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Abstract

Background: Five-alpha reductase inhibitors (5-ARIs), specifically finasteride and dutasteride, have been shown to significantly reduce
prostate cancer incidence. However, these agents were also associated with a significant increase in the detection of high-grade prostate
cancer leading to an FDA black box warning in 2011. Little is known about the effect of this warning on the subsequent use of these
5-ARIs. The purpose of this analysis was to assess use patterns of finasteride and dutasteride before and after the black box warning.
Methods: This cohort study evaluated men enrolled in the Prostate, Lung, Colorectal and Ovarian (PLCO) screening trial who had
≥12 months of Medicare Part D coverage from 2008 to 2015, and had not been diagnosed with prostate cancer through 2007. Socio-
demographic factors and benign prostatic hyperplasia (BPH) status were ascertained from follow-up questionnaires, while medication
use was ascertained from linkage to Medicare Part D claims data. Results: Of 14,833 eligible men, 88.7% identified as non-Hispanic
white, 1.7% as African-American, 5.2% as Asian/Pacific Islander and 1.7% as Hispanic. The median age was 72 years; 41.8% reported
a BPH diagnosis. Only 13.6% and 4% of the population took finasteride or dutasteride, respectively, at any time from 2008 to 2015.
During this period, finasteride use significantly increased from 3.6% to 9.7% and was highest among men with BPH; dutasteride use
remained low and decreased from 2.8% to 1.9%. Conclusions: Finasteride use significantly increased after the FDA’s 2011 black box
warning, while dutasteride use remained low and steady throughout the study period.
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1. Introduction
The American Cancer Society estimates that in the

U.S., about 248,530 men will be diagnosed with prostate
cancer and approximately 34,130 men will die from the
disease in 2021 [1], making it a leading cause of cancer
morbidity and mortality [2]. Finasteride and dutasteride
inhibit the enzyme 5-alpha-reductase (5-AR), which con-
verts testosterone to dihydrotestosterone, the most potent
intraprostatic androgen, thereby decreasing the size of the
prostate gland. Both drugs are FDA approved for the treat-
ment of benign prostatic hyperplasia (BPH) [3].

Two randomized, placebo-controlled chemopreven-
tion trials of 5-ARIs, the PCPT (Prostate Cancer Prevention
Trial) and REDUCE (Reduction by Dutasteride of Prostate
Cancer Events), have been performed. These studies re-
ported 24.8% and 22.8% decreases in the relative risk of
prostate cancer, respectively [4,5]. However, both drugs
were also associated with a significant increase in the detec-
tion of high-grade prostate cancer, defined as Gleason score
7–10 in PCPT and 8–10 in REDUCE. Subsequently, in
2011 the FDA issued a black boxwarning for both drugs [6].
A black box warning, which is usually displayed in a rect-

angular black box on the medication label, is the strictest
label change issued by the FDA [7–9].

Little is known, however, about the patterns of use
for finasteride and dutasteride and the effect this warning
had on their use after 2011. To date, we are only aware
of one study that has reported on finasteride use patterns
[10]; however, this study was based in Europe and only in-
cluded data before the black box warning. The purpose of
this analysis was to assess the use patterns of finasteride
and dutasteride among participants by BPH status in the
Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer
Screening Trial before and after the 2011 black box warn-
ing. The PLCO was a randomized trial at 10 centers across
the US that examined the effect of screening on cancer re-
lated mortalities. Data on prescription filling was avail-
able for this cohort through a linkage to Medicare Part D
from 2008–2015; socio-demographic predictors of medica-
tion use were gathered from questionnaires.
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2. Materials and methods
2.1 PLCO design

