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Abstract
Background: The prognostic importance of Perineural Invasion (PNI) in prostate cancer has been under continuous debate. The main goal of this article is to 
evaluate if the presence of perinerual invasion in a prostate biopsy (bPNI) or in the radical prostatectomy specimen (pPNI) would be as useful as the classic 
prognostic markers to improve the classification of patients with localized prostate cancer in prognostic groups.

Methods: Retrospective analysis of patients who had undergone radical prostatectomy (June 2004 - December 2015). We excluded patients with a lack of clinical 
data and those had undergone neoadjuvant or adjuvant treatment. We analyzed the relationship of classical prognostic factors with the presence of bPNI and 
pPNI, as well as their relationship with Biochemical Failure (BF). 

Results: Among 531 patients, 429 met the inclusion criteria. An association between positive bPNI (15% and 2%) and the presence of greater risk of extraprostatic 
extension in the radical prostatectomy specimen (p=0.007) was observed. The positive pPNI (49%) correlated with the Gleason score for the surgical specimen 
(p=0.002) and with the presence of positive surgical margins (p=0.006). However, neither bPNI nor pPNI were related to risk for biochemical relapse when 
correlated with biochemical relapse-free survival at 5years and 10 years.

Conclusion: The presence of bPNI in the biopsy sample may be an independent factor for the presence of extraprostatic extension after radical surgery. Its role as 
an independent prognostic factor for biochemical relapse, the same as with the pPNI, was not verified in our series.
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Introduction
An important determinant of tumor aggressiveness is the ability 

to break the basal membranes and extend outside the organ of origin. 
The classic paradigm of tumor metastasis is the spread of the tumor 
through blood vessels and lymphatic channels. On the other hand, the 
path of neural invasion by neoplastic cells, which is well recognized in 
different tumor lines such as pancreatic cancer and cancer of the head 
and neck, has a more uncertain role in the case of prostate cancer [1].

The nerve microenvironment is a rich network of cells whose role 
is to support the surrounding neuronal cells. The main cells that are 
found in the interior and adjacent to the peripheral nerves are Schwann 
cells, macrophages and fibroblasts. There is increasing evidence that 
these support cells interact with the cancer and promote its invasion 

and spread along the nerves. Recently, molecular determinants of 
perineural invasion have been identified, such as neurotrophins (a 
family of proteins that regulate the growth and development of axons, 
as well as the maintenance of mature neurons), and chemokines (a 
family of signaling proteins, with the ability to induce chemotaxis in 
nearby sensitive cells) [1,2].

Prostate cancer has been recognized as a tumor prone to invasion 
and growth along the periprostatic nerves, hence the interest in 
the importance of PNI in tumor pathology with a wide range of 
aggressiveness. In 1993, Bastacky et al. [3] described for the first 
time the association between the presence of perineural invasion in 
prostate biopsy with a greater incidence of extraprostatic extension 
in the study of the radical prostatectomy specimen. Then in 1994, 
Ravery et al. [4] corroborate in their series, the relationship between 
the presence of PNI in the prostate biopsy and a greater incidence of 
extraprostatic extension in the piece of radical prostatectomy, as well 
as, an increased risk of biochemical progression. Since then, different 
studies have been published that evaluate the impact of PNI on the 
long-term oncological results of prostate cancer. Among them, some 
show an association between PNI (both of the biopsy and the piece 
of radical prostatectomy) with a higher incidence of BF [5,6], while 
other authors found no association between the variables described 
[7,8]. Thus, despite the biological plausibility of PNI being a potential 
determinant of the behavior of prostate tumors, the association 
between PNI and progression of prostate cancer in patients with 
localized stage undergoing radical prostatectomy remains a 
controversial issue now a days.
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To study the relation of the perineural invasion in the sample of 
transrectal biopsy of the prostate and in the in radical prostatectomy 
specimens with the classical prognostic factors, as well as, its efficiency 
as a prognostic factor of Biochemical Failure (BF).

