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Abstract

Around 50% of men 51-60 years of age have patho-
logical benign prostatic hyperplasia (BPH). Pharma-
cotherapy for BPH includes the 5a-reductase inhibitor
finasteride, and a,-adrenoceptor antagonists.
Finasteride reduces prostate volume and symptom
scores, while increasing peak urinary flow rates. The
main problem with finasteride treatment is that it increas-
es the incidence of ejaculation disorders. All of the a-
adrenoceptor antagonists have been shown to reduce
symptom scores and increase peak urinary flow rates in
BPH. The nonselective a,-adrenoceptor antagonists
(prazosin, terazosin and doxazosin) were developed as
antihypertensives, and hypotensive-related side effects
are the main problem with these agents in BPH. These
side effects can be diminished by reducing peak con-
centrations of the drugs, as with once-daily alfuzosin, or
by using the uroselective antagonist tamsulosin.
Phytopharmaceuticals are commonly used in the treat-
ment of BPH, such as saw palmetto berry which has
been shown to improve the symptoms and peak urinary
flow rate. Androgen receptor antagonists are not used in
BPH because of their adverse effects. Newer drugs
under development for the treatment of BPH include a-
adrenoceptor antagonists that show more selectivity for
a,,-adrenoceptors than tamsulosin, combined 5a-
reductase/a,-adrenoceptor inhibitors and combined type
1/type 2 5a-reductase inhibitors. New targets for the
drug treatment of BPH include endothelin, growth fac-
tors, estrogens and the phosphodiesterase isoenzymes.

Introduction

Benign prostatatic hyperplasia (BPH) comprises both
static and dynamic components that contribute to the
symptoms. The static component refers to the prolifera-
tion process that involves predominantly the stromal ele-
ments of the prostate. This growth may compress the ure-
thra and obstruct urinary flow from the bladder. The
dynamic component reflects the smooth muscle tone of
the bladder neck and prostate smooth muscle. Initially,
the clinical manifestations of BPH include obstructive and
irritative lower urinary tract symptoms (LUTS). Thus, the
treatment goals in most men are to relieve these bother-
some symptoms that reduce the quality of life. BPH can
also be progressive, with a risk of urinary retention, blad-
der infection, bladder calculi and renal failure.

The normal prostate reaches about 20 g in men
between the age of 21 and 30 years and this weight
remains essentially the same with increasing age unless
BPH develops. The prevalence of pathological BPH is
only 8% at the fourth decade; however, 50% of the male
population has pathological BPH (33 g or more) by the
time they are 51-60 years old. Since the incidence of BPH
is age-related, the clinical and the economic impact of his
disease will increase with increasing life span. The
growth of BPH is probably initiated before the patient is
30 years old. The early phases of BPH growth (31-50
years of age) is rapid and then becomes slower with age
(1). More than 50% of patients diagnosed with BPH will
experience progression of these symptoms within 3 years
(2). In the U.S., the estimated risk of a 50-year old man
undergoing therapeutic intervention in his lifetime for BPH
is about 40%.

Treatment options for BPH range from watchful wait-
ing, with or without pharmacotherapy, for those patients
with mild to moderate symptoms preferring to delay any
active therapy. This is followed by the minimal invasive
treatments, which include transurethral needle ablation
(TUNA) of the prostate and transurethral microwave
therapy. Finally, surgical interventions such as
transurethral resection of the prostate (TURP) and open
enucleation of the prostate are reserved for those who
have moderate to severe symptoms and/or complications
of BPH. Eventually, almost 20% of BPH patients undergo
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prostatic surgery to effectively relieve symptoms. During
watchful waiting a variety of drugs can be used to improve
the symptoms and urinary flow rate, and these are dis-
cussed in this review.

5a-Reductase inhibition with finasteride

50-Reductase catalyzes the conversion of testos-
terone to dihydrotestosterone (DHT), the principal prosta-
tic androgen. Finasteride (1) selectively inhibits 5alpha-
reductase type 2, the dominant isoenzyme in genital
tissues such as the prostate. The first major clinical trial
of finasteride in BPH was performed over 12 months in
895 men with an enlarged prostate gland on digital rectal
examination and a maximum urinary flow rate of < 15
ml/sec (3). Symptoms were evaluated on the Boyarski
score (4), a questionnaire on a 0-4 scale about urinary
hesitancy, terminal dribbling, impairment in size and force
of the urinary stream, interruption of urination, incomplete
emptying, urgency, dysuria, clothes wetting and straining
or pushing to start urinary flow. Finasteride (5 mg once
daily) decreased serum DHT from 45 to 10 ng/dl and also
decreased serum prostate-specific antigen (PSA) levels.
Finasteride reduced symptoms scores by 2.7 (1.0, place-
bo) and increased the maximum urinary flow rate by 1.6
ml/sec (0.2 ml/sec, placebo). The prostate volume was
reduced from 68.6 to 47.5 cm? by finasteride. Adverse
effects observed with finasteride included decreased
libido in 4.7% (1.3%, placebo), ejaculation disorder in
4.4% (1.7%, placebo) and impotence in 3.4% (1.7%,
placebo) of the men (3). The reduction in prostate volume
with finasteride represented a reduction in the inner gland
epithelium with little effect on the stroma or lumina (5).
Examination of prostates removed at prostatectomy
showed that finasteride caused prostate involution
through a combination of atrophy and cell death (6).

Canadian and Scandinavian studies (7) have shown
that finasteride remains effective at 2 years. In the dou-
ble-blind study of 613 Canadian men with moderate BPH,
finasteride decreased symptom scores by 2.7 (0.7, place-
bo) and increased peak urinary flow rate by 1.4 ml/sec
(0.3 ml/sec, placebo). The prostate volume was
decreased from 44 cm?® by 21% (8.8% increase, placebo).
The incidence of adverse events related to sexual dys-
function was greater in the finasteride than placebo group
(ejaculation disorder 7.7% vs. 1.7% and impotence
15.8% vs. 6.3%) (8). An open-label extension study of
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the first major trial with finasteride in BPH (3) showed that
finasteride remained effective over 5 years. The nadir
reduction in prostate volume of 25% was achieved after
2 years, but a 23% reduction was still evident after
5 years (9).

Pooled data from 4222 men with moderate sympto-
matic BPH showed that finasteride treatment for up to
2 years reduced the frequency of acute urinary retention
by more than 50% and reduced surgical intervention by
more than one-third compared to placebo (10). Similar
findings, but for over 4 years, were reported from a trial of
3040 men with moderate to severe urinary symptoms and
enlarged prostate glands treated with finasteride or place-
bo. During this period, fewer men in the treatment group
underwent surgery (5%) than in the placebo group (10%)
and fewer developed acute urinary retention (3% vs. 7%
for placebo) (11).

Meta-analysis has shown that finasteride is more
effective in men with large prostates. This analysis includ-
ed some unpublished trials. The International Prostate
Symptom Score (IPSS) (12) and the American Urological
Association (AUA) symptom score should be identical
since the IPSS was developed and validated as the AUA.
This index includes 7 questions (covering frequency, noc-
turia, weak urinary stream, hesitancy, intermittence,
incomplete emptying and urgency) scored 0 (absent) to 5
(severe) (13). However, to do the meta-analysis, consid-
eration had to be given to some trials having slight modi-
fications of the IPSS/AUA and consequently a Quasi-
IPSS index was used. The analysis showed that for men
with prostates under 40 cm3, finasteride had no significant
effect on symptoms or peak urinary flow rate. Finasteride
did improve symptom scores and the peak urinary flow
rates in men with larger prostates (14). The finding that
men with enlarged prostates benefit most from finasteride
treatment was subsequently confirmed in the PROWESS
study (15).

Several small studies have shown that finasteride is
effective in the treatment of recurrent hematuria sec-
ondary to BPH. Bleeding subsided with 2 weeks of finas-
teride treatment in 12 patients, and finasteride remained
effective at 6 months (16). In another study, a hematuria
grading system was devised and finasteride improved
hematuria in 14 of 16 patients, some of whom had had
prior prostatectomy (17). Long-term treatment (up to 4
years) with finasteride (n=50) showed decreased recur-
rence of hematuria and the need for surgery as compared
to placebo (n=30) (18). The mechanism of this beneficial
effect in hematuria may involve decreasing microvessel
density. Finasteride treatment is associated with a
decrease in microvessel density in the suburethral portion
but not in the nodular hyperplasia of prostates from
patients with clinical BPH and gross hematuria (19).