The design of the PLCO trial has been described in
detail elsewhere [11]. In short, the trial followed a random-
ized, two-arm design to examine the effectiveness of yearly
screening on cancer-specific mortality. From 1993 to 2001,
men andwomenwere enrolled in the trial. Participants were
recruited from 10 U.S. cancer screening centers. Eligible
participants were 55 to 74 years; not previously diagnosed
with breast, prostate, lung, colorectal or ovarian cancer;
had no more than one PSA test in the 3 years before ran-
domization (starting in 1995); and had not taken finasteride
(Proscar) in the past 6 months before randomization. Men
underwent yearly prostate-specific antigen (PSA) tests for 5
years and annual digital rectal exams (DREs) for the first 3
years. Participants were initially followed for up to 13 years
or the end of 2009, whichever came first (questionnaires are
described below). In 2011, PLCO switched to a centralized
follow-up system, with participants re-consented to either
active follow-up, passive follow-up or refusal of all fur-
ther follow-up. Active and passive follow-up allowed for
linkage with state cancer registries and the National Death
Index, while only active follow-up allowed for the trial to
re-contact participants for further questionnaires. Active
follow-up participants were re-contacted in 2013 for an-
other questionnaire, which also included a consent question
for linkage to Medicare claims and Part D prescription drug
files.

2.2 Questionnaires (baseline and supplemental)
At randomization a baseline questionnaire (BQ) was

administered to the participants. The BQ collected infor-
mation on demographics, medical history (including history
of BPH), smoking, physical activity, and gender specific in-
formation. Between 2006 and 2008, a supplemental ques-
tionnaire (SQ) was administered to the participants, which
collected similar information.

2.3 Study cohort
To be eligible for this analysis, men had to have re-

consented to active follow-up, be alive in 2013 and con-
sented to Medicare linkage at that time (Fig. 1). In ad-
dition, men had to have had at least 12 months of Medi-
care Part D coverage from 2008 to 2015 and had not been
diagnosed with prostate cancer through the end of 2007
(Fig. 1). The original study was approved by all 10 par-
ticipating centers’: University of Colorado Health Sciences
Center, Lombardi Cancer Research Center of Georgetown
University, Pacific Health Research Institute, Henry Ford
Health System, University of Minnesota School of Pub-
lic Health/Virginia L. Piper Cancer Institute, Washing-
ton University School of Medicine, University of Pitts-
burgh/Pittsburgh Cancer Institute/Magee-Women’s Hospi-
tal, University of Utah School of Medicine, Marshfield
(Wisconsin) Medical Research and Education Foundation,

and the University of Alabama at Birmingham institutional
review boards and that of the National Cancer Institute [12].
No additional approval was needed for this current study as
the data were publicly available.

2.4 Medicare data
With participants’ written consent, medication pre-

scription data was obtained from the linkage of partici-
pants withMedicare Part D (prescription drug) from 2008 to
2015. From this linkage, medication use information such
as drug name, number of days the medication was used,
the number of prescriptions filled, and the supply quantity
(days supply) was available and compiled for analysis. In
addition, for those men with Medicare fee for service cov-
erage, chronic condition flag variables (derived from algo-
rithms that utilize procedure claims data) were available,
including a variable for BPH. Men with the BPH chronic
condition variable available were denoted as the chronic
condition sub-cohort; for these men, BPH status could be
assessed based not only on self-report.

2.5 Statistical analysis
Logistic regression (Proc logistic, version 9.4; SAS

Institute Inc, Cary, NC, USA) was utilized to examine use
of finasteride and dutasteride overall for the study period
(2008 to 2015) while adjusting for covariates (e.g., study
years, age, race/ethnicity and BPH status). BPH status was
taken from the SQ if available, otherwise from the BQ.
Both univariate andmultivariable models were created with
the outcome of any finasteride/dutasteride use. Within the
chronic condition sub-cohort, a general estimating equation
(GEE)model (ProcGenmod, version 9.4; SAS Institute Inc,
Cary, NC, USA) was developed to examine annual trends
in the use of finasteride, dutasteride over time with covari-
ates of race/ethnicity, age and time-varying BPH status as
assessed from the CMS chronic condition variables. Specif-
ically, for a given year, if the chronic condition variable in-
dicated the presence of BPH at that year or a prior year, then
the subject was denoted as having BPH in that year. In ad-
dition, to assess the potential confounding effect of alpha
blockers (tamsulosin, terazosin, doxazosin, alfuzosin and
silodosin), we added alpha blocker use (as a time-varying
variable) to the above GEE model to assess any changes in
the odds ratios for finasteride and dutasteride use over time
when additionally controlling for alpha blocker use.

