1739) Mean*

Overall, mean (95% CI) 0.89 (0.55 to 1.43) 0.89 (0.58 to 1.38)
Age, y
  �  <60 0.88 0.90
  �  60–64 0.89 0.89
  �  65–69 0.89 0.88
  �  ≥70 0.89 0.89
  �  Ptrend†  0.43  0.23
Race/ethnicity
  �  Black 0.84‡ 0.82‡

  �  Hispanic 0.85§ 0.88
  �  White 0.91 0.91
  �  Other 0.85 0.87
  �   Poverall||  <.001  <.001
Family history of prostate cancer
  �  Yes 0.88 0.90
  �  No 0.89 0.89
  �  P||  .62  .60
Body mass index, kg/m2

  �  <25 0.90 0.90
  �  25–<30 0.89 0.90
  �  ≥30 0.88 0.88
Ptrend†  .14  .20
Diabetes
  �  Yes 0.90 0.89
  �  No 0.89 0.89
  �  P||  .39  .77
Prostate-specific antigen, μg/mL
  �  <1.00 0.88 0.91
  �  1.00–1.99 0.89 0.89
  �  2.00–2.99 0.88 0.90
  �  ≥3.00 0.92 0.89
  �  Ptrend†  .13  .44
Supplemental selenium, μg/d
  �  0 0.87 0.87
  �  <50 0.90 0.91
  �  50–<100 0.94 0.92
  �  100–<150 0.96 0.98
  �  ≥150 1.04 1.09
  �  Ptrend†  <.001  <.001

*	 Geometric means, back-transformed for ease of interpretation, adjusted for 
other variables in table using multiple regression. CI = confidence interval

†	 Two-sided F test for linear variable of ordered categories.

‡	 Two-sided t test; vs white P < .001.

§	 Two-sided t test; vs white P < .005

||	 Two-sided F test for categorical variable overall.
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Se in SELECT was 225  μg/L. Based on 101 PCa case patients 
in the NPC, there was no effect of supplementation among men 
in the highest tertile of baseline plasma Se (>123.2 μg/L); supple-
mentation decreased risk by 67% among men in the second tertile 
(106.8–123.2 μg/L) and by 86% in the first tertile (≤106.4 μg/L). 
Based on 73 case patients in the Negative Biopsy Trial, there were 
no differences in the risk of cancer between arms, either overall 
or stratified by tertile of baseline Se status. The analysis of our 
data using lower cutpoints for baseline toenail Se categories, in 
an attempt to replicate findings from the NPC, also showed no 
evidence of benefit from supplementation among men with low 
baseline Se status (data given in Results). Given these findings, we 
believe it reasonable to conclude that Se supplementation of men 
at the low range of Se intake common in US men will not reduce 
PCa risk.

Previous clinical and epidemiological studies provide little 
insight into the SELECT finding that Se supplementation of men 
with high Se status at baseline increased the risk of high-grade dis-
ease. This is because neither the NPC nor the Negative Biopsy 
Trial had enough high-grade case patients (both <40) to examine 
this relatively rare outcome, and in large cohort studies that have 
examined risk associated with supplemental Se use, the highest 
categories of exposure are far less than the 200 μg Se/d used in 
SELECT (14,22). One possible explanation is based on experi-
mental studies in dogs, who develop spontaneous PCa similar to 
humans, among which both very low and high Se supplementa-
tion increased DNA damage in prostate tissue (23). Future analysis 
of biological specimens from SELECT may be useful to address 
questions about biological mechanisms.

SELECT findings on vitamin E supplementation suggest com-
plex interactions between Se and vitamin E. The overall study find-
ing, that supplementation with vitamin E alone increased cancer 
risk by 17%, was unexpected and remains unexplained (3). Here 
we add two additional complexities: 1) the overall small increased 
risk for total cancer attributed to vitamin E supplementation (13% 
during the period examined in the analyses given here) was actu-
ally a 63% increased risk among men in the lower 40th percentile 
of baseline toenail Se; and 2)  this increase in risk was larger for 
high-grade compared with low-grade cancer (111% vs 46%). An 
interaction between vitamin E and Se has long been hypothesized 
because of their activities in preventing lipid peroxidation (24), and 

in some animal models they have synergistic effects on cancer pre-
vention (25); however, this early research has not been replicated in 
more recent studies (26). It is possible that some of the inconsist-
ency of findings on high-dose vitamin E supplementation and PCa 
risk (27–31) could be attributable to differences in the underlying 
Se status of study populations. None of the previously completed 
vitamin E supplementation trials have examined their results strati-
fied by baseline Se status, which we judge would be worthwhile.