Material and Methods
Patients

Patients diagnosed with prostate cancer and undergoing radical 
prostatectomy between June 2004 and December 2015 in a single 
center have been retrospectively analyzed. As inclusion criteria for 
the study, it was considered an adequate clinical diagnosis with digital 
rectal examination, PSA and transrectal ultrasound, no previous 
neoadjuvant or adjuvant treatment, and the diagnostic biopsy of 
prostate cancer been performed in our center. Patients whose biopsies 
came from a private center or from another public center were 
excluded if they had not been reviewed in our hospital. 

Prostate biopsies were performed under local anesthesia or under 
sedation. The number of cylinders extracted more frequently was 6 
or 12 samples, each one duly documented with its zonal distribution.

For the collection of data on the PNI of the samples, both of 
the biopsies and of the piece of prostatectomy, in cases in which the 
presence or absence of PNI was not described, it was considered the 
absence of perineural invasion.

After an adequate clinical staging by digital rectal examination, 
PSA and histological diagnosis, patients were classified according to 
D'Amico clinical risk groups and underwent open or laparoscopic 
radical prostatectomy.

The follow-up after radical prostatectomy was carried out with 
the measurement of the PSA level, with a first determination among 
the first 6 months after surgery, then every six months until the third 
year of follow-up and annually thereafter. Biochemical relapse was 
considered when two progressive increases of PSA levels above 0.2 
ng/ml ocurred.

Statistical analysis
The degree of concordance between bPNI and pPNI was 

analyzed by kappa analysis. Through the χ2 test, we performed the 
relationship between bPNI and pPNI among the different classical 
prognostic variables. For the multivariate analysis, a Cox Regression 
was performed to estimate the relative importance of the different 
prognostic factors in predicting the risk of BF. To assess the actuarial 
survival free of BF according to the perineural affectation, Kaplan-
Meier and log-rank test were used. Statistical significance was 
considered with P<0.05.

Results
Between June 2004 and December 2015, 531 radical 

prostatectomies were performed with a diagnosis of prostate cancer in 
our center, 429 patients met the inclusion criteria. Perineural invasion 
was found in 65 patients (15.2%) in the prostate biopsy and in 210 
patients (49.0%) in the radical prostatectomy specimen. We observed 
in the distribution of bPNI between classical clinical and pathological 
variables, on the one hand, that the presence of bPNI was associated 
with a greater frequency of extraprostatic extension in pathological 
staging (p=0.007) and on the other hand that pPNI was associated 
with the Gleason score (p=0.002) and with the surgical margins 
(p=0.006) (Table 1). With a median follow-up of 85 months (13 
months to 153 months), among the 429 patients, there were a total of 
102 (23.8%) cases of FB. We can see the absence of direct relationship 

Table 1: Univariable analysis of prognostic factors for BF in a bIPN and pIPN 
cohort.

bIPN: Perineural Invasión at Biopsy; pIPN: Pathological Perineural Invasion

Variable bIPN p bIPN p
Negative Positive   Negative Positive  

Age, me +/- 
SD 61,18 (5,92) 61,29 (6,07) 0,884 61,31 (6,14) 61,23 (5,71 0,880

PSA     0,166     0,662
<10 282 (77,5) 51 (78,5)   188 (77,7) 187 (78,9)  
10-20 77 (21,2) 11 (16,9)   51 (21,1) 45 (19,0)  
>20 5 (1,4) 3 (4,6)   3 (1,2) 5 (2,1)  
Pathological 
stage     0,007     0,124

pT2 253 (69,5) 34 (52,3)   154 (70,3) 133 (63,3)  
pT3 111 (30,5) 31 (47,7)   65 (29,7) 77 (36,7)  
Pathological 
G l e a s o n 
score

    0,206     0,002

≤ 6 161 (44,2) 20 (30,8)   107 (48,9) 74 (35,2)  
7 (3+4) 155 (42,6) 36 (55,4)   78 (35,6) 113 (53,8)  
7 (4+3) 35 (9,6) 6 (9,2)   24 (11) 17 (8,1)  
≥ 8 13 (3,6) 3 (4,6)   10 (4,6) 6 (2,9)  
S u r g i c a l 
margin     0,088     0,006

Negative 133 (36,5) 31 (47,7)   149 (68,0) 116 (55,2)  
Positive 231 (63,5) 34 (52,3)   70 (32,0) 94 (44,8)  

Table 2: Multivariate analyses of clinical factors associated with disease control.