3. Results
3.1 Study demographics

Table 1 describes the demographic characteristics of
the 14,833 eligible men in 2008. Just over 88% identified as
non-Hispanic white (n = 13,555); while the remaining iden-
tified as either African-American or non-Hispanic black (n
= 257; 1.7%), non-Hispanic Asian/Pacific Islander (n =
769; 5.2%), or of Hispanic origin (n = 247; 1.7%). Ages
ranged from 62 to 82 with a median of 71 years. Almost
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Fig. 1. The study flowchart depicts which men from the original Prostate, Lung, Colorectal, Ovarian Cancer Screening Trial
were eligible for the current study.

42% (n = 6174) reported a BPH diagnosis (Table 1). The
majority of participants were married (n = 11,189; 84.5%),
while slightly less than 50% were college graduates (n =
7251; 48%) and a majority were retired (n = 9193; 73.1%).

Among the 14,833 men, 6152 (41.5%) could be eval-
uated for BPH based on the CMS chronic conditions vari-
ables (chronic condition sub-cohort). This subset was sim-
ilar demographically to the entire cohort (e.g., (age 70–79,
60.7%) race [non-Hispanic white, 85.5%]). Based on the
chronic condition variables, 3474 men (56.5%) in the sub-
cohort had a history of BPH at some time during 2008 to
2015. Prevalence of BPH in the sub-cohort increased over
time, from 38.6% in 2008 to 58.96%) in 2015.

3.2 Overall use of finasteride and dutasteride

Overall, finasteride use at any time during 2008 to
2015 was low (n = 2023; 13.6%) (Table 2). Having a self-
reported diagnosis of BPH was associated with an elevated
univariate odds ratio (OR) of having used finasteride of 2.8
(95% CI: 2.5–3.1); usage rates were 21.0% and 8.4% for
men with and without BPH, respectively. Univariate anal-
ysis showed that in addition to BPH status, age was associ-
ated with finasteride use. Compared to men 60–69 in 2008,
men 70–79 and men 80+ were significantly more likely to
have used finasteride during the period (OR = 1.55; 95%
CI: (1.4–1.7) and OR = 2.0, 95% CI: (1.7–2.0), respec-
tively) (Table 2). Results from the multivariable model
indicated that age, BPH status and race were associated
with finasteride use. Compared to men 60–69 in 2008,
older men were more likely to have used finasteride (70–
79 years, OR = 1.40; CI = 1.3–1.5); ≥80 years (OR = 1.63;
CI = (1.4–1.9)) (Table 2). In addition, when compared to
non-Hispanic white men, Hispanic men (OR = 1.46; 95%
CI: (1.0–2.1)) and non-Hispanic Asian/Pacific Islander men

(OR = 1.52; 95% CI: (1.3–1.8)) were more likely to use fi-
nasteride. For the chronic condition sub-cohort, use of fi-
nasteride at any time was similar as the entire analysis co-
hort, 12.4%. By BPH status (based on the chronic condi-
tion variables), among those with no history of BPH during
2008 to 2015, 1.5% used finasteride at any time, compared
to 20.8% of men with a history of BPH during the same
period.

Overall, dutasteride use was very low (n = 777; 5.2%)
in the study population (Table 3). Men with BPH were sig-
nificantly more likely to have used dutasteride than men
without BPH (OR = 2.86; 95% CI: (2.5–3.3)). Men 70+
years and men who identified as Asian/Pacific Islanders
were also more likely to use dutasteride when compared to
their younger or non-Hispanic white counterparts. Similar
results were obtained from the multivariable model; men
70–70 years, 80+ years, Asian/Pacific Islander and men
with BPH were more likely to have taken dutasteride (OR
= 1.26; 95% CI: (1.1–1.5), OR = 1.38; 95% CI: (1.1–1.8);
OR = 1.73; 95% CI: (1.3–2.3); OR = 2.82; 95% CI: (2.4–
3.3), respectively). For the chronic condition sub-cohort,
use of dutasteride at any time was also similar to the en-
tire analysis cohort, 5.8%. Among those with no history
of BPH (based on the chronic condition variables) during
2008–2015, 0.8% used dutasteride at any time, compared
to 9.6% of men with a history of BPH during the same pe-
riod.

