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INTRODUCTION

Benign prostatic hyperplasia (BPH) is a chronic disease 
widely diffused between the elderly population. Indeed, 
its incidence increases with age, reaching 80% of males 
aging 70 to 80 years 1. It develops as a simple micro-
nodular hyperplasia and then progress to macroscopic 
volume enlargement and clinical expression. 
There is emerging evidence that prostatic inflammation 

plays a key role, since BPH evolves through early and 
late inflammatory modifications. Indeed, the prostate is 
an immunocompetent organ populated by T and B-lym-
phocytes, macrophages and mast cells 2. Regulatory T 
cells (CD-4) are located into the fibromuscolar stroma 
whereas Cytotoxic T cells (CD-8) are more distributed 
around periglandular area creating the so-called Pros-
tate associated Lymphoid Tissue (PALT). 
There are two main clinical manifestations of prostatic 
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inflammation, namely lower urinary tract symptoms 
(LUTS) and increase in serum PSA often leading to 
prostate biopsy (PBx). 
Data suggest that a potential mechanism by which 
inflammation promotes prostate enlargement is local 
hypoxia, which is responsible for the release of reactive 
oxygen species (ROS). Such ROS promote neovas-
cularization and further release of vascular endothelial 
growth factors (VEGFs), interleukin-8 (IL-8), fibroblast 
growth factor 7 (FGF-7), transforming growth factor 
(TGF-b), and fibroblast growth factor (FGF-2). All of 
them contribute to prostatic enlargement and further 
inflammation 3. 
There is also evidence that, apart from promoting pros-
tatic enlargement, prostatic inflammation may also pro-
mote prostate cancer (PCa). Like BPH, PCa is common 
among elderly males. The median age of PCa diagnosis 
is 66 years, and nearly 20% of patients are diagnosed 
when they age 75y or more  4. The immune cells can 
stimulate tumor cell proliferation and angiogenesis by 
the production of reactive oxygen species and by in-
flammatory processes that result into tissue damage 
and permanent DNA damage 5. A recent meta-analysis, 
however, pointed out that the presence of inflammation 
on prostate needle biopsy was associated with a lower 
PCa risk 6.
In the absence of a standard treatment for prostatic 
inflammation 7, the use of substances like antioxidants 
that may stop or potentially reverse the deleterious ef-
fects of inflammation is particularly attractive. Lycopene 
and olives vegetation water are well-known strong anti-
oxidants, with properties potentially useful in protecting 
DNA from oxidation 8 9.
The present study therefore aimed to determine wheth-
er the administration of a lycopene and olives vegeta-
tion water compound might reduce inflammation and 
therefore LUTS in patients with histologically proven 
prostatic inflammation.

PATIENTS AND METHODS

Over a one-month period, consecutive patients having 
undergone prostate biopsy (PBx) at our institution and 
having been diagnosed with benign prostate were given 
lycopene/olives vegetarian water compound (Group A). 
Data were compared with those of a matched popula-
tion of patients having undergone prostate biopsy and 
having been diagnosed with benign prostate (Group B). 
All data were prospectively entered into our dedicated 
Institutional Review Board-approved database on pros-
tate biopsy.
Indications for trans-rectal ultrasound (TRUS)-guided 
PBx were increased serum PSA (≥  4 ng/mL) and/or 

abnormal digital rectal examination (DRE). All patients 
underwent International prostate symptom score (IPSS) 
and uroflowmetry (UFM) before PBx, as we have dem-
onstrated that BPO-related parameters such as peak 
flow rate (PFR), post-void residual (PVR) and IPSS 10-12 
are independent predictors of the risk of being diag-
nosed with PCa. Recently, we also developed a novel 
BPO-related parameters nomogram  13 that may help 
reducing the number of unnecessary PBxs, thus reduc-
ing the risk of over diagnosis and consequent overtreat-
ment with possible procedure-related complications 14.
Following local non-infiltrative anaesthesia  15 16, TRUS 
was used to determine prostate and transition zone 
volume and to guide trans-rectal prostate sampling ac-
cording to our systematic 18-core biopsy scheme 17. A 
senior uropathologist evaluated the specimens accord-
ing to contemporary diagnostic criteria for high-grade 
prostatic intraepithelial neoplasia (HGPIN), atypical 
small acinar proliferation (ASAP) of prostate 18 and PCa. 
Patients in group  A, unless reporting a history for al-
lergies or hypersensitivity to tomato, inflammatory dis-
eases of the urogenital tract (i.e. orchitis, epididymitis 
or both) and malabsorption syndrome, were given ly-
copene/olives vegetarian water compound in the form 
of 5 gr medical bags to be dissolved in water or other 
liquid once-a-day for 2 months. The intake could take 
place before, during or after meals. Patients in Group 
B did not receive any treatment. All patients were seen 
after 2 months for IPSS questionnaire, clinical evalua-
tion and uroflowmetry to assess PFR and PVR. 
The study protocol was approved by the University of 
Foggia Ethics Committee and was carried out in agree-
ment with the provisions of the Declaration of Helsinki. 
Written informed consent to take part was given by all 
participants. 

