
R

S

L
a

b

a

A
R
R
1
A

K
5
P
C

C

1

c
a
r
t
c
t
t
a
r
g
g

F
f

0
d

Journal of Steroid Biochemistry & Molecular Biology 125 (2011) 32–38

Contents lists available at ScienceDirect

Journal of Steroid Biochemistry and Molecular Biology

journa l homepage: www.e lsev ier .com/ locate / j sbmb

eview

teroid 5 �-reductase inhibitors targeting BPH and prostate cancer

ucy J. Schmidta, Donald J. Tindall a,b,∗

Department of Urology Research, Mayo Clinic College of Medicine, Mayo Clinic, Rochester, MN 55905, United States
Department of Biochemistry and Molecular Biology, Mayo Clinic College of Medicine, Mayo Clinic, Rochester, MN 55905, United States

r t i c l e i n f o

rticle history:
eceived 9 June 2010
eceived in revised form

a b s t r a c t

Steroid 5 alpha-reductase inhibitors (5ARIs) have been approved for use clinically in treatment of benign
prostate hyperplasia (BPH) and accompanying lower urinary tract symptoms (LUTS) and have also been
evaluated in clinical trials for prevention and treatment of prostate cancer. There are currently two
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steroidal inhibitors in use, finasteride and dutasteride, both with distinct pharmacokinetic properties.
This review will examine the evidence presented by various studies supporting the use of these steroidal
inhibitors in the prevention and treatment of prostate disease.

Article from the Special issue on Targeted Inhibitors.
© 2010 Elsevier Ltd. All rights reserved.
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. Introduction

In the prostate, androgens play a crucial role in normal, BPH and
ancerous growth by acting through the androgen receptor (AR),
member of the steroid nuclear receptor superfamily. The natu-

al ligand for the AR is testosterone (T), which is produced by the
estes (95%) and adrenal glands (5%) and enters prostate epithelial
ells by passive diffusion. Once ligand is bound to cytoplasmic AR,
he receptor undergoes homodimerization resulting in a conforma-
ional change and is translocated to the nucleus. In the nucleus, AR

androgenic pathway has become a target of therapeutic interven-
tion in both benign and cancerous diseases [2]. In the prostate,
T is converted to the more potent ligand dihydrotestosterone
(DHT) by steroid 5 alpha-reductase (5AR) isoenzymes. There are
three 5AR isoenzymes in prostate tissue; 5AR Types 1 and 2
(5AR-1 and 5AR-2) are found in normal, BPH and cancerous tis-
sue, with distribution patterns specific to each tissue type [3].
5AR Type 3 (5AR-3) has recently been detected and described in
hormone refractory prostate cancer (HRPC) and is ubiquitous in
mammals, being found also in non-androgenic tissues such pan-
creas and brain [4]. One group, however, has identified 5AR-3 as
cts by binding to specific recognition sequences, called androgen

esponse elements (AREs), located in or near androgen-regulated
enes and thereby directs transcription of genes necessary for
rowth and maintenance of the prostate [1]. Consequently, the

∗ Corresponding author at: Department of Urology Research, Mayo Clinic, 200
irst Street SW, Rochester, MN 55905, USA. Tel.: +1 507 284 8139;
ax: +1 507 284 2384.

E-mail address: tindall.donald@mayo.edu (D.J. Tindall).

960-0760/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.jsbmb.2010.09.003
a polyprenol reductase involved in N-linked protein glycosyla-
tion [5], as opposed to it being classified as a 5 alpha-reductase.
While both T and DHT bind to the AR, DHT binds the receptor
with approximately 2–10 times greater affinity, dissociates from
the receptor much more slowly and results in an AR conforma-
tion that is much more resistant to degradation [6]. High levels of

5AR enzymatic activity result in large amounts of the more potent
ligand available to drive prostate growth, thus inhibition of 5AR
activity is a valuable tool in reducing proliferation. Table 1A lists

dx.doi.org/10.1016/j.jsbmb.2010.09.003
http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:tindall.donald@mayo.edu
dx.doi.org/10.1016/j.jsbmb.2010.09.003
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Table 1A
Properties of 5AR isoenzymesa.

