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Abstract

Introduction: The ability of perineural invasion (PNI) in radical 
prostatectomy (RP) specimens to predict biochemical recurrence 
(BCR) is unclear. This study investigates this controversial question 
in a large cohort.
Methods: A retrospective analysis was undertaken of prospectively 
collected data from 1497 men who underwent RP (no neoadjuvant 
therapy) for clinically localized prostate cancer. The association of 
PNI at RP with other clinicopathological parameters was evaluated. 
The correlation of clinicopathological factors and BCR (defined as 
prostate-specific antigen [PSA] >0.2 ng/mL) was investigated with 
univariable and multivariable Cox regression analysis in 1159 men.
Results: PNI-positive patients were significantly more likely to have 
a higher RP Gleason score, pT3 disease, positive surgical margins, 
and greater cancer volume (p < 0.0005). The presence of PNI sig-
nificantly correlated with BCR on univariable (hazard ratio 2.30, 
95% confidence interval 1.50–3.55, p < 0.0005), but not multivari-
able analysis (p = 0.602). On multivariable Cox regression analysis 
the only independent prognostic factors were preoperative PSA, 
RP Gleason score, pT-stage, and positive surgical margin status. 
These findings are limited by a relatively short follow-up time and 
retrospective study design.
Conclusions: PNI at RP is not an independent predictor of BCR. 
Therefore, routine reporting of PNI is not indicated. Future research 
should be targeted at the biology of PNI to increase the understand-
ing of its role in prostate cancer progression.

Introduction 

One of the greatest challenges in the management of prostate 
cancer is distinguishing aggressive from indolent disease, 
thus determining which patients will relapse and require 
further management. 

Perineural invasion (PNI) is considered a major mecha-
nism of extraprostatic spread of prostate cancer.1 It is evident 

on histological examination of radical prostatectomy (RP) 
specimens in a significant proportion of cases.2,3 Theoretically 
the presence of PNI on RP specimens may correlate with risk 
of disease progression. However, the prognostic significance 
of this is controversial and evidence in this area has been 
derived from relatively small cohort studies.

The aim of this study was to evaluate the ability of PNI 
to predict biochemical recurrence (BCR) in a large cohort of 
men with clinically localized prostate cancer and to deter-
mine if routine pathological reporting is justified.

Methods 

Consecutive patients with localized prostate cancer, treated 
with RP between December 2005 and October 2012 were 
included in this study. Participants were retrospectively iden-
tified from our ethics approved institutional prostate cancer 
database. Those with no PNI data recorded and those who 
received neoadjuvant hormonal therapy were excluded.

Our prostate cancer database prospectively collects clini-
cal and pathological data for patients undergoing RP.  

The surgical specimen surface was inked, and the speci-
men was formalin fixed, paraffin embedded and processed 
in its entirety. The seminal vesicles were truncated at their 
base. After a 5 to 10-mm segment from the apical margin, 
the prostate was transversely sectioned perpendicular to the 
urethra at 4-mm intervals. Serial sections of the slices from 
the apical margins and the base were cut radially. Five-
micrometre sections were stained with hematoxylin and 
eosin. The histological analysis and reporting of our RP 
specimens were performed by expert uropathologists. PNI 
status recorded in our database was extracted from routine 
clinical RP histology reports and was defined as prostate 
cancer within the perineural space. It did not differentiate 
between intra- and extraprostatic PNI, nor was there quan-
tification of the extent of PNI.

Serum prostate-specific antigen (PSA) was measured 3, 
6, and 12 months, then yearly thereafter. Follow-up was 
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censored at the time of BCR, which for the purpose of this 
study was defined as a single PSA reading of ≥0.2 ng/mL 
or the commencement of salvage therapy (where treatment 
occurred prior to PSA reaching 0.2 ng/mL). 

The relationships between PNI and other clinicopatho-
logical factors were evaluated using Chi square statistic for 
categorical variables, and Mann-Whitney U test for non-
parametric continuous variables. Kolmogorov-Smirnov and 
Shapiro-Wilk tests were used to verify the distribution of 
continuous variables (i.e., PSA and cancer volume). Kaplan- 
Meier curves (with log-rank testing for significance) were used 
for univariable analysis of the relationship between clinico-
pathological variables (including PNI) and BCR-free survival. 
Multivariable Cox regression analysis was performed to iden-
tify independent predictors of BCR-free survival. All statistical 
analyses were performed using SPSS Statistics v17.0. 

