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Abstract
Purpose  To evaluate the effect of hexanic extract of Serenoa repens (HESr) on prostatic inflammation in patients with 
diagnosed prostatic inflammation.
Methods  Patients with prostatic inflammation histologically confirmed by TRUS prostatic biopsy were randomized either 
to receive HESr (320 mg/day) or no treatment. A second biopsy was performed 6 months later according to standard clinical 
practice. Inflammation was assessed by the Irani’s score and immunohistochemical staining using the CD3, CD4 and CD8 
(for T-leucocytes), CD20 (for B-leucocytes) and CD163 (for macrophages) antibodies.
Results  Overall 97 patients were eligible for analysis. In the HESr group the mean inflammation grading and aggressiveness 
grading score significantly decreased from 1.55 and 1.55 at baseline to 0.79 (p = 0.001) and 0.87 (p = 0.001) at the second 
biopsy, respectively. In the control group the mean inflammation grading score was 1.44 at first biopsy and 1.23 at the sec-
ond biopsy. The mean aggressiveness gradings core was 1.09 and 0.89, respectively. No statistical significance was found 
(p = 0.09 and p = 0.74).The mean decrease in all inflammation scores was statistically higher in the HESr patients compared 
to controls. The immunohistochemical staining showed a significant change in the expression of the analyzed antibodies for 
the HESr patients compared to the first biopsy. In the nontreatment group, no significant difference was found at the second 
biopsy. The change in expression of each antibody in the HESr group was statistical significant compared to control.
Conclusions  HESr seems to reduce prostatic inflammation in terms of histological and immunohistochemical parameters 
in this specific patients population.
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Introduction

The role of prostatic inflammation in the development of 
benign prostatic hyperplasia (BPH) and cancer has attracted 
the attention of researchers during the last years [1, 2]. Pro-
static inflammation is a common histopathological finding 
after a prostate biopsy or prostatectomy. One study has 
reported the presence of chronic inflammation in 43% of 
the cases after prostate biopsies while in the REDUCE trial, 

77.4% of men with LUTS/BPH had chronic inflammation 
on biopsy [1, 3].

Prostatic inflammation could represent a treatment target 
for the management of male LUTS and available evidence 
support the rationale for investigating anti-inflammatory 
agents that may alter and improve the inflammatory envi-
ronment in the prostate [4].

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 Ser-
enoa repens (HESr) has been extensively studied in both 
basic and clinical research. The proposed mechanisms of 
action of HESr include anti-inflammatory properties, anti-
androgenic activity and anti-proliferative actions [5]. With 
regard to its anti-inflammatory effect, in vitro and in vivo 
studies have shown that HESr acts on the arachidonic acid 
cascade by inhibiting the production of prostaglandins and 
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of 5-lipoxygenase metabolites of arachidonic acid; 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 
proinflammatory genes; and inhibit early steps of leukocyte 
infiltration by impeding monocyte and T-cell attraction and 
adherence [5, 6].

However, there is a lack of clinical studies investigat-
ing the effect of HESr on prostatic inflammation. Only two 
studies in patients have shown a reduction in inflammatory 
markers in prostatectomy specimens and urine stream [7, 8].

The objective of the present study was to evaluate the 
effect of HESr on prostatic inflammation based on histologi-
cal and immunohistochemical examination in patients with 
diagnosed prostatic inflammation in transrectal ultrasound 
(TRUS) guided biopsy specimens.

Materials and methods

Patients with prostatic inflammation histologically con-
firmed by TRUS prostate biopsy were included in the study. 
Biopsies were performed due to elevated PSA, and/or posi-
tive digital rectal examination. Patients were randomized 
into two Groups: Group A received HESr 320 mg per day 
for 6 months while no therapy was given to Group B. The 
randomization has been based on http://www.rando​mizer​.org 
(central randomization by computer). A second biopsy was 
performed according to standard clinical practice (persistent 
high PSA levels or positive DRE, or presence of atypical 
small acinar proliferation in the first biopsy) after discus-
sion with the patients. Exclusion criteria included previous 
treatment with any plant extract or 5a-reductase inhibitors, 
history of pelvic radiotherapy, history of TURP or intra-
vesical instillations for bladder carcinoma, and patients 
with an indwelling catheter. In addition, patients who have 
been found with prostate cancer at the second biopsy were 
excluded from the analysis of the study.