PSA: Prostate-Specific Antigen; HR Hazard Ratio; CI: Confidence Interval; 
bPNI: Perineural Invasión at Biopsy

Variable BF
HR (IC 95%) p

Age 0,989 0,950-1,029 0,575
PSA      
<10 1.000   ref
10-20 2218 1,310-3,754  0,003
>20 2193 0,480-10,008 0,311
Clinical stage      
T1c-T2a 1.000   ref
T2b 1332 0,760-2,336 0,317
≥ T2c 1115 0,518-2,398 0,780
Gleason score at biopsy      
≤ 6 1.000   ref
7 (3+4) 2313 1,312-4,080 0,004
7 (4+3) 2429 1,138-5,182 0,022
≥ 8 3776 0,870-16,401 0,076
bPNI 0,687 0,343-1,376  0,289

Figure 1: Kaplan-Meier BF-free survival curves stratified by bPNI on 
univariable analysis.

in the Kaplan Meier between the BF and the bPNI (p=0.840) 
(Figure 1) as well as with the pPNI (p=0.613) (Figure 2). We performed 
a multivariate analysis between BF and classic clinical factors by 
adding bPNI (Table 2), confirming the absence of significance of bPNI 
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in the Kaplan Meier between the BF and the bPNI (p=0.840) (Figure 
1) as well as with the pPNI (p=0.613) (Figure 2). We performed a 
multivariate analysis between BF and classic clinical factors by adding 
bPNI (Table 2), confirming the absence of significance of bPNI 
(p=0.295) as an independent prognostic factor of BF. In the same 
way, a multivariate analysis was carried out between the BF and the 
classical pathological prognostic factors extracted from the analysis of 
the radical prostatectomy specimen, in addition with the pPNI. In this 
analysis, pPNI was not considered an independent prognostic factor 
of BF (p=0.613) (Table 3).

in the published series ranges from 7% to 72% [4,10], being the most 
frequent finding digits of around 20% [7,11,12]. In our case of 429 
patients, 15.2% had a positive bPNI. Regarding the frequency of PNI 
in the piece of radical prostatectomy, in the published studies they 
present even more variability with numbers ranging from 12% to 
90%, being in our series of 49.5% [13,14].

To elucidate about the pathogenesis of PNI, there are several 
studies carried out on cultures with human prostate cancer cell lines 
with different degrees of aggressiveness, concluding that there is the 
presence of a mutual tropism and a paracrine interaction between 
neurons and prostatic tumoral cells, which provide the nerves with 
a prosperous environment for tumor growth, and that the interaction 
between both generates beneficial effects on the growth of both the 
nerves and the tumor [15].

In the clinical field, in prostate cancer we can find several studies 
that correlate the perineural invasion, both in the prostate biopsy and 
in the histological study of the radical prostatectomy specimen, with 
the classic clinical and anatomopathological prognostic variables. 
In this way, there are those who associate bPNI with a higher rate 
of positive surgical margins [16,17], with a greater incidence of 
extraprostatic extension [18], or with a higher risk of BF [5,19]. In 2014 
Mathhew et al. [20] demonstrated the association of both bPNI, Ki-67 
expression and Gleason score of the biopsy with increased risk of local 
and systemic progression, as well as worse cancer-specific survival. 
On the other hand, other studies did not find a relationship between 
the presence of bPNI and worse anatomopathological findings or 
long-term oncological results [7,21]. In our study, we observed 
a relationship between bPNI and the presence of extraprostatic 
extension (p=0.002) and close to significance in relation to surgical 
margins (p=0.088), without subsequently linking the bPNI with an 
increased risk of BF (p=0.840). 

