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Abstract

Background—Findings from epidemiologic studies examining associations of serum retinol and 

carotenoids with prostate cancer risk have been inconsistent. This case-control study nested in the 

Prostate Cancer Prevention Trial evaluated associations of serum retinol and carotenoids with 

total, low- and high-grade prostate cancer risk in a highly-screened study population.

Methods—We used logistic regression adjusting for age, family history of prostate cancer, race, 

BMI and serum cholesterol to estimate odds ratios (OR) and 95% confidence intervals (CI) of 

prostate cancer by quartiles of serum retinol and carotenoids, separately in the placebo (975 cases/

1009 frequency-matched controls) and finasteride (708 cases/743 frequency-matched controls) 

arms of the trial.
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Results—Serum retinol concentrations were associated with increased risk of total prostate 

cancer [OR (95% CI) comparing the highest quartile of serum retinol to the lowest: 1.30 (1.00, 

1.68)] and high-grade prostate cancer [OR (95% CI): 1.74 (1.14, 2.68)] in the placebo arm of the 

trial only. Also in the placebo arm, there was a moderate positive association of α-carotene with 

risk of total prostate cancer [OR (95% CI): 1.32 (1.01, 1.73)]. None of the other carotenoids was 

associated with prostate cancer risk in the placebo arm. No associations were observed for retinol 

and carotenoids in the finasteride arm.

Conclusion—In the placebo arm of this prospective study, high serum retinol and α-carotene 

concentrations were associated with increased risk of total and high-grade prostate cancers.

Impact—Men with higher levels of serum retinol and α-carotene may be at increased risk for 

prostate cancer.
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Introduction

There has been substantial interest in the potential of antioxidant micronutrients for cancer 

prevention. Preclinical studies have shown that retinol, the biologically active form of 

vitamin A, may prevent cancer by regulating growth, differentiation and apoptosis of normal 

and malignant cells, by increasing tissue levels of other antioxidants such as selenium and α-

tocopherol, or by regulating DNA transcription through the inhibition of DNA polymerase 

activity (1). Several carotenoids are vitamin A precursors, have potent antioxidant properties 

(2), and been shown to inhibit cell growth and induce apoptosis (1, 3).

Epidemiologic evidence for an association between these micronutrients and prostate cancer 

is inconsistent. Several prospective studies have reported no (4-11) or inverse (12-15) 

associations of serum retinol and carotenoids with prostate cancer risk, while others have 

shown positive associations (16-18). In part, these conflicting results may be due to 

differences in sample size. Many included fewer than 100 cases (13, 15, 16), possibly 

resulting in limited power to detect modest true associations. Furthermore, associations may 

differ by cancer grade, but only a few studies have investigated associations of retinol (8, 11, 

18, 19) or carotenoids (8, 10, 20) with risk of prostate cancer by grade. Finally, differences 

in screening practices may also contribute to these disparate findings, and studies without a 

standardized screening protocol, or that are not able to match on or stratify by screening 

history, may be subject to screening-related detection bias.

The aim of this study was to address some of these limitations by examining associations of 

serum retinol and carotenoids, including α-carotene, β-carotene, and β-cryptoxanthin, with 

prostate cancer risk in a case-control study nested within the Prostate Cancer Prevention 

Trial (PCPT). The PCPT has several unique characteristics that minimize some of the 

aforementioned limitations of previous studies. First, the large sample size of this nested 

case-control study (975 cases/1009 frequency-matched controls in the placebo arm, 708 

cases/743 frequency-matched controls in the finasteride arm) allowed investigation of 
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associations with low- and high-grade prostate cancer risk, as well as additional subgroup 

analyses by supplement use and reason for biopsy. In addition, the PCPT protocol included 

annual standardized prostate cancer screening and biopsy recommendations, as well as an 

end-of-study biopsy recommendation on all cancer-free men, which reduced the potential 

for screening-related detection bias. Finally, cancer grade was determined by centralized, 

uniform pathology, which minimized grade misclassification.

