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Abstract
Purpose of Review In this article, we reviewwhy patients may fail medical therapy for benign prostatic hyperplasia (BPH) and by
doing so, gain a better understanding of the disease process and how to optimize the care of these patients.
Recent Findings A growing body of literature has attempted to better characterize the various mechanisms by which patients
develop BPH as well as identify predictors of disease progression and treatment failure.
Summary BPH is a heterogenous disease process. A more personalized approach to treatment, including patient selection for
medical or surgical management, would allow us to optimize patient care.
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Introduction

Lower urinary tract symptoms (LUTS) associated with
benign prostatic hyperplasia (BPH) affect about 20% of
40-year-old males and almost 50% of men in their 80s
[1, 2]. The management of LUTS secondary to BPH has
changed significantly over the last several decades.
Since the 1990s, medical management with an α-
blocker (AB) and/or a 5α-reductase inhibitor (5ARI)
has been first-line treatment. However, a significant pro-
portion of men go on to need surgical intervention ei-
ther because of medication failure or disease progres-
sion. The purpose of this review is to better understand
why patients fail medical therapy and in doing so to
help optimize the management of these patients.

A Historical Perspective

ABs were identified as a potential therapy for BPH in 1976
whenCaine et al. showed that activation ofα-receptors caused
prostatic smooth muscle contraction and that by administering
ABs, this contraction could be inhibited [3]. Lepor et al. fur-
ther classified the α-receptors in the prostate and in 1992
published the results of a randomized placebo-controlled trial
of the AB terazosin for the treatment of BPH [4, 5]. They
found that terazosin led to significant improvements in peak
urine flow rates (Qmax) and Boyarsky symptom scores. These
results led to the FDA approval of ABs for the management of
BPH in 1992.

The role of androgens in prostate growth was demonstrated
in the 1940s, when studies showed that injecting testosterone
into rats increased their prostate size [6]. Then, in the 1970s,
researchers identified several families in the Dominican
Republic that had genotypically male children with ambigu-
ous genitalia who were raised as females until puberty, at
which time they became phenotypically male, although their
prostates remained small and dysplastic [6, 7]. After adminis-
tering radioactive testosterone to these patients, researchers
found a low conversion of testosterone to dihydrotestosterone
(DHT) and that compared with unaffected patients, these pa-
tients had high urinary levels of 5α-reductase metabolites.
These results showed that a 5α-reductase defect impaired
the conversion of testosterone to DHT and that DHT was
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important in the development of male external genitalia and
the prostate [7, 8]. In 1992, finasteride became FDA approved
for the treatment of BPH after Gomerly et al. published results
of a randomized controlled trial demonstrating the safety and
efficacy of 1 year of finasteride therapy [9].

Trials Demonstrating the Effects and Side
Effects of Medical Therapy

ABs are the most commonly used medical therapy for treating
LUTS. They have been shown to prevent symptom progres-
sion, are generally well tolerated, and reduce the cost of med-
ical therapy. As stated above, terazosin (Hytrin) was the first
AB approved for the treatment of BPH. Subsequently,
doxazosin (Cardura) was approved. Both terazosin and
doxazosin need to be dose titrated. Tamsulosin (Flomax)
was the first selective AB to be approved. Tamsulosin
0.4 mg and 0.8 mg both lead to improvements in Qmax and
symptom score, with some evidence suggesting that 0.8 mg is
more efficacious but causes more adverse events [10]. The
primary advantage of tamsulosin is that it does not require
dose titration. The fourth AB to be approved was alfuzosin
(Uroxatral), which like tamsulosin does not require dose titra-
tion. Lastly, silodosin (Rapoflo) was approved for the treat-
ment of BPH. All ABs are thought to be of comparable effi-
cacy and no conclusive differences have been established [11].
However, side effect profiles are variable (Table 1) [12–16].

