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Abstract

Importance—5α-reductase inhibitors (5ARIs) are widely used for benign prostatic hyperplasia

despite controversy regarding potential risk of high-grade prostate cancer with use. Furthermore,

the effect of 5ARIs on progression and prostate cancer death remains unclear.

Objective—To determine the association between 5ARI use and development of high-grade or

lethal prostate cancer.

Design, Setting, and Participants—Prospective observational study of 38,058 men followed

for prostate cancer diagnosis and outcomes between 1996–2010 in the Health Professionals

Follow-up Study.

Exposure—Use of 5ARIs between 1996–2010.

Main Outcome Measures—Cox proportional hazards models were used to estimate risk of

prostate cancer diagnosis or development of lethal disease with 5ARI use, adjusting for possible

confounders including prostate specific antigen testing.

Results—During 448,803 person-years of follow-up, we ascertained 3681 incident prostate

cancer cases. Of these, 289 were lethal (metastatic or fatal), 456 were high-grade (Gleason 8–10),

1238 were Gleason grade 7, and 1600 were low-grade (Gleason 2–6). A total of 2878 (7.6%) men
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reported use of 5ARIs between 1996 and 2010. After adjusting for confounders, men who reported

ever using 5ARIs over the study period had a reduced risk of overall prostate cancer (HR 0.77;

95% CI, 0.65–0.91). 5ARI users had a reduced risk of Gleason 7 (HR 0.67; 95% CI, 0.49–0.91)

and low-grade (Gleason 2–6) prostate cancer (HR 0.74; 95% CI, 0.57–0.95). 5ARI use was not

associated with risk of high-grade (Gleason 8–10, HR 0.97; 95% CI, 0.64–1.46) or lethal disease

(HR 0.99; 95% CI, 0.58–1.69). Increased duration of use was associated with significantly lower

risk of overall prostate cancer (HR for 1 year of additional use 0.95; 95% CI, 0.92–0.99), localized

(HR 0.95; 95% CI, 0.90–1.00), and low-grade disease (HR 0.92; 95% CI, 0.85–0.99). There was

no association for lethal, high-grade, or grade 7 disease.

Conclusions and Relevance—While 5ARI use was not associated with developing high-

grade or lethal prostate cancer, they were associated with a reduction in low-grade, Gleason 7 and

overall prostate cancer. Since the number of patients with high-grade or lethal prostate cancer in

our cohort was limited, we cannot rule out potential risk of harm with 5ARI use.

Introduction

Prostate cancer is the second leading cause of cancer mortality in U.S. men and the most

commonly diagnosed non-cutaneous malignancy.1 North American men have a 1 in 6

lifetime risk of prostate cancer diagnosis with a median age at diagnosis of 67 years.1 Due to

the high incidence of prostate cancer and the significant personal and public costs associated

with diagnosis and treatment, preventive measures would have a powerful impact on

reducing associated morbidity and mortality. In addition, prostate cancer is well-suited for

chemoprevention efforts due to its long latency period and multi-step pathogenesis.2

5α-reductase inhibitors (5ARI) have been suggested as chemopreventive agents for prostate

cancer. The enzyme, 5-α reductase, facilitates conversion of testosterone to the biologically

active form, dihydrotestosterone, and is important in prostate development and

maintenance.3,4 There are two primary isotypes: 5α-reductase type 1 and 5α-reductase type

2.3,5 5ARIs such as finasteride (type 2 inhibitor) and dutasteride (type 1 and 2 inhibitor),

inhibit conversion of testosterone, resulting in lower intra-prostatic levels of

dihydrotestosterone and subsequent induction of apoptosis.3,5,6 This inhibition results in

prostate size reduction and is the basis for 5ARIs being widely used by men who suffer from

lower urinary tract symptoms due to benign prostatic hyperplasia.7,8

Two large, randomized controlled trials examined the efficacy of 5ARIs for prevention of

prostate cancer and showed a 23–25% reduction in prostate cancer incidence compared to

placebo.9,10 The reduction in prostate cancer was predominantly due to decreased incidence

of low-grade (Gleason ≤ 6) cancer. There was an unexpected increase in high-grade cancer

(Gleason 8–10) in the treatment group.11 Because of this, utilization of 5ARIs for

chemoprevention was not endorsed. Criticisms of these trials include poor generalizability

due to the high cumulative incidence of prostate cancer associated with mandated end of

study biopsy, relatively short duration, and inability to evaluate the effect of 5ARIs on

incidence of metastatic or fatal prostate cancer. While overall survival between groups was

similar in the Prostate Cancer Prevention Trial (PCPT), implications for the increased

incidence of high-grade cancer on cancer-specific survival remain unclear.12–17
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The Food and Drug Administration (FDA) recently evaluated the potential risks and benefits

of 5ARIs in prostate cancer chemoprevention.11,18 They concluded that finasteride and

dutasteride do not have a favorable risk-benefit profile for the proposed use of

chemoprevention in healthy men and that the incidence of metastatic disease and prostate-

cancer-specific morbidity and mortality has not been evaluated.11

To investigate the relationship between 5ARI use and high-grade or lethal prostate cancer,

we performed a prospective cohort study among 38,000 U.S. men. We hypothesized that

5ARI use may reduce risk of developing low-grade prostate cancer, while increasing the

incidence of high-grade and lethal prostate cancer. We demonstrate that while 5ARIs were

associated with decreased risk of low and intermediate grade prostate cancer, they were not

associated with increasing or decreasing risk of high-grade or lethal prostate cancer.

