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Benign prostatic hyperplasia affects up to 80% of men in their lifetime. It causes bladder outflow
obstruction, leading to lower urinary tract symptoms, which can have a large impact on quality of life.
Lifestyle modifications and pharmacotherapy are often offered as first-line treatments for patients. These
include alpha blockers, 5-alpha-reductase inhibitors, phosphodiesterase-5 inhibitors, anticholinergics,
B3-agonists, and desmopressin. While often well tolerated, these pharmacotherapies do have significant

side effects, which both clinicians and patients should understand and discuss in order to make an

Keywords:

Prostatic Hyperplasia

Lower urinary tract symptoms
Alpha-1 antagonists
Medications

Side effects

Treatmetn adverse events

management.

informed treatment decision among alternatives. The purpose of this review is to provide a current
overview of the risks and side effects of commonly used medications in benign prostatic hyperplasia

© 2024 The Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Conservative lifestyle changes and pharmacologic therapy are
the traditional first-line options for men presenting with lower
urinary tract symptoms (LUTS) secondary to benign prostatic hy-
perplasia (BPH).! ™ This approach is supported by well-designed
clinical trials with appropriate follow-up, including the Medical
Therapy of Prostatic Symptoms (MTOPS) Study and the Combina-
tion of Avodart and Tamsulosin (CombAT) study. These seminal
papers show an improvement in multiple endpoints, representing
decreased progression of the disease, and were a breakthrough in
BPH treatment.>®’ However, the traditional “one size fits all”
approach to BPH, which progresses from initial medical manage-
ment to surgical intervention, does not factor in individual patient
preferences. For many patients, these preferences include mini-
mizing unwanted side effects.

While medical therapies for BPH are generally seen as a lower-
risk option compared to procedural intervention, clinicians and
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patients must be aware that this approach is not completely
without risk. Medication side effects must be discussed thoroughly
with patients when making informed decisions about their
healthcare options. This is especially relevant in today's BPH
landscape, where minimally invasive surgical techniques (MISTs)
are a viable alternative for certain patients. Patients and clinicians
should also be aware of the risks associated with delayed inter-
vention, including the potential loss of quality-adjusted life years
and changes in bladder function. In this review, we focus on the
risks and side effects associated with the medical management of
BPH.

2. Alpha-blockers and phosphodiesterase-5 inhibitors

Alpha-1 adrenergic receptor antagonists, also known as alpha-1
blockers, are a first-line medical therapy for male lower urinary
tract symptoms secondary to BPH. These medications, not sur-
prisingly, bind to type-1 alpha-adrenergic receptors and inhibit
smooth muscle contraction.® While both alpha-1A and alpha-1B
receptors are distributed in various tissues throughout the body,
alpha-1B receptors play a significant role in mediating vascular
tone.® Meanwhile, alpha-1A receptors do not, and they are present
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in the smooth muscle of the genitourinary tracts, predominantly
in the prostatic stroma.” Functionally, blockade of alpha-1A re-
ceptors inhibits smooth muscle contraction and reduces the
prostate and bladder neck muscle tone.”'° This reduces the degree
of obstruction at the bladder neck and improves symptoms.
Building on this mechanistic understanding, the therapeutic and
adverse effects of alpha-1 adrenergic blockers depend in part on
their degree of selectivity or nonselectivity for specific receptor
subtypes. The selectivity of these agents is aimed at minimizing
unwanted systematic adverse effects on blood pressure.

2.1. Nonselective versus selective alpha-1 adrenoceptor
antagonists

Initially, only nonselective alpha-1 adrenoceptor antagonists
(also called “alpha-blockers”) such as prazosin, terazosin, dox-
azosin, and alfuzosin were available for use in the medical
management of BPH/bladder outlet obstruction (BOO). Prazosin
suffers from requiring multiple daily doses, whereas terazosin
and doxazosin benefit from a daily dosing schedule due to their
longer half-lives. Due to their effects on peripheral vasodilation,
nonselective alpha-1 blockers have, in general, more systemic
side effects (Table 1). An early meta-analysis of doxazosin showed
a 47% rate of side effects in doxazosin-treated patients compared
to 37% in placebo.'"'? Notably, this included a 17% rate of dizzi-
ness versus 6% in placebo and 4% versus 0% rate of hypotension.
Trends among terazosin are similar. Interestingly, in BPH patients,
both terazosin and doxazosin demonstrate a decrease in the
blood pressure of hypertensive men with BPH; however, no
change in blood pressure in normotensive cohorts was
found.”>~'® The lack of change in baseline blood pressure, how-
ever, may be different from the hypotensive episodes reported in
BPH trials.

Like the others, alfuzosin is a slow-release, single daily dose
alpha-1 blocker that exhibits no selectivity for alpha-1 receptor
subtypes.'? Interestingly, alfuzosin appears to have a better side-
effect profile compared to other nonselective alpha blockers,
with lower incidences of ejaculatory dysfunction, dizziness, and
asthenia compared to terazosin and doxazosin (Table 1).1°718
Perhaps for this reason, it is sometimes characterized as a clini-
cally selective alpha-receptor antagonist but does not display
pharmacologic selectivity for the alpha-1 subtype.'” However, on
meta-analysis,”° patients on alfuzosin do still have a higher inci-
dence of hypotension, dizziness, or syncope than those on placebo
or tamsulosin. Terazosin and doxazosin's incidence, however, is
higher.?! International Prostate Symptom Score (IPSS) improve-
ment may be less with alfuzosin compared to terazosin/doxazosin
based on outcomes from initial pivotal trials,'® although meta-
analyses are conflicting.

2.2. Selective alpha-1 adrenoceptor antagonists

Selective “alpha-blockers” have relative specificity for the 1A
subtype in order to maximize prostate symptom improvement
and minimize systemic side effects. Tamsulosin was introduced as
the first subtype of selective alpha-1 antagonists; however, it
actually has a fairly modest receptor selectivity of less than 10-
fold.'® Tamsulosin quickly gained popularity over terazosin and
doxazosin, in part because it does not require titration for most
men unlike doxazosin and terazosin, starting at a straightforward
0.4 mg dose.?? Despite only minimal selectivity, tamsulosin does
also have the advantage of less cardiovascular impact.>' This,
however, is thought to be due to the extended release formulation
rather than the modest receptor selectivity. However, there is
more ejaculatory dysfunction (Table 1).272° This has been

Table 1

Comparison of treatment-emergent adverse events (TEAEs) related to different alpha-1 blockers use for treatment of BPH.

Alpha-1 blocker

Adverse events

Silodosin

Alfuzosin

Tamsulosin

Doxazosin

Terazosin

Placebo Treated patients Placebo

Treated patients

Placebo

Treated patients

Treated patients Placebo

Placebo

Treated patients

S

)
)

8/1487 (<1%) 23/1400 (2.3%) 6/643 (<1%) 1248 (<1%) 2/239 (1.0%) 10/469 (2.1%)  8/478 (1.7%)  12/466 (2.6%) 7/457 (1.5%

57/1655 (3.4%)

Orthostatic hypotension

Dizziness

9/546 (1.6%

25/1000 (2.5)  24/641 (3.7%)

68/1298 (5.2%)
18/1090 (1.7%)

9/896 (1.0%)

56/714 (7.8%)
31/714 (

176/1474 (11.9%)
89/1474 (6.0%)
5/502 (1.0%)

49693 (7.1%)
17/693 (

136/1450 (11.2%)
93/1450 (6.4%)
15/275 (5.8%)

98/1586 (6.2%)
62/1566 (4.0%)
15/384 (3.9%)

252/1802 (14.0%)
153/1736 (8.8%)

4/457 (<1%)

11/466 (2.4%)

18/792 (2.3%)
9/596 (1.5%)

5.5%)

2.5%)

Asthenia/Fatigue/Headache

Erectile dysfunction

6/493 (1.2%)

9/269 (3.3%)

6.2%)
15/1053 (1.4%)

24/386 (

3/686 (<1%) 2/186 (1%) 2/186 (1%) 224/1022 (21.9%)  6/736 (<1%)
56/1022 (5.4%)

148/1376 (8.4%)
71/982 (7.2%)

56/696 (8.0%) 40/672 (6.0%)

2/1031 (<1%)

Ejaculatory dysfunction

17/736 (2.3%)

53/907 (5.8%)  43/742 (5.8%)

32/475 (6.7%)

39/640 (6.1%)

140/1607 (8.7%)  108/1282 (8.4%)

229/1817 (12.6%)

Withdrawals due to TEAEs

TEAEs associated with terazosin,'>'® doxazosin,'""'? alfuzosin,'”"'® tamsulosin,>>2° and silodosin.”®
BPH, benign prostatic hyperplasia.
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historically characterized as “retrograde ejaculation” due to an
open bladder neck; however, it is likely to include at least a
component of anejaculation from smooth muscle inhibition, which
prevents seminal fluid propulsion. Thankfully, alpha blockers are
not associated with an increase in erectile dysfunction compared to
placebo on meta-analysis.”’

