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Introduction:  Five-alpha reductase (5-AR) deficiency was 
first identified by Imperato-McGinley and Walsh as the 
cause of pseudohermaphroditism in two separate studies.  
The discoveries led to the development of finasteride 
(inhibitor of type 2 isoenzyme of 5-AR) and dutasteride 
(inhibitor of type 1 and type 2 isoenzymes of 5-AR.
Both drugs have been proven effective for the treatment 
of benign prostatic hyperplasia and improve voiding 
symptoms, reduce the risk of urinary retention and the 
need for prostate surgery.
Five-alpha reductase inhibitors 5-ARIs have been 
demonstrated to be chemopreventive agents and reduce the 
risk of prostate cancer, although the risk of selecting out or 
mediating higher grade prostate cancer remains uncertain.
A lower dose of finasteride has been shown to be effective 
in the treatment of male pattern baldness.
Materials and methods:  A Medline search was 
performed using mesh terms, benign prostatic hypertrophy, 
prostate cancer, male pattern baldness, female and 5-AR.
Results:  The Prostate Long Term Efficacy and Safety 
Study (PLESS) was a randomized double-blind study that 
established that finasteride resulted in a 22% increase in 

maximum flow rate and a 19% decrease in prostate volume.
Further studies demonstrated that finasteride caused a 
significant reduction in the risk of the need for surgery and 
urinary retention in a 4 year period.  Additional studies 
showed similar beneficial results with dutasteride.
The potential benefits of 5-ARIs as chemopreventive 
agents were examined in the Prostate Cancer Prevention 
Trial (PCPT) and the Reduction by Dutasteride of Prostate 
Cancer Events (REDUCE) studies.  In the 7 year PCPT 
trial, 18.4% of the finasteride group developed prostate 
cancer compared to 24.4% in the placebo group.  In the 
4 year REDUCE trial, there was a 22.8% reduction of 
prostate cancer at the conclusion of the study.
Despite the reduction of prostate cancer in both the PCPT 
and REDUCE trials, each study showed an increased risk 
of prostate cancer in the treatment arms.  The explanation 
for these observations remains an area of investigation.  
Low dose finasteride has also been used successfully for 
the treatment of male pattern baldness.
Conclusions:  The use of 5-ARIs has been a major 
advance in urologic clinical practice.  Urologists should 
be familiar with the underlying pharmacology of 5-ARIs 
as well as the clinical indications for their use.
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History-the Guevedoces

In 1972, Julianne Imperato-McGinley was a young 
endocrinologist at Cornell Medical College in New 
York City who was interested in studying children 
with intersexuality and ambiguous genitalia.  She 
investigated a cohort of children in an isolated village, 

Salinas, in southwestern Dominican Republic.  These 
children appeared to be females at birth, but at puberty, 
these “girls” developed muscles, testicles and a penis.  
They were referred to locally as “Guevedoces”- penis 
at twelve.  They then continued their lives as men.

Imperato-McGinley studied these children and 
identified their underlying defect as 5-AR deficiency, 
an inherited form of male pseudohermaphroditism.1  
That same year, Walsh et al identified the same defect 
in Texas.2  Roy Vagelos was then the chief of research 
at Merck when he read the findings, “ The prostate, 
however, remains small” and was struck by the 
possibility of drug development to impair the growth 
of benign prostatic hyperplasia (BPH).3 
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5-ARIs: biochemistry, physiology and side 
effects

5-ARIs block the conversion of testosterone to 
dihydrotestosterone.  There are three commercially 
available 5-ARIs in the United States.  Finasteride 
(Proscar) is an orally active, competitive inhibitor of 
nicotinamide adenine dinucleotide phosphate, reduced 
from (NADPH) -dependent 5AR enzyme’s type 2 
isoenzyme.4  Despite its steroid structure, it has no 
affinity for any steroid receptors, including androgens, 
estrogens and progesterone.5  Finasteride has been 
shown to suppress serum DHT to approximately 70% 
of baseline levels in human males.5-7  Propecia is a 1 mg 
formulation of finasteride used for male pattern hair loss.