Methods

Study Population

The Health Professionals Follow-up Study (HPFS) is a prospective cohort of 51,529 United

States male health professionals who were 40–75 years old at baseline in 1986. The men

responded to a mailed baseline questionnaire in 1986, which collected information on age,

height and weight, ancestry, medications, disease history, physical activity, lifestyle factors,

and diet. Follow-up questionnaires were sent biennially from 1988–2010; information on

prostate specific antigen (PSA) testing was collected beginning in 1994. From 2000, all men

with prostate cancer received yearly prostate cancer-specific questionnaires to ascertain

disease progression and metastases. This cohort has been used to answer questions related to

epidemiology and outcomes of prostate cancer.19–23 The HPFS is approved by the Human

Subjects Committee at the Harvard School of Public Health.

We restricted the study population to men in HPFS who completed the study questionnaire

in 1996 when questions on 5ARI use were first included. Men who were diagnosed with

cancer (except non-melanoma skin cancer) prior to 1996 or did not complete the medication

section were excluded. The remaining 38,058 men were followed prospectively for 5ARI

use, cancer incidence, metastases and mortality until 2010.

Assessment of Exposure to 5α-reductase Inhibitors

The primary exposure variable was 5ARI use during the study period. The question

regarding use of Proscar (finasteride) was added to the questionnaire in 1996 and repeated

biennially since then. In 2004 the question was modified to include “Proscar, Propecia, and

Avodart”. Finasteride is available in 5mg (Proscar) and 1mg (Propecia for male-pattern

baldness) formulations and dutasteride (Avodart) is available in a 0.5mg formulation.

Information on specific type or dose was not provided, but finasteride(5 mg) use likely

comprised most of the exposure in this cohort due to earlier FDA approval (Proscar 1992,

Propecia 1997, Avodart 2002) and Propecia typically targeting a younger population.24

Duration of exposure was calculated by summing use across the 2-year periods

encompassed by the biennial questionnaires.
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Assessment of Prostate Cancer Outcomes

Development of high-grade or lethal prostate cancer during the study period were the

primary outcomes. Total prostate cancer incidence was studied as a secondary outcome.

Information on pathology, treatment, PSA at diagnosis, and metastases were abstracted from

medical records and pathology reports. Prostate cancer was categorized as low-grade

(Gleason 2–6), intermediate grade (Gleason 7) or high-grade (Gleason 8–10) based on

radical prostatectomy (RP) or biopsy pathology reports. Of 3294 (89%) cases with available

Gleason grade information, 58% were from biopsy and 42% from RP specimens. Among

men with both biopsy and RP Gleason (n=1345), 27% (n=360) were upgraded, 4% (n=49)

were downgraded, and 70% (n=936) were unchanged on final pathology. Advanced cancers

were those that had spread beyond the prostate, including to the seminal vesicles, lymph

nodes or bone (TNM stage T3b, T4, N1, M1), either at diagnosis or during follow-up and

those that resulted in prostate cancer death. Lethal cancers were a subset of advanced

cancers and included only those that caused death or metastases. Non-advanced cancers

were stage T1 or T2 and N0, M0 at diagnosis and did not progress to nodal or distant

metastases during follow-up. Cases with missing stage or grade information were included

in the analysis for total prostate cancer but excluded from analyses for stage or grade.

Deaths were obtained from next-of-kin, the postal system, and the National Death Index,

with a previously reported sensitivity of greater than 98%25, and cause of death was

assigned by an Endpoints Committee of four physicians by reviewing medical history,

medical records, registry information, and death certificates.

Statistical Analysis

Each subject contributed person-time from questionnaire return in 1996 until prostate cancer

diagnosis, death or study conclusion in January 2010. Incidence rates and incidence rate

ratios for prostate cancer were calculated for 5ARI ever users versus 5ARI never users. In

all analyses, 5ARI use was treated as a time-dependent covariate and was updated in each

questionnaire cycle.

