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1. Introduction

As demographics change, with the elderly constitut-
ing an increasing proportion of the population, the
prevalence of benign prostatic hyperplasia (BPH) is
increasing, with a resultant impact on medical practice
[1,2]. The last decade has seen considerable advances
in our understanding of the demographics and natural
history of BPH. Management has also changed sig-
nificantly, with the use of surgical intervention dimin-
ishing, and medical therapy taking a more prominent
role [3,4]. It is becoming clear that the different classes
of medical intervention for BPH have different patterns
of benefits. This review examines our understanding of
the epidemiology and natural history of BPH, the
implications of these for therapeutic intervention,
and ways in which men with BPH can be identified
to ensure optimum response to medical therapy.

2. Epidemiology and natural history of BPH

It is commonly understood that BPH is a frequent
problem in older men [5], with the prevalence increas-
ing with age [6]. Indeed, more than 50% of men aged
over 60 years old have histological evidence of BPH
[7,8], with this figure rising to 80–90% in men aged
over 80 years [9]. Aworkable case definition of clinical
BPH, which is now often applied, combines at least two

of the following: moderate-to-severe lower urinary
tract symptoms (LUTS) (International Prostate Symp-
tom Score [IPSS] �8), an enlarged prostate (volume
>30 ml), and a decreased peak urinary flow rate Qmax

(<15 ml/s) [10,11]. It is now clear that a significant
proportion of the symptoms of BPH are due to a mass-
related increase in urethral resistance causing obstruc-
tion as well as age-induced detrusor dysfunction.

A series of longitudinal studies and the placebo arms
of several clinical trials have confirmed the chronicity
of BPH and the progressive nature of the disease in
many men [12]. Progression has been varyingly defined
in these studies, with some examining single endpoints
such as increases in prostate volume, deterioration in
Qmax or symptoms, or episodes of acute urinary reten-
tion (AUR) or surgery, whilst others have used com-
posite endpoints.

One of the largest and longest running longitudinal
studies, the Olmsted County study [7], has provided
strong evidence for the progressive nature of BPH.
Ninety-two-month data demonstrated a worsening of
symptom severity over the time course of the study,
with a mean annual increase in IPSS of 0.34 points
[13]. Indeed, 31% of men reported at least a 3-point
increase in American Urological Association Symp-
tom Index (AUA-SI) over this 92-month period.

Another potential marker of BPH progression is the
need for surgical intervention in men undergoing
watchful waiting. Surgical intervention is typically
triggered by deterioration in symptoms, flow or quality
of life, and may be precipitated more acutely by an
episode of AUR. The longitudinal ‘Veterans Affairs
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Study’ conducted in the US has demonstrated that 36%
of BPH patients who were randomised to watchful
waiting switched to invasive therapy within five years
of enrolment, demonstrating significant progression in
over one-third of men in this time period [14].

More objective measures of BPH progression can be
obtained from evaluation of prostate volume and urin-
ary flow, and the incidence of AUR. Data from three
large-scale clinical studies with the dual selective 5a-
reductase inhibitor dutasteride have shown an increase
in transitional zone volume (TZV) over the 2-year
duration of the study amongst men treated with placebo
[15], while the four-year Medical Therapy of Prostatic
Symptoms (MTOPS) study identified an 18% increase
in total prostate volume in placebo-treated men from
baseline to endpoint [16].

With regard to AUR, the Olmsted County study has
shown an increase in the risk of AUR associated with
increasing age [17]; a finding confirmed by a long-
itudinal study of health workers [18]. Placebo arms of
clinical studies have also demonstrated the risk of
AUR: 7% over four years in the Proscar Long-term
Efficacy and Safety Study (PLESS), and 4.2% over the
two-year duration of the dutasteride Phase III studies
[15,19]. Indeed, the overall risk of AUR has been
estimated as 23% for an average 60-year-old man if
he survives a further 20 years [17].

The MTOPS study has examined the risk of progres-
sion, defined as one of the following events: AUR,
renal insufficiency due to BPH (�50% rise in baseline
serum creatinine and �1.5 mg/dl), recurrent urinary
tract infection or urosepsis, urinary incontinence, or a
�4-point rise in baseline AUA-SI confirmed within 2–
4 weeks. In men receiving placebo, 17.4% experienced
progression of their disease over the 4-year duration of
the study. The majority of events, 78%, were deteriora-
tions in symptoms, with 12% being AUR events [16].
From these multiple studies, it can be concluded that
BPH is a progressive disease in many men—a finding
that shifts the focus of management from short-term
symptomatic relief to the need to encompass reduc-
tions in the risk of progression.

3. Identifyingmenwith progressive BPH

Clearly, identifying men with progressive disease
could have clinical utility in directing therapy to those
most likely to benefit from a preventative approach.
The two most extensively investigated, and routinely
assessable risk factors for BPH progression, are pros-
tate volume and serum PSA [20–26]. Although the
relationship between prostate size and the magnitude

of symptoms is not always linear, a number of large-
scale studies, such as the Olmsted County and PLESS
studies, have found a significant correlation between
prostate volume and the risk of BPH progression. Men
with a prostate volume �30 ml are more likely to have
moderate-to-severe symptoms (3.5 times), decreased
flow rates (2.5 times), and AUR (3–4 times), compared
with men with prostate volumes <30 ml [27]. The
population of men with a prostate volume >30 ml has
been found to be 7.5%, 37.5%, 57.5%, and 65.0% in the
40–49, 50–59, 60–69, and 70–79 year-old age ranges,
respectively [28]. An enlarged prostate is also predictive
of the need for BPH-related surgery [17,29,30]. How-
ever, despite the value of prostate volume as a predictor
of BPH progression, data from an analysis of four
epidemiological studies determined that DRE system-
atically underestimates prostate size compared with
transrectal ultrasound by up to 55% [31,32].