Dutasteride (Avodart) is an inhibitor of both 
isoenzymes (type 1 and type 2) of 5-AR.  Nonselective 
inhibition of both isoenzymes produces more than 
a 90% reduction in serum DHT.4,8  Type 2 5-AR is 
the predominant isoenzyme within the prostate.  Its 
inhibition by finasteride may lead to upregulation of 
type 1 5AR in extraprostatic sites (liver and skin) with 
consequent paracrine effects and elevated serum DHT on 
the prostate.4,8  The half-life of finasteride is 5 to 8 hours, 
whereas the half-life of dutasteride is about 180 hours.8,9 

Some investigators have reported increases in 
both or either serum testosterone and estrogens in 
patients receiving 5-ARIs.10-12  However, a recent 
meta-analysis concluded that reported increases in 
T levels with finasteride or dutasteride in men with 
low baseline serum T may be attributed, in part, to 
increased trapping of T by unsaturated sex hormone 
binding globulin (SHBG) due to the dissociation of 5 
alpha dihydrotestosterone.  In men with high baseline 
T levels, there appears to be no change in serum T 
levels.13  Ten studies reported LH, FSH, SHBG and 
estradiol values and none reported significant changes 
in these levels, suggesting that observed changes in 
serum T levels are unlikely mediated by gonadotropins 
or peripheral conversion of T to estradiol.13 

The most common side effects of 5-ARIs include 
impotence, decreased libido, ejaculatory disorders and 
gynecomastia.14  Less common side effects that have 
been reported include infertility, breast tenderness, 
depression, anxiety, dementia and suicide.15-18  
Finasteride has also been associated with intraoperative 
floppy iris syndrome and cataract formation.19,20

5-ARIs and PSA levels

It has been generally accepted that for men who 
have been on 5-ARIs for 6 months, that their 
measured serum PSA level should be doubled for 

proper interpretation.21  However, there is some 
evidence that doubling of the PSA may actually be an 
underestimation.  The Enlarged Prostate International 
Comparative Study (EPICS) reported similar median 
PSA suppression for both finasteride and dutasteride 
of approximately 55% at 12 months.22  Finasteride 
treatment in the Proscar Long Term Efficacy and Safety 
Study (PLESS) trial resulted in a median change of 57% 
after 4 years.23  Marks et al reported that dutasteride 
treatment resulted in a median change in PSA of 66% 
at 4 years24 and proposed that a PSA increase from 
nadir of 0.3 ng/mL could represent an alternative to 
the doubling rule of PSA adjustment for patients on 
5-ARIs.24

5-ARIs and BPH

Seminal studies were performed to examine the 
efficacy of treating the signs and symptoms of BPH 
with finasteride and dutasteride, respectively.  The 
Prostate Long-Term Efficacy and Safety Study (PLESS) 
was a randomized double-blind study that evaluated 
the effect of two doses of finasteride (1 mg and 5 mg) 
and placebo each given once daily for 12 months in 895 
men with prostatic hyperplasia.7  Compared to men 
in the placebo group, the men treated with 5 mg of 
finasteride per day had a significant decrease in total 
urinary symptom scores (p < 0.001), an increase of 1.6 
mL/second (22%, p < 0.001), in the maximal urinary 
flow rate and a 19 percent decrease in prostatic volume 
(p < 0.001).  The men treated with 1 mg of finasteride 
per day did not have a significant decrease in total 
urinary symptom scores, but had an increase of 1.4 
mL/second (23%) in the maximal urinary flow rate, 
and an 18% decrease in prostatic volume.  The men 
who received placebo had no change in total urinary 
symptom scores, an increase of 0.2 mL/ second (8%) 
in maximal urinary flow rate and a 3 percent decrease 
in prostatic volume.7  