Properties 5AR-1 5AR-2

Size 259 amino acids 254 amino acids
Molecular weight 29.5 kDa 28.4 kDa
Optimal pH 6–8.5 5–5.5
Biochemical state Hydrophobic Hydrophobic
Tissue distribution Liver, skin, brain,

ovary, prostate,
testis

Prostate, epididymis,
seminal vesicle, genital
skin, uterus, breast,
hair follicle, placenta,
testis

Expression in prostate Normal (low), high
in BPH and cancer

Normal and BPH (high),
low in cancer

Gene name SRD5A1 SRD5A2
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Table 1B
Inhibition of 5AR isoenzymes by steroidal drugsa.

k3 (s−1) Ki (IC50, nM) k3/Ki (M−1 s−1)

5AR-1
Finasteride inhibition 1.4 × 10−3 360 4 × 103

Dutasteride inhibition 1.1 × 10−3 6 1.8 × 105

5AR-2
Finasteride inhibition 2.2 × 10−2 69 3.2 × 105

Dutasteride reduced the risk of AUR or eventual surgical interven-
Chromosome location 5p15 2p23

a Data for table obtained from Refs. [10] and [8].

iochemical properties and characteristics of 5AR-1 and -2 isoen-
ymes.

. 5ARIs in clinical use

5AR (3-oxo-steroid-4-ene dehydrogenase {E.C. 1.3.99.5}) isoen-
ymes are membrane-bound microsomal proteins that act by
educing the double bond at the 4–5 position of a number
f C19 and C21 steroids, such as T. They catalyze the NADPH-
ependent reduction of T to yield the more potent hormone DHT
7]. Various compounds have been developed in an effort to block
his conversion and inhibit the effects of DHT in prostate dis-
ase. Neither isoenzyme has been purified due to its unstable
ature, so isoenzyme inhibitors have been designed by target-

ng their substrates. Azasteroids are chemically altered steroids
hat have been produced by substituting a nitrogen atom for one
f the carbons at different positions in the ring; a number of
hese compounds have been found to inhibit 5AR activity [8].
inasteride (chemical name 4-azaandrost-1-ene-17-carboxamide,
-(1,1-dimethylethyl)-3-oxo, (5(alpha)), 17(beta))-) and dutas-

eride (chemical name (5�, 17�)-N {2,5,bis(trifluoromethyl)
henyl}-3-oxo-4-azaandrost-1-ene-17-carboxamide) belong to a
roup of compounds designated as 17�-substituted-4-azasteroids,
ne of the most extensively studied classes of steroidal 5AR
nhibitors[8]. Both drugs display characteristics of competitive
nhibitors in short-term kinetic experiments, but analysis of long-
erm reactions reveals they are irreversible inhibitors due to
ormation of very stable enzyme-bound intermediates. Interactions
etween 4-azasteroids and 5AR isoenzymes are best described by
he two-step mechanism:

ith Ki as the inhibition constant for the first step equilibrium
reached rapidly) and k3 the rate constant for the second, time-
ependent step (reached more slowly) [9,10].

Finasteride has been shown to be a mechanism-based inhibitor
f 5AR-2 [9]. Finasteride acts as an alternate substrate for 5AR-
and is initially bound in an extremely stable enzyme-bound

ADP-dihydrofinasteride adduct which is ultimately processed
o dihydrofinasteride. The NADP-dihydrofinasteride adduct is a
otent bisubstrate analog inhibitor with a dissociation constant
i ≤ 1 × 10−13 M, making it one of the most potent non-covalently
ound inhibitors known. Finasteride is also an inhibitor of 5AR-1,
ut the dihydrofinasteride adduct is formed with a much smaller
ate constant compared to 5AR-2 (Table 1B). Finasteride was the

rst steroidal 5ARI approved by the US Food and Drug Administra-
ion (USFDA) in 1992 for treatment of BPH. It reduces the levels of
lasma DHT by 70–90%, thereby reducing prostate size [8,11].
Dutasteride inhibition 4.9 × 10−3 7 6.8 × 105

a Data for table obtained from Refs. [10] and [8].