The strengths of this research include its experimental design, 
large number of cancer case patients, and the use of toenail Se con-
centration, a biomarker of long-term Se exposure (32).

There are several important limitations. As a measure of Se 
exposure, toenail Se will have error because of factors that affect 
Se absorption and metabolism, and it does not measure the func-
tional activity of Se-dependent proteins in prostate or other tissues. 
There were too few black case patients (n = 243) to yield stable 
race-specific results, however, overall results in blacks were simi-
lar to those from other races. The modest number of high-grade 
(Gleason 7–10) cancers precluded a separate analysis of highly-
aggressive Gleason 8–10 cancers (n = 101). It also motivated the 
use of a posteriori statistical contrasts that 1) combined quintiles 
of toenail Se to characterize effects of low and high Se status and 
2) combined the Se only with the Se plus vitamin E study arms to 
characterize effects of Se supplementation. The P values of these 
a posteriori statistical tests are not adjusted for multiple contrasts 
and may be further inflated because cutpoints to define high and 
low Se exposure were determined after examining initial results. 
Lastly, SELECT tested the most commonly available forms of 
supplemental Se and vitamin E, and it is possible, although in our 
opinion unlikely, that results would differ if alternative supplement 
formulations were used.

The findings from SELECT add to an already complex set 
of findings on the use of high-dose micronutrient supplemen-
tation for the primary prevention of cancer. A  comprehensive 
review of this literature suggests that effects of supplementation 
are dependent upon the nutrient status of the target population, 
such that supplementation of populations with adequate nutrient 
status, leading to supraphysiological exposure, has either no effect 
or increases cancer risk (33). In SELECT, supplementation with 
Se increased the risk of high-grade PCa among men with high 
Se stores at baseline, whereas supplementation with vitamin E 

Table 3.  Association of baseline toenail selenium concentration with risk of total, low-grade, and high-grade prostate cancer: placebo arm 
only

Quintile

Total Low-grade High-grade

HR (95% CI)* HR (95% CI)* HR (95% CI)*

No. (subcohort, case patients)†      (1567, 879)       (1567, 518)    (1567, 230)
Q1‡ 1.00 (referent) 1.00 (referent) 1.00 (referent)
Q2 0.87 (0.49 to 1.54) 0.81 (0.43 to 1.52) 0.90 (0.38 to 2.11)
Q3 1.27 (0.76 to 2.13) 1.13 (0.63 to 2.03) 1.71 (0.80 to 3.62)
Q4 0.86 (0.50 to 1.48) 0.85 (0.46 to 1.56) 0.87 (0.38 to 2.01)
Q5 0.76 (0.44 to 1.31) 0.71 (0.38 to 1.32) 0.69 (0.29 to 1.62)

*	 Adjusted for age and race by matching. Adjusted for family history of prostate cancer, diabetes, body mass index, and prostate-specific antigen in statistical model. 
CI = confidence interval; HR = hazard ratio.

†	 Numbers in subcohort and of case patients within each table cell are given in Supplementary Appendix Table 1 (available online).

‡	 Quintile cutpoints for toenail selenium (μg/g) are 0.758, 0.832, 0.901, and 1.003.

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/djt456/-/DC1
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increased the risk (primarily of high-grade cancer) among men 
with low Se stores at baseline. It is unlikely that there will be 
another trial of high-dose Se or vitamin E supplementation for 
the primary prevention of PCa, and thus public health recom-
mendations must be made without replication of these unex-
pected findings. Given the risks and lacking evidence of benefit 
for other diseases of equal or greater public health importance 
than PCa, men aged greater than 55 should avoid supplemen-
tation with either vitamin E or Se at doses that exceed recom-
mended dietary intakes.
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