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ORIGINAL INVESTIGATION

Prostatic inflammation is associated with benign prostatic
hyperplasia rather than prostate cancer

U. Falagario®, O. Selvaggio', G. Carrieri', E. Barret?, F. Sanguedolce?®, L. Cormio'

"Urology and Renal Transplantation Unit, Department of Medical and Surgical Sciences, University of Foggia, Italy; 2 Department of Urology, Institut
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Background and aims. The relationship between prostatic inflammation, benign prostatic hyperplasia and
prostate cancer is controversial. The present study aimed to determine the relationship between grade and
aggressiveness of prostatic inflammation and the risk of being diagnosed with prostate cancer.

Methods. Grade and aggressiveness of prostatic inflammation were assessed by Irani G and A scores, respec-
tively, in prostate biopsy specimens of men having undergone this procedure because of increased serum PSA
and/or digital rectal examination. We also assessed the correlation between Irani G and A scores and clinical
variables related to benign prostatic obstruction.

Results. Of the 1178 eligible patients, 615 (52.2%) were diagnosed with PCa; they were older, had greater
PSA, suspicious digital rectal examination and peak flow rate but lower post-void residual urine volume, pros-
tate volume and international prostate symptoms score than those without cancer. High-grade inflammation
(Irani G 2-3) was significantly more common in patients with benign prostate than in those with PCa and the
same applied to highly aggressive inflammation (Irani A 2-3). Indeed, patients with high-grade inflammation
had greater PSA, prostate volume, post-void residual and international prostate symptoms score, suggesting
high-grade inflammation to correlate with benign prostatic obstruction. Highly-aggressive inflammation con-
versely correlated only with prostate volume.

Conclusions. Prostatic inflammation seems to be associated with benign prostatic hyperplasia rather than
prostate cancer, with benign prostatic obstruction being strictly linked to the degree of inflammation.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) and Prostate can-
cer (PCa) are chronic diseases with a long period for
their development and progression. BPH develops from
a simple micronodular hyperplasia to a macroscopic
volume enlargement and then to clinical expression.
Similarly, PCa evolves through early and late precancer-
ous modifications .

The prostate is an immunocompetent organ populated
by T and B lymphocytes, macrophages and mast cells.

Regulatory T cells (CD-4) are located into the fibromus-
colar stroma whereas Cytotoxic T cells (CD-8) are more
distributed around periglandular area creating the so-
called Prostate associated Lymphoid Tissue (PALT).

Recent studies pointed out a potential relationship
between prostatic inflammation and development and
progression of BPH and PCa, but question remains if
there is a trend towards one or the other disease 2°.

The present study aimed to determine the relationship
between inflammation grade and aggressiveness, as
assessed by the Irani G and A score respectively, and
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the diagnosis of benign prostate or PCa at prostate
biopsy (PBx).

PATIENTS AND METHODS

Data of patients scheduled for transrectal ultrasound
(TRUS)-guided PBx because of increased serum PSA
(> 4 ng/mL) and/or abnormal digital rectal examination
(DRE) were prospectively entered into our dedicated
Institutional Review Board-approved database.

All patients underwent PSA measurement before
DRE and TRUS. Uroflowmetry (UFM) was carried out
before PBx, waiting for the patient to report a strong
sensation to void. Following local non-infiltrative anes-
thesia ©7, TRUS was used to determine prostate and
transition zone volume and to guide transrectal prostate
sampling according to our systematic 18-core biopsy
scheme 8. Men with PSA > 20 ng/ml, men receiving
5 alfa-reductase inhibitors (5-ARls), or who had previ-
ously undergone invasive treatment for benign prostatic
hyperplasia, or with dwelling urethral catheters were
excluded from the present study.