An increasing serum PSA level is also a strong
predictor of prostate volume increase and BPH pro-
gression [20–26]. In the placebo-treated arm of PLESS,
the annual prostate growth rate of 0.7 ml in patients
with PSA levels <1.4 ng/ml was found to be similar to
that of community-dwelling men [21]. The annual
growth was as high as 3.3 ml in patients with PSA
levels �1.4 ng/ml, which has been associated with an
increased risk of AUR, greater symptom severity and
decreases in Qmax and quality of life [20–22].

A number of analyses have sought to examine
whether unimodal or multimodal approaches to pre-
dicting progression are more advantageous. Using a
global definition of progression incorporating worsen-
ing symptoms and/or the occurrence of AUR or BPH-
related surgery, Djavan et al. demonstrated that an
artificial neural network incorporating age, PSA, IPSS,
obstructive symptom score, irritative symptom score,
quality of life score, flow rate, prostate volume and
TZV provided 82% accuracy in predicting disease
progression [33]. However, using data from recently
completed large-scale dutasteride studies, Boyle et al.
have determined that PSA, PV and Qmax are indepen-
dently associated with the occurrence of AUR, a single
marker of progression [34]. Furthermore, a recent
analysis aiming to identify risks for progression by
comparing approaches using a single risk factor (serum
PSA), combined risk factors (serum PSA, symptom
problem index, Qmax, frequency of urination �2 hours
and hesitancy) and an algorithm for predicting progres-
sion, demonstrated that PSA alone was comparable
with multimodal and algorithmic approaches for pre-
dicting the occurrence of AUR [23].

Evidence of a relationship between serum PSA and
prostate volume provides a simple test for routine
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practice that can be used to evaluate the risk of progres-
sion in patients. Although transrectal ultrasound
(TRUS) and magnetic resonance imaging (MRI) are
currently the most accurate methods for estimating
prostate volume, the use of these techniques is limited
by their relatively high costs, invasiveness and lack of
availability [27]. Therefore, serum PSA measurement
can provide a relatively inexpensive and straightforward
surrogate marker of prostate size [25,35], helping to
identify those patients most at risk of BPH progression.
DRE can be used as a clinical adjunct to this, and as part
of the screening process for prostate malignancy.

4. Principles of themedicalmanagement
of BPH

Traditionally, the medical management of BPH has
tended to focus on the short-term goals of alleviating
symptoms and improving urinary flow. However, the
progressive nature of BPH is associated with worsen-
ing bother, increasing severity of symptoms, and a
greater degree of prostatic enlargement [36–39]. A
feeling of negative well-being is also significantly
more common in men with symptomatic BPH com-
pared with the general male population [40]. This
difference is due to significant worry over urinary
symptoms and the risk of prostate cancer, and also
increased embarrassment over urinary symptoms [41].
Many patients are also significantly concerned over the
need for future BPH-related surgery, as well as their
increased risk of developing AUR [42]. ‘Treatment
success’, typically defined in terms of improvements in
symptoms and urinary flow, should therefore be
widened to encompass long-term outcomes.

Overall, medical therapy is indicated for patients
with uncomplicated BPH, those with mild-to-moderate
symptoms (IPSS �8), awaiting surgery, or unwilling

or unsuitable to undertake surgery [43,44]. Patients
with BPH who have complications such as AUR,
recurrent urinary tract infections, haematuria, bladder
stones, or renal insufficiency/failure secondary to BPH,
should be treated surgically [43]. A ‘watchful waiting’
approach is frequently adopted for patients with mild
symptoms (IPSS <8).

The main classes of medical therapies licensed to
date for the treatment of BPH are the a1-blockers and
the 5a-reductase inhibitors (5-ARIs): two classes of
drugs that have very different modes of action, and
which are associated with different outcomes. Current
American Urological Association (AUA) guidelines on
the short-term management of BPH recommend a1-
blockers for men with symptoms secondary to BPH,
and 5ARIs or combination therapy for men with
symptoms and demonstrable prostatic enlargement
[45]. Phytotherapy is also a treatment option which
is used to varying degrees in different countries. How-
ever, this will not be reviewed further here.

5. Efficacy of a1-blockers

Short- and long-acting a1-selective antagonists treat
the dynamic component of BPH through relaxation
of smooth muscle in the prostate, by blockade of
a1-receptor-mediated sympathetic stimulation. A
number of double-blind, placebo-controlled studies
evaluating the efficacy of a1-blockers have been con-
ducted in patients with symptomatic BPH [46–54].
a1-blocker studies have recently undergone meta-ana-
lysis by the AUA, and the findings of their analysis are
presented in Table 1 [45]. These studies were designed
to evaluate the effect of these drugs on symptom
severity and urinary flow rate, but not on disease pro-
gression. The a1-blockers alfuzosin, doxazosin, tamsu-
losin and terazosin demonstrate statistically significant

Table 1
Outcome parameters with a1-blockers: estimates of changes in symptom score and peak urinary flow rate [45]

AUA/IPSS Peak flow rate (Qmax) QoL question score BPH impact index

3–9

months

10–16

months

>16

months

3–9

months

10–16

months

>16

months

3–9

months

10–16

months

3–9

months

10–16

months

a-blockers

Alfuzosin �4.44 2.05 �1.10

Doxazosin �5.10 �5.63 3.11 2.98 1.90� �1.25 �1.47 �2.00 �2.47

Tamsulosin �4.63 �7.53� 1.85 1.86� �1.43

Terazosin �6.22 �5.99 2.51 1.94 2.61� �1.70� �1.37 �1.45� �2.09

Reproduced from American Urological Association: AUA Guideline on the Management of Benign Prostatic Hyperplasia (BPH) (2003).
�These numbers are based on single-arm analyses—no RCT data available.

Numbers without asterisks are based on RCT results with placebo controls.
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improvements, compared with placebo, in symptom
scores. Typically, they provide a 2–4 point decrease in
AUA-SI versus placebo. They are also associated with
improvements in Qmax, quality of life and BPH Impact
Index (BII). Data for the slow-release form of alfuzo-
sin, unavailable at the time of this analysis, have shown
a similar degree of efficacy [54]. In common with a
meta-analysis of a1-blocker studies conducted in 1999,
the AUA guidelines conclude that the four a1-blockers
examined provided equivalent benefits in improving
symptoms and flow [45,55].