Materials and Methods

Study design and population

Data for this nested case-control study are from the PCPT, a multicenter, randomized, 

placebo-controlled SWOG-coordinated trial, testing whether the 5α-reductase type II 

inhibitor, finasteride, reduced risk of prostate cancer (21, 22). Between 1993 and 1997, 

across 221 study centers in the United States, 18,880 men were randomized to finasteride (5 

mg/d) or placebo for 7 years. Eligible men were at least 55 years of age, had a prostate 

specific antigen (PSA) level ≤3.0 ng/mL, a normal digital-rectal examination (DRE), no 

history of cancer (except non-melanoma skin) or severe lower urinary tract symptoms.

During the PCPT, men were screened annually for prostate cancer by PSA and digital-rectal 

examination (DRE). Men with abnormal DRE or finasteride-adjusted PSA levels ≥4.0 

ng/mL were referred for a prostate biopsy (21). At the end of the study, all men who had not 

been previously diagnosed with prostate cancer were requested to undergo a prostate biopsy, 

regardless of PSA level or DRE status. All biopsies consisted of a minimum of 6 cores, 

taken under transrectal ultrasonographic guidance. Pathologic evaluation of prostate biopsy 

was conducted at each study site. In addition, pathologic evaluation was conducted centrally 

at the Prostate Diagnostic Laboratory, University of Colorado to include determination of 

Gleason score, if cancer was present. Pathologists were blinded to trial arm and exposure 

information. In the case of discordant results, a referee pathologist reviewed cases until 

concordance was reached. Cancers were classified as “for-cause” if diagnosed after biopsy 

prompted by an abnormal DRE or elevated PSA, and “not-for-cause” if performed as an 

end-of-study biopsy. All participants signed written informed consent, and PCPT study 

procedures were approved by the Institutional Review Boards at each study site, and the 

Fred Hutchinson Cancer Research Center (Seattle, WA).

Case and control selection

Selection of cases and controls has been previously described (23, 24). Briefly, eligible 

cases (n=1,809) were all men with biopsy-confirmed prostate cancer who had baseline blood 

samples available for analysis. Eligible controls (n=1,809), selected from men who did not 

have prostate cancer detected on the end-of-study biopsy and had baseline blood samples, 

were frequency-matched to cases on distributions of age (5-year categories), treatment arm 

(finasteride or placebo), and family history of a first degree relative with prostate cancer; 

controls were oversampled to include all nonwhites.
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Data collection and laboratory methods

At baseline, men completed self-administered questionnaires on demographic, lifestyle, and 

medical factors, including age, race, alcohol consumption, smoking history, diabetes status, 

and family history of prostate cancer. Weight and height were measured at baseline, and 

body mass index (BMI) was calculated as weight (kg)/height (m)2. One year after 

randomization, men completed an additional questionnaire assessing the frequency of use of 

multivitamins and single dietary supplements in the previous 12 months. For the purposes of 

this study, men were considered supplemental vitamin A users if they reported using either 

vitamin A or β-carotene containing supplements one or more times per week during the past 

12 months, otherwise they were considered non-users.

Non-fasting blood was collected approximately 3 months prior to randomization, and 

annually thereafter until diagnosis or the end of study. Venous blood was drawn into 

collection tubes without anticoagulant and stored at room temperature for 30-60 min before 

centrifugation. The serum fraction was then separated and frozen as quickly as possible 

before being shipped to the specimen repository where the samples were stored at −70° C 

until analysis (22, 25).

In a pilot study of 25 men from the PCPT with serum samples drawn in years 1, 5, and 7, the 

intraclass correlations for serum retinol, α-carotene, β-carotene, and β-cryptoxanthin, were 

64.2%, 73.7%, 46.3% and 78.7%, respectively. To reduce intraindividual variability, we 

measured retinol and carotenoids in 250 μL serum samples that comprised equal parts serum 

collected 1 and 4 years post randomization; samples from these years were pooled, and then 

refrozen at −70° C before analysis. Serum from alternative prediagnostic years was selected 

if men were missing a year 1 or year 4 sample (65 cases, 130 controls) or were diagnosed 

before year 4 (n=255 cases), and a single, prediagnostic sample was used if 2 prediagnostic 

serum samples were unavailable (n=75 cases, 3 controls). Men diagnosed with cancer before 

a post-randomization blood sample was collected were excluded (n=44 cases), as were men 

with insufficient serum (n=22 cases, 4 controls), men with missing laboratory values due to 

a labeling error (n=44 cases, 35 controls), and men missing 1 or more covariates (n=16 

cases, 18 controls). The final sample size for the present analysis was 975 cases/1009 

controls in the placebo arm, and 708 cases/743 controls in the finasteride arm, and the mean 

(SD) length of time between serum sample collection and diagnosis (for cases) was 2.3 (1.2) 

years.