Currently, there are two 5ARIs, finasteride and dutasteride,
that can be prescribed for patients with BPH. 5α-reductase has
two isoforms, type 1 and type 2. Finasteride only inhibits type
2 whereas dutasteride inhibits both type 1 and type 2.
Dutasteride also has a longer half-life (4 weeks vs 8 h). The
only randomized controlled trial to compare finasteride and
dutasteride reported similar efficacies and rates of adverse
events at 1 year [17]. However, a propensity-matched cohort
study with a longer follow-up duration found that patients on
dutasteride were less likely to undergo surgery for BPH at

5 years’ follow-up [18]. One retrospective analysis found that
patients on dutasteride were more likely than those on finas-
teride to experience breast tenderness/enlargement, erectile
dysfunction, ejaculatory dysfunction, and decreased libido
[19]. However, these results have not been confirmed.

More recent studies have focused on mental health compli-
cations associated with ABs and 5ARIs. A population-based
cohort study of more than 93,000 Canadian men, who used
either finasteride or dutasteride for an average of 1.57 years,
found that these men had an increased risk of self-harm within
the first 18 months of initiating therapy, although there was no
increased suicide risk. They were also at an increased risk of
depression that was most pronounced within the first
18 months [20•]. A cross-sectional survey of 4035 Polish
men also found a 1.5-fold increased risk of depression among
men on a 5ARI [21]. Furthermore, Irwig assessed depressive
symptoms in former-finasteride users with persistent sexual
side effects and found that compared with controls, these pa-
tients had a significantly higher incidence of depressive symp-
toms and suicidal ideation [22]. A propensity score–matched
analysis of patients on five different BPHmedications, includ-
ing tamsulosin and finasteride, and patients who were not on
medical therapy, found that patients on tamsulosin had an
increased incidence of dementia compared with patients who
were not on medical therapy, who were on finasteride, or on
one of the other ABs [23]. However, a similar propensity
score–matched analysis of Korean men found that there was
no difference in the incidence of dementia among patients
being treated with tamsulosin [24].

Other treatments for LUTS include phosphodiesterase type
5 (PDE-5) inhibitors and anticholinergics/β3 agonists. In mul-
tiple studies, PDE-5 inhibitors have been shown to improve
IPSS scores without affectingQmax or post-void residual urine
volumes [25–27]. A metanalysis of four randomized con-
trolled trials that examined the effects of tadalafil on LUTS
found that both patients with and without ED experienced
improvements in IPSS scores [28]. All studies that have eval-
uated PDE-5 inhibitors have short follow up and have not

Table 1 Adverse events of the ABs compared with placebo

Drug Asthenia Rhinitis Dizziness Headache Syncope Hypotension Postural hypotension Libido EjD ED

Placebo 1.1–7 0.2, 5 4.6–7.4 0.9–18 0–4 1.5 0.5–1.5 1–1.9 0–1.5 1.8–5

Terazosin 14 7 26 6 1 8 3 0.3 6

Doxazosin 10.5** N/R 15.6** N/R 1 5.1** 5.8** 3.6 0.4 5.8

Tamsulosin

0.4 5 12* 10 20 N/R N/R N/R N/R 6**† N/R

0.8 5 15** 11* 18 N/R N/R N/R N/R 18**† N/R

Alfuzosin 2.1 6 3.3 0.7 N/R 1.2 N/R 0.4 2

Silodosin 2.1 3.2 2.4 N/R N/R 2.6 N/R 28.1 N/R

*p < 0.05 compared ** p < 0.01 compared with placebo. † p < 0.05 tamsulosin 0.4 mg vs 0.8 mg. N/R, not reported
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analyzed disease progression. Therefore, although tadalafil is
FDA approved for the treatment of LUTS, it is difficult to
draw any conclusions about its long-term efficacy [29]. The
role of anticholinergics in the management of BPH and LUTS
has also been examined. Detrusor overactivity and associated
over active bladder have been identified in 45–50% of men
with BPH. Treatment with anticholinergic monotherapy has
had variable results. In a large randomized trial, patients who
were treated with tolterodine and tamsulosin or tamsulosin
alone had significant improvements in IPSS score compared
with placebo, while those treated with tolterodine monothera-
py did not [30].

