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Can perineural invasion detected 
in prostate needle biopsy specimens predict 
surgical margin positivity in D’Amico low risk patients?
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Objectives: In this study, our aim was to
estimate the value of perineural invasion

(PNI) in prostate needle biopsy (PNB) specimens in the predic-
tion of surgical margin positivity (SMP) and its prognostic sig-
nificance (upgrade Gleason Score) in patients who had under-
gone radical retropubic prostatectomy (RRP) with low risk
prostate cancer according to D’Amico risk assessment.
Materials and Methods: We retrospectively analyzed the data
of 65 patients who were diagnosed as clinical stage T1c
prostate cancer (PC) and underwent RRP between January
2010 and June 2013. Pathological specimens of PNB and RRP
were separately examined for the parameters of PNI, vascular
invasion (VI), Gleason Score (GS) and SMP. 
Results: The patients’ mean age was 63.65 ± 4.93 (range 47-
75) years. PNI in PNB specimens were identified in 12 of 65
patients and 11 of 12 patients showed SMP on RRP specimens.
While 53 of 65 patients had not PNI on PNB, only 11 of them
demonstrated SMP on RRP specimens. SMP was 30.64-fold
more frequently encountered in PNB specimens obtained from
PNI-positive patients relative to PNI-negative patients. In our
study, PNI detected in PNB specimens was statistically signifi-
cantly associated with SMP on RRP specimens (P = 0.0001).
Conclusion: It is well known that higher PSA values and GS
were independent predictors of SMP in clinically localized
prostate cancer (CLPC). We think that PNI in PNB specimens
may be a useful prognostic factor for predicting SMP in cases
with CLPC. 
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(RRP) specimens is an important marker in the prediction
of locally advanced tumor or those with metastatic poten-
tial. Besides, tumor stage detected in PNB and RRP spec-
imens is expected to be same. In patients with T1/T2
prostate cancer treated with RRP, biochemical recurrence-
free rates were reported as nearly 80 and 60% within 5
and 10 years of follow-up, respectively (1). Post-RRP
recurrence has been most frequently reported within the
first postoperative year, which is possibly associated with
clinical understaging of the tumors (2). Although a con-
sensus exists proposing surgical margin positivity (SMP)
as a prognostic marker, which significantly increases the
probability of treatment failure, a standard treatment
method specified for these patients is lacking. Besides it is
apparent that clinical progression is not observed in all
patients (3). PSA levels, Gleason scores (GS), pathological
stage, prostate volume (in various studies prostate volume
less than 40 gr has been considered as a risk factor for
prostate cancer), body mass index (BMI), tumor volume
occupying more than 10 % of the prostate, capsular and
perineural invasion (PNI) have been defined as basic risk
factors for predicting SMP (4). In this study, our aim was
to estimate the value of PNI in PNB specimens in the pre-
diction of SMP and prognostic significance (upgrade GS)
in patients who had undergone RRP with low risk PC
according to D’Amico risk assessment.

MATERIAL AND METHODS
We retrospectively analyzed data of 65 patients who
were diagnosed as clinical stage T1c PC and underwent
RRP between January 2010 and June 2013. All patients
underwent 12 quadrant prostate biopsies. Patients, who
were diagnosed as low risk PC according to the D’Amico
classification, were included in the study. Pathological
specimens of PNB and RRP were separately examined for
the parameters of PNI, vascular invasion (VI), GS and
SMP. All specimens were prospectively processed accord-
ing to the Stanford protocol (3 mm).

Statistical analysis
For statistical evaluation of study data, IBM SPSS Statistics
22 program was used. Compliance with the normal distri-
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INTRODUCTION
Prostate cancer (PC) is one of the most frequently seen
fatal malignancies. Detection of the disease at an early
stage can ensure complete cure, however uncertainties
about actual clinical stage and preoperative prognosis are
still prevalent. PC is diagnosed and staged based on
histopathological examination of prostate needle biopsy
(PNB) specimens or tissue samples obtained from
transurethral prostatic resection (TUR-P). Stage of the
tumor contained in the radical retropubic prostatectomy

Haki-Yuksel2_Stesura Seveso  01/07/16  12:09  Pagina 89



Archivio Italiano di Urologia e Andrologia 2016; 88, 2

O. Haki Yuksel, A. Urkmez, A. Verit

90

bution of parameters was evaluated by Shapiro- Wilks test.
In the evaluation of study data, descriptive statistical
methods (means, standard deviation, median, frequencies,
ratio and minimum, maximum) were used. For the com-
parison of quantitative data and pairwise intergroup com-
parisons of variables without normal distribution Mann-
Whitney U test was used. In addition to descriptive statis-
tical methods (means, standard deviation, frequency) for
the comparison of qualitative data Fisher’s Exact test, chi-
square test and Mc Nemar test were used. Statistical sig-
nificance was evaluated at p < 0.01, and p < 0.05. 