Silodosin is the only commercially available alpha-1 blocker
with a high degree of adrenoceptor subtype selectivity.?® Silodosin
has a high affinity for alpha-1A with more potency (=200-fold) for
blocking alpha-mediated prostate smooth muscle contraction. This
higher degree of receptor selectivity, however, does come at the
expense of a highly reported ejaculatory dysfunction.?” Interest-
ingly, experiencing ejaculatory dysfunction as a silodosin side effect
was associated with the most significant degree of improvement in
LUTS and peak flow rate.° This phenomenon has also been noted in
other alpha blockers and has been hypothesized to explain why
there has been little trial drop-out from anejaculation.'® Even with
pharmacologically or clinically selective alpha-blockers, however,
postural hypotension, dizziness, and headache still do occur. Even
selective alpha blockers are associated with a small but statistically
significantly increased risk of emergency room visits for falls,
fractures, and hypotension.®!

2.2.1. Associations between alpha blockers and systemic diseases

Epidemiologic studies have found an association between sys-
temic diseases and alpha blockers. The new onset of diabetes was
found to be associated with pharmacologic treatment for BPH.
While this was higher for 5-alpha-reductase inhibitors (5ARIs), the
effect was still present for alpha blockers.>” A similar study also
found an association between alpha blockers and congestive heart
failure.>® This risk was higher for men on alpha blockers than 5ARIs.
While confounders abound in these types of associative studies,
they do raise concern for at-risk men and should be discussed with
patients.

2.2.2. Intraoperative floppy iris syndrome

Intraoperative floppy iris syndrome (IFIS) occurs during
ophthalmologic surgery, usually seen during “phacoemulsifica-
tion,” which is an ultrasonic step during cataract surgery. Intra-
operative movements of the iris increase the chance of
complications for patients undergoing these surgeries.>* Tamsulo-
sin is the main cause of IFIS due to its widespread use; however,
silodosin has an even higher odds ratio for IFIS.>* The nonselective
alpha blockers alone, including alfuzosin, were not found to in-
crease the risk of IFIS. IFIS does not appear to be associated with the
length of tamsulosin use and may persist for years after alpha
blocker cessation.> Interestingly, finasteride was associated with
IFIS in a meta-analysis at a lower rate than tamsulosin, although
this may suffer from confounders.>* For men with ophthalmologic
conditions who may have surgery in the future, clinicians may wish
to consider deferring alpha blocker use or using a nonselective
alpha blocker.

2.2.3. Adherence

Two-thirds of men discontinue alpha-1 blocker therapy, with
overall adherence around 38.8% at 6 months, and 31.0% of men
were adherent to the treatment at 12 months.>® However, 20%
subsequently restart alpha-1 blocker or switch to another BPH
therapy.*® As the medication adherence is low, careful education of
the patients is necessary to maximize the benefits.

2.3. Phosphodiesterase-5 inhibitors
Currently, preclinical and clinical trials demonstrate that

phosphodiesterase-5 inhibitors (PDE5-Is) can also improve
male.>” A systematic review and meta-analysis by Gacci et al

showed that PDE5-Is significantly improved LUTS and erectile
dysfunction (ED) in men with BPH.*® Adverse events related to
PDE5-Is use include back pain, pyrosis, headache, flushing, and
nasal congestion. Furthermore, the combination of alpha-1
blockers and PDE5-Is may increase the incidence of symptom-
atic hypotension®® and other symptoms as well, such as head-
ache and dizziness.>®% Although some concerns have been
raised regarding the cardiac impact of PDE5-Is alone or in com-
bined therapy (with alpha-1 blockers), several RCTs and meta-
analysis prove their safety and well tolerability.*!

3. 5ARIs

5ARIs are recommended for the primary medical management
of BPH, for prostates greater than 30 cc, in the 2022 CUA Guide-
lines.* It has been shown to improve both symptoms and alter the
natural course of disease progression, especially in combination
with alpha-blockers.>*>

5-Alpha-reductase (5AR) converts testosterone to dihy-
drotestosterone. There are three isoenzymes: type I is mainly
expressed in the skin and liver; type Il is predominately expressed
in the prostate, seminal vesicles, and epididymis; and type III is
ubiquitously expressed.*® Dutasteride inhibits both types I and II,
while finasteride inhibits only type I, although clinically major
differences in outcomes have not been observed between these two
5ARIs. However, these medications do have side effects that can be
significant and bothersome to patients and are in some cases
irreversible (Table 2).

3.1. Sexual adverse effects

Sexual side effects are the most common and concerning for
men on 5ARIs, ranging from 0.9% to 38% of patients.*”*® The rates
are similar between dutasteride and finasteride®*° and not found
to be different between normal and low-dose finasteride.’® The
Proscar Long-Term Efficacy and Safety Study (PLESS) did show
improvement in these adverse effects over time.”! However, some
studies show possible sexual dysfunction even after treatment has
been stopped.>?

5ARIs are also associated with gynecomastia, with the risk
being higher for dutasteride compared to finasteride.>> The
Prostate Cancer Prevention Trial (PCPT) reported rates of gy-
necomastia in 4.5% of patients on finasteride compared to 2.8%
placebo.>® The risk is present regardless of duration and timing.>>
It is more commonly seen in patients undergoing androgen
deprivation therapy in prostate cancer. Management is usually
conservative but may involve tamoxifen, aromatase inhibitors,
radiotherapy, and mastectomy. Medical therapy is typically
reserved for symptomatic, acute, idiopathic gynecomastia.
Tamoxifen, perhaps the most studied, in a randomized trial had a
78% complete resolution rate compared to 40% with danazol in
patients with idiopathic gynecomastia, however, with a higher
relapse rate.’® Surgical options can be considered for chronic
cases or concern for malignancy. There is no association between
5ARI and male breast cancer.”’

3.2. Psychiatric adverse effects

Recently, psychiatric side effects are becoming more recognized
and brought to the forefront. During the initial clinical trials,
depression was rarely reported and was not listed on the initial
medication packaging.”® Since then, post-finasteride syndrome has
been used to describe prolonged and persistent sexual and psy-
chological effects and reports of suicidality, even after discontinu-
ing the medication.’® It is proposed that allopregnanolone, a
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Table 2

Comparison of adverse effects of 5-alpha-reductase inhibitors (5ARIs).
Adverse events Dutasteride Placebo Finasteride Placebo
Any drug-related event 22.0%% 14.6%%° 36.0%’ 34.9%7
Leading to discontinuation 4.3%% 2.0%%
Erectile dysfunction 9.0%* 5.7%% 8.1% 3.7%’
Decreased libido 3.3%% 1.6%% 6.4%" 3.4%7
Loss of libido 1.9%% 1.3%% - -
Decreased semen volume 1.4%%° 0.2%% 3.7% 0.8%’
New type 2 diabetes (any 5ARI) 14.15%>2 10.74%2 - -
Gynaecomastia 2.3% 0.7%° 0.5% 0.1%’
Cardiac failure (any 5ARI) 0.7%%° 0.4% (P = 0.03)* - -

(any 5ARI)

Suicide 0.04%°7
Self-harm 0.18%°7
Depression 1.95%°7

Psychiatric

Prostate cancer
49
over 4 years.

High risk: increased risk at 3-4y (0.5% vs. 0.1%).%°

22.8% relative risk reduction incidence of prostate cancer

0.04% (P > 0.10)°7 - -
0.14% (P < 0.01)%7
1.37% (P < 0.01)%7

24.8% relative risk reduction over
7 years.”