Since ABs and 5ARIs alone and/or in combination are the
first-line treatment of LUTS, the remainder of this review will
focus on these two treatments [11, 29].

Trials Demonstrating Effects of Combination
Therapy

After the approval of ABs and 5ARIs for the treatment of
BPH, several pivotal trials were published evaluating their
combined use. The Medical Therapy of Prostatic Symptoms
(MTOPS) trial randomized over 3000 men to receive therapy
with either placebo, an AB (doxazosin), a 5ARI (finasteride),
or combination therapy. The primary outcome was clinical
progression, which was defined as a 4-point or greater in-
crease in AUA symptom score, urinary retention, inconti-
nence, renal insufficiency, or recurrent UTI. The study found
that at 4 years’ follow-up, compared with placebo, treatment
with an AB and 5ARI significantly reduced the rate of clinical
progression by 39% and 34%, respectively. Combination ther-
apy reduced the rate of disease progression by 66%, which
was a significantly greater reduction than either medication
alone [31]. MTOPS also helped delineate which patients
would benefit the most from combination therapy. For patients
with prostate volumes (PV) of < 25 mL, the risk of progres-
sion with combination therapy was not significantly less than
either drug alone but was associated with more side effects.
Therefore, these patients are likely to benefit the most from
monotherapy with an AB [32].

The Combination of Avodart and Tamsulosin (CombAT)
study also attempted to determine if combination therapy was
better than treatment with either a 5ARI or AB alone. The
primary end point was time to first episode of urinary retention
or BPH-related prostatic surgery. Combination therapy de-
creased the risk of urinary retention or BPH surgery by 66%
compared with an AB and by 20% compared with a 5ARI.
Similar to MTOPS, a 5ARI and combination therapy, as op-
posed to just an AB, benefited men with a PV > 40 mL or a
PSA ≥ 1.5 ng/mL [33].

The studies above demonstrated that medical management
is an effective strategy for treating BPH. However, some

patients will fail medical therapy for one of three reasons:
not being adherent, not responding to treatment, or disease
progression.

Persistence with Medical Therapy

Rates of patient persistence with medical therapy for BPH
vary in the literature from 30 to 40% [34–36]. In a
population-based cohort study, Cindolo et al. found that of
1.4 million men treated with 5ARIs or ABs, either alone or
in combination, only 29% continued with medical therapy at
1 year. Medication adherence was poorest among men on
combination therapy, only 9% of whom continued with ther-
apy at 1 year [36]. Persistence with medical therapy is ham-
pered by the side effects of treatment. In several studies, the
most common reason for discontinuing therapy was medica-
tion side effects [31, 34].

Patients Who Do Not Respond to Medical
Therapy

Although ABs and 5ARIs can improve symptoms and prevent
disease progression, at least 25–30% of patients have no re-
sponse and 7% of patients progress despite therapy. The pa-
tients who do not respond are either resistant to therapy or
have a symptom etiology that is not being treated by the pre-
scribed medications.

There are several mechanisms of resistance to current ther-
apies. For example, response to ABs depends on the density of
α-receptors in the prostate and the adenoma [37]. In addition,
the mRNA expression of α-receptor subtypes can predict the
response to prescribed AB therapy [38]. Similarly, response to
5ARIs depends on the expression of 5α-reductase. Up to 30%
of patients do not express 5α-reductase type 2 in their radical
prostatectomy specimen and therefore would not respond to
5ARIs [39]. Epigenetic modifications may account for why
some men do not express 5α-reductase. Bechis et al. found
that methylation of the 5α-reductase gene promoter is associ-
ated with a lack of 5α-reductase type 2 protein expression [40,
41]. Age and BMI are associated with methylation, which
would explain why obesity and age are associated with an
increased likelihood of failing 5ARI therapy [40]. In addition,
Kang et al. found that polymorphisms in two 5α-reductase
genes, SRD5A1 and SR5A2, are associated with post-5ARI
treatment change in prostate volumes and IPSS scores [42].