As the free-to-total serum PSA ratio is used to differ-
entiate benign from malignant processes in the prostate,
concern has been expressed that finasteride may upset
this detection. In 20 men treated for a minimum of 9
months with finasteride, both the free and total PSA lev-
els were decreased leaving the ratio unchanged (20).
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However, when only the serum PSA levels are being
measured, it is necessary to double the PSA levels in
finasteride-treated patients to allow appropriate interpre-
tation of PSA values that do not mask the detection of
prostate cancer (21). This method has been proven in a
trial of 3040 men with PSA levels of < 10 ng/ml who were
randomized to finasteride or placebo for up to 4 years.
Prostate cancer was diagnosed in 4.7% of men on finas-
teride and 5.1% on placebo, with an elevated PSA having
prompted diagnosis in 35% of cases on finasteride and
34% on placebo (22).

Leuprolide is a stronger antiandrogen that finasteride.
Leuprolide induces marked atrophy of prostate carcinoma
cells making the pathologic diagnosis of cancer difficult.
Needle biopsy specimens were reviewed to determine
whether a similar problem arose after finasteride treat-
ment, and this was not the case. Thus, no histologic dif-
ferences were present in either the benign or cancer
group between cases treated with finasteride and place-
bo (23).

Androgens are important for normal bone cell activity
and bone mass in men, stimulating proliferation and dif-
ferentiation of osteoblasts and inhibiting bone resorption.
Although 5a-reductase is expressed in human
osteoblasts, the specific role of DHT in the maintenance
of bone mass is clear. The long-term treatment (up to 4
years) of BPH with finasteride had no effect on bone min-
eral density as assessed by dual energy x-ray absorp-
tiometry of the lumbar spine (24).

a,-Adrenoceptor antagonists

Noradrenaline acts at a,-adrenoceptors in the neck
and sphincters of the urinary bladder to promote contrac-
tion and urinary retention. Noradrenaline also acts at
a,-adrenoceptors to contract the smooth muscle in the
prostate capsule and prostate urethra. By opposing these
actions, a,-adrenoceptor antagonists are beneficial in
BPH.

Other mechanisms may also contribute to the benefi-
cial effects of a,-adrenoceptor antagonists in BPH. For
instance, biopsy and prostatectomy specimens from
untreated and a,-adrenoceptor antagonists (terazosin or
doxazosin)-treated BPH patients suggest that these
agents may induce apoptosis in both the epithelial and
stromal cells of the prostate with little effect on cell prolif-
eration. The apoptosis was associated with a decrease in
smooth muscle a-actin expression and stromal regres-
sion (25). Another study did not note stromal regression,
but reported that a,-adrenoceptor antagonists decreased
the expression of myosin heavy chain, a functional mark-
er for the smooth muscle phenotype (26).

a,-Adrenoceptor antagonists were developed to treat
hypertension, where they lower blood pressure by antag-
onizing noradrenaline a,-adrenoceptor-mediated vaso-
constriction. There are 3 subtypes of a,-adrenoceptor:
O, O,gand a,. The o, subtype is predominant in blood
vessels whereas the a,, subtype is predominant in the
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prostate. Prazosin (2), the prototype a,-adrenoceptor
antagonist and the structurally similar terazosin and dox-
azosin, do not distinguish between these a,-adrenoceptor
subtypes. Prazosin has to be given twice a day which is
not ideal for BPH, where a long-acting sustained effect is
required. Terazosin and doxazosin are longer acting with
elimination half-lives of 12 and 20 h and duration of
actions of 18 and 36 h, respectively.

One of the potential problems with nonselective a,-
adrenoceptor antagonists is that by antagonizing vascu-
lar o,z-adrenoceptors they may induce orthostatic
hypotension which often manifests itself as dizziness
and/or headache. Alternatively, a,g-adrenoceptor antago-
nism/blood pressure lowering may be beneficial in
patients suffering from both hypertension and BPH pro-
vided there is appropriate modification of other antihyper-
tensive medication.

Terazosin

Terazosin (3) 10 mg daily is effective in the treatment
of BPH. Compared to placebo after 16 weeks in 285 men
with symptomatic BPH, terazosin decreased the
Boyarsky symptom score and increased peak and mean
urinary flow rates (27). These beneficial effects of tera-
zosin were still evident 42 months after the initiation of
therapy. The most common adverse events resulting in
premature termination with terazosin were dizziness
(6.7%), asthenia (3.8%) and somnolence (2.0%) (28). In
another 24-week study, 17 of 81 terazosin-treated
patients reported hypotension-related adverse events
leading to 4 withdrawals from the study (29).

The beneficial effects of terazosin in BPH were
further confirmed in a community-based population of
2084 men with moderate to severe BPH under usual care
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conditions. Terazosin improved the AUA symptom score
by —7.6 (—3.7, placebo) and the AUA bother score by —6.3
(-3.1, placebo). Terazosin increased the peak urinary
flow rate by 2.2 ml/sec (0.7 ml/sec, placebo) (30). Similar
findings on symptom scores and peak urinary flow rates
were reported from meta-analysis of these and other tri-
als of terazosin in BPH (31). Terazosin decreased systolic
and diastolic blood pressure (SBP and DBP) by 5.5
mmHg (0.9 mmHg, placebo) and 3.9 mmHg (1.3 mmHg,
placebo), respectively (30).

Treatment of men with BPH with terazosin for 1 year
did not affect serum PSA concentrations (32). Thus, tera-
zosin does not complicate the monitoring of serum PSA
levels to detect prostate carcinoma.

As finasteride and a,-adrenoceptor antagonists have
different mechanisms of action, it would be predicted that
they could have an additive effect. However, terazosin
and finasteride do not seem to have pronounced additive
effects. Terazosin (10 mg daily) was more effective than
finasteride (5 mg daily) in BPH, and the combination of
terazosin and finasteride was no more effective than ter-
azosin alone. The 1229 men with symptomatic BPH
enrolled in this study had a mean symptom score of at
least 8 on the AUA symptom index. Subjects also had a
peak urinary flow rate of no more than 15 ml/sec and no
less than 4 ml/sec. At 1 year, placebo, finasteride, tera-
zosin and the combination of terazosin and finasteride
had reduced the symptom scores by 2.6, 3.2, 6.1 and 6.2,
and increased the peak urinary flow rates by 1.4, 1.6, 2.7
and 3.2 ml/min, respectively. Finasteride, but not tera-
zosin, decreased the prostatic volume by 6.1 cm?3 (33).
The main adverse effects observed with terazosin as
compared to placebo were dizziness (26% vs. 7%),
asthenia (13% vs. 7%) and postural hypotension (7% vs.
1%) (34).

In the study where finasteride was initially shown to be
effective in BPH (3), the prostate glands were larger at
baseline than the comparative study of finasteride and
terazosin. Meta-analysis has also shown that finasteride
was more effective in men with large prostates (14). In the
comparative study, men with prostates 40.1-50 cm?® had
no added benefit with finasteride, and it was only men
with very large prostates that had a modest benefit. Thus,
in the subset of men with prostates of > 50 cm3, placebo,
finasteride, terazosin and the combination decreased
AUA symptom score by 2.5, 3.6, 6.0 and 7.0, and
increased the peak urinary flow rate by 0.6, 2.7, 3.6 and
4.7 ml/sec, respectively (35).

Targeted transurethral microwave thermotherapy is a
minimally invasive alternative to pharmacotherapy requir-
ing a single 1-h outpatient session. Terazosin (up to 10
mg daily) has been compared to microwave thermothera-
py in 103 patients who had previously not taken an
a,-adrenoceptor antagonist or had prostate surgery, and
the microwave thermotherapy was shown to be more
effective than terazosin at 6 and 18 months. Thus, at 6
months the IPSS was lowered from about 19 to 6.8 and
11.0, and the peak urine flow rate was increased from
about 8 to 13.9 and 11.6 ml/sec in the thermotherapy and
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terazosin groups, respectively. By 18 months, terazosin
therapy had failed in 21 patients (13 for ineffectiveness; 8
for side effects) and thermotherapy had failed in 3
patients. The most common adverse events in the first 6
months with terazosin were dizziness (7 cases), asthenia
(4 cases) and headache (3 cases) while those with ther-
motherapy were urinary tract infection (3 cases) and loss
of ejaculation (1 case) (36).