Dutasteride is a specific dual inhibitor of 5AR. Enzymology stud-
ies indicate it is a potent irreversible competitive inhibitor of both
human 5AR-1 and -2 [10,12]. Dutasteride forms a stable com-
plex with both isoenzymes which has a slow rate of dissociation
(Table 1B). Dutasteride is approximately 60 times more potent than
finasteride and was approved in 2002 by the USFDA for use in treat-
ment of BPH. Dutasteride reduces DHT levels by >90% after 1 year
of oral administration, resulting in a smaller prostate volume [8].

Finasteride and dutasteride are the only two steroidal drugs
in use clinically, although there are others, such as epristeride,
currently in clinical trials. As summarized in Tables 1A and 1B, finas-
teride and dutasteride have distinct properties which may suggest
their optimal use in treating prostate disease, but it has not yet
been determined whether there is a significant difference in clinical
applications/outcomes between the two [13]. A number of non-
steroidal 5ARIs have also been developed as mimics of steroidal
inhibitors, but none have been brought to clinical use [8].

3. 5ARIs in the treatment of BPH

BPH is a progressive disease, with increasing prostate volume
leading to increased LUTS resulting from pressure on the ure-
thra and accompanying decreased urinary flow. BPH is prevalent
among aging men and affects up to 90% of men by the age of
80 or older, making this a vital healthcare issue with associated
economic implications [14]. Medical treatment is thus focused on
relieving LUTS and avoiding disease progression which could even-
tually result in complications such as acute urinary retention (AUR)
and/or surgery. Both 5AR-1 and -2 isoenzymes are significantly
over-expressed in BPH tissue as compared to normal prostate
tissue, with 5AR-2 being the predominant form [3]. Thus, initial
treatment options currently available for men with BPH-LUTS are
to use either a 5ARI, or an �1-adrenoreceptor antagonist (alpha-
blocker) such as doxazosin or tamsulosin, or a combination of the
two. While finasteride is the most widely studied 5ARI, there have
been a number of clinical studies demonstrating that both finas-
teride and dutasteride are effective in treating BPH-LUTS either as
monotherapy or in combination with an alpha blocker.

In 1998 the Proscar Long-term Efficacy and Safety Study (PLESS)
verified the effectiveness of finasteride treatment alone in a trial
involving 3040 men treated with placebo or 5 mg finasteride daily
for a period of four years [15]. Significant reductions in the num-
ber of men experiencing AUR or ultimately requiring surgery were
apparent within 4 months. For men completing the study, total
prostate volume (TPV) decreased and improved symptom scores
were observed in the finasteride group.

Combined data from three large ARIA studies (ARIA 3001 and
3002 in the US, ARIA 3003 in 19 countries, with over 4000 men)
[16], demonstrated the effectiveness of dutasteride in reducing
prostate size and LUTS. Treatment with dutasteride reduced serum
DHT by 90.2% at 24 months, followed by a rapid reduction in TPV.
tion by 50% within two years. This study confirmed the hypothesis
that using a dual 5ARI like dutasteride to achieve nearly complete
suppression of serum DHT levels can halt the progression of BPH.
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Table 2A
Selected 5ARI monotherapy trials in treatment of BPH-LUTS.

Trial Agent Report Duration Qmax (ml/s) �TPV �IPSS

PLESS (Proscar Long-term Efficacy and
Safety Study)

Finasteride 1998 [11] 4 years
n = 3040

1.9 vs 0.2 for
placebo

−18% vs +14% for placebo −3.4

ARIA3001, 3002, 3003 (pooled data) Dutasteride 2002 [8] 2 years
n = 4325

2.2 vs 0.6 for
placebo

−25.7% relative to placebo −2.2

EPICS (Enlarged Prostate International Dutasteride vs Finasteride 2005 [12] 1 year DU: 2.1* −27.4% in both groups* DU: −6.2*
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Comparator Study)

* No significant difference between groups.