Results 

Patient characteristics 

In total, 1497 patients were identified during the study 
period meeting our inclusion criteria. The median age of 
participants was 62. Most had pathological T2 stage (69.7%) 
disease and Gleason score 7 (77.8%). PNI was identified in 
the specimens of 1173 (78%) participants (Table 1). 

Follow-up data were available for 1159 patients, of these 
238 (20.5%) had PSA recurrence. The median time to recur-
rence was 8 months after RP and the median follow-up for 
patients who did not recur was 15 months.

Relationship between PNI and other clinicopathological parameters 

Chi square testing demonstrated that PNI positive patients 
were significantly more likely to have a higher RP Gleason 

score, pT3 disease and the presence of positive surgical 
margin. Similarly, patients with PNI had significantly greater 
cancer volume on Mann-Whitney U testing. No significant 
relationship was seen between age or preoperative PSA and 
PNI (Table 2).

Table 1. Patient characteristics

Baseline characteristics (n = 1497) Median (IQR)
Age (at operation) 62 (8.79)

Preoperative PSA

6.3 (3.8)

<10 (%) 1240 (82.8)

10–20 (%) 197 (13.2)

>20 (%) 60 (4)

Clinical T-stage

1 (%) 1009 (67.4)

2 (%) 448 (29.9)

3 (%) 37 (2.5)

RP pathology characteristics (n = 1497)

Gleason score 

≤6 191 (12.8)

=7 1164 (77.8)

≥8 142 (9.5)

pT-stage
T2 1042 (69.7)

T3 454 (30.3)

Perineural invasion (%) 1173 (78.4)

Extraprostatic extension (%) 448 (29.9)

Seminal vesicle invasion (%) 92 (6.1)

Positive surgical margin (%) 390 (26.1)

Cancer volume (cc), Median (IQR) 2.1 (3.2)

Follow-up (n = 1159)
PSA recurrence 238 (20.5)

Median (IQR) time to recurrence (months) 8 (22)

Median (IQR) follow up (months)
Overall 14 (24)

No recurrence 15 (24)
PSA: prostate-specific antigen; RP: radical prostatectomy; IQR: interquartile range.

Table 2. Association of PNI with other clinicopathological parameters

Variable N (%) PNI present (%) PNI absent (%) p value

Age
Median 62.05 61.84

0.341
IQR 8.94 8.05

Preoperative PSA
Median 6.35 6.1

0.225
IQR 3.9 3.9

Cancer volume
Median 2.60 0.70

<0.0005
IQR 3.3 1.7

RP Gleason score

≤ 6 191 (12.8) 70 (36.6) 121 (63.4)

<0.0005= 7 1164 (77.8) 972 (83.5) 192 (16.5)

≥ 8 142 (9.5) 131 (92.3) 11 (7.7)

pT-stage
T2 1042 (69.7) 746 (71.6) 296 (28.4)

<0.0005
T3 454 (30.3) 426 (93.8) 28 (6.2)

Positive surgical margin
- 1105 (73.9) 834 (75.5) 271 (24.5)

<0.0005
+ 390 (26.1) 337 (86.4) 53 (13.6)

PNI: perineural invasion; PSA: prostate-specific antigen; RP: radical prostatectomy; IQR: interquartile range.
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Predictors of biochemical recurrence 

All clinicopathological variables tested on univariable 
analysis, except age, were significantly associated with BCR 
(Fig. 1, Table 3). Of the PNI-negative patients, 9.7% had a 
BCR, compared to 23.3% of PNI-positive patients (hazard 
ratio 2.30, 95% confidence interval 1.50–3.55, p < 0.0005). 
On multivariable Cox regression analysis, PNI failed to retain 
significance (Table 3). Variables shown to be independent 
predictors of BCR were preoperative PSA, cancer volume, 
RP Gleason score, pT-stage, and surgical margin status.

Discussion 

Prediction of BCR in prostate cancer remains imprecise. 
More sensitive and specific markers of risk are needed. Many 
institutions routinely report PNI despite the uncertainty of 
its prognostic significance.

This study has clearly demonstrated that PNI is a common 
finding in RP specimens that does not provide any additional 

information for BCR risk prediction, beyond that of routine 
clinicopathological data. In this cohort, the presence of PNI 
was significantly related to RP Gleason score, pT-stage, posi-
tive surgical margin status, and cancer volume. In light of 
the close relationship between PNI and variables known to 
predict BCR, it is not surprising that many studies (including 
this one) have demonstrated that PNI is associated with BCR 
on univariable analysis. However, PNI was not shown to be 
an independent predictor of BCR in this cohort.