Doxazosin

Blood pressure was monitored in a trial of doxazosin
(4) 8 mg daily in 100 normotensive patients with BPH.
Doxazosin improved symptoms and increased peak uri-
nary flow rates by 2.9 ml/sec (0.7 ml/sec, placebo), while
decreasing mean blood pressure by about 5 mmHg. The
most common adverse effects with doxazosin were dizzi-
ness (24% vs. 2% in placebo) and headache (12% vs. 2%
in placebo) (37). Doxazosin (4-12 mg) had similar effects
on the symptoms and peak urinary flow rates in hyper-
tensive patients with BPH, but a greater effect on blood
pressure. Thus, doxazosin reduced standing DBP/SBP
by 11.6-17.4/9.8-12.7 mmHg compared to 3.4/4.3 mmHg
for placebo (38).

Long-term follow-up in 272 normotensive and 178
mildly to moderately hypertensive men showed that dox-
azosin increased the peak urinary flow rate by 1.9 ml/sec
and decreased symptoms. Doxazosin decreased
SBP/DBP by 8/11 and 4/2 mmHg in hypertensive and
normotensive patients, respectively. The most common
adverse effects were dizziness, headache and fatigue,
with dizziness being the most common reason for with-
drawal from the study (39). The recent Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT) showed that when used in the treatment
of hypertension, doxazosin seemed to increase the likeli-
hood of the patients developing heart failure (40). It is not
known whether this is a class action of the a,-adrenocep-
tor antagonists or whether the increased tendency to
heart failure in hypertension is a specific effect of doxa-
zosin. Therefore, presently the use of doxazosin in hyper-
tension or concurrent hypertension and BPH should not
be recommended.

A recent survey of 53,824 men with BPH has high-
lighted that treatment with nonselective a,-adrenoceptor
antagonists (prazosin, terazosin and doxazosin) is asso-
ciated with increases in the risk of a cluster of clinical
events (hypotension, syncope, dizziness, fractures)
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consistent with vascular a-adrenoceptor antagonism.
These events are increased by prior initiation of other
antihypertensive medication (41). As a,-adrenoceptor
antagonists showing selectivity for a, ,-adrenoceptors are
now available for use in the treatment of BPH, the use
of the nonselective agents with the propensity to cause
orthostatic hypotension is in decline and may stop
shortly.

Alfuzosin

Despite affinity studies on human-cloned a,-adreno-
ceptor subtypes showing that alfuzosin (5) is a nonselec-
tive a,-adrenoceptor antagonist, some functional and
experimental animal models indicate that it may be
uroselective (42). Alfuzosin has a relatively short half-life
(8-5 h), but has been formulated into a sustained-release
preparation for twice-daily use (SR alfuzosin) and subse-
quently a once-daily preparation (OD alfuzosin) for use in
BPH. The apparent in vivo uroselectivity of alfuzosin may
be due to OD alfuzosin producing lower peak levels and
a lesser likelihood of vascular o, g-adrenoceptor-mediated
side effects.

Alfuzosin (2.5 mg every 8 h, 7.5 mg/day) was one of
the first a,-adrenoceptor antagonists to be tested in BPH,
and was shown to improve symptoms with little effect on
peak urinary flow rate. Alfuzosin has no effect on the size
of the prostate and does not cause impotence. Alfuzosin
did decrease standing SBP by 3.9 mmHg, and this was
associated with an increased incidence of dizziness and
headache as compared to placebo (7.2% vs. 5.2% and
6.4% vs. 4.9%, respectively) (43).

Alfuzosin has been used extensively in BPH in
Europe, Asia and Latin America but is not available in the
U.S. A large French prospective study (5849 patients)
showed that alfuzosin (2.5 mg t.i.d.) reduced symptom
severity, improved quality of life and perceived sexuality
in BPH over a 12-month period (44). A short-term study
has shown that SR alfuzosin (5 mg twice daily) improves
urinary symptoms, increases peak urinary flow rate and
reduces residual urine volume in BPH. SR alfuzosin only
caused a small decrease (about 5 mmHg) in supine blood
pressure in normotensives and hypertensives (45). The
most frequent adverse effect with alfuzosin was dizzi-
ness, which occurred in 5.5% of patients as compared to
2.1% in the placebo group (42).

OD alfuzosin (10 or 15 mg) has been assessed in 536
patients with BPH over 3 months in a double-blind trial,
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and both doses had similar beneficial effects. OD alfu-
zosin 10 mg decreased the IPSS by 3.6 (1.6, placebo)
and increased the peak urinary flow rate by 1.1 ml/sec (0
ml/sec, placebo). The most common adverse effects
were dizziness and headache, which occurred in 7.4%
and 5.1% of men taking OD alfuzosin as compared to
2.9% and 2.3% of placebo-treated men, respectively. OD
alfuzosin had no effect on supine SBP or DBP. Orthostatic
hypotension was defined as a decrease in SBP of 20
mmHg or more when standing up at any visit after ran-
domization. The orthostatic hypotension rates were iden-
tical (3.4%) in the OD alfuzosin and placebo groups. OD
alfuzosin did not cause ejaculation disorder (46).

Tamsulosin

Tamsulosin (6) shows selectivity for a,,- (and a,,-)
over a,g-adrenoceptors (47), which means that it may be
effective in BPH without reducing blood pressure.
Tamsulosin has a half-life of 5-10 h and only has to be
used once a day. In a 12-week trial of 313 patients with
BPH, tamsulosin (0.4 mg daily) increased peak urinary
flow rate by 1.4 ml/sec (0.4 ml/sec, placebo) and
decreased the total Boyarsky symptom score. More
adverse effects were observed with tamsulosin (34%)
than placebo (24%) but this did not reach statistical sig-
nificance. The incidence of cardiovascular-related
adverse events (postural hypotension, syncope and
tachycardia/palpitation) were similarly low in the tamsu-
losin (5%) and placebo (7%) groups (48).

Tamsulosin (0.4 and 0.8 mg daily) has also been
shown to be effective long term in BPH (418 patients)
without inducing orthostatic hypotension. Over 53 weeks,
tamsulosin reduced the AUA symptom index by 3.1.
Tamsulosin also increased the maximum urinary flow rate
by 1.7 mi/sec. Tamsulosin did decrease blood pressure in
both hypertensives and normotensives but these effects
were small and not significant. Abnormal ejaculation
occurred in 26% of the tamsulosin 0.8 mg group com-
pared with 10% and 0% in the tamsulosin 0.4 mg and
placebo groups, respectively (49). An extension of this
study plus other trials with open-label 0.4 mg tamsulosin
have confirmed that tamsulosin is effective long term (up
to 4 years) (50, 51). The main reason for withdrawal over
the 4 years was insufficient efficacy in 27% of the
patients. At the end of the 4 years, tamsulosin had
reduced standing SBP/DBP by 1.7/3.8 mmHg (51).
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In a comparison of tamsulosin (0.4 mg once daily)
with alfuzosin (2.5 mg t.i.d.) in 256 patients with BPH, it
was shown that these drugs have similar effects on peak
urinary flow rate and Boyarsky symptom score. Whereas
tamsulosin had no effect on blood pressure, alfuzosin
reduced both standing and supine blood pressure (52). A
comparison of tamsulosin (0.2 mg) with terazosin
(increasing 1-5 mg) revealed similar findings. Thus,
although these drugs had equivalent effects on peak uri-
nary flow and symptoms, terazosin only decreased blood
pressure and was more likely to cause dizziness (53).

Targeted transurethral microwave thermotherapy is
probably superior to terazosin in BPH (36). As hypoten-
sive-associated side effects are less frequently associat-
ed with tamsulosin than terazosin, it would be of interest
to compare microwave thermotherapy with tamsulosin to
determine whether thermotherapy is also superior to tam-
sulosin.

New uroselective agents

Increasing the uroselectivity of alpha,-adrenoceptor
antagonists may allow an increase in dose/benefit in BPH
without detrimental effects on the cardiovascular system,
and a number of uroselective agents have been synthe-
sized. Tamsulosin has a a,,-/a,g-receptor subtype selec-
tivity of 15 for the cloned human adrenoceptors.
Fiduxosin (7) has a higher affinity for the cloned human
a,,- (0.16 nM) than the a,g-adrenoceptor (25 nM) (54)
and a prostatic intraurethral pressure versus mean arter-
ial pressure ratio of 7.5 in dogs (55), which suggested that
it may be useful in the treatment of BPH. However, Abbott
Laboratories have discontinued their development of
fiduxosin.