In an effort to determine if one 5ARI was more effective than
he other, the Enlarged Prostate International Comparator Study
EPICS) [17] compared treatment with finasteride and dutasteride
n 1630 men over the age of 50 and concluded that after one
ear of treatment, both groups had statistically similar reductions
n prostate volume; improvements in the International Prostate
ymptom Score (IPSS) were greater with dutasteride than finas-
eride, but were not statistically significant. A list of key randomized

onotherapy trials and results are shown in Table 2A.
Effects of 5ARIs in symptomatic relief of BPH-LUTS are pre-

umed to be a result of a reduction in prostate volume [18], so relief
equires more time (up to several months) than with the faster
cting alpha-blockers, which are thought to work by relaxing the
mooth muscle in the prostate and bladder neck (working within
–2 weeks) [14]. Therefore, an argument can be made for combi-
ation therapy, wherein an alpha-blocker provides rapid relief of
ymptoms and a 5ARI provides for a long-term reduction in prostate
olume and lessens the risk of progression to AUR and/or surgery. A
umber of studies have examined the effectiveness of combination
herapy.

The Prospective European Doxazosin and Combination Ther-
py (PREDICT) [14] and the Medical Therapy of Prostate Symptoms
MTOPS) [19] trials examined the efficacy of treatment with finas-
eride and alpha-blocker doxazosin either alone or in combination.
n the one-year PREDICT trial it was initially determined that dox-
zosin alone was more effective in improving urinary symptoms
han finasteride alone or a combination of the two. Further sec-
ndary analysis suggested that the addition of finasteride was more
ffective in men with larger (>40 cm3) prostates, as found in the
LESS, but the PREDICT trial was not designed to take this parame-
er into account [14]. Analysis of the longer MTOPS trial concluded
hat finasteride alone or in combination with doxazosin consis-
ently resulted in clinically significant TPV reduction regardless of
aseline prostate size [19–21]. There is still some debate as to the
alue of using combination therapy and adding a 5ARI in patients

ith smaller prostates, as opposed to the use of an alpha-blocker

lone.
The dual 5ARI dutasteride has also been studied in combination

ith an alpha-blocker. The Combination of Avodart® and Tamsu-

able 2B
elected 5ARI combination therapy trials in treatment of BPH-LUTS.

Trial Agents Report

PREDICT (Prospective European Doxazosin
and Combination Therapy)

Finasteride
Doxazosin

2003 [10]

MTOPS (Medical Therapy of Prostate
Symptoms)

Finasteride
Doxazosin

2003 [14]
2010 [13]

CombAT (Combination of Dutasteride and
Tamsulosin)

Dutasteride
Tamsulosin

2009 [17]

* No significant difference between groups.
† No significant difference between groups.
n = 1630 FN: 1.8* FN: −5.8*

losin (CombAT) [22] study concluded that dutasteride alone or in
combination with the alpha-blocker tamsulosin was significantly
more effective than tamsulosin alone in reducing the risk of AUR
or eventual surgery. Combination therapy significantly reduced the
risk of clinical progression of BPH, but it should be noted that there
was no placebo arm of this study due to ethical considerations.

In a meta-analysis of four studies using randomized controlled
data and a total of 10,215 patients, it was determined that at a
follow-up time of ≥4 years, combinational therapy with either 5ARI
and an alpha-blocker was superior to monotherapy, notably in men
with moderately enlarged prostates (starting at 25 ml) and signif-
icantly better in men with moderate (25–39 ml) or large prostates
(≥40 ml) [23].

Taking another approach, the Symptom Management After
Reducing Therapy (SMART) [24] trial demonstrated that dutas-
teride and tamsulosin can be used together for six months to
obtain rapid relief of symptoms, after which time the alpha-blocker
can be discontinued and relief maintained using only the 5ARI.
Table 2B lists selected combination therapy trials. Overall, drug-
related adverse events with treatment tended to be low in these
studies with the most common being dizziness (alpha-blockers)
and sexual dysfunction (5ARIs) [18].