Cox proportional hazards models using age as the time scale were used to estimate the

hazard ratio of prostate cancer for 5ARI users compared to never users. All models were

stratified by age and time period to control as finely as possible for confounding by age,

calendar time and any possible two-way interactions between these two time scales. To

adjust for potential confounding, multivariable models also included smoking history (never,

former quit >10 years ago, former quit <10 years ago, current), race (White, African-

American, Asian-American, other), family history of prostate cancer in brother or father

(yes/no), vigorous physical activity (quintiles), body mass index (six categories), height

(quartiles), diabetes mellitus (yes/no), PSA testing (yes/no in prior questionnaire cycle),

intensity of PSA testing (variable indicating men who had testing in >50% of time periods),

physical examinations (yes/no in prior two years), prostate biopsy or rectal ultrasound

(yes/no in prior two years), vasectomy, and use of other medications (statins, digoxin, alpha-

blockers, saw palmetto, aspirin, NSAIDs, multivitamins; all yes/no). All covariates except

race and height were updated in each questionnaire cycle. We used missing indicator

variables for missing covariate information. As 5ARI use may influence carcinogenesis over
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time, we analyzed use of 5ARIs as ever vs. never as well as by duration of use, < 4 years and

> 4 years. Duration of use was also analyzed as a continuous variable.

To investigate possible diagnostic bias associated with PSA testing, we repeated the primary

analysis restricted to those men who reported PSA testing between 1994–1996. To account

for the effect of lower urinary tract symptoms from benign prostatic hyperplasia leading to

medical attention, PSA testing, digital rectal examinations and prostate biopsy, we repeated

the analysis using alpha-blockers, an alternate medication for treatment of BPH, as the

exposure variable.

95% confidence intervals were calculated and P-values were two-sided with statistical

significance set at p<0.05.

We tested the proportional hazards assumption by comparing models with and without

interaction terms between 5ARI use and age using log-likelihood tests. The assumption was

met for all outcomes (p>0.05). Analyses were performed using SAS version 9.2 (SAS

Institute, Inc.; Cary, NC).

Results

During fourteen years (448,803 person-years) of follow-up, 3,681 men in the cohort were

diagnosed with prostate cancer. Of these, 289 were lethal (metastatic or fatal), 456 were

high-grade (Gleason 8–10), 1238 were Gleason grade 7, and 1600 were low-grade (Gleason

2–6). Stage was missing in 8% of ever and never users. Grade was missing in 12% and 11%

of ever and never users, respectively. Ever use of 5ARIs was reported by 2878 men (7.6%)

between 1996 and 2010. 5ARI users were more likely to be older, have had a PSA test,

digital rectal exam (DRE), and prostate biopsy/rectal ultrasound. Men who had ever used

5ARIs were also more likely to be on an alpha-blocker, statin, or take multivitamins than

those who never used 5ARIs (Table 1). The overall mortality per 100,000 person-years was

1746 among 5ARI never users and 1567 among ever users.

High-grade and Lethal Prostate Cancer

We found no significant association between 5ARI use and high-grade (HR 0.97; 95% CI,

0.64–1.46) or lethal (HR 0.99; 95% CI, 0.58–1.69) disease after multivariate adjustment,

including physical exam, PSA testing, and prostate biopsy/rectal ultrasound (Table 2). When

the definition of high-grade was expanded to included Gleason 4+3=7 prostate cancer, there

was no associated increased risk with 5ARI use (HR=1.07; 95% CI, 0.79–1.45). Including

locally-advanced disease (TNM stage T3b, T4), commonly a precursor of lethal disease,

again revealed no associated increased risk (HR=0.80; 95% CI, 0.51–1.23).

Overall and Low-Grade Prostate Cancer

The age-adjusted hazard ratio of overall prostate cancer for ever-use of 5ARIs compared

with never-use was 1.05 (95% CI, 0.89–1.23). After multivariate adjustment, we observed a

23% lower risk of overall prostate cancer for men who had ever used 5ARIs (HR 0.77; 95%

CI 0.65–0.91) (Table 2). There was also a significantly decreased risk of intermediate
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(Gleason grade 7) (HR 0.67; 95% CI, 0.49–0.91), and low-grade (Gleason 2–6) prostate

cancer (HR 0.74; 95% CI, 0.57–0.95).

Duration of 5α-reductase Inhibitor Use

We observed a statistically significant reduction in overall, localized, Gleason grade 7 and

Gleason grade 2–6 prostate cancer when comparing 5ARI users of less than four years to

those who reported never using 5ARIs. Hazard ratio estimates were similar, but not

statistically significant, for users of four or more years compared to never users. The hazard

ratio of all types of prostate cancer did not appear to vary by duration of 5ARI use of four or

more years; however, the number of long-term users was low (Table 3).

When analyzed as a continuous variable, increased duration of use was associated with

significantly lower risk of overall prostate cancer (HR for 1 year of additional use 0.95; 95%

CI, 0.92–0.99), localized (HR 0.95; 95% CI, 0.90–1.00), and low-grade disease (HR 0.92;

95% CI, 0.85–0.99). There was no association for lethal, high-grade, or grade 7 disease.