High risk: increased risk (6.4% vs.
5.1%).>4

neurosteroid produced by 5AR, is decreased in patients with
depression and altered by 5ARIs.°C A review of VigiBase, the World
Health Organization's global database of case safety reports, found
increased signals of suicidality, depression, and anxiety in young
patients, aged less than 45 years, taking low-dose finasteride.”® In
2011, a post-market report was sent to the FDA, and warnings have
been added since then.’®

3.3. Metabolic syndrome

Although both BPH and metabolic syndrome are common in the
aging male, there is emerging evidence linking metabolic syn-
drome to 5ARIs.>*#"6! 5AR type 1 does play a role in glucose uti-
lization in metabolically active organs such as the liver and adipose
tissue.®? Studies have shown an association with altered metabolic
function, lower testosterone levels, increased Alc, and altered lipid
profiles.*”

A population-based study using the UK Clinical Practice
Research Datalink, evaluated over 55,000 men, showed an
increased risk of Diabetes mellitus (DM) in dutasteride (HR 1.32)
and finasteride (HR 1.26) compared to tamsulosin alone.®* Recently,
a retrospective cohort study of 130,000 patients in Ontario>? found
men receiving any medical therapy for BPH were at increased risk
for DM, and this was highest in men on 5ARIs.>?

Cardiovascular risk is closely associated with metabolic syn-
drome. The Reduction by Dutasteride of Prostate Cancer Events
(REDUCE) study found a higher incidence of cardiac failure in men
on 5ARIs (0.7% vs. 0.4%), although this was not the primary
endpoint.*® There was a higher incidence of composite events;
however, no difference in overall incidence or mortality. Lusty et al
completed a study of 175,000 men with BPH to focus on 5ARIs and
the development of new cardiac adverse events.>> Cardiac failure
was highest for a-blocker alone (HR 1.22), intermediate for com-
bination therapy (HR 1.16), and lowest for 5ARIs (HR 1.09), while
still higher than no medications.>>

3.4. Prostate cancer

Studies of 5ARIs for chemoprevention have been controversial,
mainly investigated in two large clinical trials: PCPT and REDUCE.
They both showed a decreased incidence of prostate cancer with
5ARI; however, there was an increased risk of higher-grade prostate
cancer.’*%* No significant difference in prostate cancer mortality or
overall survival has been found.®

There has been much debate on whether these results represent
a true biologic difference in prostate cancer risk or if they are a
result of unknown confounders. PCPT included only 42—46% of fi-
nasteride and placebo groups in the final analysis.°® Almost a
quarter of patients declined end-of-study biopsy, with significantly
more declining in the finasteride group.>* Studies have attempted
to use mathematical models to predict the true incidence of pros-
tate cancer and 5ARL®’

Some authors suggest that 5ARIs and decreased prostate vol-
umes increase the sensitivity and specificity of subsequent bi-
opsies.°® In REDUCE, the dutasteride group decreased prostate
volume from 45.7 to 39.0 ml, while placebo increased from 45.8 to
56.2 ml at four years. Subsequent publications have attempted to
evaluate the relationship with logistic regression models, showing
no difference in high-grade disease after volume adjustment.6”6%70
However, it should be noted that 5ARIs do induce clear biologic
changes in prostate tissue. In one of many examples, our group
previously found increased levels of glucocorticoids in BPH tissue
compared to normal prostate tissue, with this increase most pro-
nounced in patients on 5ARIs.”" Meanwhile, the glucocorticoid
receptor may play a role in driving the growth of castrate-resistant
prostate.”> While a definitive biological mechanism linking 5ARI to
high-grade prostate cancer development has not been elucidated,
there are biologically possible mechanisms that require further
investigation.

4. Urgency and nocturia treatments (anticholinergics, beta-3
agonist, desmopressin)

Anticholinergics block M2 and M3 muscarinic receptors,
thereby suppressing detrusor smooth muscle activity and
decreasing storage symptoms.”> This can translate to patient-
reported improvement in lower urinary tract bother scores in pa-
tients with BPH/LUTS.”* However, as with other pharmacologic
therapies, there are side effects that affect patient adherence and
overall quality of life.

The most commonly reported side effect in anticholinergics for
BPH is dry mouth, also called xerostomia, which occurs at a high
rate of between 3.7% and 15.9% of patients. In 2% of patients, this
was severe enough to cause trial withdrawal.”* Acute urinary
retention can occur in up to 0.8% of patients, although this is fairly
similar to placebo in patients who are well-selected.”* Of note,
patients in many trials of anticholinergics were included only if
they had low PVRs at baseline, with many urologists consequently
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avoiding their use in patients with PVRs>200 cc. In a meta-analysis
comparing antimuscarinics combined with alpha-blockers to
alpha-blockers alone, there was an increased risk of AUR with the
use of antimuscarinics in combination with alpha blockers.”> Pa-
tients who start on an anticholinergic should have an assessment of
their PVR to ensure that they are not at risk of going into retention
both before and after starting therapy. Additional reversible side
effects, such as constipation in 10—20% of patients and blurry vision
in 1—2% of patients, can also be bothersome.”®

There is a known risk of cognitive decline associated with
anticholinergic exposure among older patients.”””® In a prospective
study, a dose-dependent association between total anticholinergic
exposure and a new diagnosis of Alzheimer's/dementia was found,
controlling for demographics and comorbidities.”® The hazard ra-
tios ranged from 0.92 to 1.54, depending on the total dose/duration.
While there is a modest increase in the hazard ratio, cognitive
impairment is a serious side effect that gives many patients pause
when treating a predominantly quality-of-life disease.

Beta-3 agonists are a relatively new medication class that
stimulates beta-3 adrenoreceptors, thereby leading to detrusor
muscle relaxation and improvement of storage symptoms.®°
Although beta-3 agonists are safe and effective in the short term
for treating LUTS/BPH, long-term safety and efficacy data are still
maturing.®! In an evaluation of the safety and efficacy of mirabe-
gron using pooled data from three randomized controlled trials and
two other phase III studies, the most frequently reported side effect
from both the pooled studies and one of the other phase III trials
was arterial hypertension. However, the reported rate of hyper-
tension among mirabegron-treated groups (10.9% and 12.4%) was
comparable to placebo- or antimuscarinic-treated groups (9.3% and
11.8%).82 This finding offers interesting insight into current practice
guidelines that advise against the use of mirabegron among pa-
tients with severe uncontrolled hypertension.®* Interestingly, pre-
liminary retrospective data suggest the median time to
discontinuation with mirabegron (169 days) was more than double
that of tolterodine (56 days) and significantly longer than that of
other antimuscarinics (range, 30—78 days).3*

Desmopressin acetate is a synthetic analog of vasopressin
shown to improve nocturia frequency, IPSS, and quality of life
scores among LUTS/BPH patients®>; however, desmopressin ace-
tate—treated patients were more likely to experience side effects
such as headache, 20% versus 2.44%, nausea, 4.71% versus 0%,
dizziness, 5.88% versus 0%, and hyponatremia, 4.74% versus 0%, in
the short term compared to the control group. Preliminary evi-
dence suggests the incidence of long-term side effects is similar
between desmopressin acetate—treated patients and the control
group, 28.1% versus 32.8%. This is consistent with the fact that the
two groups had comparable drug withdrawal and lost follow-up.

5. Phytotherapies

Phytotherapy, also known as plant-based herbal preparation,
has purported benefits in men with LUTS, but there is limited evi-
dence. Common phytotherapeutic agents include Serenoa
repens (saw palmetto), Pygeum africanum (African plum bark),
Cucurbita pepo, and Urtica dioica.® Due to conflicting evidence,
phytotherapy is not considered a standard treatment for LUTS/BPH
and is not recommended by CUA (Canadian Urological Associa-
tion).8” Similarly, the American Urological Association (AUA)
guidelines note that Saw Palmetto fails to provide a clinically
meaningful effect on LUTS secondary to BPH.>58

Saw palmetto is the most studied of the BPH phytotherapies.
According to the systematic review of adverse events of saw pal-
metto, 14 randomized controlled and placebo-controlled trials re-
ported numerous adverse events occurring in 4.6% of patients

overall. These include common pharmacologic side effects such as
headache, diarrhea, and other gastrointestinal disorders, fatigue,
nausea, vomiting, and vertigo, cardiovascular complaints, common
cold, gastrointestinal bleeding, and urinary problems.?? Further-
more, there have been a few reported cases of liver damage and
pancreatitis linked to the use of saw palmetto.°®! Serious adverse
events requiring hospitalization from the saw palmetto are acute
urinary retention, abdominal pain, cardiovascular event, elective
orthopedic surgery, gastrointestinal bleeding, and melanoma.”’
However, quantification of side effects from phytotherapy in
aggregate is difficult, in part because there are discrepancies in the
levels of active ingredient among the trials as well as differences in
methodology.>?