A senior uropathologist evaluated the specimens ac-
cording to contemporary diagnostic criteria for high-
grade prostatic intraepithelial neoplasia (HGPIN), atypi-
cal small acinar proliferation (ASAP) of prostate °, and
PCa. Clinically significant PCas (CSPCa) included those
with a Gleason Grade Group (GGG) > 1 according to
the International Society of Urological Pathology (ISUP)
consensus '°. Prostatic inflammation was assessed us-
ing the Irani score . Specifically, the grade (G) of inflam-
matory infiltrate was scored as 0-no inflammatory cells,
1-scattered inflammatory cells infiltrate within the stroma
without lymphoid nodules, 2-nonconfluent lymphoid

Table |. Patients characteristics.

nodules and 3-large inflammatory areas with confluence
of infiltrate. Inflammatory aggressiveness (A) was graded
as 0-no contact between inflammatory cells and glan-
dular epithelium, 1-contact between inflammatory cell
infiltrate and glandular epithelium, 2-interstitial inflamma-
tory infiltrate associated with a clear but limited (< 25% of
the examined material) glandular epithelium disruption,
and 3-glandular epithelium disruption on more than 25%
of the examined material. Irani G score 0-1 represented
low-grade inflammation, whereas G score 2-3 repre-
sented high-grade inflammation. Similarly, Irani A O-1
represented low-aggressiveness inflammation, whereas
G score 2-3 represented high-aggressiveness inflamma-
tion. Grading did not include the types of inflammatory
cells (polymorpho nuclear leukocytes, lymphocytes,
monocytes or plasma cells).

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

Continuous variables were reported as median and in-
terquartile range and 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

Patients characteristics are summarized in Table I.
Of the 1178 eligible patients, 615 (52.2%) were

Variable Benign Prostate cancer P-value
(n =563) (n = 615)

Age (y)* 65 (60, 69) 68 (63, 73) < 0.0001

PSA (ng/mL)* 6.07 (4.68, 8.40) 6.45 (4.75, 10.00) 0.008

Suspicious DRE, n (%) 140 (28.5%) 249 (50.1%) < 0.0001

Prostate volume (mL)* 61.00 (46.50, 81.00) 45.00 (34.00, 60.00) < 0.0001

PFR (mL/s)* 12.00 (8.80, 16.00) 13.00 (9.10, 18.00) 0.010

PVR (mL)* 30.00 (1.00, 60.00) 20.00 (1.00, 50.00) < 0.0001

IPSS* 10 (6, 18) 9 (5, 15) 0.001

Irani G, n (%)

0-1 341 (60.6%) 444 (72.2%) < 0.0001

2-3 222 (39.4%) 171 (27.8%)

Irani A, n (%)

0-1 427 (75.8%) 541 (88.0%) < 0.0001

2-3 136 (24.2%) 74 (12.0%)

*Data are expressed as medians (interquartile range).
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diagnosed with PCa; they were older, had great-
er PSA, suspicious DRE and peak flow rate (PFR),
but lower prostate volume (PVol), post-void residual
(PVR) and international prostate symptoms score
(IPSS) than those without cancer. Interestingly, high-
grade inflammation (Irani G 2-3) was significantly
more common in patients with benign prostate than
in those with PCa and the same applied to highly
aggressive inflammation (Irani A 2-3).

In view of this, we looked at the correlation between
Irani scores and BPO-related parameters (Tab. Il). In-
terestingly, patients with high-grade inflammation (Irani
G2-3) had greater PSA, PVol, PVR and IPSS but lower
PFR than those with low-grade inflammation; thus a
strict correlation with BPO-related parameters. Con-
versely, highly-aggressive inflammation was associated
only with PVol (Tab. IIl).

Finally, there was no correlation between Irani scores
and GGG in patients with PCa.

DISCUSSION

The present study pointed out that high-grade inflam-
mation (Irani G 2-3) was significantly more common
in patients with BPH than in those with PCa and the
same applied to highly-aggressive inflammation (Irani
A). A novel finding of our study was that inflammation
grade strictly correlated with BPO-related parameters.
Specifically, patients with high-grade inflammation had

greater PSA, PVol, PVR and IPSS but lower PFR than
those with low-grade inflammation.