A hexane extract of serum was injected onto a C-18 Spherisorb ODS-2 HPLC column (3 

μm, 3.0 × 125 mm, Waters PSS838528) using a Agilent 1100 LC system equipped with 

quaternary pump, electronic degasser, thermostatted column compartment (set at 25°C), 

automatic sampler, diode array detector and ChemStation software. β-cryptoxanthin was 

detected at 476 nm, α-carotene and β-carotene at 452 nm, and retinol at 325 nm. Standard 

curves were generated with commercially available pure chemicals; α-tocopherol acetate 

was used as the internal standard. Total cholesterol was measured using a Roche Cobas Mira 

Plus Chemistry Analyzer (Roche Diagnostics). All assays were completed by the Fred 

Hutchinson Cancer Research Center PHS Biomarker Laboratory, which participates in the 

National Institute of Standards and Technology Micronutrients Measurement Quality 

Assurance Program for fat-soluble vitamins and carotenoids in human plasma (26, 27). The 
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weighted average coefficients of variation for pooled quality control samples were 8% for 

all retinol, 13% for α-carotene, 13% for β-carotene, and 15% for β-cryptoxanthin.

Statistical analyses

Since finasteride was associated with a reduced risk of total prostate cancer, we 

hypothesized a priori that finasteride exposure would modify the association of retinol/

carotenoids with prostate cancer risk; therefore, we examined all associations separately by 

treatment arm. Differences in baseline characteristics of study participants between case and 

control groups were tested using χ2 and t-tests for categorical and continuous variables, 

respectively. Geometric mean concentrations of serum retinol and carotenoids were adjusted 

for age, race, and family history of prostate cancer and differences between prostate cancer 

cases and controls were assessed using t-tests.

Multivariable polytomous logistic regression was used to estimate odds ratios (OR) and 95% 

confidence intervals (CI) for the associations of retinol and carotenoids with risk of low- 

(Gleason score 2-6) and high- (Gleason score 7-10) grade prostate cancer. Results did not 

materially change when we included Gleason 7 (3+4) cancers in our analyses of associations 

with “low-grade” cancers; therefore, to maintain consistency with previous PCPT analyses, 

all Gleason 7 cancers were considered high-grade for the purposes of this study. Tests for 

linear trend (Ptrend) across quartiles of serum retinol and carotenoids were based on an 

ordinal variable corresponding to rank from lowest to highest. Stratum-specific quartile 

cutpoints were defined based on the distributions among controls.

All logistic regression models were adjusted for the matching variables age (continuous) and 

family history of prostate cancer (yes, no), the oversampling of non-whites (white, non-

white), and BMI (continuous). Since retinol, α-carotene, β-carotene and β-cryptoxanthin 

were correlated with serum cholesterol concentrations (r=0.20, 0.17, 0.16, 0.18, respectively, 

all P<0.0001), which was associated with risk of high-grade prostate cancer in this cohort 

(28), regression models were also adjusted for serum cholesterol. Further control for other 

potential confounders, including physical activity and history of diabetes, did not change the 

estimated associations by more than 10% and thus, were not included in final models.

Because serum retinol levels and/or prostate cancer risk may differ by indication for biopsy, 

use of vitamin A supplements (users versus non-users), BMI, age, family history of prostate 

cancer, we examined associations in strata of these variables. The Wald χ2 test was used to 

test for differences in associations across strata, based on interaction terms between serum 

retinol trend (as described above) and categorical indicator variables for trial arm, reason for 

biopsy, and supplement use.

Because of concern that serum retinol or α-carotene levels may have influenced prostate 

cancer detection using PSA (29), we determined the correlation (Pearson's r) between PSA 

and serum concentrations of retinol and carotenoids in controls from the placebo arm. 