Based on the current evidence presented in these numerous and
various trials, the conclusion can be drawn that the use of 5ARIs,
either as monotherapy or in combination with an alpha-blocker,
is effective for the treatment of BPH-LUTS in preventing disease
progression and the need for invasive surgery. Whether or not there
is an additional benefit from the dual 5AR inhibition offered by
dutasteride over finasteride or whether there is a difference in long-
term adverse outcomes has not been determined [13].

4. 5ARIs in the prevention of prostate cancer

Prostate cancer continues to be a leading cause of male deaths

worldwide. In 2009, it was estimated there would be 192,280
new cases of prostate cancer with a predicted 27,360 deaths [25].
Because androgens, and specifically DHT, play a large role in both
normal and cancerous prostate growth, inhibition of the andro-

Duration Qmax (ml/s) �TPV �IPSS

1 year
n = 1095

PL: 1.4*

FN: 1.8*

DX: 3.6†

Comb: 3.8†

No data PL: −5.7*

FN: −6.6*

DX: −8.3†

Comb: −8.5†

4.5 years
n = 3047

PL: 2.8
FN: 3.2
DX: 4.0
Comb: 5.1

PL: +24
FN: −19%
DX: +20%
Comb: −19%

PL: −4.9
FN: −5.6
DX: −6.6
Comb: −7.4

4 years
n = 4844

DU: 2.0
TM: 0.7
Comb: 2.4

DU: −28%
TM: +4.6%
Comb: −27%

DU: −6.4
TM: −4.9
Comb: −7.3
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enic pathway has been explored as an option in prostate cancer
revention. Further enabling this type of approach was the devel-
pment of 5ARIs, with their much lower risk of the adverse side
ffects previously associated with androgen-deprivation therapy.

In the landmark Prostate Cancer Prevention Trial (PCPT) [26], the
ypothesis was tested that the 5AR-2 inhibitor finasteride could
educe the risk of prostate cancer. The PCPT was a double-blind,
andomized, placebo-controlled Phase III study involving 18,882
en with a low risk of developing prostate cancer based on a PSA

evel of ≤3.0 ng/ml and a normal digital rectal exam (DRE). Men
eceived placebo or 5 mg finasteride daily for a period of seven
ears. PSA levels were measured and DREs were performed annu-
lly. To address concerns about potential study bias toward the
nasteride or placebo group during the course of the study, an
nd-of-study biopsy was performed on all participants. The pri-
ary endpoint of the PCPT was the development of prostate cancer,

ither during the study or at the seven-year endpoint biopsy.
In the PCPT it was found that 18.4% of men in the finasteride

roup developed prostate cancer as opposed to 24.4% in the placebo
roup [27]; this was statistically significant (P < 0.001). Medical
vents and side effects were more common in the finasteride group,
hile LUTS, such as urinary retention, frequency, and urinary tract

nfection, were more common in the placebo group. Of concern,
ore high-grade tumors (Gleason score 7–10) were found in the

nasteride group as compared to the placebo group (6.4% and 5.1%,
espectively P = 0.005). Much debate has resulted with regards to
nterpretation of these data and whether finasteride treatment
esults in a higher incidence of high-grade prostate cancer [28].
ince the completion of the study, numerous groups have exten-
ively examined the data and have identified potential for biases
hat could account for this apparent increase in high-grade tumors
29–32]. Some of these are: increased sensitivity of PSA and DREs
n diagnosing cancer in the finasteride group, smaller prostate vol-
me in the finasteride group resulting in an increased chance of
etection of high-grade cancers, and the possibility that finasteride

nhibits growth of low-grade cancers better than high-grade, lead-
ng to an increase in the latter. Both 5AR-1 and 5AR-2 are expressed
t higher levels in localized high-grade cancers [33], which might
elp to explain the inability of finasteride to inhibit growth of
hese cancers. Additionally, there is some evidence that men with
ow testosterone levels, as could be achieved with 5AR inhibition,
evelop higher grade tumors [34]. Taken together, it has been pro-
osed that these factors combine to level the differences between
he placebo and finasteride group with respect to development of
igh-grade prostate tumors [35,36] and there is no associated risk
f developing high-grade cancer with finasteride therapy.

