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Abstract
Background The purpose of this narrative review is to evaluate the role of prostatic inflammation as a treatment target for
lower urinary tract symptoms (LUTS) due to benign prostatic obstruction (BPO) and provide an update on the available
therapies.
Methods An extensive literature search was conducted for studies on established and investigational treatments with
anti-inflammatory mechanism of action that has been assessed for the management of male LUTS due to BPO.
Results Data on phosphodiesterase 5 inhibitors, nonsteroidal anti-inflammatory drugs, vitamin D3 receptor analogs,
phytotherapy, statins, and lifestyle changes have been reviewed and analyzed. Preclinical evidence has shown the anti-
inflammatory effect of these treatments on prostate. However, there is a wide variation in the degree of mature of each
therapy. In addition, there are significant differences between the studies in terms of design, number of patients, and duration
of follow-up.
Conclusions Several drugs classes have been investigated for their impact on prostatic inflammation and improvement of
male LUTS. The reviewed data support the rationale for use of agents that may alter and improve the inflammatory
environment in the prostate in men with LUTS, but further high-quality long-term studies are required for the exact
positioning of the new drugs in daily practice.

Background

Lower urinary tract symptoms (LUTS) in men have been
historically associated with bladder outlet obstruction
(BOO), as a result of benign prostatic obstruction (BPO),
which is often caused by benign prostatic enlargement
resulting from the histologic condition of benign prostatic
hyperplasia (BPH) [1–3]. Recent studies have shown that

male LUTS may have a multifactorial etiology and many
urological and non-urological conditions also contribute to
LUTS [2, 3]. However, prostate still plays the main role in
the etiology of LUTS.

Several pathological processes, including androgen sig-
naling, neural pathways, inflammation, and metabolic fac-
tors have been recently proposed for the pathogenesis of
male LUTS. During the last years prostatic inflammation
has gained the attention of researchers. Prostatic inflam-
mation is a common histopathological finding after a
prostate biopsy or a transurethral or even an open prosta-
tectomy [4, 5]. In addition, Di Siverio et al. [6] described
43% cases with chronic inflammation, after prostate biop-
sies, while in the REDUCE trial, 77.4% of men with LUTS/
BPH presented chronic inflammation on biopsy. However,
the pathophysiological link of inflammation with LUTS and
BPH is not clearly understood and immunological and
inflammatory patterns have been proposed. The present
narrative review will focus on the potential role of prostatic
inflammation as an alternative treatment target for LUTS
due to BPO and provide an update on the current knowl-
edge on available therapies.
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Methods

We searched Pubmed and Scopus databases for all relevant
publications analyzing the role of prostatic inflammation in
the treatment of men with LUTS due to BPO up to August
31, 2017. The following Medical Subject Headings terms
were used: prostatic inflammation and BPH or BPO, or
LUTS in combination with the prespecified treatment
modalities. Reference lists of relevant articles were hand
searched to identify additional articles, and the “related
articles” function in PubMed was used. There was no limit
of year publication, but only papers in English were
included. The identification of relevant abstracts and the
selection of studies for this narrative review was performed
independently by two of the authors (M.S. and S.G.) and
any conflicts resolved by a third investigator (M.G.).

Results

Pathophysiology

Prostate is normally populated by inflammatory cells (leu-
kocytes) in adult men the inflammatory infiltrates are mostly
represented by T lymphocytes (70%), B lymphocytes
(15%), and macrophages (15%). These cells secrete IL-2,
IFN-γ, FGF-2, and TGF-β, which are directly responsible
for fibromuscular growth, and stimulate of IL-6, IL-8, and
IL-17 production. T-cells concentration is gradually
increased, due to the action of the inflammatory cytokines
and finally they are replaced by fibromuscular nodules
[7, 8]. This could be considered as an immunological origin
of prostatic enlargement.

The pro-inflammatory cytokines are released by the
inflammatory cells and may, in parallel, induce
cyclooxygenase-2 (COX-2) expression in BPH, which is
associated with the increased cell proliferation [9]. There
is evidence supporting that IL-17, an upregulator of COX-2,
is overexpressed in patients with BPH, mainly produced by
T cells [10]. Local hypoxia and low levels of macrophage
inhibitory cytokine-1 in prostatic specimen with inflam-
mation could be considered as precursors of BPH. Reactive
oxygen species (ROS) seem to be released under hypoxia
situations, leading to growth factors release and finally
gland enlargement [9, 11].