Some compounds being developed by R.W. Johnson
Pharmaceuticals for BPH show much greater uroselectiv-
ity than that observed with tamsulosin. At human cloned
a,-adrenoceptors, RWJ-69736 (8) and RWJ-38063 (9)
have a,,-/a,,-receptor subtype selectivities of 340 and
953, respectively (56).

The calcium channel blocker niguldipine is a potent
antagonist at a,,- but not other a-adrenoceptors. The
niguldipine molecule has been modified by Merck

Pharmacotherapy for benign prostatic hyperplasia

CH, o

N
N o
®)
CH, ' o
Hc” o NN \n/\N
N 0
9
F
E
0
N/\/\H [
N/go
H
_0

E H,C

(10)

S A
Y | =N
HSC\O N/\/\/N s HCl
H O
H
(@]

Research Laboratories to maintain the selective a,,-
adrenoceptor antagonism while reducing the calcium
channel blocking activity. Many of the compounds syn-
thesized were found to be more potent than terazosin in
both a rat model of prostate tone and a dog model of
intraurethral pressure without affecting blood pressure.
One of the compounds tested, (4R)-4-(3,4-difluoro-
phenyl)-6-(methoxymethyl)-2-oxo-1,2,3,4-tetrahydropy-
rimidine-5-carboxylic acid 3-[4-(4-fluorophenyl)piperidin-
1-yl]propylamide (10), was selected for further develop-
ment in the treatment of BPH, as it has a better pharma-
cokinetic profile than the other agents developed (57).
Kissei Pharmaceuticals are developing KMD-3213,
(=)-(R)-1-(3-hydroxypropyl)-5-[2-[2-[2-(2,2,2-tri-
fluroethoxy)phenoxy]ethylamino]propyllindoline-7-car-
boxamide (11), as a uroselective a, ,-adrenoceptor antag-
onist. KMD-3213 has more than a 200-fold higher affinity
for human prostate a,,- than aorta a,g-adrenoceptors
(58). The greater uroselectivity of KMD-3213 than tamsu-
losin has been demonstrated by studying the effects on
prostatic urethral pressure and blood pressure in male
decerebrate dogs (59). Byk Gulden’s B8805-033, ()-
1,3,5-trimethyl-6-[3-[4-(2,3-dihydro-2-hydroxymethyl-1,4-
benzodioxin-5-yl)piperazin-1-yl]propylamino]-2,4(1H,3H)-
pyrimidinedione (12) is another drug with over a 150-fold
selectivity for a,,- over a,,- or a,y-adrenoceptors, and
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urethral/vascular selectivity of 52 in anesthetized dogs.
However, B8805-033 also has actions at other receptors
including potent agonistic activity at 5-HT,,-receptors
(60) which may preclude its further development for the
treatment of BPH.

Combined 5a-reductase/a,-adrenoceptor inhibitors

Finasteride and a,-adrenoceptor antagonists are
used together in the treatment of BPH despite the lack of
clear-cut evidence that the combination has a greater
effect than the a,-adrenoceptor antagonist does alone,
other than in the presence of a very large prostate. As
finasteride and a,-adrenoceptor antagonists have differ-
ent mechanisms of action, it would be predicted that
they could have an additive effect, and it is possible that
a drug that combines these mechanisms may also be
useful. Z-350, (S)-4-[3-(4-1-{4-methyl-phenyl)-3-{4-(2-
methoxyphenyl)piperazine-1-yl]propoxy}benzoyl)indole-
1-yllbutyric acid hydrochloride (13), is a more potent

HCI

OH

(13)
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inhibitor of the phenylephrine a,-adrenoceptor-mediated
responses of the rabbit prostate and urethra than the
aorta. Z-350 also inhibits 5a-reductase and is being
developed for the treatment of BPH (61).

Phytopharmaceuticals

Drugs derived from plants have a long tradition in the
treatment of BPH in Europe and are now being used
more commonly in the U.S. At present, one-third of men
in the U.S. who choose nonsurgical therapy for BPH use
herbal preparations alone or in combination with pre-
scription medicines (62). This use is controversial, as no
clear mechanisms of action have been established for
many of these agents. Many of the phytopharmaceuticals
have not been evaluated in double-blind clinical studies,
and thus their effect may be a “placebo” effect as a con-
siderable placebo effect is noted in double-blind studies
of treatment for BPH. Reviews of saw palmetto berry (63),
cernilton (64) and Pygeum Africanum (65) have all con-
cluded that analysis of the effectiveness of these prepa-
rations is limited by the short duration of the trials, the lim-
ited number of enrollees, gaps in reported outcomes and
the unknown quality of the preparations utilized.
Nevertheless, it seems likely that these agents do
improve symptoms and peak urinary flow rate. Long-term
trials of the effects of these phytopharmaceuticals in BPH
are still needed.

Saw palmetto berry

The most widely used phytopharmaceutical for BPH is
the saw palmetto berry, and in 1998 sales in the U.S.
exceeded $20 million. The berry contains beta-sitosterol
which is chemically related to cholesterol. Extracts of saw
palmetto inhibit the binding of DHT to its receptors (66).
Strogen forte (a standardized extract of the saw palmetto
berry plant, Sabalis serrulata) inhibits human prostatic
5a-reductase and testicular 25-33-hydroxysteroid dehy-
drogenase (67). Treatment of BPH with saw palmetto
herbal blend had no effect on prostate volume or PSA,
but slightly decreased the prostate epithelium (68). This
decrease in prostate epithelium was associated with a
lowering of prostate DHT, as determined by human
prostate needle biopsy, although the effect was not as
great as that observed with finasteride treatment (69).

Therapeutically relevant doses of Permixon (a stan-
dardized lipid-sterolic extract from Serenoa repens,
another name for saw palmetto berry) inhibited 5a-reduc-
tase without altering PSA in a culture model of BPH (70).
Clinical studies in humans have shown that Permixon
decreases DHT content in the prostate of patients with
BPH (71) but not the PSA (66).

There have been many uncontrolled trials of saw pal-
metto berry which gave similar positive results. For
instance, in a study of 38 patients treated with Strogen
forte for 12 months, peak urinary flow rate was shown to
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increase by 4.1 ml/sec, urinary residue to decrease by
47 ml and the average volume of the prostate to decrease
by 11%. Symptoms abated in almost 75% of the cases
and there were no adverse effects (72). However, without
a control, it is not possible to determine whether this was
a placebo effect.

A meta-analysis of the published trials of Permixon
brand of Serenoa repens was not affected by trying to
bring together potentially nonequivalent agents from sev-
eral manufactures. The analysis included 11 randomized
and 2 open-label trials with a duration ranging from
21-180 days, and showed that Permixon increased peak
urinary flow rate by 2.2 ml/sec (0.5 ml/sec, placebo) and
decreased nocturnal urinations (73). A Cochrane review
of Serenoa repens included 2939 men from 18 random-
ized trials, lasting 4-48 weeks, and concluded that
Serenoa repens does improve symptoms and urinary flow
measures (74).

In an uncontrolled trial, Permixon was compared to
finasteride in a double-blind manner in 1098 men with
BPH and shown to be equivalent after 6 months. Both
Permixon (320 mg) and finasteride (5 mg) decreased the
IPSS and increased the peak urinary flow rate by about
2.5 ml/sec. Finasteride, but not Permixon, decreased
serum PSA levels. Permixon had a smaller effect on
prostate volume (reduction from 43.3 to 41.5 cm?®) than
finasteride (from 44.0 to 36.7 cm?®). Permixon was gener-
ally better tolerated than finasteride and caused less
impotence (1.5%) than finasteride (2.8%) (75).

[-Sitosterol

Among the contents of Harzol (also known as f3-sitos-
terol) are phytosterols, mainly [-sitosterol with smaller
amounts of campesterol and stigmasterol, and their
glucosides (e.g., B-sitosterol-B-D-glucoside). The effects
of this preparation of (-sitosterol has been tested in a
placebo-controlled, double-blind clinical trial of 200
patients with BPH over 6 months and shown to be
beneficial. -Sitosterol improved the symptoms of BPH
assessed by both the Boyarsky system (6.7 vs. =2.1 in
placebo) and the IPSS. B-Sitosterol increased the peak
urine flow rate by 5.2 ml/sec (1.1 ml/sec, placebo)
and decreased residual urinary volume. [-Sitosterol
caused a small decrease in the size of the prostate gland
of 3.1 cm® (0.8 cm?, placebo). There were no severe
adverse effects with (-sitosterol (76). B-Sitosterol-f3-D-
glucoside alone was not effective in the treatment of
BPH (77).