Since 5AR-1 expression is increased in prostate cancer, dutas-
eride, which inhibits 5AR-1 in addition to 5AR-2, might be
xpected to deliver a better outcome than that with finasteride. To
xamine this, another large Phase III trial, the Reduction by Dutas-
eride of Prostate Cancer Events (REDUCE) trial [37,38], tested the
ual 5ARI dutasteride in much the same way that finasteride was
sed in the PCPT, but with some notable differences in study design
38].

The REDUCE trial was an international, multi-center, double-
lind, randomized, placebo-controlled study designed to study the
bility of dutasteride to prevent prostate cancer development in
en with a high risk of prostate cancer. To be enrolled in the

tudy, men needed to be between 50 and 75 years old, have a
erum PSA of 2.5–10 ng/ml and needed to have a negative 6–12
ore biopsy within six months of enrollment. Whereas the PCPT
ssumed absence of prostate cancer in participants based on clin-

cal data such as PSA, the REDUCE trial required a negative biopsy
t enrollment to exclude any men already having prostate cancer.
ver 8000 subjects were randomized to receive placebo or 0.5 mg
utasteride daily and were evaluated every six months for IPSS and
istry & Molecular Biology 125 (2011) 32–38 35

PSA (free and total). TPV was measured by ultrasound at baseline
and 2 and 4 years, with 10 core biopsies also performed at the 2
and 4-year periods. The primary endpoint of this study, as with
the PCPT, was biopsy detectable prostate cancer at 2 and 4 years
after treatment. To gain further insights, several secondary end-
points were also examined including Gleason score of cancer at
diagnosis, HGPIN at biopsy, tumor volume, percent of cores with
cancer at diagnosis, the number of cancer positive cores, the treat-
ment alteration score, the incidence of intervention for cancer, and
overall survival. Based on knowledge gained from the PCPT, tumor
aggressiveness was determined not only by Gleason score, but by
additional biomarkers for apoptosis, proliferation and tumor dif-
ferentiation.

During the 4-year study period, 19.9% of men in the dutas-
teride group developed prostate cancer as compared to 25.1% in the
placebo group, which represents an absolute risk reduction of 5.1%
for men taking dutasteride (P < 0.001). The rate of prostate cancer
detection at biopsy was lower in all subgroups for those receiv-
ing dutasteride, including groups based on age, family history of
prostate cancer, baseline PSA, baseline TPV, baseline IPSS, or BMI.
The reduced incidence occurred primarily in men with tumors hav-
ing Gleason scores of 5–6. During the first two years of the study,
there was no significant difference in incidence of tumors with
Gleason score of 8–10 between the placebo and dutasteride groups,
but in years 3–4, only 1 tumor with a Gleason score of 8–10 was
detected in the placebo group, while 12 were found in the dutas-
teride group. The authors of this study have speculated that this
may be a reflection of the drop-out rate of men in the placebo
group who developed cancers in the first two years, leading to a
lower number of high grade tumors detected in this group. If, for
example, the men in the placebo group who developed tumors with
a Gleason score of 5–7 during the first two years of the study had
remained in the study until the end (against protocol), a number of
these tumors might have been upgraded to high-grade in years 3–4,
reducing the differences between the two groups at the 4 year end-
point. The REDUCE study also examined the effects of dutasteride
on BPH using IPSS, change in TPV from baseline, number of men
progressing to surgical intervention, and evidence of BPH-related
AUR or urinary tract infection. In this study, as in previous stud-
ies where dutasteride was tested in subjects with BPH (ARIA3001,
ARIA3002, ARIA3003, EPIC, and CombAT), dutasteride reduced the
rate of BPH progression. Upon completion of the REDUCE trial, it
was concluded that dutasteride, over a 4 year period, reduced the
risk of biopsy-detected cancer and also improved symptoms and
reduced progression of BPH. Thus, dutasteride may be considered
as a treatment option for men who have been determined to be at
a higher risk of developing prostate cancer.