Endpoints of the study

The primary endpoint was the evaluation of change from base-
line to end of study in total Irani’s score, histologic inflam-
mation grading and aggressiveness grading subscores. The 
Irani’s score classifies prostatic inflammation on the basis of 
the extension of inflammatory cells and their effect on pros-
tate tissue. A 4-point scale is used for inflammation (0-no 
inflammatory cells, 1-scattered inflammatory cell infiltrate, 
2-nonconfluent lymphoid nodules and 3-large inflammatory 
areas with confluence of infiltrate) and aggressiveness (0-no 
contact between inflammatory cells and glandular epithelium; 
1-contact between inflammatory cell infiltrate and glandular 
epithelium; 2-clear but limited, that is less than 25% of the 

examined material, glandular epithelium disruption, and 
3-glandular epithelium disruption on more than 25% of the 
examined material) [9].

Secondary endpoints were changes from baseline to end of 
study in immunohistochemical staining for prostatic inflamma-
tion using the CD3, CD4, CD8, CD20, and CD163 antibodies.

The study has been approved by the Ethical Committee 
of the University Hospital of Larissa and registered in the 
Australian and New Zealand Clinical Trial Registry (ID: 
ACTRN12613000888763). Informed consent was obtained 
from all individual participants included in the study.

Pathology

Standard 12-core TRUS-guided biopsies were performed. 
The samples were fixed in 10% buffered formalin solution, 
embedded in paraffin blocks, and cut at 3-mm sections. The 
prostatic inflammation was estimated and graded accord-
ing to the Irani’s score for both the histologic inflammation 
grading (extension of inflammatory cells, range 0–3) and 
aggressiveness (the effect of inflammatory cells on prostate 
tissue, range 0–3). Additionally, immunohistochemical eval-
uation was performed using antibodies specific for inflam-
matory cells: CD3 (rabbit polyclonal Ab A0452; antigen 
retrieval pH6; 1/300; Dako), CD4 (mouse monoclonal Ab 
clone 4B12; antigen retrieval EDTA pH8; 1/20; Novocastra-
Menarini) and CD8 (mouse monoclonal Ab clone C8/144B; 
antigen retrieval pH9; 1/200; Dako) for T-leucocytes; CD20 
(mouse monoclonal Ab clone L26; antigen retrieval pH6; 
1/500; Dako) for B-leucocytes; CD163 (mouse monoclonal 
Ab clone 10D6; antigen retrieval pH6; 1/800; Novocastra-
Menarini) for macrophages. The expression of each antibody 
in the prostate tissue has been graded from 0 to 3 (none = 0, 
mild = 1, moderate = 2, or marked = 3) based on the intensity 
and extent of tissue involvement.

The hematoxylin and eosin slides of the prostate biopsies 
and immunohistochemistry staining were reviewed indepen-
dently by two pathologists who were not aware of which 
patients received therapy with HESr. In case of disagree-
ment, a third analysis was performed and taken into account 
for the statistical analysis.

It was estimated that for a significant difference in inflam-
mation score of 25%, a sample size of 50 patients per arm 
was required to reach a 90% power in our study. The sta-
tistical analysis, using SPSS v21.0, was based on the non-
parametric Wilcoxon Test. 

Results

Overall 110 men completed the study and finally 97 of them 
were eligible for analysis. Thirteen patients were excluded 
because prostatic cancer was found at the repeat biopsy. 

http://www.randomizer.org
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The HESr group included 49 patients (mean age 71.4 years, 
range 56–77), while the control group had 48 patients (mean 
age 68.7 years, range 58–74). The PSA values were 6,6 ng/
ml (range 2.3–15.0) and 5.5 ng/ml (range: 2.3–13.5) for 
groups A and B, respectively. Table 1 shows the baseline 
characteristics of both groups.