Cernilton

Cernilton is a pollen extract derived from several dif-
ferent plants in Sweden. Although cernitin T-60 (a prepa-
ration of cernilton) at 1 mg/ml inhibited the growth of a cell
line derived from the human prostate, it did not inhibit
5a-reductase or androgen binding sites (78). Thus, the
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mechanism of action of cernilton remains unknown.
Cernilton seems to be well tolerated and modestly
improves urologic symptoms (64), without affecting peak
urinary flow rate (79).

Pygeum africanum

Pygeum africanum (Tadenan) is an extract from the
bark of the African plum tree that contains sterols, ter-
penoids and plant alcohols. The mechanism of action of
P. africanum is being investigated. In a rabbit model of
experimental partial bladder outlet obstruction, Tadenan
reduced the obstruction probably by effects on the myosin
heavy chain. In the obstruction, there was a decrease in
chain isoform SM-B which had fast shortening, and an
increase in the SM-A isoform which had slow force gen-
eration and prolonged relaxation. This effect was
reversed by treatment with Tadenan (80). Clinical studies
show that P. africanum probably does cause a modest
improvement in urinary flow and symptoms (65).

Androgen receptor antagonists

None of the androgen receptor antagonists have been
shown to have a favorable profile in BPH as they have
little benefit while commonly causing adverse effects.
Chlormadinone acetate (14) has been used in Japan to
treat BPH, although there are no large double-blind, ran-
domized trials to support this. Chlormadinone inhibits
DHT receptor binding to cause regression of the prostate
epithelium but not the stroma (81).

Zanoterone (15) is a steroidol competitive antagonist
at androgen receptors. Zanotorene (100-800 mg) was
compared to placebo in 463 patients with BPH over 6
months. Zanoterone did not improve the AUA symptom
score and only at 200 mg did it improve peak urinary flow
rate by 1.7 mi/sec (0.5 ml/sec, placebo). Doses lower
than 800 mg did not change prostate size, whereas zan-
oterone at 800 mg reduced the prostate size from 42.2 to
37.7 cm?®. Zanoterone increased the incidence of breast
pain (56% vs. 1% in placebo) and gynecomastia (22% vs.
1% in placebo, 1%) (82).

Flutamide (16) is a potent nonsteriodal antiandrogen
that inhibits the binding of testosterone and DHT to
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teride (18) from GlaxoSmithKline, Pharmacia’s PNU-
157706 (19), FR-146687 (20) from Fujisawa and Lilly’s
izonsteride (21) (85).

Endothelin

Endothelins are the only agents, other than alpha-
adrenoceptor agonists, that contract the prostate stroma.
Endothelin precursors and the endothelin-converting
enzyme (ECE) are expressed in the human prostate

androgen receptors. Flutamide is not useful in the treat-
ment of BPH because it causes limited benefit and many
adverse effects. In a major study of flutamide, 367
patients were divided into a placebo group and 4 dosing
regimens of flutamide and monitored for 24 weeks.
Flutamide reduced the prostate volume and increased
the peak urinary flow rate at 4 weeks. However, these
effects did not reach statistical significance due to an
increasing number of dropouts for adverse effects. The
most common adverse events were nipple and breast
tenderness (42-52%), diarrhea (29-34%) and gyneco-
mastia (14-19%). Flutamide also did not improve urinary
symptoms (83).

In BPH, bicalutamide (17), a nonsteroidal antiandro-
gen, acts at central androgen receptors to increase the
secretion of luteinizing hormone (LH) and this causes an
increased production and metabolism of testosterone
(84). These are unwanted effects in BPH, and thus bica-
lutamide should not be used.

New Targets
Combined type 1/type 2 5a-reductase inhibitors

Inhibition of the prostatic type 2 5a-reductase with
finasteride reduces levels of DHT by up to 80% and pro-
static size by 20-30%. The rest of the DHT is probably
delivered in the serum and derived from the activity of the
type 1 5a-reductase in the liver and may play a role in
maintaining prostatic enlargement in BPH. Drugs that
inhibit both type 1 and type 2 5a-reductase are being
developed for the treatment of BPH and include dutas-
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gland. Endothelin stimulates predominantly endothelin
ET, receptors, but also ETy receptors, to contract the
stroma, and these contractions are increased with the
amounts of smooth muscle in BPH (86). Thus, endothelin
receptor antagonists should be tested in BPH.

Growth factors

The growth-promoting effects of androgens in the
prostate are mediated by a number of locally produced
growth factors. These include epidermal growth factor
(EGF) (87), which is inhibited by both finasteride and flu-
tamide (88). Basic fibroblast growth factor (bFGF) has a
mitogenic effect on prostate stroma. Finasteride reduces
the levels of bFGF in the prostates of BPH patients (89).
Other drugs that inhibit the effects of EGF and/or bFGF
may have a role in the treatment of BPH.

Luteinizing hormone-releasing hormone

Cetrorelix is an antagonist of LH-releasing hormone
that has been tested in 13 patients with moderate to
severe BPH. Cetrorelix (5 mg s.c. twice daily for 2 days
followed by 1 mg/day s.c. for 2 months) decreased testos-
terone levels to castrate levels on day 2 and by about
70% on the maintenance dose. Cetrorelix decreased the
IPSS and increased peak urinary flow by 2.86 ml/sec, and
these benefits were evident in long-term follow-up (up to
18 months). Cetrorelix caused a small decrease in sexu-
al satisfaction during treatment, but an apparent increase
after treatment ceased (90). As this study was not place-
bo-controlled, the benefits may have been due to a place-
bo effect.

Estrogens

Estrogen levels increase relative to androgens in
aging men and may have a role in prostate growth.
Inhibiting aromatase with atamestane reduces the levels
of estrogens. A double-blind, placebo-controlled random-
ized trial in 292 patients showed atamestane to be inef-
fective in BPH. Atamestane reduced serum concentration
of estrogens and did have some beneficial effects in BPH,
but these were not greater than the placebo effects (91).
By inhibiting aromatase, atamestane also increased
androgen levels, and this detrimental effect in BPH may
have masked any benefit.

Mepartricin is a polyene drug that can adsorb both
estrogens and androgens. However, after oral adminis-
tration mepartricin is not absorbed to any great extent and
only the levels of estrogens are reduced. This is because
the estrogens, but not the androgens, undergo entero-
hepatic circulation and removal by mepartricin. In a dou-
ble-blind, placebo-controlled trial of 196 men with newly
diagnosed BPH, mepartricin was shown to be superior to
placebo over 6 months. Mepartricin reduced the IPSS
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(6.3 vs. 4.2 in placebo) and increased the maximum
urinary flow rate (2.7 vs. 1.2 ml/sec in placebo).
Mepartricin had no effect on prostate volume, PSA or
sexual function (92).

Estrogens have beneficial effects on the cardiovascu-
lar system (93). Thus, although removal of estrogens may
have beneficial effects in BPH, this may be associated
with detrimental effects on the cardiovascular system.
Until this is clarified, removal of estrogens with mepar-
tricin should not be recommended in BPH.

Nitric oxide

Nitric oxide stimulates guanylate cyclase to increase
cGMP levels and relax prostatic smooth muscle (94).
Inducible nitric oxide synthase is not present in normal
prostates but is induced in patients with BPH (95). Nitric
oxide donors therefore may be beneficial in the treatment
of BPH.

Phosphodiesterase isoenzymes

In addition to cGMP, prostatic smooth muscle relax-
ation is mediated by the elevation of cAMP (96). Inhibition
of PDE isoenzymes elevates cAMP and cGMP. Many of
the PDE isoenzymes are present in the prostate, and the
hydrolytic activities of PDE4 and PDES5 are present in the
cytosolic fraction of human prostatic tissue, whereas in
the particulate fraction only the hydrolytic activity of PDE4
is detected. Inhibitors of PDE4 and PDE5 reversed the
adrenergic tension in prostatic strip preparations (97).
This suggests that inhibitors of PDE4 (e.g., rolipram) and
PDES5 (sildenafil, zaprinast) may have a role in the treat-
ment of BPH.