These two studies represent important efforts to determine the
efficacy of using 5ARIs in prostate cancer risk reduction and dis-
ease prevention and have demonstrated that both finasteride and
dutasteride can prevent or delay the emergence of prostate can-
cer [39]. Since completion and analysis of the studies, the use of
5ARIs to reduce the risk of prostate cancer has not yet been univer-
sally adopted; the benefits of therapy should be weighed against
the prospect of undesirable sexual side effects and decreased qual-
ity of life. Recommendations in statements issued by the American
Urological Association (AUA) and the American Society of Clinical
Oncology (ASCO) ask that physicians discuss the risks and benefits
of preventive therapy using 5ARIs with their patients so they can
make an informed decision [36].
5. 5ARIs in the treatment of prostate cancer

A natural extension of studies demonstrating the efficacy of
using 5ARIs in prevention of prostate cancer is to examine the use
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Table 3
5ARI trials in chemoprevention and treatment of prostate cancer.

Trial Agent Report Period Results: PCa Risk reduction

PCPT (Prostate Cancer Prevention Trial) Finasteride 2003 [22] 7 years
n = 18,882

PL: 24.4%
FN: 18.4%

24.8%

REDUCE (Reduction by Dutasteride of
Prostate Cancer Events)

Dutasteride 2010 [32] 4 years
n = 8231

PL: 25.1%
DU: 19.9%

22.8%

REDEEM (Reduction by Dutasteride of
Clinical Progression Events in
Expectant Management)

Dutasteride Expected 2010 3 years
n = 302

Expected 2010

TARP (Therapeutic Assessment of
Rising PSA)

Dutasteride + Bicalutamide Expected 2010 18 month + 2 year
n = 150

Expected 2010

ARTS (Avodart® after Radical Therapy Dutasteride Expected 2010 2 year Expected 2010

o
o
a
t
p
d
d
v
t
p
fi
i
s
p

e
d

for Prostate Cancer Study)

f these inhibitors in the treatment of prostate cancer. Expression
f both 5AR-1 and -2 are increased in hyperplastic prostate tissue
nd 5AR-1 expression is increased in prostate cancer as compared
o BPH [3,33]. 5AR-2 expression has been shown to be lower in
rostate cancer than in normal tissue [40]. Pre-clinical studies have
emonstrated that inhibition of 5AR isoenzymes by finasteride or
utasteride can kill prostate cancer cells and increase apoptosis in
itro [41–43] and in vivo [44–47]. The first clinical trial examining
he use of finasteride in patients after radical prostatectomy was
erformed in 1995 and demonstrated that a regimen of 10 mg/d
nasteride for 1 year delayed the increase in serum PSA for approx-

mately 9 months as compared to placebo [48]. The results of this
tudy indicated that treatment with a 5ARI delays, but does not

revent, a rise in serum PSA after radical prostatectomy.

Several tertiary prevention studies are currently underway
xamining the use of dutasteride for prostate cancer treatment: (1)
uring expectant management of prostate cancer, (2) after radical

Fig. 1. Schematic of androgen action in the prostate and some of the key
n = 276

prostatectomy in men at high risk for relapse, and (3) in men with
metastatic disease. The Reduction by Dutasteride of Clinical Pro-
gression Events in Expectant Management (REDEEM) [49] trial is a
3-year study testing whether dutasteride can be used in men with
localized prostate cancer to delay progression to a more aggres-
sive form. To avoid the complications of unwanted side effects,
men in this study with low-grade cancer are undergoing “watch-
ful waiting” or what is currently termed expectant management of
their disease, with the possibility of intervention upon evidence of
disease progression. This is a randomized, double-blind, placebo-
controlled study involving 302 men enrolled in 2006–2007. To be
enrolled, men must have low-grade, low-risk, localized prostate
cancer (Gleason score ≤ 6, PSA ≤ 10 ng/ml) and a TPV of <80 cm3.