Our findings are in agreement with those by Nickel et
al. "2 who evaluated the relationship between prostatic
inflammation, prostate volume and the degree of LUTS.
They evaluated 8224 men aged 50-75 years with
BPH undergoing prostate biopsy and included in the
REduction by DUtasteride of prostate Cancer Events
(REDUCE) trial. Prostatic inflammation, scored as none,
mild, moderate, or marked, was found in 77.6% of
patients. Patients with chronic inflammation had higher
prostate volumes than those without inflammation (46.5
vs 43.4 mL, respectively; p < 0.001) as well as higher
IPSS (8.8 vs 8.2, respectively; p < 0.001).

In a cohort study of 282 patients, Robert et al. *® found
a significant association among the degree of prostatic
inflammation, prostate volume, and urinary symptoms.
Specifically, mean prostate volume was 62 ml in pa-
tients with low-grade inflammation and 77 ml in those
with high-grade (p = 0.002); similarly, mean IPSS score
was 12 and 21 in low-grade and high-grade inflamma-
tion (p = 0.02), respectively.

The correlation between prostatic inflammation and
serum PSA levels has been highlighted by Irani et al. '
who concluded that the inflammatory aggressiveness
(Irani A), defined as rupture of the prostatic epithelium,
was the morphological-diagnostic parameter that cor-
relates most with the rise of the PSA. Accordingly, Song
et al. * showed that, in patients undergoing surgery for

Table Il. Association between Grade of inflammation (Irani G) and patients’ clinical and pathological features.

Irani GO-1 Irani G2-3 P-value

(n = 785) (n = 393)
Age (y)* 66.0 (60.0, 72.0) 67.0 (62.0, 72.0) 0.073
PSA (ng/mL)* 6.01 (4.60, 9.03) 6.59 (4.81, 9.60) 0.027
Prostate volume (mL)* 50.00 (37.00, 68.00) 57.00 (42.00, 78.00) <0.0001
PFR (mL/s)* 13.00 (9.00, 18.00) 12.00 (9.00, 15.70) 0.002
PVR (mL)* 20.00 (1.00, 50.00) 30.00 (1.00, 57.50) 0.003
IPSS* 9.5 (5.0, 16.0) 11.0 (6.0,17.0) 0.032

*Data are expressed as medians (interquartile range).

Table lIl. Association between aggressiveness of inflammation (Irani A) and patients’ clinical and pathological features.

Irani AO-1 Irani A2-3 P-value

(n = 968) (n=210)
Age (y)* 66 (61,72) 66 (61, 72) 0.6
PSA (ng/mL)* 6.20 (4.68, 9.06) 6.70 (4.80, 10.00) 0.2
Prostate volume (mL)* 52.00 (38.00, 70.00) 57.00 (41.00, 77.00) 0.009
PFR (mL/s)* 12.50 (9.00, 17.00) 13.00 (9.20, 17.00) 0.9
PVR (mL)* 30.00 (1.00, 50.00) 20.00 (1.00, 50.00) 0.3
IPSS* 10 (5, 16) 10 (5,17) 0.9

*Data are expressed as medians (interquartile range).
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BPH, the aggressiveness of inflammatory infiltration was
a significant contributor to elevated PSA levels. Thus,
patients with BPH with high levels of serum PSA might
be considered at higher risk of harbouring chronic in-
flammation. In clinical practice this leads many patients
with BPH and prostatic inflammation to undergo PBx
because of increased serum PSA levels. Indeed, we
demonstrated %7 that BPO-related parameters were
independent predictors of the risk of being diagnosed
with PCa; specifically, the more the BPO the less the
risk of being diagnosed with PCa. Based on these find-
ings, we developed a novel BPO-related parameters
nomogram '8 that may help reducing the number of
unnecessary PBxs, thus exposing patient to the risk of
overdiagnosis and consequent overtreatment.

Another front of research is assessing the role of in-
flammation in conjunction with novel molecular mark-
ers 920, Recently, Pentraxin 3, a marker potentially
related to prostatic inflammation and immune-response
has been shown to significantly outperform PSA (AUC
0.92 vs 0.55) in predicting the risk of being diagnosed
with PCa ?'; these findings however await validation in a
large series of patients scheduled for first PBx.