Sensitivity Analyses

To evaluate the impact of PSA screening we also conducted the analysis among only men

who underwent PSA testing in 1996. This revealed very similar results to the primary

analysis. In this subgroup, we found no association with high-grade or lethal disease;

however, use of 5ARIs remained significantly associated with a reduced risk of overall

disease, localized, low and intermediate grade disease (Table 4).

To evaluate the possibility that differences in diagnostic intensity (physician visits, PSA

testing, prostate biopsy) between 5ARI users and non-users might affect our results (beyond

adjusting for these variables), we repeated the analysis using alpha-blocker use as the

primary exposure variable, as the patient population and symptomatology were assumed to

be similar (Table 5). While 5ARI use was significantly associated with a reduced risk of

overall prostate cancer (HR 0.77; 95% CI, 0.65–0.91), alpha-blocker use was not

significantly associated with risk (HR, including 5ARI use, 0.93; 95% CI, 0.83–1.03). High-

grade or lethal prostate cancer was not significantly associated with use of either 5ARIs or

alpha-blockers.

Discussion

Investigating the role of 5ARIs in the development of lethal prostate cancer is a critical

endpoint to understanding the potential harms and implications of 5ARI use. In this

prospective cohort study, 5ARI use was not associated with increased or decreased risk of

high-grade or lethal prostate cancer. However, the number of patients with high-grade or

lethal prostate cancer in our cohort was limited, leading to wide confidence intervals in our

analyses. Therefore, we cannot definitively rule out potential risk of harm with 5ARI use.

We found that 5ARI use was associated with significantly decreased risk of overall, low-

grade, and Gleason 7 prostate cancer. Notably, our results showed a 23% reduction in

overall prostate cancer, quite similar to the previously published findings of two randomized

trials studying the effect of 5ARIs on prostate cancer incidence.9,10 The reduced risk of
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Gleason 7 disease with 5ARI treatment is a novel finding not observed in these trials and

may be due to general upgrading of biopsy pathology over the study period.

It was initially reported in the REDUCE trial that there was no increase in high-grade

cancer. However, subsequent pathologic reassessment by the FDA detected an absolute

increase of 0.5% in incidence of high-grade (Gleason 8–10) cancer with dutasteride use.11

Similarly, the FDA review reported an absolute increase of 0.7% in incidence of high-grade

(Gleason 8–10) cancer with finasteride use in the PCPT.10,11 As a result, use of 5ARIs for

chemoprevention of prostate cancer has not been widely embraced.

In our study, while we found similar reduction in overall prostate cancer as the PCPT and

REDUCE trials, we found no increased risk of high-grade disease. There remained a

decreased risk of overall disease and no increased risk of high-grade prostate cancer in a

PSA-screened subset. Potential explanations for the discrepant findings could be mandated

prostate biopsies increasing the likelihood of cancer detection, or insufficient statistical

power or follow-up in our cohort. It is theorized that prostate cancer reduction with 5ARI

use is due to detection bias as users typically have lower PSA levels and are therefore, less

likely to undergo biopsy. However, 5ARI users in our study were more likely to have had

PSA testing (99% vs. 93%) or prostate biopsy (24% vs. 9%) than non-users. Therefore

detection bias does not explain the lower risk of localized and low-grade disease observed.

It has been proposed that the increased risk of high-grade disease found in the randomized

trials might be due to prostate size reduction leading to better biopsy sampling and higher

likelihood of cancer detection (i.e. reducing the volume of benign prostate tissue with 5ARI

therapy).26,27 Others have suggested that sensitivity of PSA as a biomarker is improved with

5ARI therapy, which may have led to higher rates of high-grade prostate cancers in the

PCPT and REDUCE trials. 28,29 Among patients in the PCPT who underwent

prostatectomy, the finasteride-associated increase in high-grade disease (Gleason ≥7) at

biopsy (42.7% finasteride versus 25.4% placebo, P<.001) was diminished at prostatectomy

(46.4% finasteride versus 38.6% placebo, P = .10).27 However, no post-hoc analyses

conducted to date have been able to definitively prove that 5ARIs do not increase high-grade

cancer.

5ARIs are commonly used to reduce symptoms and consequences of benign prostatic

hyperplasia.8,9 Reassuringly, long-term follow-up from the PCPT found no significant

difference in the rates of overall survival between finasteride and placebo; however, prostate

cancer-specific survival could not be assessed. It is possible that a difference in cancer-

specific survival could exist and be overshadowed by deaths from other causes, given the

prolonged natural history of prostate cancer, a finding documented in other trials.30 Our

results support findings from other studies that show 5ARI users do not appear to be at

increased risk of high-grade or lethal prostate cancer.14,16 5ARIs seem to predominantly

protect against Gleason 6 prostate cancer with minimal influence on Gleason 8–10 disease.