3.3 Trends of use of finasteride and dutasteride over time

Fig. 2A–D shows the use over time of finasteride, du-
tasteride, either drug, and alpha blockers, respectively. Use
of finasteride increased steadily over time for all men and
for both men with and without BPH. Finasteride use in-
creased overall from 3.6% in 2008 to 6.8% in 2012 and to
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Fig. 2. Trends in drug use. (A) Finasteride use. (B) Dutasteride use. (C) Either Finasteride or dutasteride use. (D) Alpha blockers
use. All Men, All eligible men; Men with BPH, Men diagnosed with benign prostatic hyperplasia; Men without BPH, Men without a
diagnosis of benign prostatic hyperplasia.

9.7% in 2015 (Fig. 2A). For men with BPH, finasteride use
increased from 6.7% in 2008 to 11.7% in 2012 and to 14.7%
in 2015, while for men without BPH, use of finasteride in-
creased from 1.2% in 2008 to 3.3% in 2012 and to 6.1% in
2015. For the sub-cohort, the GEE model controlling for
yearly BPH status (and other covariates) showed increas-
ing finasteride use over time, with an OR of 1.10 (95% CI:
1.07–1.13) per additional year. When controlling for alpha
blocker use in this model, the OR was similar (OR = 1.11).

In contrast, for all men, dutasteride use decreased over
time from 2.8 % in 2008 to 1.9% in 2015 (Fig. 2B). For the
sub-cohort, the GEE model controlling for yearly BPH sta-
tus (and other covariates) showed a decrease in dutasteride
use over time, with an OR of 0.89 (95% CI: 0.86–0.92) per
additional year. When controlling for alpha blocker use in
this model, the OR remained at 0.89.

Fig. 2C shows trends in the use of either drug (finas-
teride or dutasteride) over time. The GEE model in the
sub-cohort, controlling for yearly BPH status, gave an OR
for use of either drug of 1.04 (95% CI: 1.01–1.06) per ad-
ditional year. The OR was unchanged when use of alpha
blockers was added to the model.

Fig. 2D shows use of alpha blockers over time, Overall
use increased from 15.5% in 2008 to 26.4% in 2015, while
among men with BPH, use increased from 24.3% in 2008
to 33.9% in 2015.

4. Discussion
In this analysis of the PLCO cohort, finasteride and

dutasteride use were generally low and were more preva-
lent among men with BPH and older men. In addition,
when compared to non-Hispanic white men, Hispanic and
Asian/Pacific Islanders were more likely to use either drug.
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Table 1. Prostate, Lung, Colorectal and Ovarian (PLCO)
Cancer Screening Trial Participants’ Demographic

Characteristics.
Demographics 14833 (%)

Age (in 2008)
60–69 6009 (40.5)
70–79 7279 (49.1)
≥80 1545 (10.4)

Race/Ethnicity
non-Hispanic white 13155 (88.7)
Black 257 (1.70)
Hispanic 247 (1.70)
Asian 864 (5.80)
Other 22 (0.15)

Education
≤High school 2805 (19.0)
Some college 4465 (30.1)
College graduate 7251 (49.0)
Unknowns 312 (2.10)

Occupational status
Employed 3138 (24.9)
Retired 9193 (73.1)
Other 238 (2.00)

Marital status*
Married or living as married 12546 (86.4)
Divorce 1113 (7.70)
Other 858 (5.90)

BPH status
Positive 6174 (41.8)
Negative/Unknowns 8590 (58.2)

*Due to missing frequencies, some columns may not equal
the total.

Despite the black box warning, finasteride use contin-
ued to increase after the warning, among all men and, in
particular, among men diagnosed with BPH. Considering
that finasteride is used to treat BPH [13–15], its greater use
among men diagnosed with BPH is not surprising. This
current analysis showed that there was an increase in the
incidence of BPH over time; however, even after control-
ling for BPH status, we observed a statistically significant
increase in finasteride use over time. Thus, the higher inci-
dence of BPH over time alone does not explain higher use
of finasteride over the study period.