Fuijita et al. 2 found that increased monocyte chemo-
tactic protein-1 (MCP-1) levels in prostatic secretions
correlated with prostate volume, and hypothesised
that MCP-1 and macrophages might play a role in
the development of prostatic inflammation and in the
pathogenesis of BPH. An in vitro study by Latil et al. %
elegantly reported that phytotherapeutic agents, such
as the hexanic lipidosterolic extract of Serenoa Repens,
inhibit MCP-1 expression by human prostate cells
blocking key steps of the inflammation process.

More controversial is the relationship between prostatic
inflammation and non-steroidal anti-inflammatory drugs
(NSAID). While previous studies 2425 pointed out a pro-
tective association between NSAID use and measures
of BPH, more recent ones 26?7 pointed out a close re-
lationship between NSAID usage and increase in BPH
risk and the probability of BPH progression to a stage
requiring surgical management.

In conclusion, prostatic inflammation correlates to
BPH more than to PCa, with BPO playing a key role.
If and how this clinical factor may impact on treatment
outcome, like smoke in bladder cancer 28, remains to
be determined. For sure, the role of inflammation and
therefore of modulators of the immune response, which
are opening new pathways in several urological can-
cers 2990, deserves attention.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

References

1

Sciarra A, Di Silverio F, Salciccia S, et al. Inflammation and
chronic prostatic diseases: evidence for a link? Eur Urol
2007;52:964-72.

Gandaglia G, Briganti A, Gontero P, et al. The role of
chronic prostatic inflammation in the pathogenesis and
progression of benign prostatic hyperplasia (BPH). BJU Int
2013;112:432-41.

De Marzo AM, Platz EA, Sutcliffe S, et al. Inflammation in
prostate carcinogenesis. Nat Rev Cancer 2007;7:256-69.
De Nunzio C, Kramer G, Marberger M, et al. The contro-
versial relationship between benign prostatic hyperplasia
and prostate cancer: the role of inflammation. Eur Urol
2011;60:106-17.

De Nunzio C, Presicce F, Tubaro A, Inflammatory media-
tors in the development and progression of benign pros-
tatic hyperplasia. Nat Rev Urol 2016;13:613-26.

Cormio L, Lorusso F, Selvaggio O, et al. Noninfiltrative
anesthesia for transrectal prostate biopsy: a randomized
prospective study comparing lidocaine-prilocaine cream
and lidocaine-ketorolac gel. Urol Oncol 2013;31:68-73.
Cormio L, Pagliarulo V, Lorusso F, et al. Combined peri-
anal-intrarectal (Pl) lidocaine-prilocaine (LP) cream and
lidocaine-ketorolac gel provide better pain relief than com-
bined Pl LP cream and periprostatic nerve block during
transrectal prostate biopsy. BJU Int 2012;109:1776-80.
Cormio L, Scattoni V, Lorusso F, et al. Prostate cancer de-
tection rates in different biopsy schemes. Which cores for
which patients? World J Urol 2014;32:341-6.
Sanguedolce F, Cormio A, Musci G, et al. Typing the atypi-
cal: diagnostic issues and predictive markers in suspicious
prostate lesions. Crit Rev Clin Lab Sci 2017;22:1-17.
Pompe RS, Davis-Bondarenko H, Zaffuto E, et al. Popu-
lation-based validation of the 2014 ISUP Gleason Grade
Groups in patients treated with radical prostatectomy,
brachytherapy, external beam radiation, or no local treat-
ment. Prostate 2017;77:686-93.

Irani J, Levillain P, Goujon JM, et al. Inflammation in benign
prostatic hyperplasia: correlation with prostate specific
antigen value. J Urol 1997;157:1301-3.

Nickel JC, Roehrborn CG, O’Leary MP, et al. The relation-
ship between prostate inflammation and lower urinary tract
symptoms: examination of baseline data from the REDUCE
trial. Eur Urol 2008;54:1379-84.