Where the serum analyses were performed on pooled samples, the PSA value at the time of 

the second serum sample was used for comparison; otherwise, where one serum sample was 

used for retinol or α-carotene analyses, the PSA value at that time point was used.
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All statistical tests were two sided, and P<0.05 was considered statistically significant. SAS 

version 9.4 was used for all analyses (SAS Institute, Cary, NC).

Results

Table 1 gives baseline demographic and lifestyle characteristics, stratified by treatment arm, 

of the prostate cancer cases overall and by grade, as well as for the controls. Cases and 

controls did not differ in the distribution of BMI, smoking status, and serum cholesterol, or 

by the matching variables age and family history of prostate cancer. In the placebo arm, 

cases were less likely than controls to be diabetic. Cases were more likely to be non-white 

than controls because of the oversampling of non-white controls. A much higher proportion 

of higher-grade cancers were diagnosed “for-cause” relative to low-grade cancers.

Table 2 gives geometric means and distributions of serum retinol and carotenoids in total, 

low-grade, and high-grade prostate cancer cases and controls by treatment arm. In the 

placebo arm, serum α-carotene and β-carotene levels were marginally higher in total and 

low-grade prostate cancer cases relative to controls; serum α-carotene and β-carotene levels 

were not different between high-grade prostate cancer cases and controls. Serum retinol and 

β-cryptoxanthin did not differ between total, low-grade or high-grade prostate cancer cases 

and controls in the placebo arm. Furthermore, there were no differences in serum retinol or 

carotenoids between total, low-grade or high-grade prostate cancer cases and controls in the 

finasteride arm.

Table 3 gives multivariable-adjusted associations of serum retinol and carotenoids with risk 

of total, low-, and high-grade prostate cancer, stratified by treatment arm. In the placebo 

arm, serum retinol was positively associated with total and high-grade prostate cancer risk; 

the odds of total and high-grade prostate cancer were 30% and 74% higher, respectively, in 

the highest, relative to the lowest, quartile of serum retinol. In addition, serum α-carotene 

was associated with risk of total prostate cancer; the odds of developing total prostate cancer 

was 32% higher in the highest, relative to the lowest, quartile of serum α-carotene. There 

was suggestion of a positive association between quartile of serum α-carotene and risk of 

both low- and high-grade prostate cancer; however, neither of these associations reached 

statistical significance. There were no associations of β-carotene or β-cryptoxanthin with risk 

of total, low- or high-grade prostate cancer in either the finasteride or placebo arms. There 

were no associations of serum retinol with prostate cancer risk in the finasteride arm. 

Furthermore, associations with high-grade cancers were not materially different when we 

restricted to Gleason 8-10 (data not shown).

The associations of retinol or carotenoids with prostate cancer risk did not differ when 

stratified by age, BMI, or family history of prostate cancer (data not shown); however, there 

were differences within strata of reason for biopsy, and supplemental vitamin A use. Table 
4 gives associations of retinol and α-carotene with prostate cancer risk stratified by reason 

for biopsy in the placebo arm only. When stratified by reason for biopsy, there were no 

associations of serum retinol with risk of prostate cancer among the “not-for-cause” detected 

cases, and an increased risk of total and high-grade prostate cancer among men diagnosed 

“for-cause,” although the P-interaction was not statistically significant. The odds of total and 
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high-grade disease were 43% and 91% greater, respectively, in those in the highest relative 

to lowest quartile of serum retinol. In contrast, associations of α-carotene and prostate 

cancer risk were limited to cases diagnosed “not-for-cause”. These associations were 

strongest for total and low-grade disease; the odds of developing total and low-grade disease 

were 59% and 49%, greater, respectively, in those in the highest relative to lowest quartile 

of serum α-carotene. There was also an association of serum α-carotene with high-grade 

diseases detected not-for-cause (Table 4), although this association was not statistically 

significant.

Furthermore, several controls had an indication for biopsy (i.e., elevated PSA or abnormal 

DRE) at trial end (n=187); therefore, we performed sensitivity analyses where we stratified 

both cases and controls by indication for biopsy. Results did not materially differ from those 

presented in Table 4.