RESULTS
Patients’ mean age was 63.65 ± 4.93 (range 47-75) years.
Patients’ PSA values and prostate volumes ranged respec-
tively between 4-10 ng/ml (7.35 ± 1.96) and 18-120 ml
(mean: 45,29 ± 18,97 ml). Mean preoperative and post-
operative GS of the patients were 5.80 ± 0.4 (range: 5-6)
and 6.27 ± 0.80 (range: 5-9), respectively (Table 1). 
Increase in postoperative GS of the patients was seen in
23 (35.4%) cases. A statistically significant difference did
not exist between incidence rates of increased Gleason
scores and presence of preoperative PNI (p > 0.05).
Increases in Gleason scores were detected in 38.5, and
34.6% of the cases with and without preoperative per-
ineural invasion, respectively (Table 2). 
Preoperatively PNI was detected in 16.9% (n = 11) of
25 (38.5%) cases who postoperatively revealed surgical
margin positivity, while the remaining cases demonstrat-
ed surgical margin negativity. Therefore sensitivity
(44.00%), specificity (97.50%), accuracy (91.67%), posi-
tive (73.58%) and negative (76.92%) cut-off values of the
test were determined as indicated within respective
parentheses. SMP was 30.64-fold more frequently
encountered in PNB specimens obtained from PNI-posi-
tive patients relative to PNI-negative patients [OR: 30.643
(95% CI: 3.619-259.473)] (Table 3). 

DISCUSSION
In a long-term multiple center study, SMP following RRP
has been demonstrated in 10-38% of the cases (5). Our
estimate (38.5%) appears to be above upper limit of PSM
incidence reported in the literature. None of the nomo-
grams predictive of surgical margin have been validated
up to now. In a recent study, one of the most important
parameters predicting SMP have been indicated as angi-
olymphatic invasion and GS (6). Efforts aiming at devel-
opment of an ideal algorithm encompassing preoperative
clinical criteria and biopsy results so as to predict SMP
are still continuing. Although some authors have assert-
ed that the detection of PNI in needle biopsy specimens
might increase risk of extra- prostatic extension, this
issue is still debatable. In their systematic review,
Harnden et al. (7) investigated the importance of the
detection of PNI in cases with postoperative and post-
radiotherapeutic recurrences and demonstrated its sig-
nificant prognostic value, especially in patient subgroups
defined based on serum PSA levels and GS. They also
indicated that patients whose biopsy specimens had evi-
dence of PNI were not suitable for watchful waiting and

they required early therapeutic intervention. In more
than 67 % of the studies where external radiotherapy
was applied (excluded brachytherapy) prognostic value
of PNI has been demonstrated. 
In the year 2007, Passavanti et al. detected 53% PNI pos-
itivity in RRP specimens of 94 patients, and demon-
strated PNI positivity in PNB samples of only 45% of
these cases. In our study, we observed PNI-positivity in
18.5% (n = 12) of biopsies, but 56.9% (n = 37) of radi-
cal prostatectomy specimens. Passavanti et al. analyzed
patients with serum PSA levels between 4 and 20 ng/ml
in their study and confirmed the correlation between
PNI and higher GS as was also proved in our study. As

Min-max Mean ± SD
Age 47-75 63.65 ± 4.93
PSA (ng/ml) 4.00-10 7.35 ± 1,96
Prostate volume (ml) 18-120 45,29 ± 18,97
Preop Gleason score 5-6 5.80 ± 0.4
Postop Gleason score 5-9 6.26 ± 0.80
Prostatic involvement (%) 0.30-50.00 13.35 ± 12.40

N %
Preop PNI 12 18.5
Postop PNI 37 56.9
Preop LVI 1 1.5
Postop LVI 17 26.2
VSI 5 7.7
Surgical margin positivity 25 38.5
PVol: Prostate volume; PNI: perineural invasion; LVI: lymphovascular invasion 
VSI: vesiculo-seminal invasion. 

Preop PNI
Yes No

n (%) n (%)
Surgical margin positivity 11 (91.6) 14 (26.4) 0.001**
Increase in Gleason score 5 (41.6) 18 (33.9) 1.000
Fisher’s Exact Test; **p < 0.01. 