Prostatic chronic inflammation has also been indicated as
a candidate mechanism at the crossroad between metabolic
syndrome (MetS), prostatic enlargement, and worsening of
LUTS [12]. MetS has been considered as a cluster of risk
factors for cardiovascular and metabolic complications,
including visceral obesity, hypertension, hyperglycemia,
low levels of high-density lipoprotein (HDL) cholesterol,
and hypertriglyceridemia [13]. In a recent multicenter

cohort of BPH patients treated with simple prostatectomy,
MetS severity was associated with the severity of prostatic
inflammation in BPH specimens [14]. In a retrospective
study on 271 men with BPH, the number of MetS para-
meters was associated with prostate volume and the severity
of inflammation was associated with the severity of urinary
symptoms [15]. In particular, MetS can be considered a
systemic inflammatory promoter: chronic inflammation-
driven tissue remodeling and overgrowth is recognized to
have a causative role in BPH/LUTS [16].

Lifestyle changes

The theory suggested that MetS may induce inflammation
associated with BPH reinforces the position of behavioral
modifications and lifestyle advice. The adjustment of life-
style behavior, including physical activity and low-fat diet
may represent the first treatment option for men with LUTS/
BPH. Exercise—promoting weight loss, enhancing vascular
flow, normalizing lipid, and lipoprotein serum concentra-
tions and preventing heart disease—can alleviate the lower
urinary tract (LUT). In particular, in a meta-analysis eval-
uating the impact of physical activity on LUTS, Parsons
et al. [17] demonstrated that compared to the sedentary
men, the OR for LUTS/BPH were 0.70 (p= 0.14), 0.74 (p
= 0.005), and 0.74 (p= 0.006) for men with light, moder-
ate, and heavy physical activity. In a prospective trial on 93
volunteers with prostate-specific antigen (PSA) 4–10 ng/ml
and prostate cancer with Gleason Scores less than 7,
patients were randomized to a comprehensive lifestyle
change or to a usual care control group. Lifestyle change
achieves a significant reduction of body weight and dysli-
pidemia, features associated with a remarkable reduction of
PSA, suggesting the hypothesis of an anti-inflammatory
activity [18].

Phosphodiesterase 5 inhibitors (PDE5Is)

The well-established association between LUTS and erec-
tile dysfunction has stimulated research over the use of
PDE5Is as a potential treatment for male LUTS. Several
clinical trials on the efficacy of PDE5Is have been per-
formed and data from systematic reviews showed that
PDE5Is improve both urinary symptoms and erectile func-
tion, but with negligible improvement in flow rate (Table 1)
[19, 20]. Therefore, the use of PDE5Is is recommended in
men with moderate-to-severe LUTS with or without ED.
Currently, only tadalafil 5 mg once daily has been officially
licensed for the male LUTS treatment [2].

Interestingly, the exact mechanism of PDE5Is action is
not yet clearly elucidated although their clinical utility for
the management of male LUTS has been accepted and
several mechanisms of action have been hypothesized.
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There is accumulating data that PDE5Is can improve LUT
oxygenation, induce smooth muscle relaxation in the pros-
tate and bladder, negatively regulate proliferation of LUT
stroma, and decrease bladder afferent nerve activity mainly
through nitric oxide–cyclic guanosine monophosphate (NO/
cGMP) pathway, and RhoA/Rho-kinase signaling [19].

Recent evidence suggests that PDE5Is can also down-
regulate prostate inflammation. In a non-genomic animal
model (high-fat diet rabbits) of MetS and associated pros-
tate alterations, administration of tadalafil resulted in
blunting of prostate inflammation and leukocyte infiltration,
and reduction of hypo-oxygenation and fibrosis (muscle/
fiber ratio) [21]. An in vitro study evaluated the effect of
tadalafil and vardenafil on secretion of interleukin 8 (IL-8)
induced by both inflammatory (tumor necrosis factor a,
TNF-a) and metabolic stimuli in myofibroblast human BPH
cells. Both tadalafil and vardenafil markedly suppressed
IL-8 secretion induced by both types of stimuli [22]. In
addition, PDE5 blockade resulted in downregulation of
expression and secretion of interferon γ-induced protein 10,
a key inflammatory factor which recruits inflammatory
leukocytes and promotes BPH. These findings suggest an
anti-inflammatory effect of PDE5 inhibition on human
myofibroblast prostatic cells most likely via the activation
of cGMP/protein kinase signaling [22].