This may represent inherently different biology between low and high-grade prostate cancer

and potentially, a role for 5ARI treatment in active surveillance. 31–33
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Strengths of this study include the prospective nature of the cohort, large sample size,

prolonged follow-up, high degree of subject response, PSA data, and detailed long-term

prostate cancer-specific outcomes. In particular, the ability to study lethal prostate cancer is

a powerful and unique aspect. There are limitations of this observational study. There was

limited central pathologic review of Gleason score (11%). This may result in

misclassification of cases by grade, particularly Gleason 7. It is unlikely, however, that there

would be significant discrepancy in assignment of Gleason 8–10 as pathologic criteria for

this diagnosis is subject to less interobserver variation. Medication history was reported

biennially, which may introduce random error into calculation of exposure duration. Survey

data was self-reported but, due to study subjects being knowledgeable and committed,

remains high-quality. The HPFS consists predominantly of white men (91% Caucasian) and

thus may limit generalizability of study findings. Finally, our study does not take into

account that variable degrees of prostatic 5ARI expression may have an effect on efficacy of

5ARIs.5

Conclusions

We found that while 5ARIs were associated with significantly reduced risk of low and

intermediate grade prostate cancer, they were not associated with increased or decreased risk

of high-grade or lethal prostate cancer. However, the number of patients with high-grade or

lethal prostate cancer was limited, leading to wide confidence intervals in our analyses,

therefore, we cannot definitively exclude potential risk of harm with 5ARI use.

Acknowledgments

We are grateful to the ongoing participation of men in the Health Professionals Follow-up Study (UM1 CA167552)
and would like to acknowledge our colleagues (Lauren McLaughlin and Siobhan Saint-Surin) working on these
studies for their valuable help. We are grateful to Dr. Walter Willett for his expert comments and advice. In
addition we would like to thank the following state cancer registries for their help: AL, AZ, AR, CA, CO, CT, DE,
FL, GA, ID, IL, IN, IA, KY, LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN,
TX, VA, WA, WY. In addition, this study was approved by the Connecticut Department of Public Health (DPH)
Human Investigations Committee. Certain data used in this publication were obtained from the DPH. Mark Preston
and Kathryn Wilson had full access to all of the data in the study and take responsibility for the integrity of the data
and accuracy of the data analysis. This work was supported by funding from the National Cancer Institute at the
National Institutes of Health (P01 CA055075, CA133891); National Cancer Institute at the National Institutes of
Health Training Grant (T32 CA09001 to KMW; R25 CA098566 to SCM); the Prostate Cancer Foundation (to
LAM); R01-DK 091353 (AFO); Urology Care Foundation Research Scholar Program and the Robert J. Krane, MD
Urology Research Scholar Fund (MAP).

Abbreviations

REDUCE Reduction by Dutasteride of Prostate Cancer Events

PCPT Prostate Cancer Prevention Trial

HPFS Health Professionals Follow-up Study

References

1. Howlader, NNA.; Krapcho, M., et al. SEER Cancer Statistics Review, 1975–2008. National Cancer
Institutega; 2011.

Preston et al. Page 8

JAMA Intern Med. Author manuscript; available in PMC 2014 August 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



2. Fitzpatrick JM, Schulman C, Zlotta AR, Schroder FH. Prostate cancer: a serious disease suitable for
prevention. BJU Int. 2009; 103:864–70. [PubMed: 19302133]

3. Thomas LN, Douglas RC, Lazier CB, Too CK, Rittmaster RS, Tindall DJ. Type 1 and type 2
5alpha-reductase expression in the development and progression of prostate cancer. Eur Urol. 2008;
53:244–52. [PubMed: 18006217]

4. Cunha GR, Donjacour AA, Cooke PS, et al. The endocrinology and developmental biology of the
prostate. Endocr Rev. 1987; 8:338–62. [PubMed: 3308446]

5. Niu Y, Ge R, Hu L, et al. Reduced levels of 5-alpha reductase 2 in adult prostate tissue and
implications for BPH therapy. Prostate. 2011; 71:1317–24. [PubMed: 21308715]

6. McConnell JD, Wilson JD, George FW, Geller J, Pappas F, Stoner E. Finasteride, an inhibitor of 5
alpha-reductase, suppresses prostatic dihydrotestosterone in men with benign prostatic hyperplasia.
J Clin Endocrinol Metab. 1992; 74:505–8. [PubMed: 1371291]

7. McConnell JD, Bruskewitz R, Walsh P, et al. Finasteride Long-Term Efficacy and Safety Study
Group. The effect of finasteride on the risk of acute urinary retention and the need for surgical
treatment among men with benign prostatic hyperplasia. N Engl J Med. 1998; 338:557–63.
[PubMed: 9475762]