Conclusions

At the present time, selective a, ,-adrenoceptor antag-
onists are probably the drugs of choice in BPH.
Finasteride is an alternative or an addition, especially in
the presence of large prostates. More uroselective a, ,-
adrenoceptor antagonists are being developed for the
treatment of BPH, as are a number of new approaches to
pharmacotherapy. Some of the phytopharmaceuticals are
probably effective in BPH, but most still require thorough
testing. In the future, minimal invasive treatments such as
transurethral microwave therapy may become more com-
mon with a decrease in pharmacotherapy for BPH.

References

1. Berry, S.J., Coffey, D.S., Walsh, P.C., Ewing, L.L. The devel-
opment of human benign prostatic hyperplasia with age. J Urol
1984, 132: 474-9.



Drugs Fut 2002, 27(10)

2. Kane, S.J., Fields, D.W., Vaughan, E.D. Jr. Medical manage-
ment of benign prostatic hyperplasia. Urology 1990, 36: 5-12.

3. Gormley, G.J., Stoner, E., Bruskewitz, R.C. et al. The effect of
finasteride in men with benign prostatic hyperplasia. N Engl J
Med 1992, 327: 1185-91.

4. Boyarsky, S. A new look at bladder neck obstruction by the
Food and Drug Administration regulators: Guidelines for investi-
gation of benign prostatic hypertrophy. Trans Am Assoc Gen Urin
Surg 1977, 68: 29-32.

5. Marks, L.S., Partin, AW., Gormley, G.J. Prostrate tissue com-
position and response in men with symptomatic benign prostatic
hyperplasia. J Urol 1997, 157: 2171-8.

6. Rittmaster, R.S., Norman, R.W., Thomas, L.N., Rowden, G.
Evidence of atrophy and apoptosis in the prostates of men given
finasteride. J Clin Endocrin Metal 1996, 81: 814-9.

7. Andersen, J.T., Ekman, P., Wolf, H. et al. Can finasteride
reverse the progress of benign prostatic hyperplasia? A two-year
placebo-controlled study. The Scandinavian BPH Study Group.
Urology 1995, 46: 631-7.

8. Nickel, J.C., Fradet, Y., Boake, R.C. et al. Efficacy and safety
of finasteride for benign prostatic hyperplasia: Results of a 2-
year randomized controlled trial (the PROSPECT study).
PROscar Safety Plus Efficacy Canadian Two year Study. CMAJ
1996, 155: 1251-9.

9. Hudson, P.B., Boake, R., Trachtenberg, J. et al. Efficacy of
finasteride is maintained in patients with benign prostatic hyper-
plasia treated for 5 years. The North American Finasteride Study
Group. Urology 1999, 53: 690-5.

10. Andersen, J.T., Nickel, J.C., Marshall, V.R., Schulman, C.C.,
Boyle, P. Finasteride significantly reduces acute urinary retention
and need for surgery in patients with symptomatic benign pro-
static hyperplasia. Urology 1997, 49: 839-45.

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

12. Cockett, A.T., Aso, Y., Denis, L., Khoury, S. The international
prostate symptom score (I-PSS) and quality of life assessment.
In: Proceedings of the International Consultation of Benign
Prostatic Hyperplasia 1991, 180-1.

13. Barry, M.J., Fowler, FJ. Jn., OLeary, M.P. et al. The
American Urological Association symptom index for benign pro-
static hyperplasia. The Measurement Committee of the
American Urological Association. J Urol 1992, 148: 1549-57.

14. Boyle, P., Gould, A.L., Roehrborn, C.G. Prostate volume pre-
dicts outcome of treatment of benign prostatic hyperplasia with
finasteride: Meta-analysis of randomized clinical trials. Urology
1996, 48: 398-405.

15. Marberger, M.J. Long-term effects of finasteride in patients
with benign prostatic hyperplasia: A double-blind, placebo-con-
trolled, multicenter study. PROWESS Study Group. Urology
1998, 51: 677-86.

16. Carlin, B.1., Bodner, D.R., Spirnak, J.P., Resnick, M.l. Role of
finasteride in the treatment of recurrent hematuria secondary to
benign prostatic hyperplasia. Prostate 1997, 31: 180-2.

17. Miller, M.l., Puchner, P.J. Effects of finasteride on hematuria
associated with benign prostatic hyperplasia: Long-term follow-
up. Urology 1998, 51: 237-40.

983

18. Delakas, D., Lianos, E., Karyotis, |., Cranidis, A. Finasteride:
A long-term follow-up in the treatment of recurrent hematuria
associated with benign prostatic hyperplasia. Urol Int 2001, 67:
69-72.

19. Hochberg, D.A., Basilote, J.B., Armenaka, N.A. et al.
Decreased suburethral prostatic microvessel density in finas-
teride treated prostates: A possible mechanism for reduced
bleeding in benign prostatic hyperplasia. J Urol 2002, 167:
1731-4.

20. Matzkin, H., Barak, M., Braf, Z. Effect of finasteride on free
and total serum prostate-specific antigen in men with benign pro-
static hyperplasia. Br J Urol 1996, 78: 405-8.

21. Oesterling, J.E., Roy, J., Agha, A. Biological variability of
prostate-specific antigen and its usefulness as a marker for
prostate cancer: Effects of finasteride. The Finasteride PSA
Study Group. Urology 1997, 50: 13-8.

22. Andriole, G.L., Guess, H.A., Epstein J.l. et al. Treatment with
finasteride preserves usefulness of prostate-specific antigen in
the detection of prostate cancer: Results of a randomized, dou-
ble-blind, placebo-controlled clinical trial. PLESS Study Group.
Proscar Long-term Efficacy and Safety Study. Urology 1998, 52:
195-201.

23. Yang, X.J., Lecksell, K., Short, K. et al. Does long-term finas-
teride therapy affect the histologic features of benign prostatic
tissue and prostate cancer on needle biopsy? PLESS Study
Group. Proscar Long-Term Efficacy and Safety Study. Urology
1999, 53: 696-700.

24. Matsumoto, A.M., Tenover, L., McClung, M. et al. The long-
term effect of specific type Il 5a-reductase inhibition with finas-
teride on bone mineral density in men: Results of a 4-year place-
bo controlled trial. J Urol 2002, 167: 2105-8

25. Chon, J.K., Borkowski, A., Partin, A.W., Isaacs, J.T., Jacobs,
S.C., Kyprianou, N. a,-Adrenoceptor antagonists terazosin and
doxazosin induce prostate apoptosis without affecting cell prolif-
eration in patients with benign prostatic hyperplasia. J Urol 1999,
161, 2002-8.

26. Lin, V.K., Benaim, E.A., McConnell, J.D. a-Blockade down-
regulates myosin heavy chain gene expression in human benign
prostatic hyperplasia. Urology 2001, 57, 170-5.

27. Lepor, H., Auerbach, S., Puras-Baez, A. et al. A randomized,
placebo-controlled multicenter study of the efficacy and safety of
terazosin in the treatment of benign prostatic hyperplasia. J Urol
1992, 148: 1467-74.

28. Lepor, H. Long-term efficacy and safety of terazosin in
patients with benign prostatic hyperplasia. Terazosin Research
Group. Urology 1995, 45: 406-13.

29. Elhilali, M.M., Ramsey, E.W., Barkin, J. et al. A multicenter,
randomized, double-blind, placebo-controlled study to evaluate
the safety and efficacy of terazosin in the treatment of benign
prostatic hyperplasia. Urology 1996, 47: 335-42.

30. Roehrborn, C.G., Oesterling, J.E., Auerback, S. et al. The
Hytrin Community Assessment Trial study: A one-year study of
terazosin versus placebo in the treatment of men with sympto-
matic benign prostatic hyperplasia. HYCAT Investigator Group.
Urology 1996, 47: 159-68.

31. Boyle, P., Robertson, C., Manski, R., Padley, R.J.,
Roehrborn, C.G. Meta-analysis of randomized trials of terazosin
in the treatment of benign prostatic hyperplasia. Urology 2001,
58: 717-22.



984

32. Roehrborn, C.G., Oesterling, J.E., Olson, P.J., Padley, R.J.
Serial prostate-specific antigen measurements in men with clini-
cally benign prostatic hyperplasia during a 12-month placebo-
controlled study with terazosin. HYCAT Investigator Group.
Hytrin Community Assessment Trial. Urology 1997, 50: 556-61.