Table 1. 
Distribution of characteristic features of the patients.

Table 2. 
Evaluation of surgical margin positivity and increases 
in Gleason scores relative to the preoperative presence 
of perineural invasion.

Surgical margin invasion
Present Absent Total

n % n % n %
Preop Yes 11 16.9 1 1.5 12 18.5
PNI No 14 21.5 39 60.0 53 81.5

Total 25 38.5 40 61.5 65 100

Table 3. 
Assessments of preoperative PNI based on the results 
of surgical margin invasion.
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a result of their study, Passavanti et al. revealed signifi-
cance of PNI-positivity detected in PNB specimens for
the treatment plan, while PNI positivity found in RRP
specimens was indicated to be meaningful for biological
behaviour and progression of the tumor (8). However in
our study, which took in consideration PSA interval
between 4-10 ng/ml, a statistical correlation between
PNI and GS upgrade was not detected. PNI in PNB was
considered as an important criterion in the decision-
making of active surveillance in several studies. Still, in
these studies, PNI was associated with higher tumor vol-
ume, which did not indicate a poor prognosis (9-11). In
an investigation performed by Walsh and Epstein in
1993, the authors reported that knowledge about the
presence and extent of PNI in needle biopsy specimens
might provide information about capsular penetration
and aid in the decision-making process for nerve-spar-
ing surgery (12). In another prognostic study, PNI was
found to be correlated independently with adverse
histopathological characteristics and worse survival out-
comes after RRP (13).
Since higher percentage of cases with extraprostatic
tumoral extension associated with PNI have been report-
ed in the literature, some authors have advocated routine
resection of neurovascular bundle at the PNI-positive
side so as to achieve an ipsilateral surgical margin nega-
tivity. However Cannon et al. conducted a multivariate
analysis on 425 patients in the year 2005 and reported
presence of a weak correlation between PNI-positivity
and SMP contrary to a significant correlation between
PNI-positivity and organ-confined disease. They indicat-
ed that though PNI-positivity highly predicts extracap-
sular extension, bilateral nerve-sparing surgery is not
required in these patients (14).
In a multivariate analysis of preoperative PSA levels, GS,
digital rectal examination, tumor volume and PNI, PNI
could predict extraprostatic invasion in nearly 10% of
the cases (15). However in another study, any correla-
tion between PNI and GS estimated based on
histopathological examination of RRP specimens,
extraprostatic extension, SMP, LVI and upgrading of the
tumor was not detected (16). In a study similar to ours,
PNI was indicated as an effective factor on SMP and PSA
recurrence during 5 years of follow-up in patients who
had undergone RRP with the indication of localized
prostate cancer (17). This study documents that long-
term prostate cancer outcomes are best estimated with a
combination of GS, detection of PNI and Ki-67 expres-
sion. Given its low cost, rapid assessment and strong
predictive power, we believe that combining presence of
Ki-67 expression, PNI and estimated GS based on
histopathological examination of biopsy specimens
should be considered as a standard by which all new
biomarkers must be compared with before introducing
them into clinical practice (18). 
We know the importance of estimated GS of PNB speci-
mens, preoperative PSA values and PNI in the prediction
of postoperative clinical course. Though we have
observed that higher PSA and GS predicted SMP at a
large extent, we have also seen SMP in patients with rel-
atively lower GS and PSA values independent of
histopathological characteristics of the surgical speci-

men. Uncertainties exist about criteria on which clini-
cians should base their therapeutic decisions. We think
that criteria of PNI detected in PNB specimens can
explain and predict this phenomenon. Similarly, as
described above, even though relevant data are debat-
able, it has been asserted that determinable characteristic
of PNI may predict SMP and even in some studies prog-
nostic value of PNI has been specified. We think that
questioning the place of PNI in the prediction of SMP is
the most accurate approach in patients categorized in the
lower risk group according to D’Amico classification, In
parallel with this assumption, in our study, we observed
that PNI detected in histopathological examination of the
biopsy specimens could predict SMP independent of PSA
and GS. Therefore, we conceive that inclusion of
histopathologically detected PNI in preoperative nomo-
grams should be debatable. 
The limitations of our study were that it was retrospec-
tive one with limited study group and had not a prog-
nostic predictive design. Prospective studies are needed
to have data on disease-free survival in patients with PNI
at biopsy who underwent to prostatectomy, and eventu-
ally understand if PNI can be a decisive factor in the
choice of not radical treatment for the prostate cancer
detected at biopsy.
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