However, clinical studies have not yet specifically
investigated the role of PDE5Is in men with LUTS and
prostatic inflammation despite the supporting preclinical
evidence.

Nonsteroidal anti-inflammatory drugs (NSAIDs)

The primary mechanism of action of NSAIDs is the inhi-
bition of the activity of cyclooxygenase enzymes (COX-1
and 2) in the arachidonic acid cascade resulting in reduction
of prostaglandin levels. COX-1 and 2 are expressed in
human BPH tissue [23]. Elevated COX-2 expression has
been associated with prostate growth through the increased
synthesis of prostaglandins, which are important for the
function and growth of smooth muscle cells and/or
increased levels of the antiapoptotic Bcl-2 gene, which
result in decrease in apoptosis of prostate tissue [23, 24]. In
a preclinical study, ibuprofen a commonly used NSAID
achieved a decrease in cell viability and induction of
apoptosis in BPH cell lines [25]. Altavilla et al. [26]
investigated the effects of flavocoxid, a dual inhibitor of the
COX-2 and 5-lipoxygenase (5-LOX) in experimental BPH.
Flavocoxid reduced prostate weight and hyperplasia, not
only through the anti-inflammatory pathway, but also by
promoting apoptosis.

Several studies investigated the clinical efficacy of
NSAIDs either as monotherapy or in combination schemes
on the management of LUTS. A meta-analysis of threeTa
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randomized controlled trials (RCTs) comparing NSAIDs
(rofecoxib, celexocib, and tenoxicam) with placebo or other
BPH medical treatment has recently published (Table 1). In
total 183 men with LUTS due to BPH, were treated with
NSAIDs for a period of 4–24 weeks [27]. A significant
improvement in International Prostate Symptom Score
(weighted mean difference (WMD) −2.89) and a marginal
but statistically significant increase in peak urine flow
(WMD 0.89 mL/s) was found. Interestingly, a relatively
favorable safety profile with no withdrawals due to adverse
events was reported [27]. NSAID (diclofenac 50 mg) was
also tested for the management of nocturia secondary to
nocturnal polyuria in a small, prospective, randomized,
double-blind, placebo-controlled crossover study [28]. The
mean number of nocturnal voids decreased from 2.8 to 2.3
and 2.7 voids with diclofenac and placebo, respectively
(p < 0.004 between treatments). Diclofenac also sig-
nificantly decreased the mean nighttime-to-daytime diuresis
ratio compared to placebo.

Another study investigated the efficacy and safety of
flurbiprofen, another COX-2 inhibitor, and alfuzosin, both
alone and in combination on LUTS treatment [29]. After
4 weeks, IPSS and post void residual have been decreased
significantly in all groups. However, Qmax have been
improved only in the combination group.

Despite the promising results of the existing studies in
terms of efficacy and safety, the main drawback is the short
follow-up especially when taking into account the concerns
regarding the long-term use of NSAIDs, such as the
side-effect profile and possible comorbidities in renal and
cardiovascular function.

Based on the above findings one could expect that use of
NSAIDs would prevent or delay development of clinical
BPH. However, there is conflicting data regarding the
association of NSAIDs use and risk of BPH. In a cohort
study, Schenk et al. [30] examined the impact of NSAIDs
on incident BPH, using data from 4735 men without BPH at
baseline in the placebo arm of the Prostate Cancer Pre-
vention Trial. No evidence was found that NSAIDs were
associated with the risk of BPH. Surprisingly, other studies
have reported an increased risk of BPH in men taking
NSAIDs [31, 32]. Recently, a population-based cohort of
74,754 Finnish men without BPH at baseline was analyzed.
During the follow-up, NSAID users had a higher risk
of incident BPH compared to nonusers. The observed
risk correlated with duration of NSAID usage although
the risk increase was recorded at short-term and low-dosage
use [33].

Vitamin D3 receptor analogs (VDRAs)

Prostate stromal cells express the vitamin D receptor (VDR)
that is upregulated by exposure to inflammatory stimuli

[34]. Elocalcitol is a synthetic derivative of vitamin D3 that
regulates cell proliferation and apoptosis via its binding to
the VDR. Preclinical data showed that elocalcitol decreases
stromal cells proliferation by targeting the activity of intra-
prostatic growth factors downstream of the androgen
receptor and inhibits production of pro-inflammatory cyto-
kines and chemokines in human BPH cells [35].