Statistical analysis

The primary study endpoint was assessing changes in 
IPSS, PFR and PVR; the secondary endpoint was to 
assess safety. 
Continuous variables are reported as median and inter-
quartile range; they were compared by the Mann-Whitney 
U-test. Rates were tested by Fisher’s exact test or chi-
square test, as appropriate. Statistical significance was 
set at p < 0.05. Statistical calculations were carried out 
using STATA-SE software, version 14.0 for Mac OS X.

RESULTS

The study population consisted of 34 patients, 17 in 
Group A and 17 in Group B; their characteristics are 
summarized in Table I. Overall, the two groups had sim-
ilar age, PSA, prostate volume (PVol), PFR and PVR, 
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but patients in group A had lower median IPSS score 
than those in group B (7 vs 12; p = 0.012). 
All patients in group A successfully completed treatment 
with no side effect. Patients in group B experienced no 
difference in their median PFR and PVR (Tab. II) but a 
slight increase in median IPSS, which might however 
be due to the impact of the procedure itself on voiding 
symptoms. Patients who received the lycopene/olives 
vegetation water compound (Group  A), experienced 
no difference in their median PFR, a slightly lower PVR 
and, above all, a decrease in their median IPSS. Com-
paring the two groups, median reduction in IPSS was 
significantly higher in group A than in group B (-2.0 vs 
zero, respectively; p = 0.0004).

DISCUSSION

The present study pointed out that, in men with his-
tologically-proven prostatic inflammation and benign 
prostate, the administration of a lycopene/olives veg-
etation water compound after PBx provided a statis-
tically significant reduction in IPSS as compared to 
no treatment. In both groups, there was no significant 
change in PFR, but patients in group A experienced 
a slight reduction in their PVR. These findings would 
support a role for the lycopene/olives vegetation water 
compound in reducing prostatic inflammation and con-
sequent LUTS.
The correlation between prostatic inflammation and 
LUTS has been strongly pointed out by Nickel et al. 19 

who evaluated 8224 men aged 50-75 years with BPH 
undergoing prostate biopsy and included in the REduc-
tion by DUtasteride of prostate Cancer Events (RE-
DUCE) trial. Patients were classified according to the 
presence of acute and chronic inflammation at biopsy. 
Interestingly, 77.6% of patients presented with chronic 
inflammation. These patients had higher prostate vol-
umes than those without inflammation (46.5 vs 43.4 
mL, respectively; p < 0.001). Interestingly, older age and 
higher degree of chronic inflammation were significantly 
associated with higher IPSS (8.8 vs 8.2, respectively; 
p  <  0.001), particularly the storage IPSS sub-scores 
(frequency, nocturia, urgency). Similarly, Robert et al. 20 
found, in 282 patients treated with surgery for compli-
cated or symptomatic BPH, that the grade of prostatic 
inflammation was strongly associated with LUTS sever-
ity, and patients with chronic inflammation had higher 
IPSS than those without inflammation (21 vs 12, re-
spectively; p = 0.02).
Counteracting inflammation is relevant not only to 
reduce symptoms but also to slowing development 
and progression of BPH. Indeed, Tuncel et al. 21 have 
shown that the presence of prostatic inflammation is a 
risk factor for the development of BPH complications 
such as acute urinary retention. The Medical Therapy 
of Prostatic Symptoms (MTOPS) study  22, whereby 
3000 patients with LUTS due to BPH were treated for 
5  years, highlighted that the percentages of disease 
progression, urinary retention and need for surgery 
were higher in patients with chronic inflammatory status 
than in those without it. It has also been pointed out 

Table I. Patients baseline characteristics.