6. Opportunity cost: QALY, bladder function changes, and cost

A final effect that patients should be aware of when making
decisions about their treatment for BPH is the opportunity cost of
proceeding with medical management. Certain patients who are
apprehensive about procedures for BPH may experience years of
reduced urinary and overall quality of life due to suboptimal
voiding or side effects during medical management. Of course,
these considerations must be carefully balanced against the risks of
side effects from procedures and individualized for every patient.
However, with the advent of MISTs, the traditional treatment
paradigm of “escalation of care”®* is no longer suitable for all pa-
tients. Select patients may benefit instead from earlier or upfront
MIST or surgery if medications are either not tolerated, not
preferred, or under-effective.”* Evidence is lacking in this area;
however; one trial that randomized patients to TURP or watchful
waiting showed that patients who received delayed intervention in
the watchful waiting group had less improvement in symptoms
compared to upfront TURP.>> Furthermore, a cost-utility analysis
demonstrated that initial treatment with water vapor thermal
therapy is superior to pharmacotherapy and subsequent water
vapor thermal therapy in terms of lifetime Quality adjusted life year
(QALYs) but not cost, 15.50 versus 15.35 QALYs and $14,626 versus
$11,795.%° Initial treatment with prostatic urethral left (PUL), an
alternative MIST, was equivalent in lifetime QALYs to pharmaco-
therapy and subsequent PUL at 15.29 QALYs; however, upfront PUL
was a much more costly option at $19,151 versus $13,582. While
there are many possible confounders in this trial given the self-
selective nature of crossover to TURP, clinicians should counsel
patients in the context of their goals when they are deciding be-
tween medical management or procedural intervention.

7. Conclusions

This review provides a contemporary overview of risks and side
effects in the medical management of BPH. Medical management
options for BPH can be effective in alleviating symptoms and are
deemed relatively low-risk first-line modalities appropriate for
many patients or patients who prefer nonsurgical management of
BPH. However, it is crucial to discuss the potential risks and side
effects associated with pharmacologic therapy for BPH with pa-
tients. These detailed conversations are critical to ensure that pa-
tients understand their options in order to proceed with treatments
that are most aligned with their individual goals.

Authors' contributions

Drafting of the manuscript: Abdulghafour Halawani, Tianshuang
Zhong, Katie Du, and Runhan Ren and Connor M. Forbes; Critical
revision of the manuscript and supervision: Connor M. Forbes; and
Approval of the final manuscript: Abdulghafour Halawani, Ryan



62

Prostate International 12 (2024) 57—64

Paterson, Tianshuang Zhong, Katie Du, Runhan Ren, and Connor M.
Forbes.

Conflicts of interest

None of the authors have conflicts of interest to declare.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Lepor H. Medical treatment of benign prostatic hyperplasia. Rev Urol

2011;13(1):20—33.

. Marberger M. The MTOPS study: new findings, new insights, and clinical im-

plications for the management of BPH. Eur Urol Suppl 2006;5(9):628—33.
https://doi.org/10.1016/j.eursup.2006.05.002.

. Lerner LB, McVary KT, Barry M], Bixler BR, Dahm P, Das AK, et al. Management

of lower urinary tract symptoms attributed to benign prostatic hyperplasia:
AUA GUIDELINE PART I-initial work-up and medical management. ] Urol
2021;206(4):806—17. https://doi.org/10.1097/JU.0000000000002183.

. EAU guidelines on the management of non-neurogenic male LUTS — DISEASE

MANAGEMENT — Uroweb. Uroweb — European Association of Urology.
Accessed July 26, 2023. https://uroweb.org/guidelines/management-of-non-
neurogenic-male-luts/chapter/disease-management.

. Roehrborn CG, Boyle P, Nickel JC, Hoefner K, Andriole G, ARIA3001 ARIA3002

and ARIA3003 Study Investigators. Efficacy and safety of a dual inhibitor of 5-
alpha-reductase types 1 and 2 (dutasteride) in men with benign prostatic
hyperplasia. Urology 2002;60(3):434—41. https://doi.org/10.1016/s0090-
4295(02)01905-2.

. Roehrborn CG, Siami P, Barkin ], Damiao R, Major-Walker K, Nandy [, et al. The

effects of combination therapy with dutasteride and tamsulosin on clinical
outcomes in men with symptomatic benign prostatic hyperplasia: 4-year re-
sults from the CombAT study. Eur Urol 2010;57(1):123—31. https://doi.org/
10.1016/j.eururo.2009.09.035.

. McConnell D, Roehrborn CG, Bautista OM, Andriole GL, Dixon CM, Kusek JW,

et al. The long-term effect of doxazosin, finasteride, and combination therapy
on the clinical progression of benign prostatic hyperplasia. N Engl ] Med
2003;349(25):2387—98. https://doi.org/10.1056/NEJMo0a030656.

. Civantos Calzada B, Aleixandre de Artinano A. Alpha-adrenoceptor subtypes.

Pharmacol Res 2001;44(3):195—208. https://doi.org/10.1006/phrs.2001.0857.

. Walden PD, Gerardi C, Lepor H. Localization and expression of the alphalA-1,

alphalB and alphalD-adrenoceptors in hyperplastic and non-hyperplastic
human prostate. ] Urol 1999;161(2):635—40.

Kenny BA, Miller AM, Williamson IJ, O'Connell ], Chalmers DH, Naylor AM.
Evaluation of the pharmacological selectivity profile of alpha 1 adrenoceptor
antagonists at prostatic alpha 1 adrenoceptors: binding, functional and in vivo
studies. Br J Pharmacol 1996;118(4):871—8. https://doi.org/10.1111/j.1476-
5381.1996.tb15480.x.

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. https://doi.org/10.1016/S0090-4295(96)
00208-7.

MacDonald R, Wilt TJ, Howe RW. Doxazosin for treating lower urinary tract
symptoms compatible with benign prostatic obstruction: a systematic review
of efficacy and adverse effects. BJU Int 2004;94(9):1263—70. https://doi.org/
10.1111/j.1464-410X.2004.05154.x.

Kirby RS. Terazosin in benign prostatic hyperplasia: effects on blood pressure
in normotensive and hypertensive men. Br ] Urol 1998;82(3):373—9. https://
doi.org/10.1046/j.1464-410x.1998.00747 X.

Kirby RS. Doxazosin in benign prostatic hyperplasia: effects on blood pressure
and urinary flow in normotensive and hypertensive men. Urology 1995;46(2):
182—6. https://doi.org/10.1016/s0090-4295(99)80191-5.

Wilt Tj, Howe W, MacDonald R. Terazosin for treating symptomatic benign
prostatic obstruction: a systematic review of efficacy and adverse effects. BJU
Int 2002;89(3):214—25. https://doi.org/10.1046/j.1464-4096.2001.02537.x-i1.
Lepor H. Alpha-blockers for the treatment of benign prostatic hyperplasia. Urol
Clin North Am 2016;43(3):311—-23. https://doi.org/10.1016/j.ucl.2016.04.009.
MacDonald R, Wilt TJ. Alfuzosin for treatment of lower urinary tract symptoms
compatible with benign prostatic hyperplasia: a systematic review of efficacy
and adverse effects. Urology 2005;66(4):780—8. https://doi.org/10.1016/
j.urology.2005.05.001.

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(3):257—61. https://doi.org/10.1046/j.1464-
410x.2003.04309.x.

Roehrborn CG, Cruz F, Fusco F. a1-Blockers in men with lower urinary tract
symptoms suggestive of benign prostatic obstruction: is silodosin different? Adv
Ther 2017;33(12):2110—21. https://doi.org/10.1007/s12325-016-0423-5.