The literature indicates that there is a positive corre-
lation between BPH incidence and age. For example, men
who are 50 years or older have approximately a 40–50% in-
cidence of BPH while men 80 years and older have approx-
imately a 90% incidence [16–18]. However, we observed
higher use of finasteride by age even after controlling for
BPH, thus this was another unexpected finding. Neverthe-
less, one study [19] that examined 5-ARIs use in a prospec-

tive cohort of men between 1996 and 2010 reported that
5-ARIs use was greater among older men. One potential
explanation for this observation is that sexual side effects,
such as decreased libido, ejaculate volume, etc. [13,14]
may not have been important enough to dissuade men in
this current study from using finasteride.

Given that a majority of our study population was non-
Hispanic white, the differences in use by race/ethnicity was
an unexpected finding. However, most studies using 5-
ARIs had low representations of minorities or did not report
on race/ethnicity. For example, in the PCPT [4] 92% of the
study population was comprised of non-Hispanic whites. In
another study, that examined prostate cancer outcomes for
active surveillance patients among users and non-users of 5-
ARIs after an initial diagnosis of prostate cancer, there were
no racial differences in 5-ARIs use. Similar to our study,
this population was predominantly non-Hispanic white and
5-ARIs use was relatively low (107; 10.6%) [20].

Some experts have questioned whether the black box
warning should remain in place for 5-ARIs. Follow-up
analyses of the PCPT strongly suggest that detection-bias
contributed, at least in part, to the observed increase in high-
grade prostate cancer [4]. Specifically, 5-ARIs appeared
to increase the sensitivity of both PSA [21] and standard
prostate biopsies [22] for the detection of prostate cancer
and detection of high-grade prostate cancer [23]. Further-
more, long-term follow-up of the PCPT showed that 15-
year overall survival rates for the finasteride and the placebo
groups were nearly identical (78.0% and 78.2%, respec-
tively) [24] and that prostate cancer-specific mortality was
lower (though not statistically significantly) in the finas-
teride group [25]. Given the long-term follow-up data and
clear evidence of benefit in terms of risk reduction of low-
risk prostate cancer, these drugs might warrant considera-
tion for this indication in selected men, particularly those
with lower urinary tract symptoms [26]. A recent system-
atic review [27] using over 2000 patients from 10 studies
showed a statistically significant decrease in prostate can-
cer risk associated with use of 5-ARI drugs.

Our study is not without limitations. We must be cau-
tious in interpreting the results regarding race/ethnicity as
there were small numbers for some groups and a majority
of the Asian/Pacific Islanders, for which we found a statis-
tically significant difference, were from Hawaii. Thus, this
result is not generalizable to the overall U.S. Asian/Pacific
Islander population. In addition, we used prescription fill-
ings as a proxy for medication use. While this is a com-
mon practice in the literature, we do not know if partic-
ipants took all the medication from the prescriptions that
they filled. Furthermore, there is no direct information con-
cerning whether these men or their physicians were aware
of the black box warning for 5-ARIs. However, physicians
may generally be aware of such warnings as an automated
generated list is provided to them for medication prescrip-
tion purposes.
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Table 2. Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial participants’ demographic characteristics and
finasteride use overall (2008–2015).

Demographics

Total in cell Finasteride use Univariate Multivariable

n (%) n (%) Odds ratios
(95% confidence intervals)

Odds ratios
(95% confidence intervals)14833 (100) 2023 (13.6)

Column (%) Row (%)

Age (in 2008)
60–69 (ref) 6009 (40.5) 631 (10.5) - -
70–79 7279 (49.1) 1084 (14.9) 1.55 (1.4–1.7)∞ 1.40 (1.3–1.5)∞

≥80 1545 (10.4) 308 (19.9) 2.00 (1.7–2.4)∞ 1.63 (1.4–1.9)∗∗

Race/Ethnicity
non-Hisp. White (ref) 13155 (88.7) 1758 (13.4) - -
Black 257 (1.7) 35 (13.6) 1.00 (0.7–1.4) 1.05 (0.7–1.5)
Hispanic 247 (1.7) 43 (17.4) 1.34 (1.0–1.9) 1.46 (1.0–2.1)∗