6. Safety and tolerability of a1-blockers

Discontinuation due to adverse events ranges
between 4 and 10% for alfuzosin and tamsulosin—
rates that are comparable with placebo. However, for
terazosin and doxazosin, an additional 4–10% of
patients withdraw due to adverse events [55]. The most
common adverse events observed with a1-blockers at a
significantly higher frequency than placebo are dizzi-
ness and postural hypotension, although again there
may be differences between individual agents within
the class [55]. Both the PREDICT (Prospective Eur-
opean Doxazosin and Combination Therapy) and
MTOPS studies have examined the efficacy and toler-
ability of 5ARI monotherapy, a1-blocker monotherapy,
combination therapy and placebo in men with BPH
[16,56]. In both studies, the incidence of postural
hypotension and dizziness was significantly greater
in the doxazosin groups versus both the placebo and
finasteride groups. The incidence of postural hypoten-
sion was 4.4% in MTOPS and 5.8% in PREDICT, with
rates of dizziness of 4.8% and 15.6% respectively.

Although in general the a1-blockers are associated
with a similar incidence of sexual adverse events
compared with placebo, tamsulosin appears to be an
exception. Placebo-controlled trials [57–59], and an
open-label extension study [60], have demonstrated an
incidence of retrograde or delayed ejaculation of 4.5–
10% versus 0–1% for placebo.

7. Efficacy of 5a-reductase inhibitors

5ARIs inhibit the conversion of testosterone to dihy-
drotestosterone (DHT), the primary androgen involved
in both normal and abnormal prostate development and
the prostatic transitional zone hyperplasia found in
BPH. By reducing the production of DHT, 5ARIs
significantly reduce prostate volume in men with
BPH. Two 5ARIs are currently available for the treat-
ment of BPH: finasteride and dutasteride, which differ
in their profile of 5AR binding and inhibition of the
type 1 and type 2 isoenzymes of 5AR. Finasteride is a
mono-inhibitor of 5AR type 2, whilst dutasteride, the
first agent in its class, is a selective dual inhibitor of
both 5AR type 1 and 2 [61,62]. Dutasteride treatment
results in an increased and more consistent level of
serum DHT suppression, namely �90% DHT suppres-
sion in >85% of subjects receiving dutasteride, com-
pared with �90% in 2.2% of subjects receiving
finasteride [63,64].

The effects of finasteride 5.0 mg on the symptoms
and progression of BPH have been evaluated in PLESS,
a large-scale, long-term, double-blind, placebo-con-
trolled trial conducted in 3040 men with moderate-
to-severe urinary symptoms, a Qmax of <15 ml/s and an
enlarged prostate on DRE [19]. Finasteride reduced
prostate volume by 18% compared with an increase
of 14% in the placebo group (mean difference 32%,
p < 0:001), improved symptom scores (2.6 points
versus 1.0, p < 0:001), increased Qmax (1.9 versus
0.2 ml/s, p < 0:001) and reduced the risk of AUR by
57% and surgery by 55% ( p < 0:001 for both versus
placebo, Table 2). Although the 7-year Prostate Cancer
Prevention Trial (PCPT) recruited men with a normal
digital rectal examination, a PSA �3.0 ng/ml and an
AUA-SI <20, and was designed to examine the effect of
finasteride versus placebo on the risk of prostate cancer,
it also confirmed that finasteride treatment was asso-
ciated with a lower risk of AUR (4.2% versus 6.3%),
need for TURP (1.0% versus 1.9%) and number of
diagnoses of BPH (5.2% versus 8.7%), compared with
placebo treatment [65].

Table 2
Outcome parameters with 5a-reductase inhibitors: changes in symptom score, peak urinary flow rate and risk of AUR and BPH-related surgery

Study Patients

(n)

Agent Change in

AUA-SI

score

Change in

peak flow

(ml/s)

Change in

prostate

volume (%)

Reduction in

risk of

AUR (%)

Reduction in

risk of BPH-related

surgical intervention (%)

McConnell et al., 1998 [19] 3040 Finasteride 3.3 þ1.9 �18 57 55

Placebo 1.3 þ0.2 þ14

Roehrborn et al., 2002 [15] 4325 Dutasteride 4.5 þ2.2 �25.7 57 48

Placebo 2.3 þ0.6 þ1.7
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The efficacy of dutasteride has been examined in
three identical, 2-year, double-blind, placebo-con-
trolled Phase III studies (Table 2) [15]. A total of
4325 men with a prostate volume �30 ml and a serum
PSA �1.5 ng/ml were randomised to dutasteride
0.5 mg or placebo. Compared with placebo, dutasteride
provided statistically significant improvements in void-
ing symptoms from six months in the majority, and
from 3 months in some subjects. After 2 years, symp-
tom scores were reduced by 4.5 points in the dutaste-
ride group compared with 2.3 points in the placebo
group ( p < 0:001). An improvement in Qmax was
also demonstrated from one month, with a mean
improvement after 2 years of 2.2 ml/s in the dutasteride
group compared with 0.6 ml/s in the placebo group
( p < 0:001). The amelioration in symptoms and flow
translated into sustained improvements in quality of
life (as measured by the BII) with an onset at six
months. Dutasteride was also associated with a reduc-
tion in the risk of AUR of 57%, and a reduction of 48%
in the risk of surgical intervention compared with
placebo after 2 years (both p < 0:001 versus placebo).
These changes in clinical parameters were underscored
by a significant reduction in total and transitional zone
prostate volumes from 1 month continuing to endpoint
at 2 years.