Yuan JQ, Mao C, Wong SYS, Yang ZY, Fu XH, Dai XY, et al. Comparative effec-
tiveness and safety of monodrug therapies for lower urinary tract symptoms
associated with benign prostatic hyperplasia. Medicine 2015;94(27):e974.
https://doi.org/10.1097/MD.0000000000000974.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

Nickel JC, Sander S, Moon TD. A meta-analysis of the vascular-related safety
profile and efficacy of alpha-adrenergic blockers for symptoms related to
benign prostatic hyperplasia. Int J Clin Pract 2008;62(10):1547—59. https://
doi.org/10.1111/j.1742-1241.2008.01880.x.

Lepor H. Phase IIl multicenter placebo-controlled study of tamsulosin in benign
prostatic hyperplasia. Urology. 1998;51(6):892—900. https://doi.org/10.1016/
s0090-4295(98)00126-5.

Hellstrom WJG, Sikka SC. Effects of acute treatment with tamsulosin versus
alfuzosin on ejaculatory function in normal volunteers. ] Urol 2006;176(4 Pt 1):
1529-33. https://doi.org/10.1016/j.juro.2006.06.004.

Wilt TJ, MacDonald R, Nelson D. Tamsulosin for treating lower urinary tract
symptoms compatible with benign prostatic obstruction: a systematic review
of efficacy and adverse effects. ] Urol 2002;167(1):177—83. https://doi.org/
10.1016/S0022-5347(05)65407-9.

Yasukawa K, Swarz H, Ito Y. Review of orthostatic tests on the safety of tam-
sulosin, a selective alphalA-adrenergic receptor antagonist, shows lack of
orthostatic hypotensive effects. ] Int Med Res 2001;29(3):236—51. https://
doi.org/10.1177/147323000102900312.

Bearelly P, Avellino GJ. The role of benign prostatic hyperplasia treatments in
ejaculatory dysfunction. Fertil Steril 2021;116(3):611—7. https://doi.org/
10.1016/j.fertnstert.2021.07.1199.

Bapir R, Bhatti KH, Eliwa A, Garcia-Perdomo HA, Gherabi N, Hennessey D, et al.
Effect of alpha-adrenoceptor antagonists on sexual function. A systematic re-
view and meta-analysis. Arch Ital Urol Androl 2022;94(2):252—63. https://
doi.org/10.4081/aiua.2022.2.252.

Tatemichi S, Kobayashi K, Maezawa A, Kobayashi M, Yamazaki Y, Shibata N.
[Alphal-adrenoceptor subtype selectivity and organ specificity of silodosin
(KMD-3213)]. Yakugaku Zasshi 2006;126:209—16. https://doi.org/10.1248/
yakushi.126.209.

Novara G, Tubaro A, Sanseverino R, Spatafora S, Artibani W, Zattoni F, et al.
Systematic review and meta-analysis of randomized controlled trials evalu-
ating silodosin in the treatment of non-neurogenic male lower urinary tract
symptoms suggestive of benign prostatic enlargement. World ] Urol
2013;31(4):997—1008. https://doi.org/10.1007/s00345-012-0944-8.
Roehrborn CG, Kaplan SA, Lepor H, Volinn W. Symptomatic and urodynamic
responses in patients with reduced or no seminal emission during silodosin
treatment for LUTS and BPH. Prostate Cancer Prostat Dis 2011;14(2):143-8.
https://doi.org/10.1038/pcan.2010.46.

Welk B, McArthur E, Fraser LA, Hayward ], Dixon S, Hwang Y], et al. The risk of fall
and fracture with the initiation of a prostate-selective o antagonist: a population
based cohort study. BMJ 2015;351:h5398. https://doi.org/10.1136/bmj.h5398.
Johnstone |, Lusty A, Tohidi M, Whitehead M, Tranmer ], Nickel JC, et al. The
association of new-onset diabetes mellitus and medical therapy for benign
prostatic hyperplasia: a population-based study. Can Urol Assoc ] 2021;15(8):
240—6. https://doi.org/10.5489/cuaj.7489.

Lusty A, Siemens DR, Tohidi M, Whitehead M, Tranmer ], Nickel JC. Cardiac
failure associated with medical therapy of benign prostatic hyperplasia: a
population based study. ] Urol 2021;205(5):1430—7. https://doi.org/10.1097/
JU.0000000000001561.

Christou CD, Esagian SM, Ziakas N, Prousali E, Tzamalis A. Factors predisposing
to intraoperative floppy-iris syndrome: an up-to-date meta-analysis.
J Cataract Refract Surg 2022;48(11):1335—41. https://doi.org/10.1097/j.jcrs.
0000000000001017.

Tzamalis A, hristou CDC, Prousali E, Mataftsi A, Ziakas N. What is the real cost of
intraoperative floppy iris syndrome in cataract surgery? J Ophthal Vis Res
2023;18(1):138—40. https://doi.org/10.18502/jovr.v18i1.12735.

Schoenfeld M], Shortridge EF, Gelwicks SC, Cui Z, Wong DG. Treatment patterns
in alpha-blocker therapy for benign prostatic hyperplasia. Am ] Men Health
2014;8(3):267—72. https://doi.org/10.1177/1557988313510732.

Mouli S, McVary KT. PDE5 inhibitors for LUTS. Prost Cancer Prost Dis
2009;12(4):316—24. https://doi.org/10.1038/pcan.2009.27.

Gacci M, Eardley I, Giuliano F, Hatzichristou D, Kaplan SA, Maggi M, et al.
Critical analysis of the relationship between sexual dysfunctions and lower
urinary tract symptoms due to benign prostatic hyperplasia. Eur Urol
2011,60(4):809—25. https://doi.org/10.1016/j.eururo.2011.06.037.

Guillaume M, Lonsdale F, Darstein C, Jimenez MC, Mitchell MI. Hemodynamic
interaction between a daily dosed phosphodiesterase 5 inhibitor, tadalafil, and
the alpha-adrenergic blockers, doxazosin and tamsulosin, in middle-aged
healthy male subjects. ] Clin Pharmacol 2007;47(10):1303—10. https://
doi.org/10.1177/0091270007306559.

Sun X, Guan W, Liu H, Tang K, Yan L, Zhang Y, et al. Efficacy and safety of PDE5-
Is and a-1 blockers for treating lower ureteric stones or LUTS: a meta-analysis
of RCTs. BMC Urol 2018;18(1):30. https://doi.org/10.1186/s12894-018-0345-4.
Manohar CMS, Nagabhushana M, Karthikeyan VS, Sanjay RP, Kamath AJ,
Keshavamurthy R. Safety and efficacy of tamsulosin, alfuzosin or silodosin as
monotherapy for LUTS in BPH — a double-blind randomized trial. Cent Eur ]
Urol 2017;70(2):148—53. https://doi.org/10.5173/ceju.2017.924.

Oelke M, Wagg A, Takita Y, Biittner H, Viktrup L. Efficacy and safety of tadalafil
5 mg once daily in the treatment of lower urinary tract symptoms associated
with benign prostatic hyperplasia in men aged >75 years: integrated analyses
of pooled data from multinational, randomized, placebo-controlled clinical
studies. BJU Int 2017;119(5):793—803. https://doi.org/10.1111/bju.13744.
Kallidonis P, Adamou C, Kotsiris D, Ntasiotis P, Verze P, Athanasopoulos A, et al.
Combination therapy with alpha-blocker and phosphodiesterase-5 inhibitor
for improving lower urinary tract symptoms and erectile dysfunction in