Robert G, Descazeaud A, Nicolaiew N, et al. Inflammation
in benign prostatic hyperplasia: a 282 patients’ immu-
nohistochemical analysis. Prostate 2009;69:1774-80.
Song L, Zhu Y, Han P, et al. A retrospective study: cor-
relation of histologic inflammation in biopsy specimens
of Chinese men undergoing surgery for benign prostatic
hyperplasia with serum prostate-specific antigen. Urology
2011;77:688-92.

Cormio L, Lucarelli G, Netti GS, et al. Post-void residual
urinary volume is an independent predictor of biopsy re-
sults in men at risk for prostate cancer. Anticancer Res
2015;35:2175-82.



182

U. Falagario et al.

20

21

22

23

Cormio L, Lucarelli G, Selvaggio O, et al. Absence of
bladder outlet obstruction is an independent risk factor for
prostate cancer in men undergoing prostate biopsy. Med-
icine 2016;95:2551-6.

Cicione A, Cormio L, Cantiello F, et al. Presence and sever-
ity of lower urinary tract symptoms are inversely correlated
with the risk of prostate cancer on prostate biopsy. Miner-
va Urol Nefrol 2017;69:486-92.

Cormio L, Cindolo L, Troiano F, et al. Development and inter-
nal validation of novel nomograms based on benign prostatic
obstruction-related parameters to predict the risk of prostate
cancer at first prostate biopsy. Front Oncol 2018;8:438.
Sanguedolce F, Cormio A, Brunelli M, et al. Urine TMPRSS2:
ERG fusion transcript as a biomarker for prostate cancer:
literature review. Clin Genitourin Cancer 2016;14:117-21.
Falzarano SM, Ferro M, Bollito E, et al. Novel biomarkers
and genomic tests in prostate cancer: a critical analysis.
Minerva Urol Nefrol 2015; 67:211-31.

Stallone G, Cormio L, Netti GS, et al. Pentraxin 3: a novel
biomarker for predicting progression from prostatic inflam-
mation to prostate cancer. Cancer Res 2014;74:4230-8.
Fujita K, Ewing CM, Getzenberg RH, et al. Monocyte
chemotactic protein-1 (MCP-1/CCL2) is associated with
prostatic growth dysregulation and benign prostatic hyper-
plasia. Prostate 2010;70:473-81.

Latil A, Libon C, Templier M, et al. Hexanic lipidosterolic
extract of Serenoa repens inhibits the expression of two
key inflammatory mediators, MCP-1/CCL2 and VCAM-1,
in vitro. BJU Int 2012;110:301-7.

24

25

26

27

28

29

30

St Sauver JL, Jacobson DJ, McGree ME, et al. Protective
association between nonsteroidal antiinlammatory drug
use and measures of benign prostatic hyperplasia. Am J
Epidemiol 2006;164:760-8.

Schenk JM, Calip GS, Tangen CM, et al. Indications for
and use of nonsteroidal antiinflammatory drugs and the
risk of incident, symptomatic benign prostatic hyperplasia:
results from the prostate cancer prevention trial. Am J Ep-
idemiol 2012;176:156-63.

Sutcliffe S, Grubb RL, Platz EA, et al. Non-steroidal an-
ti-inflammatory drug use and the risk of benign prostatic
hyperplasia-related outcomes and nocturia in the prostate,
lung, colorectal, and ovarian cancer screening trial. BJU Int
2012;110:1050-9.

Nygard LH, Talala K, Taari K, et al. The effect of non-ste-
roidal anti-inflammatory drugs on risk of benign prostatic
hyperplasia. The Prostate 2017;77:1029-35.

Serretta V, Altieri V, Morgia G, et al. Cigarette smoking status
at diagnosis and recurrence in intermediate-risk non muscle
invasive bladder carcinoma. Urology 2013;81:277-81.
Caratozzolo MF, Valletti A, Gigante M, et al. TRIM8 an-
ti-proliferative action against chemo-resistant renal cell
carcinoma. Oncotarget 2014;5:7446-57.

Gigante M, Pontrelli P, Herr W, et al. miR-29b and miR-
198 overexpression in CD8+ T cells of renal cell carcinoma
patients down-modulates JAK3 and MCL-1 leading to
immune dysfunction. J Transl Med 2016;14:84-9.