8. McConnell JD, Roehrborn CG, Bautista OM, et al. The long-term effect of doxazosin, finasteride,
and combination therapy on the clinical progression of benign prostatic hyperplasia. N Engl J Med.
2003; 349:2387–98. [PubMed: 14681504]

9. Andriole GL, Bostwick DG, Brawley OW, et al. Effect of dutasteride on the risk of prostate cancer.
N Engl J Med. 2010; 362:1192–202. [PubMed: 20357281]

10. Thompson IM, Goodman PJ, Tangen CM, et al. The influence of finasteride on the development of
prostate cancer. N Engl J Med. 2003; 349:215–24. [PubMed: 12824459]

11. Theoret MR, Ning YM, Zhang JJ, Justice R, Keegan P, Pazdur R. The risks and benefits of 5alpha-
reductase inhibitors for prostate-cancer prevention. N Engl J Med. 2011; 365:97–9. [PubMed:
21675880]

12. Murtola TJ, Kujala PM, Tammela TL. High-grade prostate cancer and biochemical recurrence after
radical prostatectomy among men using 5alpha-reductase inhibitors and alpha-blockers. Prostate.
2013

13. Pinsky PF, Black A, Grubb R, et al. Projecting prostate cancer mortality in the PCPT and
REDUCE chemoprevention trials. Cancer. 2013; 119:593–601. [PubMed: 22893105]

14. Kjellman A, Friis S, Granath F, Gustafsson O, Sorensen HT, Akre O. Treatment with finasteride
and prostate cancer survival. Scandinavian journal of urology. 2012

15. Murtola TJ, Tammela TL, Maattanen L, Ala-Opas M, Stenman UH, Auvinen A. Prostate cancer
incidence among finasteride and alpha-blocker users in the Finnish Prostate Cancer Screening
Trial. Br J Cancer. 2009; 101:843–8. [PubMed: 19654575]

16. Robinson D, Garmo H, Bill-Axelson A, Mucci L, Holmberg L, Stattin P. Use of 5alpha-reductase
inhibitors for lower urinary tract symptoms and risk of prostate cancer in Swedish men:
nationwide, population based case-control study. BMJ. 2013; 346:f3406. [PubMed: 23778271]

17. Thompson IM Jr, Goodman PJ, Tangen CM, et al. Long-term survival of participants in the
prostate cancer prevention trial. N Engl J Med. 2013; 369:603–10. [PubMed: 23944298]

18. Kramer BS, Hagerty KL, Justman S, et al. Use of 5-alpha-reductase inhibitors for prostate cancer
chemoprevention: American Society of Clinical Oncology/American Urological Association 2008
Clinical Practice Guideline. J Clin Oncol. 2009; 27:1502–16. [PubMed: 19252137]

19. Kasper JS, Liu Y, Giovannucci E. Diabetes mellitus and risk of prostate cancer in the health
professionals follow-up study. Int J Cancer. 2009; 124:1398–403. [PubMed: 19058180]

20. Kenfield SA, Stampfer MJ, Chan JM, Giovannucci E. Smoking and prostate cancer survival and
recurrence. JAMA. 2011; 305:2548–55. [PubMed: 21693743]

21. Wilson KM, Kasperzyk JL, Rider JR, et al. Coffee consumption and prostate cancer risk and
progression in the Health Professionals Follow-up Study. J Natl Cancer Inst. 2011; 103:876–84.
[PubMed: 21586702]

22. Platz EA, Leitzmann MF, Visvanathan K, et al. Statin drugs and risk of advanced prostate cancer. J
Natl Cancer Inst. 2006; 98:1819–25. [PubMed: 17179483]

Preston et al. Page 9

JAMA Intern Med. Author manuscript; available in PMC 2014 August 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



23. Platz EA, Yegnasubramanian S, Liu JO, et al. A Novel Two-Stage, Transdisciplinary Study
Identifies Digoxin as a Possible Drug for Prostate Cancer Treatment. Cancer Discovery. 2011:68–
77. [PubMed: 22140654]

24. Hamilton RJ, Kahwati LC, Kinsinger LS. Knowledge and use of finasteride for the prevention of
prostate cancer. Cancer Epidemiol Biomarkers Prev. 2010; 19:2164–71. [PubMed: 20699373]

25. Stampfer MJ, Willett WC, Speizer FE, et al. Test of the National Death Index. Am J Epidemiol.
1984; 119:837–9. [PubMed: 6720679]

26. Kulkarni GS, Al-Azab R, Lockwood G, et al. Evidence for a biopsy derived grade artifact among
larger prostate glands. J Urol. 2006; 175:505–9. [PubMed: 16406982]

27. Lucia MS, Epstein JI, Goodman PJ, et al. Finasteride and high-grade prostate cancer in the Prostate
Cancer Prevention Trial. J Natl Cancer Inst. 2007; 99:1375–83. [PubMed: 17848673]