Asian 864 (5.8) 148 (17.1) 1.33 (1.1–1.6)∗∗ 1.52 (1.3–1.8)∞

Other 22 (0.15) 3 (13.6) 1.00 (0.3–3.4) 1.14 (0.3–4.0)
BPH status

Positive 6174 (41.8) 1294 (21.0)± 3.00 (2.6–3.2)∞ 2.81 (2.5–3.1)∞

Negative/unk (ref) 8590 (58.2) 719 (8.4) - -
95% confidence intervals significance levels ∗p < 0.05, ∗∗p < 0.01, ∗∗∗ p < 0.001, ∞p < 0.0001.
Abbreviations: ref, reference categories; non-HispWhite, non-HispanicWhite; unk, Unknown; ±, Due to missing variables
frequency may not add up to total.

Table 3. Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial participants’ demographic characteristics and
dutasteride use overall (2008–2015).

Demographics

Total in cell Dutasteride use Univariate Multivariable

n (%) n (%) Odds ratios
(95% confidence intervals)

Odds ratios
(95% confidence intervals)14833 (100) 777 (5.2)

Column (%) Row (%)

Age (in 2008)
60–69 (ref) 6009 (40.5) 246 (4.1) - -
70–79 7279 (49.1) 419 (5.8) 1.46 (1.3–1.7)∞ 1.28 (1.1–1.5)∗∗

≥80 1545 (10.4) 112 (7.3) 1.75 (1.4–2.3)∗∗∗ 1.38 (1.1–1.8)
Race/Ethnicity

non-Hisp. White (ref) 13155 (88.7) 665 (5.1) - -
Black 257 (1.7) 15 (5.8) 1.12 (0.7–2.0) 1.20 (0.7–2.0)
Hispanic 247 (1.7) 14 (5.7) 1.09 (0.6–1.9) 1.10 (0.6–2.0)
Asian 864 (5.8) 65 (7.5) 1.51 (1.2–2.0)∗∗ 1.73 (1.3–2.3)∞

Other 22 (0.15) 1 (4.6) 0.86 (0.1–6.4) 0.98 (0.1–7.4)
BPH status

Positive 6174 (41.8) 262 (3.1) 2.86 (2.5–3.3)∞ 2.82 (2.4–3.3)∞

Negative/unk (ref) 8590 (58.2) 509 (8.2) - -
95% confidence intervals significance levels ∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, ∞p < 0.0001.
Abbreviations: ref, reference categories; non-Hisp White, non-Hispanic White; unk, Unknown.

There may be a bias toward prescription of 5-ARIs
for men with BPH. The Veterans Health Administration
(VHA) 2004 recommendations [28] encouraged finasteride
prescription for patients with BPH who did not see any im-

provements after using alpha blockers. In addition, as in-
dicated by one study with the VHA [29], among all the
risk factors (AA men, family history, elevated PSA, pre-
vious negative biopsy, moderate to severe BPH, Other) for
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prostate cancer chemoprevention, both urologists and pri-
mary care providers from the VHA would be more likely
to prescribe finasteride for patients with moderate to se-
vere BPH. The VHA 2004 recommendations and results
from theVHA study (2000–2005), may partially explain the
finasteride prescription patterns for our study population.
However, we do not know if this finasteride prescription
recommendation was adopted by physicians in our study
several years later.

5. Conclusions

Overall, finasteride and dutasteride use in the study
population was low but, not surprisingly, was highest in
men over the age of 80 and in those with BPH. We do not
know, however, how or if knowledge (or lack thereof) of
the black box warning impacted the decision to use 5-ARIs.
Despite the black box warning, finasteride use increased
significantly from 2008 to 2015, while dutasteride use re-
mained low and decreased through the study period.

Abbreviations

5-ARIs, five-alpha reductase inhibitors; BPH, be-
nign prostatic hyperplasia; FDA, U.S. food & drug ad-
ministration; GEE, generalized estimating equation; PLCO,
prostate, lung, colorectal, and ovarian cancer screening
trial; PCPT, prostate cancer prevention trial; REDUCE, re-
duction by dutasteride of prostate cancer events.
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