33. Lepor, H., Williford, W.O., Barry, M.J. et al. The efficacy of ter-
azosin, finasteride, or both in benign prostatic hyperplasia.
Veterans Affairs Cooperative Studies Benign Prostatic
Hyperplasia Study Group. N Engl J Med 1996, 335: 533-9.

34. Lepor, H., Jones, K., Williford, W. The mechanism of adverse
events associated with terazosin: An analysis of the Veterans
Affairs Cooperative Studies. J Urol 2000, 163: 1134-7.

35. Lepor, H., Williford, W.O., Barry, M.J., Haakenson, C., Jones,
K. The impact of medical therapy on bother due to symptoms,
quality of life and global outcome, and factors predicting
response. Veterans Affairs Cooperative Studies Benign Prostatic
Hyperplasia Study Group. J Urol 1998, 160: 1358-67.

36. Djavan, B., Seitz, C., Roehrborn, C.G. et al. Targeted
transurethral microwave thermotherapy versus alpha blockade in
benign prostatic hyperplasia: Outcomes at 18 months. Urology
2001, 57: 66-70.

37. Fawzy, A., Braun, K., Lewis, G.P.,, Gaffney, M., Ice, K.,
Dias N. Doxazosin in the treatment of benign prostatic hyperpla-
sia in normotensive patients: A multicenter study. J Urol 1995,
154: 105-9.

38. Gillenwater, J.Y., Conn, R.L., Chrysant S.G. et al. Doxazosin
for the treatment of benign prostatic hyperplasia in patients with
mild to moderate hypertension: A double-blind, placebo-con-
trolled, dose-response multicenter study. J Urol 1995, 154: 129-
30.

39. Lepor, H., Kaplan, S.A., Klimberg, |. et al. Doxazosin for
benign prostatic hyperplasia: Long-term efficacy and safety in
hypertensive and normotensive patients. The Multicenter Study
Group. J Urol 1997, 157: 525-30.

40. ALLHAT Collaborative Research Group. Major cardiovascu-
lar events in hypertensive patients randomized to doxazosin vs.
chlorthalidone: The Antihypertensive and Lip-Lowering treatment
to prevent Heart Attack Trial (ALLHAT). JAMA 2000, 283: 1967-
75.

41. Chrischilles, E., Rubenstein, L., Chao, J., Kreder, K.J.,
Gilden, D., Shah, H. Initiation of nonselective a -antagonist ther-
apy and occurrence of hypotensive-related adverse events
among men with benign prostatic hyperplasia: A retrospective
cohort study. Clin Ther 2001, 23: 727-43.

42. Roehrborn, C.G. Alfuzosin: Overview of pharmacokinetics,
safety, and efficacy of a clinically uroselective a-blocker. Urology
2001, 58 (Suppl. 6A): 55-64.

43. Jardin, A., Bensadoun, H., Delauche-Cavallier, M.G., Attali,
P. Alfuzosin for treatment of benign prostatic hypertrophy. The
BPH-ALF Group. Lancet 1991, 337: 1457-61.

44. Lukacs, B., Leplege, A., Thibault, P., Jardin, A. Prospective
study of men with clinical benign prostatic hyperplasia treated
with alfuzosin by general practitioners: 1-year results. Urology
1996, 48: 731-40.

45. Buzelin, J.M., Roth, S., Geffriaud-Ricouard, C., Delauche-
Cavallier, M.C. Efficacy and safety of sustained-release alfuzosin
5 mg in patients with benign prostatic hyperplasia. ALGEBI
Study Group. Eur Urol 1997, 31: 190-8.

46. Roehrborn, C.G. Efficacy and safety of once-daily alfuzosin
in the treatment of lower tract symptoms and clinical benign pro-

Pharmacotherapy for benign prostatic hyperplasia

static hyperplasia: A randomized, placebo-controlled trial.
Urology 2001, 58: 953-9.

47. Kenny, B.A., Miller, A.M., Williamson, |.J., O’Connell, J.,
Chalmers, D.H., Naylor, A.M. Evaluation of the pharmacological
selectivity profile of a,-adrenoceptor antagonists at prostatic
alpha,-adrenoceptors: Binding, functional and in vivo studies. Br
J Pharmacol 1996, 118: 871-8.

48. Abrams, P., Schulmann, C.C., Vaage, S. Tamsulosin, a selec-
tive a,.-adrenoceptor antagonist: A randomized, controlled trial
in patients with benign prostatic “obstruction” (symptomatic
BPH). The European Tamsulosin Study Group. Br J Urol 1995,
76: 325-36.

49. Lepor, H. Long-term evaluation of tamsulosin in benign pro-
static hyperplasia: Placebo-controlled, double-blind extension of
phase lll trial. Tamsulosin Investigator Group. Urology 1998, 51:
901-6.

50. Narayan, P., Lepor, H. Long-term, open-label, phase Il mul-
ticenter study of tamsulosin in benign prostatic hyperplasia.
Urology 2001, 57: 466-70.

51. Schulman, C.C., Lock, T.M., Buzelin, J.M. et al. Long-term
use of tamsulosin to treat lower urinary tract symptoms/benign
prostatic hyperplasia. J Urol 2001, 166: 1358-63.

52. Buzelin, J.M., Fonteyne, E., Kontturi, M., Witjes, W. P., Khan,
A. Comparison of tamsulosin with alfuzosin in the treatment of
patients with lower urinary tract symptoms suggestive of bladder
outlet obstruction (symptomatic benign prostatic hyperplasia).
The European Tamsulosin Study Group. Br J Urol 1997, 80: 597-
605.

53. Lee, E., Lee, C. Clinical comparison of selective and non-
selective a,,-adreoreceptor antagonists in benign prostatic
hyperplasia: Studies on tamsulosin in a fixed dose and terazosin
in increasing doses. Br J Urol 1997, 80: 606-11.

54. Hancock, A.A., Buckner, S.A., Brune, M.E. et al. Preclinical
pharmacology of fiduxosin, a novel a,-adrenoceptor antagonist
with uroselective properties. J Pharmacol Exp Ther 2002, 300:
478-86.

55. Brune, M.E., Katwala, S.P., Milicic, |. et al. Effect of fiduxosin,
an antagonist selective for a,,- and a,,-adrenoceptors, on
intraurethral and arterial pressure responses in conscious dogs.
J Pharmacol Exp Ther 2002, 300: 487-94.

56. Pulito, V.L., Li, X., Varga, S.S. et al. An investigation of the
uroselective properties of four novel a,,-adrenergic receptor
subtype-selective antagonists. J Pharmacol Exp Ther 2000, 294:
244-9.

57. Barrow, J.C., Nantermet, P.G., Selnick, H.G. et al. In vitro and
in vivo evaluation of dihydropyrimidinone C-5 amides as potent
and selective a,, receptor antagonists for the treatment of
benign prostatic hyperplasia. J Med Chem 43, 2703-18.

58. Murata, S., Taniguchi, T., Takahashi, M., Okada, K., Akiyama,
K., Muramatsu, |. Tissue selectivity of KMD-3213, an a,-adreno-
ceptor antagonist, in human prostate and vasculature. J Urol
2000, 164: 578-83.

59. Akiyama, K., Noto, H., Nishizawa, O. et al. Effect of KMD-
3213, an a,,-adrenoceptor antagonist, on the prostatic urethral
pressure and blood pressure in male decerebrate dogs. Int J Urol
2001, 8: 177-83.

60. Eltze, M., Boer, R., Michel, M.C. et al. In vitro and in vivo
uroselectivity of B8805-033, an antagonist with high affinity at
prostatic a,, vs a,,- and a,,-adrenoceptors. Naunyn Schmied
Arch Pharmacol 2001, 363: 649-62.



Drugs Fut 2002, 27(10)

61. Fukuda, Y., Fukuta, VY., Higashino, R. et al. Z-350, a new
chimera compound possessing a,-adrenoceptor antagonistic
and steroid 5alpha-reductase inhibitory actions. Naunyn
Schmied Arch Pharmacol 1999, 359: 433-8.

62. Bales, G.T., Christiano, A.P., Kirsch, E.J., Gerber, G.S.
Phytotherapeutic agents in the treatment of lower urinary tract
symptoms: A demographic analysis of awareness and use at the
University of Chicago. Urology 1999, 54: 86-9.