8. Safety and tolerability of 5a-reductase
inhibitors

Data from PLESS demonstrate that finasteride is
generally well tolerated. Withdrawals due to adverse
events were similar in the finasteride- and placebo-
treated groups (11.5% versus 10.9%). Adverse events
occurring in �1% of men and significantly more
frequently in the finasteride than placebo groups were
decreased libido, impotence, decreased ejaculate
volume, ejaculation disorders, breast enlargement,
breast tenderness and rash [19]. These findings are
consistent with those of the PCPT, which also deter-
mined that sexual adverse events and gynaecomastia
were more common with finasteride than placebo
treatment [65]. Three large-scale, randomised, pla-
cebo-controlled studies of dutasteride have shown that
it is generally well tolerated, with an incidence of drug-
related adverse events of 19% compared with 14% in
the placebo group [15]. The same proportion of men
treated with dutasteride and placebo withdrew from
treatment due to adverse events (8.9% in each group).
The rate of new sexual function adverse events was low
and decreased with time. With the exception of two
sexual adverse events, impotence and decreased libido,

no other drug-related adverse event was reported in
excess of 2% of patients.

9. Predictors of treatment outcomewith
a1-blockers and 5a-reductase inhibitors

The most significant baseline factor indicating the
likelihood of treatment success with 5ARIs is the
presence of prostatic enlargement. For finasteride,
analyses have demonstrated that it is significantly
more effective amongst men with a prostate volume
>40 ml or a serum PSA �1.4 ng/ml [66], leading to the
recommendation that it should be reserved for men
meeting these criteria [29]. A similar analysis has been
conducted with the results of the three large-scale
studies of dutasteride, which included men with a
prostate volume �30 ml and/or a PSA �1.5 ng/ml
[67]. Dutasteride significantly reduced prostate volume
compared with placebo from month one to endpoint for
patients with a prostate volume 30–40 ml and �40 ml
( p < 0:001), and was significantly more effective than
placebo at reducing the risk of AUR and BPH-related
surgery, and improving Qmax, symptom scores and BII
scores versus placebo regardless of baseline prostate
volume. These data show that dutasteride reduces the
risk of serious complications of BPH and improves
objective disease measures in men with prostates
�30 ml and/or a PSA �1.5 ng/ml.

A retrospective evaluation of 150 men with LUTS
suggestive of BPH and receiving a1-blocker therapy has
been conducted to determine baseline risk factors for
treatment success [68]. Subjects with treatment failure
(defined as an ultimate requirement or request for
surgical intervention for the treatment of symptoms)
had significantly higher baseline prostate mass and
serum PSA values versus those with treatment success
(48.8 g versus 33.0 g [p < 0:0001] and 2.47 ng/ml ver-
sus 1.87 ng/ml [p ¼ 0:01], respectively). The findings of
this study have been confirmed in a review of the out-
comes of 326 men receiving a1-blocker therapy fol-
lowed for 3–5 years [44]. Re-treatment rates varied from
27% with tamsulosin to 49% with terazosin. Men with
severe symptoms had a re-treatment rate of 70% versus
33% and 27% for moderate and mild symptoms, respec-
tively. Concordant with the study of Jaffe et al. [68],
subjects with a prostate volume <40 ml had a re-treat-
ment rate of 48%, while those with enlarged prostates
(>40 ml) had a higher rate of 72%. The investigators
concluded that re-treatment rates with a1-blockers were
high, and that baseline parameters may be of use in
selecting patients likely to respond to therapy. Overall
therefore, men with smaller prostates appear to benefit
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from a1-blocker therapy, while those with prostate
volumes �30–40 ml benefit from 5ARI therapy.

10. The relative benefits of a1-blockers
and 5a-reductase inhibitors

It is possible to conclude from placebo-controlled
studies of a1-blockers and 5ARIs that the two classes of
agents have different efficacy profiles. However, until
recently, a long-term, large-scale, randomised, pla-
cebo-controlled comparative study of 5ARIs and a1-
blockers has not been available. One previous study,
the Veterans Affairs Study, examined the efficacy of
finasteride, terazosin, or a combination of finasteride
and terazosin versus placebo over a 1-year period in
1229 men. This study failed to show a significant benefit
for finasteride over placebo in improving symptoms or
Qmax, with men in the terazosin and combination arms
experiencing similar, and significant benefits in these
parameters [69,70]. However, this study is severely
limited by inclusion of men regardless of baseline
prostate volume. The mean prostate volume in the
finasteride group, 36.2 cc, is below the value of 40 cc
considered to be the minimum for therapeutic response
for finasteride [29]. This, coupled with the short dura-
tion of the study, meant that, in contrast with earlier
studies, a significant response to finasteride therapy was
unlikely to occur and that comparisons with a1-blocker
and combination arms were therefore flawed. Similar
findings were observed in the PREDICT trial compar-
ing the efficacy and tolerability of doxazosin and
finasteride, alone or in combination. Again, this study
was limited by low patient numbers, a mean prostate
volume below 40 cc and a short study duration [71].

The reporting of the landmark, 4-year MTOPS study,
which randomised 3047 men with BPH to treatment
with finasteride, doxazosin, a combination of both, or
placebo [16], has provided new insight into the relative
benefits of the two classes of agent. While all active
treatment arms were associated with a significant
improvement in symptoms, only treatment arms con-
taining 5ARI therapy were associated with significant
reductions in the risk of AUR and invasive therapy for
BPH. Doxazosin monotherapy delayed the time to
progression to AUR and need for invasive therapy,
but did not reduce the long-term risk of either event.
The MTOPS study confirms that 5ARI therapy is
unique in affording longer-term reductions in the risks
of AUR or invasive therapy combined with improve-
ments in symptoms and flow.

Observational studies are a useful adjunct to clinical
study data in assessing the relative benefits of different

agents. One population-based observational study has
examined a cohort of 5671 men using data from the
PHARMO Record Linkage System in the Netherlands
that records prescription events from 950,000 commu-
nity-dwelling men [72]. The risk of progressing to
BPH-related prostatic surgery was assessed between
patients receiving a1-blockers and 5ARIs. The study
found that patients receiving a1-blockers were at a
significantly higher risk of undergoing BPH-related
surgery than those receiving 5ARIs. These findings
are echoed in an analysis of the UK General Practice
Research Database (GPRD), which examined data
from 4500 men treated for BPH. Significantly fewer
men receiving 5ARI therapy required surgery for BPH,
had an episode of AUR or were catheterised compared
with those receiving a1-blockers [73].