28. Thompson IM, Chi C, Ankerst DP, et al. Effect of finasteride on the sensitivity of PSA for
detecting prostate cancer. J Natl Cancer Inst. 2006; 98:1128–33. [PubMed: 16912265]

29. Thompson IM, Tangen CM, Goodman PJ, et al. Finasteride improves the sensitivity of digital
rectal examination for prostate cancer detection. J Urol. 2007; 177:1749–52. [PubMed: 17437804]

30. Schroder FH, Hugosson J, Roobol MJ, et al. Prostate-cancer mortality at 11 years of follow-up. N
Engl J Med. 2012; 366:981–90. [PubMed: 22417251]

31. Fleshner NE, Lucia MS, Egerdie B, et al. Dutasteride in localised prostate cancer management: the
REDEEM randomised, double-blind, placebo-controlled trial. Lancet. 2012; 379:1103–11.
[PubMed: 22277570]

32. Finelli A, Trottier G, Lawrentschuk N, et al. Impact of 5alpha-reductase inhibitors on men
followed by active surveillance for prostate cancer. Eur Urol. 2011; 59:509–14. [PubMed:
21211899]

33. Ross HM, Kryvenko ON, Cowan JE, Simko JP, Wheeler TM, Epstein JI. Do adenocarcinomas of
the prostate with Gleason score (GS) </=6 have the potential to metastasize to lymph nodes? Am J
Surg Pathol. 2012; 36:1346–52. [PubMed: 22531173]

Preston et al. Page 10

JAMA Intern Med. Author manuscript; available in PMC 2014 August 05.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Preston et al. Page 11

Table 1

Age-standardized characteristics of study population in 1996 by 5α-reductase inhibitor use throughout study

period.

5α-reductase inhibitor Never Users 5α-reductase inhibitor Ever Users

(n=35180) (n=2878)

Age in years* 62.6(9.2) 66.1(8.6)

Body mass index, kg/m2 26.1(3.6) 26.2(3.6)

Race (%)

 Caucasian 91 92

 African American 1 1

 Asian 2 1

 Other race 2 1

 Missing 5 4

Smoking Status (%)

 Current 7 4

 Never smoker 41 44

Family history of prostate cancer (%) 13 14

PSA test in prior 2 years (1994–1996) (%) 58 76

Ever had a PSA test up to 2008 (%) 93 99

Digital rectal exam in prior 2 years (%) 69 80

Prostate biopsy or ultrasound in prior 2 years (%) 9 24

Vasectomy (%) 26 26

Diabetes (%) 6 6

Current alpha-blocker use (%) 3 10

Current statin use (%) 9 13

Current digoxin use (%) 3 3

Current aspirin use (%) 42 50

Current acetaminophen use (%) 6 7

Other current NSAID use (%) 4 5

Current multivitamin user (%) 38 45

Vigorous activity (% in highest quintile) 17 18

Case characteristics by use at diagnosis n=3521 n=160

Age at diagnosis* 70.3(7.6) 75.4(6.9)

PSA at diagnosis 15.2(144.2) 9.6(11.3)

Lethal cases (%) ** 9 8

Advanced cases (%)** 17 14

Localized cases (%)** 77 78

Gleason grade categories (%):

Gleason 8–10 14 15

Gleason 7 38 30
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5α-reductase inhibitor Never Users 5α-reductase inhibitor Ever Users

(n=35180) (n=2878)

Gleason 2–6 48 55

Values are means (SD) or percentages and are standardized to the age distribution of the study population in 1996. Case characteristics are
standardized to the age distribution of the cases.

PSA = prostate specific antigen; NSAID = non-steroidal anti-inflammatory drug.

*
Value is not age adjusted.

**
Lethal PCa: prostate cancer death or bone metastases. Advanced: Lethal or Stage T3b or T4 or N1 or M1, or spread to lymph nodes or other

metastases during follow-up. Localized: T1 or T2 and N0/M0 at diagnosis with no spread to lymph nodes or other metastases or death during
follow-up
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Table 2

Hazard ratio of prostate cancer by 5α-reductase inhibitor use among 38, 058 male health professionals, 1996–

2010.

Ever (versus never*) Use of 5α-reductase inhibitor

N Cases unexposed/exposed Age-adjusted HR Fully-adjusted HR§ P-value

Total Prostate Cancer 3521/160 1.05 (0.89–1.23) 0.77 (0.65–0.91) 0.002

Lethal 274/15 1.09 (0.64–1.84) 0.99(0.58–1.69) 0.96

Advanced 551/22 0.99 (0.64–1.52) 0.80 (0.51–1.23) 0.30

Organ-confined 2513/115 1.04 (0.86–1.26) 0.74 (0.61–0.90) 0.002

Gleason Grade 8–10 430/26 1.16 (0.78–1.73) 0.97 (0.64–1.46) 0.88

Gleason Grade ≥ 4+3 749/49 1.32 (0.98–1.76) 1.07 (0.79–1.45) 0.65

Gleason Grade 7 1193/45 0.87 (0.65–1.18) 0.67 (0.49–0.91) 0.01

Gleason Grade 2–6 1534/66 1.10 (0.86–1.41) 0.74 (0.57–0.95) 0.02

Follow-up: 448,803 person-years.