http://refhub.elsevier.com/S2287-8882(23)00061-2/sref1
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref1
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref1
https://doi.org/10.1016/j.eursup.2006.05.002
https://doi.org/10.1097/JU.0000000000002183
https://uroweb.org/guidelines/management-of-non-neurogenic-male-luts/chapter/disease-management
https://uroweb.org/guidelines/management-of-non-neurogenic-male-luts/chapter/disease-management
https://doi.org/10.1016/s0090-4295(02)01905-2
https://doi.org/10.1016/s0090-4295(02)01905-2
https://doi.org/10.1016/j.eururo.2009.09.035
https://doi.org/10.1016/j.eururo.2009.09.035
https://doi.org/10.1056/NEJMoa030656
https://doi.org/10.1006/phrs.2001.0857
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref9
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref9
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref9
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref9
https://doi.org/10.1111/j.1476-5381.1996.tb15480.x
https://doi.org/10.1111/j.1476-5381.1996.tb15480.x
https://doi.org/10.1016/S0090-4295(96)00208-7
https://doi.org/10.1016/S0090-4295(96)00208-7
https://doi.org/10.1111/j.1464-410X.2004.05154.x
https://doi.org/10.1111/j.1464-410X.2004.05154.x
https://doi.org/10.1046/j.1464-410x.1998.00747.x
https://doi.org/10.1046/j.1464-410x.1998.00747.x
https://doi.org/10.1016/s0090-4295(99)80191-5
https://doi.org/10.1046/j.1464-4096.2001.02537.x-i1
https://doi.org/10.1016/j.ucl.2016.04.009
https://doi.org/10.1016/j.urology.2005.05.001
https://doi.org/10.1016/j.urology.2005.05.001
https://doi.org/10.1046/j.1464-410x.2003.04309.x
https://doi.org/10.1046/j.1464-410x.2003.04309.x
https://doi.org/10.1007/s12325-016-0423-5
https://doi.org/10.1097/MD.0000000000000974
https://doi.org/10.1111/j.1742-1241.2008.01880.x
https://doi.org/10.1111/j.1742-1241.2008.01880.x
https://doi.org/10.1016/s0090-4295(98)00126-5
https://doi.org/10.1016/s0090-4295(98)00126-5
https://doi.org/10.1016/j.juro.2006.06.004
https://doi.org/10.1016/S0022-5347(05)65407-9
https://doi.org/10.1016/S0022-5347(05)65407-9
https://doi.org/10.1177/147323000102900312
https://doi.org/10.1177/147323000102900312
https://doi.org/10.1016/j.fertnstert.2021.07.1199
https://doi.org/10.1016/j.fertnstert.2021.07.1199
https://doi.org/10.4081/aiua.2022.2.252
https://doi.org/10.4081/aiua.2022.2.252
https://doi.org/10.1248/yakushi.126.209
https://doi.org/10.1248/yakushi.126.209
https://doi.org/10.1007/s00345-012-0944-8
https://doi.org/10.1038/pcan.2010.46
https://doi.org/10.1136/bmj.h5398
https://doi.org/10.5489/cuaj.7489
https://doi.org/10.1097/JU.0000000000001561
https://doi.org/10.1097/JU.0000000000001561
https://doi.org/10.1097/j.jcrs.0000000000001017
https://doi.org/10.1097/j.jcrs.0000000000001017
https://doi.org/10.18502/jovr.v18i1.12735
https://doi.org/10.1177/1557988313510732
https://doi.org/10.1038/pcan.2009.27
https://doi.org/10.1016/j.eururo.2011.06.037
https://doi.org/10.1177/0091270007306559
https://doi.org/10.1177/0091270007306559
https://doi.org/10.1186/s12894-018-0345-4
https://doi.org/10.5173/ceju.2017.924
https://doi.org/10.1111/bju.13744

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

A. Halawani et al. [ Risks and side effects in the medical management 63

comparison with monotherapy: a systematic review and meta-analysis. Eur
Urol Focus 2020;6(3):537—58. https://doi.org/10.1016/j.euf.2019.05.007.
Elterman D, Aubé-Peterkin M, Evans H, Elmansy H, Meskawi M, Zorn KC, et al.
UPDATE — Canadian urological association guideline: male lower urinary tract
symptoms/benign prostatic hyperplasia. Can Urol Assoc ] 2022;16(8):245—56.
https://doi.org/10.5489/cuaj.7906.

McConnell JD, Bruskewitz R, Walsh P, Andriole G, Lieber M, 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. Finasteride
Long-Term Efficacy and Safety Study Group. N Engl ] Med 1998;338(9):
557—63. https://doi.org/10.1056/NEJM199802263380901.

Wang K, Fan DD, Jin S, Xing NZ, Niu YN. Differential expression of 5-alpha
reductase isozymes in the prostate and its clinical implications. Asian ]
Androl 2014;16(2):274-9. https://doi.org/10.4103/1008-682X.123664.

Traish AM, Melcangi RC, Bortolato M, Garcia-Segura LM, Zitzmann M. Adverse
effects of 5a-reductase inhibitors: what do we know, don't know, and need to
know? Rev Endocr Metab Disord 2015;16(3):177—98. https://doi.org/10.1007/
s11154-015-9319-y.

Erdemir F, Harbin A, Hellstrom WJG. 5-alpha reductase inhibitors and erectile
dysfunction: the connection. ] Sex Med 2008;5(12):2917—24. https://doi.org/
10.1111/j.1743-6109.2008.01001 X.

Andriole GL, Bostwick DG, Brawley OW, Gomella LG, Marberger M, Montorsi F,
et al. Effect of dutasteride on the risk of prostate cancer. N Engl ] Med
2010;362(13):1192—202. https://doi.org/10.1056/NE]M0a0908127.

Thai K, Sinclair RD. Finasteride for female androgenetic alopecia. Br ] Dermatol
2002;147(4):812—3. https://doi.org/10.1046/j.1365-2133.2002.49084.x.
Gormley GJ, Stoner E, Bruskewitz RC, Imperato-McGinley ], Walsh PC,
McConnell JD, et al. The effect of finasteride in men with benign prostatic
hyperplasia. The Finasteride Study Group. N Engl ] Med 1992;327(17):
1185—91. https://doi.org/10.1056/NEJM199210223271701.

Ali AK, Heran BS, Etminan M. Persistent sexual dysfunction and suicidal idea-
tion in young men treated with low-dose finasteride: a pharmacovigilance
study. Pharmacotherapy  2015;35(7):687—95.  https://doi.org/10.1002/
phar.1612.

Kaplan SA, Chung DE, Lee RK, Scofield S, Te AE. A 5-year retrospective analysis
of 5a-reductase inhibitors in men with benign prostatic hyperplasia: finaste-
ride has comparable urinary symptom efficacy and prostate volume reduction,
but less sexual side effects and breast complications than dutasteride. Int J Clin
Pract 2012;66(11):1052—5. https://doi.org/10.1111/j.1742-1241.2012.03010.x.
Thompson IM, Goodman PJ, Tangen CM, Lucia MS, Miller GJ, Ford LG, et al. The
influence of finasteride on the development of prostate cancer. N Engl ] Med
2003;349(3):215—24. https://doi.org/10.1056/NE]Mo0a030660.

Hagberg KW, Divan HA, Fang SC, Nickel ]JC, Jick SS. Risk of gynecomastia and
breast cancer associated with the use of 5-alpha reductase inhibitors for benign
prostatic hyperplasia. Clin Epidemiol 2017;9:83—91. https://doi.org/10.2147/
CLEP.S124674.

Ting AC, Chow LW, Leung YF. Comparison of tamoxifen with danazol in the
management of idiopathic gynecomastia. Am Surg 2000;66(1):38—40.

Bird ST, Brophy JM, Hartzema AG, Delaney JAC, Etminan M. Male breast cancer
and 5a-reductase inhibitors finasteride and dutasteride. ] Urol 2013;190(5):
1811—4. https://doi.org/10.1016/j.juro.2013.04.132.

Hirshburg JM, Kelsey PA, Therrien CA, Gavino AC, Reichenberg JS. Adverse ef-
fects and safety of 5-alpha reductase inhibitors (finasteride, dutasteride): a
systematic review. ] Clin Aesthet Dermatol 2016;9(7):56—62.

Nguyen DD, Marchese M, Cone EB, Paciotti M, Basaria S, Bhojani N, et al.
Investigation of suicidality and psychological adverse events in patients treated
with finasteride. JAMA Dermatol 2021;157(1):35—42. https://doi.org/10.1001/
jamadermatol.2020.3385.

Dubrovsky B. Neurosteroids, neuroactive steroids, and symptoms of affective
disorders. Pharmacol Biochem Behav 2006;84(4):644—55. https://doi.org/
10.1016/j.pbb.2006.06.016.

Hazlehurst JM, Oprescu Al, Nikolaou N, Di Guida R, Grinbergs AEK, Davies NP,
et al. Dual-5a-reductase inhibition promotes hepatic lipid accumulation in
man. ] Clin Endocrinol Metab 2016;101(1):103—13. https://doi.org/10.1210/
j€.2015-2928.

Upreti R, Hughes KA, Livingstone DEW, Gray CD, Minns FC, Macfarlane DP, et al.
5a-reductase type 1 modulates insulin sensitivity in men. J Clin Endocrinol
Metab 2014;99(8):E1397—406. https://doi.org/10.1210/jc.2014-1395.