11. The role of combination therapy with
a1-blockers and 5a-reductase inhibitors

Although a number of studies have examined the
issue of combination therapy [68,69,71,74–80], this
review will focus on the results of MTOPS, the largest
and longest study to date comparing combination and
monotherapy, and recent studies examining the issue of
a1-blocker withdrawal following a period of combina-
tion therapy. Although final data analyses are awaited
from MTOPS, it appears that, in selected patients, there
are additive symptomatic benefits of receiving long-
term combination treatment with a 5ARI and an a1-
blocker, as symptom deterioration resulting from
underlying BPH progression was observed to be less
in patients receiving the combination than with those
receiving either monotherapy.

The MTOPS study specifically examined the relative
merits of long-term monotherapies versus combination
treatment. Several recently completed studies have
sought to examine the role of short-term combination
therapy by studying whether withdrawal of an
a1-blocker following an initial period of combination
therapy is possible in routine practice [78,81]. In the first
of these studies—of 129 men receiving combination
therapy in whom a1-blocker treatment with doxazosin
was withdrawn at 3, 6, 9 or 12 months—84% had stable
or improved voiding following one year of subsequent
5ARI monotherapy [78]. The larger Symptom Manage-
ment After Reducing Therapy (SMART-1) study was
initiated to examine short-term dutasteride and tamsu-
losin combination therapy followed by dutasteride
monotherapy in 327 men with BPH. SMART-1 demon-
strated that 77% of patients with moderate-to-severe
symptoms treated with a combination of dutasteride and
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an a1-blocker who then had the a1-blocker withdrawn at
six months, felt better or the same compared with their
status before withdrawal [81]. In accordance with the
MTOPS study, combination therapy was well tolerated.
SMART-1 demonstrates that the combination of an
a1-blocker and a 5ARI is effective in lowering and
maintaining symptom scores for six months, but that
these benefits can be maintained with dutasteride mono-
therapy in the majority of men with moderate-to-severe
symptoms (77%) after this initial period. This defines a
role for the addition of short-term (6 months) a1-blocker
therapy, to cover the lag in onset of symptom relief seen
with 5ARI monotherapy. Such short-term combination
use would be optimal in providing symptomatic
improvement among patients who require rapid symp-
tom relief, while enabling the initiation of 5ARI therapy
to reduce the risk of subsequent AUR or BPH-related
surgery in men who are at greater risk of disease
progression. A small proportion of patients with severe
baseline symptoms (around one quarter of all patients)
benefited from longer-term combination treatment, as
demonstrated by the finding of a higher rate of worsen-
ing of symptoms when a1-blocker therapy was with-
drawn compared with patients with moderate symptoms
(42.5% versus 16%).

12. Conclusions

BPH is the most common disorder of ageing men,
and its prevalence is set to rise in parallel with the

ageing population. Evidence from a wide range of
studies demonstrate that BPH is a progressive disease
in many men, and that men likely to progress are those
with a prostate volume �30 ml and with a PSA level of
�1.5 ng/ml. These men can be identified in everyday
clinical practice through the use of serum PSA, which
provides a practical approach for estimating prostate
volume, and has advantages in accuracy over DRE, and
where TRUS is not routinely available.

Preventing BPH progression, as well as the allevia-
tion of symptoms, is an important aim of BPH therapy.
Amongst available therapies, only the 5ARIs have been
shown to reduce the risk of AUR and BPH-related
surgery compared with placebo. This provides a man-
date for their use in men with enlarged prostates
(�30 ml). Although the 5ARIs provide symptomatic
benefits, the onset of these are slower than those
observed with the a1-blockers. Patients in need of
rapid onset of symptom relief, and those without
prostate enlargement, benefit from the use of a1-block-
ers. Short-term combination therapy has a role in men
with enlarged prostates who require a rapid onset of
symptom relief, whilst longer-term combination ther-
apy may be appropriate in a small group of men with
severe symptoms.

In conclusion, the rapid increase in our understand-
ing of the natural history of BPH, and the benefits of
available medical therapies, have provided insights that
can be used to assess patients more accurately, and
institute medical therapy that targets long-term, as well
as short-term, outcomes of benefit for men with BPH.

References

[1] World population ageing 1950–2050 Executive Summary. New York:

United Nations Population Division.

[2] World Population Prospects: The 2000 revision. New York: United

Nations Population Division; 2000.

[3] Evans HS, Moller H. Recent trends in prostate cancer incidence and

mortality in Southeast England. Eur Urol 2003;43(4):337–41.

[4] Lanes SF, Sulsky S, Walker AM, Isen J, Grier 3rd CE, Lewis BE,

et al. A cost density analysis of benign prostatic hyperplasia. Clin

Ther 1996;18(5):993–1004.

[5] Guess HA, Arrighi HM, Metter EJ, Fozard JL. Cumulative

prevalence of prostatism matches the autopsy prevalence of benign

prostatic hyperplasia. Prostate 1990;17(3):241–6.

[6] Girman CJ. Population-based studies of the epidemiology of benign

prostatic hyperplasia. Br J Urol 1998;82(Suppl 1):34–43.

[7] Chute CG, Panser LA, Girman CJ, Oesterling JE, Guess HA,

Jacobsen SJ, et al. The prevalence of prostatism: a population-based

survey of urinary symptoms. J Urol 1993;150(1):85–9.

[8] Berry SJ, Coffey DS, Walsh PC, Ewing LL. The development of

human benign prostatic hyperplasia with age. J Urol 1984;132(3):

474–9.

[9] Ziada A, Rosenblum M, Crawford ED. Benign prostatic hyperplasia:

an overview. Urology 1999;53(3 Suppl 3a):1–6.

[10] Bosch JL, Hop WC, Kirkels WJ, Schroder FH. Natural history of

benign prostatic hyperplasia: appropriate case definition and estima-

tion of its prevalence in the community. Urology 1995;46(3 Suppl A):

34–40.