The effectiveness of elocalcitol in BOO has been studied
in rats receiving a daily treatment (150 µg/kg) for 14 days.
Elocalcitol did not prevent bladder hypertrophy but reduced
the contractility of the detrusor muscle in the obstructed
rats, as a result of the increased bladder weight [36]. In the
clinical level, a phase II, randomized, placebo-controlled
study included 119 patients with BPH. They received either
BXL628 150 mcg/day or placebo for 12 weeks. The out-
come revealed a statistically significant reduction in prostate
volume (overall estimated treatment difference −7.22%) for
the group of elocalcitol compared to placebo but not a
significant difference in LUTS and Qmax [37]. The efficacy
of three different therapeutic regimens of elocalcitol in
terms of IPSS, Qmax, and reduction of prostate volume was
evaluated after 6 months treatment. Elocalcitol 150 μg/day
was identified as the optimal dose that achieved a statisti-
cally significant reduction in prostate volume and
improvement in Qmax and IPSS compared to placebo [38].
However, despite evidence suggesting VDRs as potential
therapeutic target for BPH/LUTS, no VDRAs are currently
available.

Plant extracts—phytotherapy

Over the last 20 years, phytotherapy has been used for the
management of male LUTS and almost 30 different plant
extracts have been described [39]. In vitro, plant extracts
can have anti-inflammatory, anti-androgenic and estrogenic
effects, pro-apoptotic properties, and placebo effect [39].
However, not all these phytotherapeutic agents have been
studied at the same level and represent a heterogeneous
group with various extraction techniques and different
concentrations of the active ingredients. Therefore, results
even from meta-analyses should be interpreted with caution
and comparisons cannot be made. Currently, the 2017
European Association of Urology Guidelines on non-
neurogenic male LUTS have not made any specific
recommendations on phytotherapy for the treatment of male
LUTS due to product heterogeneity, a limited regulatory
framework, and methodological limitations of the published
trials and meta-analyses [2].

Serenoa repens is the most common plant extract used
for the management of male LUTS. Many different extracts
are available, but the hexanic lipidosterolic extract of
Serenoa repens (HESr) has been extensively studied
in both basic and clinical research. With regard to its
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anti-inflammatory effect, HESr was found to act at different
sites in the arachidonic acid cascade by inhibiting pros-
taglandin synthesis (via blockade of the activity of phos-
pholipase A2 extract) and by inhibiting the production of
5-LOX metabolites of arachidonic acid [40]. HESr can
modify inflammation status by decreasing infiltrates of B
lymphocytes, IL-1b, and TNF-a, increasing the expression
of anti-inflammatory genes and decreasing the expression of
pro-inflammatory genes [40]. It has been shown also to
inhibit early steps of leukocyte infiltration by down-
regulating monocyte chemotactic protein-1/C-C motif che-
mokine ligand 2 (MCP-1/CCL2) and vascular cell adhesion
molecule-1 (VCAM-1) expression in human prostate and
vascular cells in an inflammatory environment [41].

In a multicenter clinical, patients with BPH were ran-
domized to receive either HESr 160 mg for 3 months before
surgery (transurethral resection of the prostate or adeno-
mectomy) or no treatment [42]. Tissue samples taken at the
time of surgery were analyzed for infiltrates and inflam-
matory markers (CD-3, CD-20, and CD-68) and for histo-
logic aspects of inflammation. A correlation was found
between a significant reduction in B lymphocytes and IL-1b
and TNF-a levels and a significant improvement in IPSS
clinical symptoms in patients treated with HESr [42].

A RCT with 209 patients receiving either HESr 320 mg/
day or tamsulosin 0.4 mg for 3 months investigated the anti-
inflammatory properties of HESr [43]. Urine stream was
collected after digital rectal examination and mRNA was
extracted from prostatic epithelial cells at baseline and after
3 months. MCP-1/CCL2, interferon γ-induced protein 10/C-
X-C motif chemokine 10 and macrophage migration inhi-
bitory factor (MIF) were detected at baseline and sig-
nificantly reduced in the group of heSR after 3 months of
treatment. A subgroup analysis showed a higher decrease in
IPSS in patients treated with HESr and MIF over-expression
at baseline than those who did not over-express MIF [43].
These results suggest that inflammation biomarkers may
identify those patients who will benefit most from treatment
with HESr.