Wei L, Lai ECC, Kao-Yang YH, Walker BR, MacDonald TM, Andrew R. Incidence
of type 2 diabetes mellitus in men receiving steroid 5a-reductase inhibitors:
population based cohort study. BMJ 2019;365:11204. https://doi.org/10.1136/
bmj.11204.

Musquera M, Fleshner NE, Finelli A, Zlotta AR. The REDUCE trial: chemopre-
vention in prostate cancer using a dual 5alpha-reductase inhibitor, dutasteride.
Expert Rev Anticancer Ther 2008;8(7):1073—9. https://doi.org/10.1586/
14737140.8.7.1073.

Pinsky PF, Black A, Grubb R, Crawford ED, Andriole G, Thompson I, et al. Pro-
jecting prostate cancer mortality in the PCPT and REDUCE chemoprevention
trials. Cancer 2013;119(3):593—601. https://doi.org/10.1002/cncr.27774.

Lacy JM, Kyprianou N. A tale of two trials: the impact of 5a-reductase inhibition
on prostate cancer. Oncol Lett 2014;8(4):1391—6. https://doi.org/10.3892/
01.2014.2388.

Redman MW, Tangen CM, Goodman PJ, Lucia MS, Coltman CA, Thompson IM.
Finasteride does not increase the risk of high-grade prostate cancer: a bias-

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

adjusted modeling approach. Cancer Prev Res 2008;1(3):174—81. https://
doi.org/10.1158/1940-6207.CAPR-08-0092.

Pinsky P, Parnes H, Ford L. Estimating rates of true high-grade disease in the
prostate cancer prevention trial. Cancer Prev Res 2008;1(3):182—6. https://
doi.org/10.1158/1940-6207.CAPR-07-0007.

Cohen YC, Liu KS, Heyden NL, Carides AD, Anderson KM, Daifotis AG, et al.
Detection bias due to the effect of finasteride on prostate volume: a modeling
approach for analysis of the Prostate Cancer Prevention Trial. ] Natl Cancer Inst
2007;99(18):1366—74. https://doi.org/10.1093/jnci/djm130.

Kaplan SA, Roehrborn CG, Meehan AG, Liu KS, Carides AD, Binkowitz BS, et al.
PCPT: evidence that finasteride reduces risk of most frequently detected in-
termediate- and high-grade (Gleason score 6 and 7) cancer. Urology
2009;73(5):935—9. https://doi.org/10.1016/j.urology.2008.09.079.

Jin R, Forbes C, Miller NL, Strand D, Case T, Cates JM, et al. Glucocorticoids are
induced while dihydrotestosterone levels are suppressed in 5-alpha reductase
inhibitor treated human benign prostate hyperplasia patients. Prostate
2022;82(14):1378—88. https://doi.org/10.1002/pros.24410.

Arora VK, Schenkein E, Murali R, Subudhi SK, Wongvipat ], Balbas MD, et al.
Glucocorticoid receptor confers resistance to antiandrogens by bypassing
androgen receptor blockade. Cell 2013;155(6):1309—22. https://doi.org/
10.1016/j.cell.2013.11.012.

Staskin DR, MacDiarmid SA. Using anticholinergics to treat overactive bladder:
the issue of treatment tolerability. Am J Med 2006;119(3 Suppl. 1):9-15.
https://doi.org/10.1016/j.amjmed.2005.12.011.

Blake-James BT, Rashidian A, Ikeda Y, Emberton M. The role of anticholinergics
in men with lower urinary tract symptoms suggestive of benign prostatic
hyperplasia: a systematic review and meta-analysis. BJU Int 2007;99(1):85—96.
https://doi.org/10.1111/j.1464-410X.2006.06574.X.

Lenfant L, Pinar U, Roupret M, Mozer P, Chartier-Kastler E, Seisen T. Role of
antimuscarinics combined with alpha-blockers in the management of urinary
storage symptoms in patients with benign prostatic hyperplasia: an updated
systematic review and meta-analysis. ] Urol 2023;209(2):314—24. https://
doi.org/10.1097/JU.0000000000003077.

Gani J, Perlis N, Radomski SB. Urologic medications and ophthalmologic side effects:
a review. Can Urol Assoc ] 2012;6(1):53—8. https://doi.org/10.5489/cuaj.11037.
Coupland CAC, Hill T, Dening T, Morriss R, Moore M, Hippisley-Cox J. Anti-
cholinergic drug exposure and the risk of dementia: a nested case-control
study. JAMA Intern Med 2019;179(8):1084—93. https://doi.org/10.1001/
jamainternmed.2019.0677.

Risacher SL, McDonald BC, Tallman EF, West ]JD, Farlow MR, Unverzagt FW,
et al. Association between anticholinergic medication use and cognition, brain
metabolism, and brain atrophy in cognitively normal older adults. JAMA Neurol
2016;73(6):721—32. https://doi.org/10.1001/jamaneurol.2016.0580.

Gray SL, Anderson ML, Dublin S, Hanlon JT, Hubbard R, Walker R, et al. Cu-
mulative use of strong anticholinergics and incident dementia: a prospective
cohort study. JAMA Intern Med 2015;175(3):401—7. https://doi.org/10.1001/
jamainternmed.2014.7663.

Kang TW, Kim SJ], Kim MH, Jung JH. Beta 3 adrenoreceptor agonist for the
management of lower urinary tract symptoms in men with benign prostatic
hyperplasia: a systematic review. Int Neurourol ] 2021;25(3):182—91. https://
doi.org/10.5213/inj.2142068.034.

SuS, LinJ, Liang L, Liu L, Chen Z, Gao Y. The efficacy and safety of mirabegron on
overactive bladder induced by benign prostatic hyperplasia in men receiving
tamsulosin therapy: a systematic review and meta-analysis. Medicine
2020;99(4)e18802. https://doi.org/10.1097/MD.0000000000018802.

Tubaro A, Batista JE, Nitti VW, Herschorn S, Chapple CR, Blauwet MB, et al.
Efficacy and safety of daily mirabegron 50 mg in male patients with overactive
bladder: a critical analysis of five phase III studies. Therap Adv Urol 2017;9(6):
137-54. https://doi.org/10.1177/1756287217702797.

Dawood O, El-Zawahry A. Mirabegron. In: StatPearls. StatPearls Publishing; 2023
http://www.ncbi.nlm.nih.gov/books/NBK538513/. [Accessed 12 September 2023].
Chapple CR, Nazir ], Hakimi Z, Bowditch S, Fatoye F, Guelfucci F, et al. Persis-
tence and adherence with mirabegron versus antimuscarinic agents in patients
with overactive bladder: a retrospective observational study in UK clinical
practice. Eur Urol 2017;72(3):389—99. https://doi.org/10.1016/j.eururo.2017.
01.037.

Wang Q, Alshayyah R, Yang B. The efficacy and safety of desmopressin acetate
applied for nocturia in benign prostatic hyperplasia patients: a systematic re-
view and meta-analysis. Low Urin Tract Sympt 2022;14(3):155—62. https://
doi.org/10.1111/luts.12423.

Antoniou V, Gauhar V, Modi S, Somani BK. Role of phytotherapy in the man-
agement of BPH: a summary of the literature. ] Clin Med 2023;12(5):1899.
https://doi.org/10.3390/jcm12051899.

Nickel JC, Aaron L, Barkin ], Elterman D, Nachabé M, Zorn KC. Canadian Uro-
logical Association guideline on male lower urinary tract symptoms/benign
prostatic hyperplasia (MLUTS/BPH): 2018 update. Can Urol Assoc ]
2018;12(10):303—12. https://doi.org/10.5489/cuaj.5616.

McVary KT, Roehrborn CG, Avins AL, Barry M], Bruskewitz RC, Donnell RF,
et al. Update on AUA guideline on the management of benign prostatic hy-
perplasia. ] Urol 2011;185(5):1793—803. https://doi.org/10.1016/j.juro.
2011.01.074.