Group A = 17 Group B = 17 P-value*
Age (y)* 67.0 (63.0, 70.0) 65.5 (62.5, 67.0) 0.4
PSA (ng/mL)* 7.3 (5.2, 11.7) 5.6 (4.7, 7.1) 0.2
Prostate volume (mL)* 55.0 (50.0, 66.4) 60.0 (50.0, 85.0) 0.3
IPSS* 7.0 (5.0, 12.0) 12.0 (9.0, 16.0) 0.012
PFR (mL/s)* 14.4 (11.0, 17.7) 14.9 (12.7, 17.3) 0.8
PVR (mL)* 35.0 (0.0, 50.0) 35.0 (0.0, 45.0) 0.9

*Data are expressed as median and Interquartile range.

Table II. Treatment outcomes.

Variable Pre-treatment Post-treatment P-value
Group A = 17 IPSS* 7.0 (5.0, 12.0) 4.0 (3.0, 9.0) 0.14

PFR (mL/s)* 14.4 (11.0, 17.7) 14.4 (12.4, 19.4) 0.5
PVR (mL)* 35.0 (0.0, 50.0) 28.5 (0.0, 41.5) 0.3

Group B = 17 IPSS* 12.0 (9.0, 16.0) 14.0 (9.0, 16.0) 1
PFR (mL/s)* 14.9 (12.7, 17.3) 14.1 (11.6, 17.3) 0.7
PVR (mL)* 35.0 (0.0, 45.0) 35.0 (15.0, 50.0) 0.8

*Data are expressed as median and Interquartile range.
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that, like smoking in bladder cancer  23, inflammation 
has a negative impact on response to conventional 
BPH treatments therapy such as alpha-blockers and 
5-alfa reductase inhibitors.
The clinical relevance of prostatic inflammation and 
consequent LUTS is further highlighted by the fact that 
LUTS and cardiac symptoms have the same impact on 
the general state of health and quality of life 24. 
Counteracting inflammation could be relevant also 
to reduce the risk of developing PCa. If it is true that 
inflammation on prostate needle biopsy is associated 
to benign prostate more frequently than to PCa risk 6, 
it is also true that several studies supports the role of 
chronic inflammation in malignant transformation. Inter-
leukin (IL)-8 and IL-6 have been reported to promote 
PCa 25 26. A recent preclinical investigation showed that 
IL-17 might promote the development of PCa through 
the activation of the matrix metalloproteinase-7 expres-
sion  27. A large prospective study on 68.675 patients 
demonstrated that a personal history of prostatitis, as 
well as symptom duration, were significantly associated 
with an increased risk of PCa 28.
While searching for novel molecular markers and path-
ways potentially involved in prostatic inflammation 29-31 
up to representing potential therapeutic targets, the main 
issue remains what do we already have to counteract 
inflammation. ROS involvement in prostatic inflamma-
tion make antioxidants an attractive means of counter-
acting them. Indeed, lycopene is a powerful antioxidant 
with proven antinflammatory effect 32. Pannellini et al. 33 
showed that tomato-based preparations optimized to 
maximize lycopene and other carotenoids bioavailability 
were able to significantly increase the antioxidant serum 
activity and, at the same time, to reduce biomarkers 
inflammation in the mouse TRAMP. Another interesting 
antioxidant is 3,4-dihydroxyphenyl ethanol or hydroxy-
tyrosol (HT) 34, a simple phenol predominantly found in 
Olea europea also known as the olive plant. Specifically, 
HT is most abundant in the aqueous fraction of olive 
pulp with trace amounts in the olive oil fraction and in 
the leaves. Olive vegetation water and HT have been 
found to exploit anti-inflammatory activity in mice by 
inhibiting the production of tumor necrosis factor-al-
pha (TNF-alpha), a pivotal cytokine in inflammation 34. 
Our findings of a relatively short course of these two 
substances reducing IPSS seem to provide a proof of 
concept for their effect against prostatic inflammation.
This study is not devoid of limitations. One is the small 
patients’ number but this aimed to be a pilot study in 
this field. Others include is the relatively short time-frame 
of treatment and the absence of another control group 
receiving other substances potentially active against 
prostatic inflammation, but again this was beyond the 
scopes of a small pilot study. 

In conclusion, there seems to be a clear link between 
prostatic inflammation, BPO and LUTS. In view of the 
postulated immunocompetent nature of the prostate, 
modulators of the immune response, which are opening 
new pathways in several urological cancers 35 36, are at-
tractive but probably too costly. Antioxidants converse-
ly stand as a potential simple means of counteracting 
prostatic inflammation and this small study seems to be 
a proof of such concept. 
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