Men were randomized to receive placebo or 0.5 mg/d dutasteride
and have been followed up with visits every 3 months for the first
year and every 6 months for the remaining 2 years. The primary
endpoint for the REDEEM trial is the interval to disease progression,

trials using 5ARIs in treatment and prevention of prostate disease.
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hich has been defined as either initiation of therapy for prostate
ancer or pathologic progression. The results and evaluation of data
re expected in 2010 and if proven successful, dutasteride could
ecome an effective treatment for men undergoing expectant man-
gement.

Two other studies are looking at dutasteride treatment in
atients who have failed previous therapies. The Avodart® after
adical Therapy for Prostate Cancer Study (ARTS) [50] is exploring
he use of dutasteride in patients who have increasing PSA levels
fter either radical prostatectomy or radiotherapy, but have not
et progressed to metastatic disease. Study endpoints are time to
SA doubling, time to disease progression, treatment response (PSA
ecrease), changes in PSA and PSA doubling time, and changes in
nxiety, as measured by the Memorial Anxiety Scale for Prostate
ancer.

Combination therapies with 5ARIs and various agents are also
eing explored. The Therapy Assessed by Rising PSA (TARP) [51]
tudy will be examining the use of combination therapy in patients
ith castrate-refractory prostate cancer (CRPC). This is a multicen-

er trial in the US and Canada where patients will be randomized
o receive treatment with bicalutamide alone or bicalutamide plus
utasteride. The primary endpoint of this study will be time to
isease progression. This will be the first trial using both an anti-
ndrogen and a 5ARI in an attempt to reduce the rate of progression
n CRPC.

A Phase II study of 57 patients with CPRC receiving dutas-
eride in addition to ketoconazole, which was reported last year,
oncluded that dutasteride may improve the response rate to
etoconazole and also increases the duration of the response sig-
ificantly [52]. Ketoconazole is one of a group of inhibitors of
YP17A1, the enzyme that mediates androgen precursor synthe-
is. This study demonstrated the validity of combining therapies
argeting multiple steps in the androgen synthesis pathway and
upports the concept of further combination trials. Table 3 lists
he major chemoprevention trials and a number of the ongoing
rostate cancer treatment trials using 5ARIs. The results of sev-
ral studies are expected to be reported this year that may add
o our knowledge regarding use of 5ARIs in treatment of prostate
ancer.

. Gene expression analysis of 5ARI action in prostate cells

Gene expression analyses are enhancing knowledge of the
echanism(s) of action of 5ARIs in prostate cells. A number

f laboratories, including our own, have examined changes in
ene expression in prostate cancer cells treated with finas-
eride and/or dutasteride. These studies have discovered pathways
n addition to the androgen pathway that are affected with
reatment, such as those involved in cytoskeletal remodeling,
ell cycle, and Rho GTPase signaling [43,47,53–56]. Recently,
ene expression patterns were examined in benign epithelium
f patients with localized prostate cancer. It was found that
re-treatment AR levels may predict the response to or suc-
ess of chemoprevention with dutasteride [56] and that patients
ith high levels of AR can compensate for androgen deple-

ion better than those having lower endogenous levels, leading
o differing responses to 5AR inhibition. A carefully designed
linical study can determine if these levels do indeed predict
esponse to therapy. Gaining insights into the pathways affected
y finasteride and dutasteride within the prostate tumor microen-

ironment should lead to development of additional agents that
an be used in combination with 5ARIs leading to more effec-
ive use in prevention or treatment of prostate cancer in the near
uture.

[
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7. Conclusion

There have been multiple clinical trials and pre-clinical studies
that have tested the utility of 5ARIs in treating prostate disease,
as summarized in Fig. 1. Inhibiting androgen action through the
use of finasteride and dutasteride has been established as a valu-
able resource for physicians. These two inhibitors have already
been proven safe and effective for treatment of LUTS and inhibit-
ing BPH disease progression; both finasteride and dutasteride have
also shown promise in preventing prostate cancer in men at risk
for developing the disease. The year 2010 should be exciting, since
results from three dutasteride trials will be reported. As more infor-
mation becomes available regarding the mechanism(s) of action of
5ARIs at the molecular level and how a patient’s genetic profile can
predict drug-response, it is anticipated that the efficacy of 5ARIs in
treating prostate disease will be enhanced.
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