Agbabiaka TB, Pittler MH, Wider B, Ernst E. Serenoa repens (saw palmetto): a
systematic review of adverse events. Drug Saf 2009;32(8):637—47. https://
doi.org/10.2165/00002018-200932080-00003.


https://doi.org/10.1016/j.euf.2019.05.007
https://doi.org/10.5489/cuaj.7906
https://doi.org/10.1056/NEJM199802263380901
https://doi.org/10.4103/1008-682X.123664
https://doi.org/10.1007/s11154-015-<?thyc=10?>9319-y<?thyc?>
https://doi.org/10.1007/s11154-015-<?thyc=10?>9319-y<?thyc?>
https://doi.org/10.1111/j.1743-6109.2008.01001.x
https://doi.org/10.1111/j.1743-6109.2008.01001.x
https://doi.org/10.1056/NEJMoa0908127
https://doi.org/10.1046/j.1365-2133.2002.49084.x
https://doi.org/10.1056/NEJM199210223271701
https://doi.org/10.1002/phar.1612
https://doi.org/10.1002/phar.1612
https://doi.org/10.1111/j.1742-1241.2012.03010.x
https://doi.org/10.1056/NEJMoa030660
https://doi.org/10.2147/CLEP.S124674
https://doi.org/10.2147/CLEP.S124674
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref56
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref56
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref56
https://doi.org/10.1016/j.juro.2013.04.132
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref58
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref58
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref58
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref58
https://doi.org/10.1001/jamadermatol.2020.3385
https://doi.org/10.1001/jamadermatol.2020.3385
https://doi.org/10.1016/j.pbb.2006.06.016
https://doi.org/10.1016/j.pbb.2006.06.016
https://doi.org/10.1210/jc.2015-2928
https://doi.org/10.1210/jc.2015-2928
https://doi.org/10.1210/jc.2014-1395
https://doi.org/10.1136/bmj.l1204
https://doi.org/10.1136/bmj.l1204
https://doi.org/10.1586/14737140.8.7.1073
https://doi.org/10.1586/14737140.8.7.1073
https://doi.org/10.1002/cncr.27774
https://doi.org/10.3892/ol.2014.2388
https://doi.org/10.3892/ol.2014.2388
https://doi.org/10.1158/1940-6207.CAPR-08-0092
https://doi.org/10.1158/1940-6207.CAPR-08-0092
https://doi.org/10.1158/1940-6207.CAPR-07-0007
https://doi.org/10.1158/1940-6207.CAPR-07-0007
https://doi.org/10.1093/jnci/djm130
https://doi.org/10.1016/j.urology.2008.09.079
https://doi.org/10.1002/pros.24410
https://doi.org/10.1016/j.cell.2013.11.012
https://doi.org/10.1016/j.cell.2013.11.012
https://doi.org/10.1016/j.amjmed.2005.12.011
https://doi.org/10.1111/j.1464-410X.2006.06574.x
https://doi.org/10.1097/JU.0000000000003077
https://doi.org/10.1097/JU.0000000000003077
https://doi.org/10.5489/cuaj.11037
https://doi.org/10.1001/jamainternmed.2019.0677
https://doi.org/10.1001/jamainternmed.2019.0677
https://doi.org/10.1001/jamaneurol.2016.0580
https://doi.org/10.1001/jamainternmed.2014.7663
https://doi.org/10.1001/jamainternmed.2014.7663
https://doi.org/10.5213/inj.2142068.034
https://doi.org/10.5213/inj.2142068.034
https://doi.org/10.1097/MD.0000000000018802
https://doi.org/10.1177/1756287217702797
http://www.ncbi.nlm.nih.gov/books/NBK538513/
https://doi.org/10.1016/j.eururo.2017.<?show [?tjl=20mm]&tjlpc;[?tjl]?>01.037
https://doi.org/10.1016/j.eururo.2017.<?show [?tjl=20mm]&tjlpc;[?tjl]?>01.037
https://doi.org/10.1111/luts.12423
https://doi.org/10.1111/luts.12423
https://doi.org/10.3390/jcm12051899
https://doi.org/10.5489/cuaj.5616
https://doi.org/10.1016/j.juro.<?show [?tjl=20mm]&tjlpc;[?tjl]?>2011.01.074
https://doi.org/10.1016/j.juro.<?show [?tjl=20mm]&tjlpc;[?tjl]?>2011.01.074
https://doi.org/10.2165/00002018-200932080-00003
https://doi.org/10.2165/00002018-200932080-00003

64

90.

91.

92.

93.

94.

Prostate International 12 (2024) 57—64

Lapi F, Gallo E, Giocaliere E, Vietri M, Baronti R, Pieraccini G, et al. Acute liver
damage due to Serenoa repens: a case report. Br J Clin Pharmacol 2010;69(5):
558—60. https://doi.org/10.1111/j.1365-2125.2010.03618.x.

Crescioli G, Maggini V, Raschi E, et al. Suspected adverse reactions to medi-
cations and food supplements containing Serenoa repens: A worldwide anal-
ysis of pharmacovigilance and phytovigilance spontaneous reports. Phytother
Res. n/a(n/a). doi:10.1002/ptr.7960.

Bent S, Kane C, Shinohara K, Neuhaus ], Hudes ES, Goldberg H, et al. Saw
palmetto for benign prostatic hyperplasia. N Engl ] Med 2006;354(6):557—66.
https://doi.org/10.1056/NEJM0a053085.

Macey MR, Raynor MC. Medical and surgical treatment modalities for lower
urinary tract symptoms in the male patient secondary to benign prostatic
hyperplasia: a review. Semin Intervent Radiol 2016;33(3):217—-23. https://
doi.org/10.1055/5-0036-1586142.

Ulchaker JC, Martinson MS. Cost-effectiveness analysis of six therapies for
the treatment of lower wurinary tract symptoms due to benign

95.

96.

97.

prostatic hyperplasia.
CEOR.S148195.
Flanigan RC, Reda DJ, Wasson JH, Anderson R], 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. ] Urol 1998;160(1):
12—6. discussion 16-17.

Sahakyan Y, Erman A, Bhojani N, Chughtai B, Zorn KC, Sander B, et al. Phar-
macotherapy vs. minimally invasive therapies as initial therapy for moderate-
to-severe benign prostatic hyperplasia: a cost-effectiveness study. Prost
Cancer Prost Dis 2023;26(1):113—8. https://doi.org/10.1038/s41391-022-
00561-2.

Welk B, McArthur E, Ordon M, Anderson KK, Hayward ], Dixon S. Asso-
ciation of suicidality and depression with 5¢-reductase inhibitors. JAMA
Intern Med 2017;177(5):683—91. https://doi.org/10.1001/jamainternmed
.2017.0089.

CEOR 2017;10:29—43. https://doi.org/10.2147/


https://doi.org/10.1111/j.1365-2125.2010.03618.x
https://doi.org/10.1056/NEJMoa053085
https://doi.org/10.1055/s-0036-1586142
https://doi.org/10.1055/s-0036-1586142
https://doi.org/10.2147/CEOR.S148195
https://doi.org/10.2147/CEOR.S148195
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref95
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref95
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref95
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref95
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref95
http://refhub.elsevier.com/S2287-8882(23)00061-2/sref95
https://doi.org/10.1038/s41391-022-00561-2
https://doi.org/10.1038/s41391-022-00561-2
https://doi.org/10.1001/jamainternmed<?show [?tjl=20mm]&tjlpc;[?tjl]?>.2017.0089
https://doi.org/10.1001/jamainternmed<?show [?tjl=20mm]&tjlpc;[?tjl]?>.2017.0089

	Risks and side effects in the medical management of benign prostatic hyperplasia
	1. Introduction
	2. Alpha-blockers and phosphodiesterase-5 inhibitors
	2.1. Nonselective versus selective alpha-1 adrenoceptor antagonists
	2.2. Selective alpha-1 adrenoceptor antagonists
	2.2.1. Associations between alpha blockers and systemic diseases
	2.2.2. Intraoperative floppy iris syndrome
	2.2.3. Adherence

	2.3. Phosphodiesterase-5 inhibitors

	3. 5ARIs
	3.1. Sexual adverse effects
	3.2. Psychiatric adverse effects
	3.3. Metabolic syndrome
	3.4. Prostate cancer

	4. Urgency and nocturia treatments (anticholinergics, beta-3 agonist, desmopressin)
	5. Phytotherapies
	6. Opportunity cost: QALY, bladder function changes, and cost
	7. Conclusions
	Authors' contributions
	Conflicts of interest
	References