[11] Denis L, McConnell J, Yoshida O. The evaluation and treatment of

lower urinary tract symptoms (LUTS) suggestive of benign prostatic

obstruction. In: Denis L, Griffiths K, Khoury S, editors. Fourth

International Consultation on Benign Prostatic Hyperplasia (BPH).

Paris: SCI; 1998. p. 669–84.

[12] Emberton M, Andriole G, de la Rosette JJ, Djavan B, Hoefner K,

Vela Navarette R, et al. BPH: a progressive disease of aging men.

Urology 2003;61:267–73.

[13] Jacobsen SJ, Girman CJ, Jacobson DJ, Liebert MM. Long-term

(92-month) natural history of changes in lower urinary tract symptom

severity. BJU Int 2000;86(4):248–9.

[14] Flanigan RC, Reda DJ, Wasson JH, Anderson RJ, Abdellatif M,

Bruskewitz RC. 5-year outcome of surgical resection and watchful

waiting for men with moderately symptomatic benign prostatic

hyperplasia: a Department of Veterans Affairs cooperative study.

J Urol 1998;160(1):12–7.

[15] Roehrborn CG, Boyle P, Nickel JC, Hoefner K, Andriole G. Efficacy

and safety of a dual inhibitor of 5-alpha-reductase types 1 and 2

M. Marberger et al. / European Urology 45 (2004) 411–419 417



(dutasteride) in men with benign prostatic hyperplasia. Urology 2002;

60(3):434–41.

[16] The MTOPS Research Group. The impact of medical therapy on the

clinical progression of BPH: results of the MTOPS trial. Abstract

presented at the American Urological Association Annual Meeting

2002.

[17] Jacobsen SJ, Jacobson DJ, Girman CJ, Roberts RO, Rhodes T, Guess

HA, et al. Natural history of prostatism: risk factors for acute urinary

retention. J Urol 1997;158(2):481–7.

[18] Meigs JB, Barry MJ, Giovannucci E, Kawachi I. Incidence rates and

risk factors for acute urinary retention: the health professionals

follow up study. J Urol 1999;162:376–82.

[19] McConnell JD, Bruskewitz R, Walsh PC, Andriole G, Lieber MM,

Holtgrewe HL, 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. N Engl J Med 1998;338(9):557–63.

[20] Roehrborn CG, McConnell JD, Lieber MM, Waldstreicher J. Serum

prostate-specific antigen concentration is a powerful predictor of

acute urinary retention and need for surgery in men with clinical

benign prostatic hyperplasia. Urology 1999;53(3):473–80.

[21] Roehrborn CG, McConnell JD, Bonilla J, Rosenblatt S, Hudson PB,

Malek GH, et al. Serum prostate specific antigen is a strong predictor

of future prostate growth in men with benign prostatic hyperplasia.

PROSCAR Long-term Efficacy and Safety Study. J Urol 2000;163:

13–20.

[22] Roehrborn CG, Boyle P, Gould AL, Waldstreicher J. Serum prostate-

specific antigen as a predictor of prostate volume in men with benign

prostatic hyperplasia. Urology 1999;53(3):581–9.

[23] Roehrborn CG, Malice PP, Cook TK, Girman CJ. Clinical predictors

of spontaneous acute urinary retention in men with LUTS and

clinical BPH: a comprehensive analysis of the pooled placebo groups

of several large clinical trials. Urology 2001;58(2):210–6.

[24] Wright EJ, Fang J, Metter EJ, Partin AW, Landis P, Chan DW, et al.

Prostate specific antigen predicts the long-term risk of prostate

enlargement: results from the Baltimore Longitudinal Study of

Aging. J Urol 2002;167(6):2484–7 [Discussion 2487–2488].

[25] Hochberg DA, Armenkas NA, Fracchia JA. Relationship of prostate-

specific antigen and prostate volume in patients with biopsy proven

benign prostatic hyperplasia. Prostate 2000;45(4):315–9.

[26] Marberger MJ, Anderson JT, Nickel JC, Malice MP, Gabriel M,

Pappas F, et al. Prostate volume and serum prostate-specific antigen

as predictors of acute urinary retention. Eur Urol 2000;38:563–8.

[27] Anderson JB, Roehrborn CG, Schalken JA, Emberton M. The

progression of benign prostatic hyperplasia: examining the evidence

and determining the risk. Eur Urol 2001;39(4):390–9.

[28] Jacobsen SJ, Jacobson DJ, Girman CJ, Roberts RO, Rhodes T, Guess

HA, et al. Treatment for benign prostatic hyperplasia among

community dwelling men: The Olmsted County study of urinary

symptoms and health status. J Urol 1999;162(4):1301–6.

[29] Roehrborn CG, Boyle P, Bergner D, Gray T, Gittelman M, Shown T,

et al. Serum prostate-specific antigen and prostate volume predict

long-term changes in symptoms and flow rate: results of a four-year,

randomized trial comparing finasteride versus placebo. PLESS Study

Group. Urology 1999;54(4):662–9.

[30] Arrighi HM, Guess HA, Metter EJ, Fozard JL. Symptoms and signs

of prostatism as risk factors for prostatectomy. Prostate 1990;16(3):

253–61.

[31] Roehrborn CG, Girman CJ, Rhodes T, Hanson KA, Collins GN, Sech

SM, et al. Correlation between prostate size estimated by digital

rectal examination and measured by transrectal ultrasound. Urology

1997;49(4):548–57.

[32] Roehrborn CG. Accurate determination of prostate size via digital

rectal examination and transrectal ultrasound. Urology 1998;51

(Suppl 4A):19–22.

[33] Djavan B, Wammack R, Dobrovits M, Fariborz B, Kramer G, Hruby

S, et al. Predictors of progression in men with mild symptoms of

bladder outlet obstruction. Abstract presented at the American

Urological Association Annual Meeting 2002.

[34] Boyle P, Robertson C, Wilson T, D’Onofrio A, Benichou J. Risk

factors for acute urinary retention in men with benign prostatic

hyperplasia. Eur Urol Suppl 2003;2(1):26 [Abstract 94].