One of the strengths of this study is its size. It is the larg-
est study we are aware of that reports the ability of PNI (in 
RP) to predict BCR. Potential limitations of this study are its 
retrospective technique and its relatively short follow-up 
time (median 15 months). We recognize that the median 
follow-up was short, which reflected the tertiary nature of 
our practice, as well as shared care and/or early discharge of 
patients with their primary physician. Despite this however, 
over 20% of patients in the cohort experienced BCR. As 
histology reports were generated as a part of routine clini-
cal care, PNI was simply reported as present or absent; no 
quantification of PNI was provided. However, because this 
reflects the real clinical setting, results should be applicable 
to everyday practice.

As the pathogenesis of PNI is not well-understood, it is 
difficult to explain the findings of clinical studies in this area. 
PNI is a route of metastasis for many different types of cancer 
(particularly pancreatic, but also including head and neck, 
bladder, biliary and colorectal cancers).4 It was previously 
thought to be due to direct lymphatic spread into nerves, 
but this has subsequently been challenged, as lymphatic 
channels do not appear to penetrate the epineurium. Later, 
the nerve sheath was presumed to provide a low-resistance 
path for tumour spread.4,5 Most recently it has been discov-
ered that the process of PNI is not passive, but instead PNI 
occurs as a result of symbiotic interactions between nerves 
and malignant cells that result in co-stimulation of growth. 
The nerve microenvironment affords prostate cancer cells a 
survival advantage that is evident through reduced apoptotic 
activity and increased proliferation compared to prostate 

Fig. 1. Probability of biochemical recurrence-free survival stratified by 
perineural invasion status on univariable analysis.

Table 3. Association of clinicopathological factors and biochemical recurrence

Covariates Univariable survival analysis Multivariable Cox regression analysis

p value HR 95% CI p value
Age 0.203 1.00 0.98–1.02 0.990

Preoperative PSA <0.0005 1.02 1.01–1.03 0.002

Cancer volume <0.0005 1.03 1.00–1.06 0.034

RP Gleason score:
≤6 vs 7
≤6 vs ≥8

0.003
<0.0005

1.55
3.27

0.84–2.87
1.64–6.52

0.164
0.001

pT-stage (pT2, pT3) <0.0005 1.96 1.44–2.66 <0.0005

Perineural invasion <0.0005 1.14 0.71–1.83 0.602

Positive surgical margin <0.0005 1.88 1.40–2.50 <0.0005
PSA: prostate-specific antigen; RP: radical prostatectomy; HR: hazard ratio; CI: confidence interval.
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cancer cells in non-PNI sites.6 Further basic science research 
is needed to elucidate the biology of PNI to inform targeted 
clinical research. 

Our findings are consistent with most published litera-
ture in this area. Although a number of studies have found 
that PNI predicts BCR on univariable analysis,7-15 only two 
studies have reported PNI as a significant predictor on mul-
tivariable analysis.8,13 Both of these studies examined rela-
tively small cohorts of fewer than 250 participants. Contrary 
to most studies, Ramsden and colleagues16 reported that 
the presence of PNI predicted improved clinical outcome, 
which as the authors acknowledged, is counterintuitive. 

In our cohort PNI was identified in 78% of all patients. 
Previously reported rates of PNI in RP specimens vary 
between 32% and 99%.2,13 Differences in PNI rates may be 
attributable to dissimilar disease severity in study cohorts, 
or variation in the definition of PNI or method of analysis. 

Several studies have suggested that other measures of PNI 
may be more helpful than simply reporting its presence or 
absence. Of these, the only variables that were indepen-
dently associated with progression on multivariable analysis 
were number of extraprostatic nerves infiltrated (≥10)2 and 
PNI diameter.11

Other research has investigated PNI on prostate biopsy as 
a predictor of extraprostatic extension (EPE) at RP. A recent 
meta-analysis of 10 studies reported that a significantly 
higher incidence of EPE was seen in patients with PNI at 
needle biopsy.17 However, the authors acknowledge that the 
main limitation of their analysis was that it was not possible 
to perform a multivariable analysis. As such, they cannot 
conclude the presence of PNI on prostate biopsy alone can 
guide the urologist in clinical workup. 

Conclusion 

Routine reporting of presence or absence of PNI should be 
questioned, as we have no evidence that it directly informs 
clinical practice. Our results do not address the poten-
tial utility of more nuanced measures of PNI, such as PNI 
diameter or number of nerves infiltrated, to inform clinical 
decision-making. Although the pathological process of PNI 
may be significant to the progression of prostate cancer, 
further research is needed to understand its biology before 
clinical studies can be designed that utilize this information 
in a clinically meaningful way.
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