Continuing the evaluation of finasteride for the 
treatment of BPH, McConnell et al published the effect 
of finasteride on the risk of acute urinary retention and 
the need for surgical treatment among men with BPH.25  
In a double-blind, randomized, placebo-controlled 
trial they enrolled 3040 men with moderate to severe 
urinary symptoms and enlarged prostate glands who 
were treated daily with 5 mg of finasteride for 4 years.  
During the 4 year study period, 152 of the 1503 men in 
the placebo group (10%) and 69 of the 1513 men in the 
finasteride group (4.5%) underwent surgery for BPH 
for a 55% risk reduction for those men on finasteride.  
Acute urinary retention developed in 99 men (7%) in 
the placebo group and 42 men (3%) in the finasteride 
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group for a 57% risk reduction in those men receiving 
finasteride.  Among those men who completed the 
study, the finasteride group had a 3.3 reduction 
in symptom score versus 1.3 in the placebo group  
(p < 0.001).  In these men, there was an 18% decrease in 
prostate volume in the finasteride group versus a 14% 
increase in the placebo group at the end of 4 years.25

Dutasteride was examined in a similar manner to 
finasteride.  The efficacy and safety of dutasteride was 
evaluated by a pooled analysis of three randomized, 
double-blinded, placebo-controlled, parallel-group 
clinical trials of 2 years duration followed by a 2 year 
open-label extension.26,27  A total of 4235 patients were 
enrolled.  At the conclusion of 2 years of follow up, the 
symptom score decreased by -4.5 in the dutasteride 
group compared to -2.3 in the placebo group.  Prostate 
volume in the dutasteride group was decreased by 
25.7% compared to baseline versus an increase in 
prostate volume of 1.7% in the placebo group.  With 
2 years of follow up, dutasteride therapy reduced the 
risk of BPH related surgery by 48% and acute urinary 
retention by 57% compared to placebo.14,26  The FDA 
approved finasteride for the treatment of BPH in 
1992 and dutasteride received FDA approval for BPH 
treatment in 2001.27

5-ARIs and prostate cancer

The next question to be addressed was whether 
5-ARIs could serve as chemopreventive agents 
for prostate cancer.  Two major trials, the Prostate 
Cancer Prevention Trial (PCPT) and the Reduction by 
Dutasteride of Prostate Cancer Events (REDUCE) were 
undertaken to answer this question for finasteride and 
dutasteride, respectively. 

The PCPT enrolled men who were 55 years old and 
above, were in good health and had no evidence of 
prostate cancer.  The participants had to have a PSA of 
3.0 ng/mL or less and a normal DRE at the time of entry 
into the study.  Ultimately 18.882 men were recruited 
for the study.  At the conclusion of the study period, 
each participant who had not been diagnosed with 
prostate cancer was asked to have a prostate biopsy.  If 
during the study, a PSA screening value or DRE became 
abnormal, the man was recommended to undergo a 
prostate biopsy “for cause.”  At the conclusion of the 
7 year study, 18.4% of the finasteride group developed 
prostate cancer compared to 24.4% in the placebo 
group for a 24.8% (p < 0.001) reduction in prevalence 
over the 7 year study period.28   However, high grade 
disease (Gleason score 7-10) was more common in the 
finasteride group (6.4%) than in the placebo group 
(5.1%) (p = 0.005).29  Although the study confirmed the 

potential for finasteride to serve as a chemopreventive 
agent for the development of prostate cancer, there 
was no obvious biological reason why finasteride 
would cause more high grade tumors. Subsequently, 
this apparent paradox has been extensively examined.

Several explanations for this observation have been 
proposed.  First, 5-ARIs shrink prostate volume, thus 
making it more likely to find high grade disease when 
it is present.29-31  Second, the 5-ARIs, by decreasing the 
confounding PSA from BPH, heighten the sensitivity 
of the PSA and DRE in the detection of high grade 
disease.29,31,32  An analysis by Thompson et al revealed 
that the sensitivity and area under the receiver operating 
characteristic curve (AUC) of PSA for detecting prostate 
cancer was higher for men in the finasteride group at all 
PSA cutoffs matched by specificity.32  It appears that a 
combination of cancer chemoprevention, PSA reduction 
from benign disease and an increased sensitivity of PSA 
for high grade prostate cancer may have resulted in the 
increased rate of detection of high grade cancer in the 
finasteride group, despite the overall reduction of the 
incidence of prostate cancer diagnosis.4 

Long term follow up of the PCPT strongly suggests 
that any sequelae of potential risk for high grade 
cancer appears to be minimal, if at all.  Thompson et al 
reported an 18 year follow up of patients in the PCPT.33  
Of the 18,880 men who underwent randomization, 
the prostate cancer rate was 10.5% in the finasteride 
group and 14.9% in the placebo group.33  Of the men 
who were evaluated, the high grade cancer (Gleason 
score 7-10) was 3.5% versus 3.0% in the finasteride 
and placebo groups, respectively.  The 10 year survival 
rates were 83.0% in the finasteride group and 80.9% 
in the placebo group for men with low grade prostate 
cancer and 73.0% and 73.6%, respectively, for those 
individuals with high grade cancer.