An updated Cochrane report reviewed 30 RCTs com-
prising 5222 men on all the available preparations of Ser-
enoa repens [44]. Mean follow-up ranged from 4 to
60 weeks. It was concluded that Serenoa repens was not
superior to placebo, finasteride, or tamsulosin with regard to
IPSS improvement, Qmax, or prostate size reduction.
However, the similar improvement in IPSS or Qmax com-
pared with finasteride or tamsulosin might be interpreted as
treatment equivalence. A very recent systematic review
analyzed only the available RCTs on the efficacy and safety
of HESr [45]. It was found that HESr was effective for
improving urinary symptoms and urinary flow in men with
prostatic enlargement compared with placebo (Table 1). The
systematic review also confirmed that HESr had a

comparable to tamsulosin and short-term finasteride in
symptoms improvement. This recent analysis indicates the
heterogeneity in the biological activity of the phytother-
apeutic agents even if they come from the same plant.
Therefore, it is reasonable that a single recommendation for
all the available phytotherapeutic agents cannot be made
and a recommendation should be given for each specific
product with the same validated extraction technique and/or
content in active principles.

Statins

Statins are commonly used to treat dyslipidemia, aiming to
decrease the cardiovascular disease. They can also reduce
bladder and prostatic fibrosis through modulation of
expression of connective tissue growth factor, increased
apoptosis/reduced proliferation of prostatic epithelium and
stroma and improved blood flow to the LUT [46]. More-
over, statins can decrease prostate weight, disrupt the
ultramicroscopic structure of prostatic tissue and lower the
serum levels of IL-6 and IGF-1 in in vivo models. In a
preliminary phase 2, randomized, placebo-controlled trial
on the use of statin for the treatment of LUTS/BPH, ator-
vastatin 80 mg for 26 weeks was not effective in symptoms
reduction, decrease of prostate volume or improvement of
Qmax [47].

However, in an RCT on 791 patients with BPH, 1 year of
statin plus α-blocker administration significantly reduced
PSA and prostate volume compare to those treated with α-
blockers alone [48].

In a recently published RCT on 135 men treated with
simvastatin, atorvastatin, or placebo for 1 year, the use of
statins reduces the levels of serum total cholesterol and
triglycerides, IL-6, IPSS, and prostate volume. Interestingly,
the reduction in prostate volume was directly related to the
reduction of triglyceride and IL-6 and the increase of HDL-
cholesterol [49]. Hence, the reduction of prostate inflam-
mation, due to the control of dyslipidemia, could represent a
therapeutic option for men with LUTS/BPH and MetS.

Conclusions

Research has focused on the understanding of the underlying
pathophysiological mechanisms and natural history of LUTS
due to BPO. Prostatic inflammation seems to play an
essential role in the development of BPH and could be a
treatment target for the management of male LUTS. The
present narrative review shows that there are several drugs
classes under investigation but there is a wide variation in the
degree of mature of each therapy. Some molecules have
proved their efficacy in preclinical studies but confirmation
and further evaluation in humans are required. Other drugs
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have been assessed in clinical studies but they still have a
long way to go before they can be adopted in clinical prac-
tice. On the other hand, drugs like tadalafil or Serenoa repens
have been used in clinical practice but it has not been clearly
understood if their efficacy is thank and to what extent to
their anti-inflammatory properties since several mechanisms
of action have been proposed. In addition, lifestyle changes
should be advised to patients with male LUTS.

The data reported further support the rationale for
investigating agents that may alter and improve the
inflammatory environment in the prostate. Robust data
coming from high-quality studies with long-term follow-up
are still needed to decide about the position of the new
drugs since safety and durability are also important para-
meters. It is our knowledge that LUTS pathogenesis is
multifactorial; therefore, the next reasonable research steps
should include the combination of established medical
treatments and emerging new drug classes. Trials investi-
gating the efficacy and safety of a-blockers (or 5aRIs) with
drugs with anti-inflammatory properties should be our next
priority. In the future, the most important and critical
research direction should be the identification of biomarkers
clinical (such as MetS) and/or molecular that will indicate
the status of prostatic inflammation involvement in each
individual patient with LUTS. This will allow optimal
patients selection and tailoring of treatment in order to
achieve maximal efficacy.

The quest for the “holy grail” of optimal medical treat-
ment of male LUTS continues.
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