§
Hazard ratio (HR) adjusted for: age, time period, smoking history, race, family history of prostate cancer, vigorous physical activity, body mass

index, height, diabetes mellitus, history and intensity of prostate specific antigen testing, history of physical examinations, history of prostate
biopsy or rectal ultrasound, vasectomy, and medication use (statins, digoxin, alpha-blockers, saw palmetto, aspirin, non-steroidal anti-inflammatory
drugs, multivitamins).

*
Reference group is men who never used 5α-reductase inhibitors.

Advanced: TNM stage T3b, T4, N1, M1 or fatal.

Lethal: Metastatic or fatal disease.
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Table 4

Hazard ratio of prostate cancer in relation to 5α-reductase inhibitor use among male health professionals who

underwent PSA screening in 1996.

Ever (versus never*) Use of 5α-reductase inhibitors

N Cases unexposed/exposed Age-adjusted HR Fully-adjusted HR§ P-value

Total Prostate Cancer 2381/141 1.01 (0.85–1.20) 0.81 (0.68–0.96) 0.01

Lethal 162/15 1.36 (0.80–2.33) 1.17 (0.67–2.02) 0.58

Advanced 334/22 1.19 (0.77–1.84) 0.99 (0.63–1.54) 0.96

Organ-confined 1755/100 0.96 (0.79–1.18) 0.76 (0.61–0.93) 0.01

Gleason Grade 8–10 262/25 1.38 (0.91–2.09) 1.14 (0.74–1.74) 0.56

Gleason Grade ≥ 4+3 479/44 1.39 (1.01–1.90) 1.17 (0.85–1.62) 0.33

Gleason Grade 7 810/38 0.78 (0.56–1.08) 0.65 (0.47–0.91) 0.01

Gleason Grade 2–6 1087/56 0.98 (0.78–1.28) 0.73 (0.56–0.96) 0.03

Follow-up: 265,424 person-years.

§
Hazard ratio (HR) adjusted for: age, time period, smoking history, race, family history of prostate cancer, vigorous physical activity, body mass

index, height, diabetes mellitus, history and intensity of prostate specific antigen testing, history of physical examinations, history of prostate
biopsy or rectal ultrasound, vasectomy, and medication use (statins, digoxin, alpha-blockers, saw palmetto, aspirin, non-steroidal anti-inflammatory
drugs, multivitamins).

*
Reference group is men who never used 5α-reductase inhibitors.

Advanced disease: TNM stage T3b, T4, N1, M1, or fatal.

Lethal disease: Metastatic or fatal disease.
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Table 5

Hazard ratio of prostate cancer by alpha-blocker use among 38,058 male health professionals, 1996–2010.

Ever (versus never*) Use of Alpha-blockers

N Cases unexposed/exposed Age-adjusted HR Fully-adjusted HR§ P-value

Total Prostate Cancer 3247/434 1.12 (1.01–1.23) 0.93 (0.83–1.03) 0.15

Lethal 262/27 0.84 (0.56–1.25) 0.78 (0.52–1.19) 0.25

Advanced 517/56 0.99 (0.74–1.30) 0.88 (0.66–1.17) 0.38

Organ-confined 2306/322 1.14 (1.01–1.29) 0.93 (0.82–1.05) 0.23

Gleason Grade 8–10 401/55 1.00 (0.75–1.33) 0.88 (0.66–1.19) 0.41

Gleason Grade ≥ 4+3 708/90 0.94 (0.75–1.18) 0.79 (0.63–1.00) 0.05

Gleason Grade 7 1111/127 0.95 (0.78–1.14) 0.80 (0.66–0.97) 0.02

Gleason Grade 2–6 1401/199 1.28 (1.10–1.49) 1.01 (0.87–1.18) 0.87

Follow-up: 448,803 person-years.

§
Hazard ratio (HR) adjusted for: age, time period, smoking history, race, family history of prostate cancer, vigorous physical activity, body mass

index, height, diabetes mellitus, history and intensity of prostate specific antigen testing, history of physical examinations, history of prostate
biopsy or rectal ultrasound, vasectomy, and medication use (statins, digoxin, 5α-reductase inhibitors, saw palmetto, aspirin, non-steroidal anti-
inflammatory drugs, multivitamins).

*
Reference group is men who never used alpha-blockers.

Advanced disease: TNM stage T3b, T4, N1, M1, or fatal.

Lethal disease: Metastatic or fatal disease.
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