The relationship between pPNI and the risk of BF in patients with 
localized prostate cancer presents a lower number of published studies 
with respect to its homonym in the biopsy, but they coincide in the 
heterogeneity of the results. On the one hand, different authors have 
demonstrated the association between both described variables, such 
as the case of Ozcan et al. [6] who correlated the presence of pPNI 
with the pathological stage, the surgical margins and the pathologica 
Gleason grade, resulting in pPNI an independent prognostic factor of 
BF in the multivariate analysis (p=0.0003). In the same way, Jeon et al. 
[22] associated the presence of pPNI independently with the classic 
prognostic variables of the prostatectomy piece and later with the risk 
of BF (p=0.001). Andersen et al. [23] found that patients with pPNI 
had no association with BF, but it was associated with an increased 
risk of clinical relapse (p=0.012) together with the Gleason score 
(p=0.019) and positive surgical margins (p=0.002); in addition, both 
the pPNI and the Gleason score in radical prostatectomy specimens 
were associated with a higher specific cancer mortality.

On the other hand, Somford et al. [8] did not relate the presence 
of pPNI with a higher risk of BF in the multivariate analysis, as well 
as other studies with similar characteristics [14,24,25]. In our case, 
pPNI was associated with a worse degree of definitive Gleason score 
(p=0.003) and a higher risk of positive surgical margins (p=0.010). 
However, there was no relationship between the presence of pPNI and 
the risk of BF (p=0.519).

Among the limitations of this series we find first, the type of study 
design, a retrospective study with low level of scientific evidence and 

Figure 2: Kaplan–Meier BF-free survival curves stratified by pPNI on 
univariable analysis.

Table 3: Multivariate analyses of pathological factors associated with disease 
control.

Variables HR (IC 95%) p
Pathological 
stage pT2vs pT3 1637 0,994-2,694 0,053

RP Gleason 
score

≤ 6     ref
7 (3+4) 1202 0,759-2,238 0,337
7 (4+3) 2878 1,319-6,281 0,008

≥ 8 3599 1,174-11,029 0,025
Surgical 
margin Positive - negative 3139 1,911-5,155 <0,0001

pPNI Positive - negative 0,883 0,545-1,431 0,613

Discussion
Tumor dissemination, in addition to being carried out through 

classical routes (blood and lymphatic) can occur through tumoral 
perineural invasion, so that tumor cells invade both the epineurium 
(the outermost layer of a nerve that is made up of loose connective 
tissue cells) as the perineurium (dense connective tissue that 
surrounds a nervous beam), and can reach the endoneurium (loose 
connective tissue) associating intimately with Schwann cells and 
nerve axons [1,2].

Despite the high incidence of PNI in many types of tumors, such as 
head and neck, bladder, prostate, stomach, colon and rectum, etc., its 
true prognostic significance remains difficult to recognize. Pancreatic 
cancer is a reference in the study of perineural invasion due to its 
high incidence, being considered a histopathological hallmark in this 
entity. A meta-analysis published in 2017 concludes that the presence 
of neural invasion in pancreatic adenocarcinoma is an independent 
factor of disease-free survival, progression-free survival and overall 
survival [9].

In localized prostate cancer, the presence of PNI presents a wide 
variability in its incidence. In prostate biopsy, the incidence of PNI 
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with data deficit secondary to the a posteriori collection of them. 
Second, the high number of pathologists who evaluate the samples 
and the low rates of PNI detection both in the biopsy and in the piece 
of prostatectomy justifies the need to have a pathologist specialized in 
uro-oncology to bring our detection closer to the rates described in 
the most recent literature. 

In conclusion, in localized stage prostate cancer, the comparison 
between the different studies published to date on the importance 
of perineural invasion is complex given the heterogeneity of the 
them, so that both in the prostate biopsy at diagnosis as in radical 
prostatectomy specimens, the PNI continues to be a subject of much 
controversy without, in our case, being an independent prognostic 
factor of worse long-term oncological results.
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