Primary endpoint

The mean inflammation grading score for the HESr 
group was 1.55 (median 2.0) at first biopsy and decreased 
to 0.79 (median 1.0) after therapy. The mean aggressiveness 
grading score was 1.55 (median 2.0) and 0.87 (median 1.0) 
at the first and second biopsy, respectively. The difference in 
both scores was statistically significant (p = 0.001 for both 
comparisons).  In the control group the mean inflammation 
grading score was 1.44 (median 1.0) at first biopsy, and 
1.23 (median 1.0) at the second biopsy. The mean aggres-
siveness grading score for this Group was 1.09 (median 
1.0), and 0.89 (median 1.0) at first and second biopsy, 
respectively. No statistically significant difference was 
found between those scores (p = 0.09 and p = 0.74, respec-
tively). There was a statistically significant decrease in total 
Irani’s score for the HESr Group (p = 0.001), but in the con-
trol group a slight but not significant decrease was found 
(p = 0.52) (Table 2).

When the two groups were compared, the mean decrease 
in all inflammation scores (histologic inflammation grading, 
aggressiveness grading and total Irani’s score) was statisti-
cally higher in the HESr group (Table 2).

Figures 1 and 2 present biopsy specimens of the same 
patient before and 6 months after treatment with HESr. A 
decrease in prostatic inflammation is documented.

Secondary endpoints

The immunohistochemical staining showed a signifi-
cant change in the expression of CD3, CD4 and CD8 (for 
T-leucocytes), CD20 (for B-leucocytes) and CD163 (for 
macrophages) antibodies after 6 months of treatment with 
HEsr compared to the expression at first biopsy. As it was 
expected in the non-treatment group, no significant differ-
ence in the expression of the specific antibodies was found 
at the second biopsy (Table 3). The immunohistochemical 
results between the two groups were compared. The change 
in expression of each antibody in the HESr patients reached 
statistical significance compared to controls (Table 3).

Interestingly, in the control group there was an increase in 
the second biopsy expression of CD3, CD4, CD8, CD20 and 
CD163 in 14 (29.1%), 10 (20.8%), 10 (20.8%), 11 (22.9%) 
and 11 (22.9%) patients, respectively. On the other hand, 
only one patient (2.04%) treated with HEsr had an increase Ta
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in CD3 expression. All the other patients remained stable or 
had a lower expression of the antibodies.

Discussion

In this randomized double blinded trial, the effect of HESr 
on prostatic inflammation in patients was investigated using 
specific histological and immunohistochemical criteria. To 

our knowledge, this is the first and only study in humans 
who underwent two prostatic biopsies (baseline and end of 
study).

In Irani’s score, the histologic inflammation grading sub-
score reflects the extension of inflammatory cells while the 
histologic aggressiveness subscore grades the effect that the 
inflammatory cells produce on prostate tissue [9]. Our results 
showed that treatment with HESr resulted in significant 
decrease in all scores (histologic grading, aggressiveness 

Table 2   Histopathological 
findings according to Irani’s 
score at the first and second 
prostate biopsy

Pts
N

Inflammation Grading 
Median (IQR)
Mean (SD)

Aggressiveness 
Grading 
Median (IQR)
Mean (SD)

Total Irani 
Median (IQR)
Mean (SD)

HESr group
 Biopsy 1 49 2.00 (1.00) 2.00 (1.00) 3.00 (2.00)

1.55 (0.54) 1.55 (0.71) 3.10 (0.98)
 Biopsy 2 49 1.00 (0.50) 1.00 (0.50) 2.00 (1.00)

0.79 (0.49) 0.87 (0.59) 1.67 (1.03)
 p value 0.001 0.001 0.001

Control group
 Biopsy 1 48 1.00 (1.00) 1.00 (0.00) 2.00 (1.00)