[35] Mochtar CA, Kiemeney LALM, van Riemsdijk MM, Barnett GS,

Laguna MP, Debruyne FMJ, et al. Prostate specific antigen as an

estimator of prostate volume in the management of patients with

symptomatic benign prostatic hyperplasia. Eur Urol 2003;44(6):

695–700.

[36] Girman CJ, Jacobsen SJ, Tsukamoto T, Richard F, Garraway WM,

Sagnier PP, et al. Health-related quality of life associated with

lower urinary tract symptoms in four countries. Urology 1998;51(3):

428–36.

[37] Girman CJ, Epstein RS, Jacobsen SJ, Guess HA, Panser LA,

Oesterling JE, et al. Natural history of prostatism: impact of urinary

symptoms on quality of life in 2115 randomly selected community

men. Urology 1994;44(6):825–31.

[38] Girman CJ, Jacobsen SJ, Rhodes T, Guess HA, Roberts RO, Lieber

MM. Association of health-related quality of life and benign

prostatic enlargement. Eur Urol 1999;35(4):277–84.

[39] Roberts RO, Jacobsen SJ, Rhodes T, Girman CJ, Guess HA, Lieber

MM. Natural history of prostatism: impaired health states in men

with lower urinary tract symptoms. J Urol 1997;157(5):1711–7.

[40] Garraway WM, Russell EB, Lee RJ, Collins GN, McKelvie BB,

Hehir M, et al. Impact of previously unrecognized benign prostatic

hyperplasia on the daily activities of middle-aged and elderly men.

Br J Gen Pract 1993;43(373):318–21.

[41] Tsang KK, Garraway WM. Impact of benign prostatic hyperplasia on

general well-being of men. Prostate 1993;23(1):1–7.

[42] Kawakami J, Nickel JC. Acute urinary retention and surgery for

benign prostatic hyperplasia: the patient’s perpsective. Can J Urol

1999;6(3):819–22.

[43] Roehrborn CG, Bartsch G, Kirby R, Andriole G, Boyle P, de la

Rosette JJ, et al. Guidelines for the diagnosis and treatment of benign

prostatic hyperplasia: a comparative, international overview. Urology

2001;58(5):642–50.

[44] de la Rosette JJ, Kortmann BB, Rossi C, Sonke GS, Floratos DL,

Kiemeney LA. Long-term risk of re-treatment of patients using

alpha-blockers for lower urinary tract symptoms. J Urol 2002;

167(4):1734–9.

[45] American Urological Association. AUA guideline on the management

of benign prostatic hyperplasia. 2003. Available from URL: http://

www.auanet.org/timssnet/products/guidelines/bph_management.cfm.

[46] Michel MC, Flannery MT, Narayan P. Worldwide experience with

alfuzosin and tamsulosin. Urology 2001;58(4):508–16.

[47] Akduman B, Crawford ED. Terazosin, doxazosin, and prazosin:

current clinical experience. Urology 2001;58(6 Suppl 1):49–54.

[48] Roehrborn CG, Oesterling JE, Auerbach S, Kaplan SA, Lloyd LK,

Milam DE, et al. The Hytrin Community Assessment Trial study: a

one-year study of terazosin versus placebo in the treatment of men

with symptomatic benign prostatic hyperplasia. HYCAT Investigator

Group. Urology 1996;47(2):159–68.

[49] Brawer MK, Adams G, Epstein H. Terazosin in the treatment of

benign prostatic hyperplasia. Terazosin Benign Prostatic Hyperplasia

Study Group. Arch Fam Med 1993;2(9):929–35.

[50] Lepor H, Auerbach S, Puras-Baez A, Narayan P, Soloway M, Lowe

F, 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(5):1467–74.

[51] Fawzy A, Braun K, Lewis GP, Gaffney M, Ice K, Dias N. Doxazosin

in the treatment of benign prostatic hyperplasia in normotensive

patients: a multicenter study. J Urol 1995;154(1):105–9.

[52] Roehrborn CG, Siegel RL. Safety and efficacy of doxazosin in

benign prostatic hyperplasia: a pooled analysis of three double-blind,

placebo-controlled studies. Urology 1996;48(3):406–15.

418 M. Marberger et al. / European Urology 45 (2004) 411–419

http://www.auanet.org/timssnet/products/guidelines/bph_management.cfm
http://www.auanet.org/timssnet/products/guidelines/bph_management.cfm


[53] Abrams P, Schulman CC, Vaage S. Tamsulosin, a selective alpha 1c-

adrenoceptor antagonist: a randomized, controlled trial in patients

with benign prostatic ‘obstruction’ (symptomatic BPH). The

European Tamsulosin Study Group. Br J Urol 1995;76(3):325–36.

[54] Roehrborn CG, Van Kerrebroeck P, Nordling J. Safety and efficacy of

alfuzosin 10 mg once-daily in the treatment of lower urinary tract

symptoms and clinical benign prostatic hyperplasia: a pooled

analysis of three double-blind, placebo-controlled studies. BJU Int

2003;92:257–61.

[55] Djavan B, Marberger M. A meta-analysis on the efficacy and

tolerability of alpha 1-adrenoceptor antagonists in patients with

lower urinary tract symptoms suggestive of benign prostatic

obstruction. Eur Urol 1999;36:1–13.

[56] Kirby RS, Roehrborn CG, Boyle P, Bartsch G, Jardin A, Cary MM,

et al. Efficacy and tolerability of doxazosin and finasteride, alone or

in combination, in treatment of symptomatic benign prostatic

hyperplasia: the prospective European doxazosin and combination

therapy (PREDICT) trial. Urology 2003;61:119–26.

[57] Chapple CR, Wyndaele JJ, Nordling J, Boeminghaus F, Ypma AF,

Abrams P. Tamsulosin, the first prostate-selective alpha 1A-adreno-

ceptor antagonist. A meta-analysis of two randomized, placebo-

controlled, multicentre studies in patients with benign prostatic

obstruction (symptomatic BPH). European Tamsulosin Study Group.

Eur Urol 1996;29(2):155–67.