Another explanation for treatment failure or progression is
that prostatic growth is the result of multiple factors some of
which are not being targeted by current treatments. More spe-
cifically, several studies have shown that BPH tissue has a
high volume of inflammatory infiltrate, which is composed
primarily of T cells as well as B lymphocytes and
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macrophages [43, 44]. The cytokines released from these cells
may lead to BPH by increasing growth factor production and
angiogenesis similar to a wound healing response [43]. In
addition, cytokine release has been implicated as a driving
factor in epithelial and stromal cell proliferation [45].
Clinically, higher levels of prostatic inflammation have been
associated with larger prostates and higher IPSS scores [44].
The risk of acute urinary retention is also greater in men with
prostatic inflammation than those without [46].

Several studies have found that prostate growth and LUTS
symptoms can be improved by decreasing inflammation. The
most extensively studied treatment is BXL 628 (elocalcitol), a
vitamin D3 analog that reduces prostate size in animal and
human models in part by reducing IL-8 section [47•].
Cyclooxygenase isoform 2 (COX-2) inhibitors have also been
evaluated as a potential therapeutic target to improve BPH. A
metanalysis of three studies evaluating the effects of COX-2
inhibitors on LUTS found that patients had significant im-
provements in urinary flow rates compared with both placebo
and current BPH therapies [48].

Predictors of BPH Progression and Treatment
Success

Since not all patients respond to medications and some prog-
ress despite treatment, current care practices would improve if
physicians could identify patients likely to fail medical man-
agement as these patients may benefit from early surgical
intervention. Baseline patient characteristics that have corre-
lated with disease progression include age, obesity, prostate
size, higher PSA values, and presence of prostatic inflamma-
tion [49–52]. Voiding parameters that have been strongly as-
sociated with both the development of urinary retention and
disease progression include higher post-void residual volumes
and a lower Qmax [50, 53]. More recent data suggest that
depression may also be associated with LUTS progression
[54].

Prostatic inflammation has been identified not only as an
important factor in BPH development but also as a predictor
of BPH progression. Sub-analyses of the MTOPS population
found that patients with a greater concentration of inflamma-
tory markers in their prostate biopsy specimens were signifi-
cantly more likely to experience urinary retention, worsening
of their symptoms, or incontinence [55, 56]. Chronic inflam-
mation was also associated with an increased risk of disease
progression and developing urinary retention on sub-analysis
of the REDUCE (Reduction byDutasteride of Prostate Cancer
Events) trial population [57•].

Predictors of disease progression while on medical therapy
are similar to the predictors of overall disease progression.
Higher IPSS scores and larger prostates correlate with failure
of medical therapy [58, 59]. Sonographic findings, such as

intra-prostatic protrusion (IPP), also predict medical treatment
failure and need for surgical intervention [60, 61•, 62•]. Other
sonographic findings that may predict progression or failure of
medical therapy are bladder wall thickness and estimated
bladder weight [63].

Conclusion

Since the 1990s, medical management with an AB or 5ARI
has been the first-line treatment for men with BPH. However,
a significant proportion of men will eventually need surgery
either because ofmedication non-compliance, medication fail-
ure, or disease progression.

In this review, we have explored mechanisms of resistance
to current therapies, including decreased expression of α-
receptors and 5α-reductase, which may be related to acquired
epigenetic modifications. We also identified other causes of
BPH and potential therapies. In addition, we reviewed predic-
tors of disease progression. Understanding why patients fail
medical therapy is paramount to the more effective treatment
of patients and to the identification of novel therapies.
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