Because of concern that serum retinol or α-carotene levels may have influenced PSA-based 

indications for biopsy (29) we also assessed associations of serum retinol and α-carotene 

with PSA. There were no associations of either serum retinol (Pearson's r = 0.01, P = 0.381), 

or serum α-carotene with PSA (Pearson's r = −0.01, P = 0.64).

Finally, we examined associations of serum retinol concentrations with prostate cancer risk, 

stratified by supplemental vitamin A use. Mean (SD) serum retinol concentrations were 

elevated in supplement users (0.72 (0.15) μg/dL), relative to non-users (0.67 (0.14) μg/dL). 

Table 5 gives associations of serum retinol and prostate cancer risk, stratified by supplement 

use. Associations of serum retinol and total and high-grade prostate cancer were strongest 

among supplemental vitamin A users, despite a statistically non-significant P-interaction. 

Among men who reported regular supplemental vitamin A use, the odds of developing high-

grade prostate cancer were 145% greater in the highest, relative to lowest, quartile of serum 

retinol. There was also a marginally non-significant 52% increased odds of total prostate 

cancer risk in the highest quartile of serum retinol, relative to those in the lowest. There 

were no associations of serum retinol with prostate cancer risk among supplement non-users.

Discussion

In this prospective analysis of serum retinol, carotenoids and prostate cancer risk, we found 

positive associations between serum retinol and total and high-grade prostate cancer, and 

between serum α-carotene and total prostate cancer, in the placebo arm of the PCPT. When 

examining associations stratified by reason for biopsy and supplement use, we found that 

associations with serum retinol were limited to men with a for-cause biopsy, and those who 

reported supplement use. Associations of serum α-carotene with total prostate cancer risk 

were observed only among men with a not-for-cause biopsy. There were no other 

associations of serum carotenoids with prostate cancer risk. Furthermore, there were no 

associations of serum retinol or carotenoids with prostate cancer risk in the finasteride arm.

Our finding of an increased risk of prostate cancer with higher serum retinol concentrations 

is in agreement with results from two earlier cohort studies. In the Alpha Tocopherol Beta 

Carotene (ATBC) trial, high serum retinol concentrations were associated with increased 

Nash et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



risk of both total and aggressive prostate cancers (18), and in the Physician's Health Study 

(PHS), a positive association of serum retinol with total, but not aggressive, prostate cancer 

was reported (17). In addition, a recent pooled analysis, which included data from the PCPT, 

reported a 13% increase in prostate cancer risk in the highest quintile of serum retinol, 

relative to the lowest (T. Key et al., unpublished observations).

In contrast, several prospective studies have observed either no (4-11) or inverse (12-15) 

associations of serum retinol with prostate cancer risk. Two of the larger studies, the 

European Prospective Investigation into Cancer and Nutrition (EPIC) (10) and the Prostate 

Testing for Cancer and Treatment (ProtecT) (19) studies found no significant association of 

plasma retinol with total prostate cancer risk. Conversely, the Prostate Lung Colorectal and 

Ovarian Cancer screening trial (PLCO) observed an inverse association in men randomized 

to the screening arm of the trial (11). Thus, epidemiologic evidence remains mixed 

regarding the association of serum retinol with prostate cancer risk.

Given that serum retinol concentrations are homeostatically regulated (30), and are not 

strongly associated with diet (31), it is unlikely that our findings can be wholly attributed to 

differences in dietary intake. Other factors which may affect serum retinol concentrations in 

a well-nourished population include age, male sex, and alcohol consumption, all of which 

have shown direct associations with serum retinol concentrations in the NHANES (32). 

Additionally, serum retinol concentrations have shown marginal increases with vitamin A 

supplementation in a non-deficient population (33). In this study population, serum retinol 

concentrations were elevated in men who reported vitamin A supplement use, relative to 

those who did not.

This finding is in agreement with our observation that associations of serum retinol with 

prostate cancer risk were stronger in supplement users than supplement non-users. There 

was a positive, non-monotonic association of serum retinol and high-grade prostate cancer 

risk in supplement users only, which was only statistically significant for the highest quartile 

of serum retinol concentration. Therefore, supplement use may increase one's risk of 

prostate cancer by increasing serum retinol concentrations. Alternatively, supplemental and 

dietary retinol may have disparate effects on prostate cancer risk.