63. Wilt, T.J., Ishani, A., Stark, G., MacDonald, R., Lau, J.,
Mulrow, C. Saw palmetto extracts for treatment of benign pro-
static hyperplasia — A systematic review. JAMA 1998, 280: 1604-
609.

64. Wilt, T., MacDonald, R., Ishani, A., Rutks, I., Stark, G.
Cernilton for benign prostatic hyperplasia. Cochrane Database
Syst Rev 2000, CD001042.

65. Ishani, A., MacDonald, R., Nelson, D., Rutks, I. Pygeum
africanum for the treatment of patients with benign prostatic
hyperplasia: A systematic review and quantitative meta-analysis.
Am J Med 2000, 109: 654-64.

66. Lowe, F.C., Ku, J.C. Phytotherapy in treatment of benign pro-
static hyperplasia: A critical review. Urology 1996, 48: 12-20.

67. Toth, |., Szecsi, M., Julesz, J., Faredin, I., Behnke B. In vitro
inhibition of testicular #5-3B-hydroxy steroid dehydrogenase and
prostatic 5a-reductase activities in rats and humans by strogen
forte extract. Int Urol Nephrol 1996, 28: 337-48.

68. Marks, L.S., Partin, A.W., Epstein, J.l. et al. Effects of a saw
palmetto herbal blend in men with symptomatic benign prostatic
hyperplasia. J Urol 2000, 163: 1451-6.

69. Marks, L.S., Hess, D.L., Dorey, F.J. et al. Tissue effects of
saw palmetto and finasteride: Use of biopsy cores for in situ
quantification of prostatic androgens. Urology 2001, 57: 999-
1005.

70. Bayne, C.W., Donnelly, F., Ross, M., Habib, F.K. Serenoa
repens (Permixon): A 5a-reductase types | and Il inhibitor -New
evidence in a coculture model of BPH. Prostate 1999, 40: 232-
41.

71. Di Silverio, F., Monti, S., Sciarra, A. et al. Effect of long-term
treatment with Serenoa repens (Permixon) on the concentrations
and regional distribution of androgens and epidermal growth fac-
tor in benign prostatic hyperplasia. Prostate 1998, 37: 77-83.

72. Kondas, J., Philipp, V., Dioszeghy, G. Sabal serrulata extract
(Strogen forte) in the treatment of symptomatic benign prostatic
hyperplasia. Int Urol Nephrol 1996, 28: 767-72.

73. Boyle, P., Robertson, C., Lowe, F., Roehrborn, C. Meta-
analysis of clinical trials of Permixon in the treatment of sympto-
matic benign prostatic hyperplasia. Urology 2000, 55: 533-9.

74. Wilt, T., Ishani, A., Stark, G., MacDonald, R., Mulrow, C., Lau,
J. Serenoa repens for benign prostatic hyperplasia. Cochrane
Database System Rev 2000, CD001423.

75. Carraro, J.C., Raynaud, J.P., Koch, G. Comparison of phy-
totherapy (Permixon) with finasteride in the treatment of benign
prostate hyperplasia: A randomized international study of 1098
patients. Prostate 1996, 29: 231-40.

76. Berges, R.R., Windeler, J., Trampisch, H.J., Senge, T.
Randomised, placebo-controlled, double-blind clinical trial of
beta-sitosterol in patients with benign prostatic hyperplasia.
[-Sitosterol Study Group. Lancet 1995, 345: 1529-32.

985

77. Kadow, C., Abrams, P.H. A double-blind trial of the effect of
[-sitosteryl glucoside (WA184) in the treatment of benign prosta-
tic hyperplasia. Eur Urol 1986, 12: 187-9.

78. Habib, F.K., Ross, M., Buck, A.C., Ebeling, L. Lewenstein, A.
In vitro evaluation of the pollen extract, cernitin T-60, in the reg-
ulation of prostate cell growth. Br J Urol 1990, 66: 393-7.

79. Buck, A.C., Cox, R., Rees, R.W., Ebeling, L., John, A.
Treatment of outflow tract obstruction due to benign prostatic
hyperplasia with the pollen extract, cernilton. A double-blind,
placebo-controlled study. Br J Urol 1990, 66: 398-404.

80. Gomes, C.M., Disanto, M.E., Horan, P., Levin, R.M., Wein,
A.J., Chacko, S. Improved contractility of obstructed bladders
after Tadenan treatment is associated with reversal of altered
myosin isoforms expression. J Urol 2000, 163: 2008-13.

81. Harada, M., Kinoshita, Y., Moriyama, M. et al. Histological
evaluation of benign prostatic hyperplasia treated by long-term
administration of chlormadinone acetate (CMA). Prostate 1994,
25: 147-55.

82. Berger, B.N., Naadimuthu, A., Broddy, A. et al. The effect of
zanoterone, a steroidal androgen receptor antagonist, in men
with benign prostatic hyperplasia. The Zanoterone Study Group.
J Urol 1995, 154: 1060-4.

83. Narayan, P., Trachtenberg, J., Lepor, H. et al. A dose-
response study of the effect of flutamide on benign prostatic
hyperplasia: Results of a multicenter study. Urology 1996, 47:
497-504.

84. Eri, L.M., Haug, E., Tveter, K.J. Effects on the endocrine sys-
tem of long-term treatment with the non-steroidal anti-androgen
Casodex in patients with benign prostatic hyperplasia. Br J Urol
1995, 75: 335-40.

85. Steers, W. D. 5a-Reductase activity in the prostate. Urology
2001, 58: (6 Suppl. 1): 17-24.

86. Ishigooka, M., Yazawa, H., Nakaa, T., Zermann, D.H. Area
density of smooth muscle cells and response to endothelin 1 in
human hyperplastic prostate. Eur Urol 2000, 37: 494-8.

87. Sciarra, F. Sex steroid and epidermal growth factor in benign
prostatic hyperplasia. Ann NY Acad Sci 1995, 761: 66-78.

88. Monti, S., Sciarra, F., Adamo, M.V. et al. Prevalent decrease
of the EGF content in the periurethral zone of BPH tissue
induced by treatment with finasteride or flutamide. J Androl 1997,
18: 488-94.

89. Saez, C., Gonzalez-Baena, A.C., Japon, M.A. et al.
Expression of basic fibroblast growth factor and its receptors
FGFR1 and FGFR2 in human benign prostatic hyperplasia treat-
ed with finasteride. Prostate 1999, 40: 83-8.

90. Comaru-Schally, A.M., Brannan, W., Schally, A.V.,
Colcolough, M., Monga, M. Efficacy and safety of luteinizing hor-
mone-releasing hormone antagonist cetrorelix in the treatment of
symptomatic benign prostatic hyperplasia. J Clin Endocrinol
Metab 1998, 83: 3828-31.

91. Radimaier, A., Eickenberg, H.U., Fletcher, M.S. et al.
Estrogen reduction by aromatase inhibition for benign prostatic
hyperplasia: Results of a double-blind, placebo-controlled, ran-
domized clinical trial using two doses of the aromatase-inhibitor
atamestane. Prostate 1996, 29: 199-208.

92. Denis, L., Pagano, F., Nonis, A., Roberson, C., Romano, P.,
Boyle, P. Double-blind, placebo-controlled trial to assess the effi-
cacy and tolerability of mepartricin in the treatment of BPH.
Prostate 1998, 37: 246-52.



986

93. Brown, L., Hoong, |., Doggrell, S.A. The heart as a target for
oestrogens. Heart, Lung and Circulation 2000, 9: 113-25.

94. Takeda, M., Tang, R., Shapiro, E., Burnett, A.L., Lepor, H.
Effects of nitric oxide on human and canine prostates. Urology
1995, 45: 440-6.

95. Gradini, R., Realacci, M., Ginepri, A. et al. Nitric oxide syn-
thases in normal and benign hyperplastic human prostate:

Pharmacotherapy for benign prostatic hyperplasia

Immunohistochemistry and molecular biology. J Pathol 1999,
189: 224-9.

96. Drescher, P., Eckert, R.E., Madsen, P.O. Smooth muscle
contractility in prostatic hyperplasia: Role of cyclic adenosine
monophosphate. Prostate 1994, 25: 76-80.

97. Uckert, S., Kuthe, A., Jonas, U., Stief, C.G. Characterization
and functional relevance of cyclic nucleotide phophodiesterase
isoenzymes of the human prostate. J Urol 2001, 166: 2484-90.