[58] Lepor H. Long-term evaluation of tamsulosin in benign prostatic

hyperplasia: placebo-controlled, double-blind extension of phase III

trial. Tamsulosin Investigator Group. Urology 1998;51(6):901–6.

[59] Lepor H. Phase III multicenter placebo-controlled study of

tamsulosin in benign prostatic hyperplasia. Tamsulosin Investigator

Group. Urology 1998;51(6):892–900.

[60] Schulman CC, Cortvriend J, Jonas U, Lock TM, Vaage S, Speakman

MJ. Tamsulosin: 3-year long-term efficacy and safety in patients with

lower urinary tract symptoms suggestive of benign prostatic obstruc-

tion: analysis of a European, multinational, multicenter, open-label

study. European Tamsulosin Study Group. Eur Urol 1999;36(6):

609–20.

[61] Span PN, Voller MC, Smals AG, Sweep FG, Schalken JA, Feneley

MR, et al. Selectivity of finasteride as an in vivo inhibitor of 5alpha-

reductase isozyme enzymatic activity in the human prostate. J Urol

1999;161(1):332–7.

[62] Bramson HN, Hermann D, Batchelor KW, Lee FW, James MK, Frye

SV. Unique preclinical characteristics of GG745, a potent dual

inhibitor of 5AR. J Pharmacol Exp Ther 1997;282(3):1496–502.

[63] Andriole G, Ray P, Humphrey P, Gleave M, Rittmaster R. The impact

of dutasteride, a novel dual 5a-reductase inhibitor on both serum and

intraprostatic androgens. Eur Urol Suppl 2003;2(1):85 [Abstract 332].

[64] Roehrborn C, Andriole G, Schalken J, Wilson T, Clark R. Dutasteride,

a novel dual 5a-reductase inhibitor, reduces serum DHT to a greater

extent versus finasteride and achieves finasteride maximal reduction

in a larger proportion of patients. Eur Urol Suppl 2003;2(1):161

[Abstract 635].

[65] Thompson IM, Goodman PJ, Tangen CM, Lucia ML, Miller GJ, Ford

LG, et al. The influence of finasteride in the development of prostate

cancer. N Engl J Med 2003;349(3):211–20.

[66] Boyle P, Gould AL, Roehrborn CG. Prostate volume predicts outcome

of treatment of benign prostatic hyperplasia with finasteride: meta-

analysis of randomised clinical trials. Urology 1996;48:398–405.

[67] Boyle P, Roehrborn CG, Marks LS, Vela-Navarette R, Nickel JC.

The novel dual 5a-reductase inhibitor dutasteride is effective for the

treatment and prevention of complications in men with a PV 30–

<40 cc and �40 cc. Eur Urol Suppl 2003;2(1):160 [Abstract 632].

[68] Jaffe JS, Ginsberg PC, Harkaway RC. Prostate size and PSA predict

failure in patients undergoing alpha blocker monotherapy. Abstract

presented at the American Urological Association 2001.

[69] Lepor H, Williford WO, Barry MJ, Brawer MK, Dixon CM,

Gormley G, et al. The efficacy of terazosin, finasteride, or both in

benign prostatic hyperplasia. N Engl J Med 1996;335:533–9.

[70] Lepor H, Williford W, Barry M, Haakenson C, Jones K for The

Veterans Affairs Cooperative Studies Benign Prostatic Hyperplasia

Study Group. The impact of medical therapy on bother due to

symptoms, quality of life and global outcome, and factors predicting

response. J Urol 1998;160:1358–67.

[71] Kirby R, Altwein JE, Bartsch G, Boyle P, Jardin A, Roehrborn CG.

Results of the PREDICT (Prospective European Doxazosin and

Combination Therapy) trial. Br J Urol 1999;83(Suppl 4):266.

[72] Souverein PC, Erkens JA, de la Rosette JJ, Leufkens HG,

Herings RM. Drug treatment of benign prostatic hyperplasia and

hospital admission for BPH-related surgery. Eur Urol 2003;43(5):

528–34.

[73] Boyle P, Roehrborn CG, Harkaway R, Logie J, de la Rosette J,

Emberton M. 5-alpha reductase inhibition provides superior benefits

to alpha blockade by preventing AUR and BPH-related surgery, Eur

Urol 2004;45(5). In press; doi:10.1016/j.eururo.2003.09.012

[74] Blanker MH, Groeneveld FP, Prins A, Bernsen RM, Bohnen AM,

Bosch JL. Strong effects of definition and nonresponse bias on

prevalence rates of clinical benign prostatic hyperplasia: the Krimpen

study of male urogenital tract problems and general health status.

BJU Int 2000;85(6):665–71.

[75] Pushkar DU, Kosko JW, Loran OB. Peak flow and IPSS changes in

patients treated with a combination of finasteride and terazosin after

withdrawing terazosin. Br J Urol 1997;80(Suppl 2):208.

[76] Loran O, Pushkar D, Kosko JW. Combination of proscar and

terazosin in BPH patients with severe obstructive symptoms and

large prostate volume. J Urol 2000;163(Suppl 4):218.

[77] Kuo HC. Comparative study of therapeutic effect of dibenyline,

finasteride, and combination drugs for symptomatic benign prostatic

hyperplasia. Urol Int 1998;60:85–91.

[78] Baldwin KC, Ginsberg PC, Roehrborn CG, Harkaway RC.

Discontinuation of alpha-blockade after initial treatment with

finasteride and doxazosin in men with lower urinary tract symptoms

and clinical evidence of benign prostatic hyperplasia. Urology 2001;

58(2):203–9.

[79] Debruyne FMJ, Jardin A, Colloi D, Resel L, Witjes WPJ, Delauche-

Cavallier MC, et al. Sustained-release alfuzosin, finasteride and the

combination of both in the treatment of benign prostatic hyperplasia.

European ALFIN Study Group. Eur Urol 1998;34(3):169–75.

[80] Savage SJ, Spungen AM, Galea G, Britanico J, Vapnek JM.

Combination medical therapy for symptomatic benign prostatic

hyperplasia. Can J Urol 1998;5(3):578–84.
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