1.44 (0.54) 1.09 (0.49) 2.52 (0.82)
 Biopsy 2 48 1.00 (1.00) 1.00 (0.00) 2.00 (1.00)

1.23 (0.78) 0.89 (0.53) 2.11 (1.21)
 p value 0.09 0.74 0.52

δ (biopsy 1–biopsy 2)
 HESr group 49 1.00 (1.00) 1.00 (1.00) 1.00 (1.50)

0.75 (0.69) 0.68 (0.94) 1.43 (1.35)
 Control group 48 0.00 (1.00) 0.00 (1.00) 0.00 (2.50)

0.21 (0.89) 0.20 (0.79) 0.41 (1.51)
 p value 0.001 0.009 0.001

Fig. 1   Hematoxylin–Eosin staining (H/E) in prostate biopsy with 
inflammatory infiltration: grade 2 and inflammatory aggressiveness: 
grade 2, according to Irani’s score (10×)

Fig. 2   Hematoxylin–Eosin staining (H/E) in prostate biopsy with 
inflammatory infiltration: grade 1 and inflammatory aggressiveness: 
grade 0, according to Irani’s score (10×). Specimen from the same 
patient after 6-month treatment with HESr
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grading and total score) at the second biopsy. The difference 
in inflammation improvement was significant for the HESr 
group when compared with the control group. These data 
show for the first time that treatment with HESr reduces 
both extension and aggressiveness of inflammation in the 
same patient.

In the literature, there are scarce data and only indirect 
comparisons can be made due to the differences in the 
study designs and populations. A multicenter, open label, 
pilot study included 35 patients who underwent prostatic 
surgery (TURP or adenectomy) [7]. Patients (n = 16) who 
had received HESr 3 months before surgery compared 
with patients (n = 19) without any treatment for 3 weeks 
before surgery. Tissue samples were analyzed for infiltrates 
and inflammatory markers (CD-3, CD-20, and CD-68). In 
the HESr group a significant decrease of B lymphocytes 
(36.24% reduction of CD20+ cells) and large and significant 
reductions in the levels of IL-1b and tumor necrosis fac-
tor (TNF)-a were reported [7]. Another RCT involved 206 
patients who received treatment with HESr 320 mg/day or 
tamsulosin 0.4 mg for 3 months, to assess the anti-inflamma-
tory properties of HESr [8]. Urine stream taken after direct 
rectal examination was analyzed for MCP1/CCL2, interferon 
gamma-induced protein 10/C-X-C motif chemokine 10 and 
macrophage migration inhibitory factor (MIF). All the mark-
ers were found significantly reduced in the HESr group [8].

CD3, CD4, CD8 and CD20 antibodies are commonly 
used for the characterization of immune cells in tissue sam-
ples while CD163 is expressed on most subpopulations of 
mature tissue macrophages. Robert et al. studied prostatic 

inflammation on tissue microarrays after standard coloration 
and immunohistochemistry [10]. The majority of patients 
had inflammatory cells infiltrating BPH tissues: T-lym-
phocytes markers (CD3+ cells), B-lymphocytes markers 
(CD20+) and macrophages markers (CD163+) were found 
in 81, 52 and 82% of the BPH specimens, respectively. In 
our study, we evaluated the change in the expression of these 
immunohistochemical markers and a significant decrease in 
grade of all the examined markers was recorded. In the study 
of Vela-Navarrete, a reduction of B lymphocytes was found 
but no significant difference in the number of T-lymphocytes 
and macrophages was observed in patients treated with HESr 
prior to surgery [7]. However, in the latter study, treatment 
was given for 3 months compared with the 6-month admin-
istration of HESr in our trial and the study population was 
different.

Another interesting finding was that the inflammation 
score was upgraded in 25% patients (12 out 48) in the con-
trol group while only 6.1% (3 out of 49) of the HESr patients 
had a higher Irani’s score at the second biopsy. Similarly, 
there was an increase in the intensity of the antibodies in 
the patients who remained without therapy (for CD3 29.1%, 
CD4 20.8%, CD8 20.8%, CD20 22.9% and CD163 22.9% 
of the patients, respectively) while only one patient treated 
with HESr had an increase in CD3 expression at the second 
biopsy. These results suggest that inflammation seems to 
progress over time and confirm the anti-inflammatory prop-
erties of HESr.