The REDUCE trial found results similar to those of 
the PCPT.  In the REDUCE trial, 6279 men, aged 50-75 
years, were treated with dutasteride 0.5 mg/day of 
placebo for 4 years.  At the end of 4 years, there was 
a relative risk reduction of 22.8% (p < 0.001) in the 
dutasteride group.  During the first 2 years of the trial, 
there were 141 more tumors with a Gleason of 5 to 7 in 
the placebo group than in the dutasteride group (558 
of 3346 participants versus 417 of 3239 participants).  
The number of tumors with a Gleason score of 8-10 
was similar in the two groups, 18 and 17 respectively.  
During years 3 and 4, however, there was only one 
tumor with a Gleason score of 8-10 detected among the 
2343 men in the placebo group, whereas 12 high grade 
cancers were found in the 2447 men in the dutasteride 
group (p = 0.003).  The authors speculated that if the 
men in the placebo group who had the 141 excess 
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tumors with a Gleason score of 5 to 7 during the first 2 
years of the study had not been withdrawn as the trial 
protocol required, a proportion of the cancers might 
have been upgraded on biopsy during years 3 and 4.34 

However, the controversy regarding the relationship 
between 5-ARIs and high grade prostate cancer is 
ongoing and unresolved.  Kumar et al35 used the 
Surveillance, Epidemiology and End Results Program-
Medicare linked database and identified patients 
with stage I to IV prostate cancer known PSA level at 
diagnosis between January 1, 2008 and December 31, 
2013.  The final cohort included 30,313 patients with a 
median (interquartile range) follow up of 3.75 years.  A 
total of 2373 patients (7.83%) were prescribed 5-ARIs at 
least 6 months before prostate cancer diagnosis with a 
median (interquartile range) treatment duration of 2.41 
years.  The 4 year cumulative incidence of death from 
prostate cancer was 5.3% in 5-ARI users and 2.8 % in 
nonusers.  Compared with participants who did not 
receive ARIs, those who did were more likely to present 
with disease that was high grade (Gleason score 8-10) 
(18% versus 29%) respectively.  No specific explanation 
was provided for these findings other than a need for 
increased awareness of 5-ARI induced PSA suppression 
and clearer guidelines for early prostate cancer detection.

5-ARIs and male pattern baldness

By the age of 30, 30% of white men have androgenetic 
alopecia; this increases to 50% by the age of 50.  
White men are four times more likely than black men 
to develop premature balding.36,37  Hair loss does 
not actually start until after puberty and the rate 
of progression is extremely variable.38  One study 
found an average rate of hair loss of about 5% per 
year.37  The hair loss seen in androgenic alopecia is a 
result of stepwise miniaturization of the hair follicle 
and changes in hair cycle dynamics.36,39  Androgenic 
alopecia is induced by activation of follicular androgen 
receptors by dihydrotestosterone.38

Finasteride at a dose of 1 mg/day (Propecia) was 
evaluated for the treatment of male pattern baldness.  
A group of 1879 men received oral finasteride, 1 
mg per day.  In men with vertex hair loss, global 
photographs showed improvement in hair growth of 
48% of finasteride patients at 1 year and 66% at 2 years 
compared to 7% of placebo patients.40  Side effects were 
observed and included decreased libido, ejaculatory 
disorders and erectile dysfunction.  These events 
occurred in 3.8% of the finasteride patients and 2.1% 
of placebo patients.  If the medication is stopped, hair 
loss will continue.41  Propecia was approved in 1997 
for the treatment of male pattern baldness.27 
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