In additional stratified analyses, we found that associations of serum retinol with prostate 

cancer risk differed by reason for biopsy. The positive association of serum retinol with total 

and high-grade prostate cancer risk was limited to for-cause detected cancers; we observed 

non-significant positive trends of similar magnitude among not-for cause detected cancers. 

Associations were strongest for high-grade cancers, and we note that a larger number of 

high-grade cancers were detected for cause; therefore, it is possible that these disparate 

findings might be explained by differences in statistical power between strata. It is unlikely 

that these associations may be attributed to detection bias, as we found no association of 

pooled serum retinol and PSA in PCPT placebo-arm controls.

Previous prospective studies of the association with serum α-carotene have largely been null 

(9, 10, 20), although some studies have suggested an inverse association (34). In the present 

study, we observed an increasing risk of total, low and high-grade prostate cancer with 
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increasing α-carotene concentrations, but only the associations with total prostate cancer 

risk were statistically significant. Furthermore, we found that associations of serum α-

carotene with total and low-grade prostate cancer risk were limited to not-for-cause detected 

cancers. It is also possible that elevated serum α-carotene could lead to decreased detection 

of for-cause cancers, as serum α-carotene has shown inverse associations with prostate 

cancer detection using PSA in NHANES (29). However, we found no association of serum 

α-carotene with PSA in this study population; therefore, we think such detection bias 

unlikely in this study population.

Finally, our finding of no association between serum β-carotene or β-cryptoxanthin and 

prostate cancer risk is consistent with results from several other studies, including the PHS 

and EPIC cohorts (10, 17, 35). In the PLCO, serum β-cryptoxanthin was not associated with 

total prostate cancer risk; however, serum β-carotene was positively associated with 

increased risk of aggressive prostate cancer (20). Furthermore, a positive association of 

serum β-carotene was also observed in the Finnish Kuopio Ischaemic Heart Disease Risk 

Factor Cohort (36).

There are several strengths of this study, including its primary strength, its relatively large 

size, which allowed us to examine associations with low- and high-grade prostate cancer 

risk. We found much stronger associations of serum retinol and α-carotene with risk of high-

grade, relative to low-grade and total prostate cancer; it is possible that associations of serum 

retinol and carotenoids with prostate cancer risk may be obscured in studies that examine 

total prostate cancer risk only. The PCPT also had a standardized screening protocol, which 

limited detection bias and concerns of confounding due to associations of PSA screening 

with dietary patterns (37). Furthermore, disease misclassification was reduced in the PCPT; 

presence or absence of cancer was biopsy-confirmed for all participants in this nested case-

control study, and cancer grade was determined by centralized, uniform pathology review. 

Finally, the use of pooled serum from years 1 and 4 provides an estimate of long-term serum 

retinol and carotenoid exposure, as compared to a single serum sample from baseline. This 

pooled serum sample may also better represent the etiologic time-period of interest.

There are also several features of the PCPT that must be considered when interpreting its 

results. First, because all study participants had low PSA at entry (≤3 ng/mL), and were 

screened annually for prostate cancer using PSA and DRE, the number of high-grade 

cancers was limited, and the vast majority of the cancers were local stage cancers, which 

may not have become clinically-relevant if not diagnosed on the end of study biopsy. 

However, despite the small number of high-grade cancers, we did observe significant 

associations with serum retinol. In addition, participants of the PCPT were primarily non-

Hispanic whites, limiting our ability to examine differences by race or ethnicity. In this 

study, supplement use data were missing for 215 cases (13%) and 182 controls (10%); white 

men and men without a history of cigarette smoking were less likely to be missing data on 

supplement use. We do not expect this small proportion of missing data to affect our results. 

Finally, we cannot rule out the possible contribution of chance to our observed findings, 

especially given that we tested for differences between multiple subgroups. However, we do 

note these findings agree with those from a large pooled analysis of prospective studies (T. 
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Key et al., unpublished observations), which gives us confidence in the validity of this 

result.

In summary, in this nested case-control analysis we found positive associations of serum 

retinol and α-carotene with total and high-grade prostate cancer risk, in men randomized to 

the placebo arm of the trial. Associations of retinol and prostate cancer risk differed by 

reason for biopsy and supplement use.
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