Two recent systematic reviews assessed the efficacy and 
safety of the HESr [11, 12]. The first systematic review 

Table 3   Immunohistochemical 
changes between the first and 
second prostate biopsy

Pts
N

CD3 
Median (IQR)
Mean (SD)

CD4 
Median (IQR)
Mean (SD)

CD8 
Median (IQR)
Mean (SD)

CD20 
Median (IQR)
Mean (SD)

CD163 
Median (IQR)
Mean (SD)

HESr group
 Biopsy 1 49 2.00 (0.00) 1.00 (1.00) 2.00 (0.00) 2.00 (1.00) 1.00 (1.00)

1.98 (0.59) 1.45 (0.50) 2.06 (0.59) 1.78 (0.62) 1.55 (0.61)
 Biopsy 2 49 1.00 (0.00) 1.00 (1.00) 1.00 (1.00) 1.00 (0.50) 1.00 (1.00)

1.04 (0.54) 0.78 (0.51) 0.84 (0.62) 0.79 (0.49) 0.53 (0.54)
 p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Control group
 Biopsy1 48 2.00 (1.00) 1.00 (1.00) 2.00 (1.00) 2.00 (1.00) 2.00 (1.00)

1.81 (0.61) 1.39 (0.49) 1.89 (0.72) 1.69 (0.75) 1.69 (0.47)
 Biopsy2 48 2.00 (1.00) 1.00 (1.00) 2.00 (1.75) 2.00 (1.00) 2.00 (0.00)

1.64 (0.98) 1.23 (0.78) 1.73 (1.07) 1.46 (0.82) 1.63 (0.73)
 p value 0.137 0.144 0.165 0.106 0.503

δ (biopsy 1–biopsy 2)
 HESr group 49 1.00 (0.00) 1.00 (1.00) 1.00 (1.50) 1.00 (0.00) 1.00 (0.00)

0.94 (0.63) 0.67 (0.59) 0.94 (0.80) 0.98 (0.66) 1.02 (0.69)
 Control group 48 0.00 (1.00) 0.00 (1.00) 0.00 (2.00) 0.00 (1.00) 0.00 (0.00)

0.17 (0.78) 0.17 (0.78) − 0.04 (1.24) 0.22 (0.99) 0.06 (0.86)
 p value < 0.001 0.002 < 0.001 < 0.001 < 0.001
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analyzed data only from RCTs and the second data from 
RCTs and observational studies. Both studies found that 
HESr was effective for increasing urinary flow in men with 
prostatic enlargement compared with placebo while uri-
nary symptoms and nocturia were also improved. They also 
confirmed that HESr had a comparable to tamsulosin and 
short-term finasteride in symptoms improvement [11, 12]. 
No correlation between clinical improvement and prostatic 
inflammation or any other parameter could be investigated 
due to the study designs.

The main limitation of our study is that participants 
belong to a specific group of patients with elevated serum 
PSA or/and positive direct rectal examination, to be eli-
gible for a prostate biopsy. In addition, only patients with 
confirmed inflammation at the first biopsy were included. 
However, our study contributes to the understanding of the 
action of HESr in clinical setting and urges the need for a 
larger trial to assess if and how this improvement in prostatic 
inflammation can be translated into clinical practice. Future 
research directions should focus on which baseline charac-
teristics can predict treatment response and if patients with 
the higher decrease in prostatic inflammation also experi-
ence the larger clinical benefit with HESr treatment in terms 
of LUTS relief.

Conclusion

The present study showed that after a 6-month treatment, 
HESr seems to reduce prostatic inflammation in terms 
of histological and immunohistochemical parameters in 
patients who underwent two biopsies due to elevated PSA 
and/or suspicious DRE. Further investigation is needed to 
translate this finding into clinical practice.
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