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Abstract: Controversy still existed regarding the role of perineural invasion (PNI) in prostate cancer. The present 
meta-analysis aimed to investigate the association between PNI and biochemical recurrence (BCR) of prostate can-
cer after local treatment. A systematic search of Medline, Embase and CENTRAL was performed for eligible studies. 
Pooled estimates of hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs) were acquired by 
using the generic inverse variance method. Subgroup analyses were performed by the method treating prostate 
cancer including radical prostatectomy (RP) and radiotherapy (RT) as well as the specimens which were acquired 
from RP and biopsy. A total of 12 studies incorporating 5188 patients were included in the meta-analysis. Overall, 
PNI was significantly associated with BCR (HR 1.59, 95% CI 1.37-1.84). Similarly, a significant correlation between 
PNI and BCR was also found in RP series (HR 1.51, 95% CI 1.25-1.83) and RT series (HR 1.70, 95% CI 1.35-2.13). 
PNI predicted BCR of prostate cancer in both RP (HR 1.51, 95% CI 1.23-1.85) and biopsy specimens (HR 1.68, 95% 
CI 1.36-2.09). PNI was demonstrated to be associated with higher risk for BCR of prostate cancer after local treat-
ment. Therefore, PNI should be considered when assessing the risk of BCR in prostate cancer, thereby to achieve 
the best treatment.
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Introduction

In the USA, prostate cancer is the most com-
monly diagnosed tumor in men, with 233000 
new cases and 29480 cancer-specific deaths 
estimated for year 2014 [1]. Radical prostatec-
tomy (RP) and radiation therapy (RT) are alter-
native standard treatment modalities for local-
ized prostate cancer [2], and both of them  
has shown excellent cancer-specific survival. 
However, 9.7%-38% of patients will experience 
biochemical recurrence (BCR) after local treat-
ment (RP or RT) [3-5], these patients with BCR 
often need salvage therapy. Previous studies 
demonstrated that pretreatment prostate-spe-
cific antigen (PSA) level, Gleason score, clinical 
T stage and extraprostatic extension (EPE) 
were independent predictors of BCR of pros-
tate cancer after treatment [6-8], therefore, 
these clinicopathological parameters had been 

routinely reported. Several studies reported 
that perineural invasion (PNI, defined as cancer 
tracking along or around a nerve within the peri-
neural space) was significantly associated with 
EPE [9, 10], and thus may be with BCR of pros-
tate cancer [11, 12]. According to the College of 
American Pathologists’ consensus statement 
[13], PNI is a potential prognostic factor in pros-
tate cancer, it seems to be considered when 
assessed the risk of BCR. PNI can be evaluated 
in biopsy specimen or RP specimen, and it is 
present in 17%-75% of prostate cancer patients 
[14-16]. Whether PNI is an independent predic-
tor of BCR of prostate cancer is still debatable 
[11, 12, 14-16]. Thus, the present meta-analy-
sis aimed to explore the association between 
PNI and BCR of prostate cancer, which could 
help to assess BCR risk of prostate cancer after 
local treatment and determining further benefi-
cial treatment.
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Two authors (P.X. and Y.M.) extracted data from 
eligible studies independently. The following 
characteristics were extracted: first author, 
year of publication, country, study design, pop-
ulation characteristics, the prevalence of BCR, 
definition of BCR, follow-up period, the rate of 
PNI, HRs with their corresponding 95% CIs and 
covariates in multivariate analyses. As all eligi-
ble studies were nonrandomized studies, the 
quality of these studies were assessed by using 
the Newcastle-Ottawa scale (ranged from 0 to 
9 stars) [17]. Any disagreement was resolved by 
discussion.

Data analyses

Cumulative effects of PNI were evaluated by 
using the generic inverse variance method. 
Between-study heterogeneity was estimated 
using both Cochran Q test and I2 statistics. If 
there was significant between-study heteroge-
neity (P<0.10 for Q test or I2 statistics >50%), a 
random-effects model was used to combine 
the data, otherwise a fixed-effects model would 
be chose [18]. Subgroup analyses were per-
formed according to primary treatment method 
for prostate cancer (RP versus RT) and speci-

Materials and methods

Search strategy

An electronic search of Medline, Embase and 
CENTRAL for all relevant studies was conduct-
ed, with the last search run on January 19, 
2015. The search terms were as follows: peri-
neural and (recurrence OR relapse OR PSA fail-
ure OR biochemical failure OR PSA progression 
OR biochemical progression) and (prostate 
cancer OR prostate carcinoma OR prostatic 
cancer OR prostatic carcinoma). Studies only in 
English language were included. 

Selection criteria

The inclusion criteria was as follows: studies 
that (a) reported the association of PNI with 
BCR of prostate cancer after treatment (e.g. RP 
or RT); (b) provided hazard ratios (HRs) from 
multivariate analyses using Cox proportional 
hazards regression model and their corre-
sponding 95% confidence intervals (CIs). Case 
reports, letters, reviews and conference 
abstracts and irrelevant studies were excluded. 
Studies including patients with metastatic 

prostate cancer were also 
excluded. For studies that 
reported results based on 
overlapping data, only the 
study with the largest sample 
size was included.

Study selection

All titles and abstracts of rele-
vant articles through databas-
es search were screened after 
duplicates removed; case 
reports, letters, review arti-
cles, conference abstracts, 
and irrelevant records were 
excluded. Then, we screened 
the full texts of these identi-
fied relevant articles and eval-
uated the eligibility of studies 
for inclusion. The references 
of included studies and rele-
vant reviews were also exam-
ined for additional relevant 
studies.

Data extraction and study 
quality assessment

Figure 1. The flow diagram of the study selection process.
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Table 1. The characteristics and quality assessment of eligible studies

Studies Country Treatment No. of 
patients 

Age, 
years

No. of BCR 
(%)

Median/
mean follow-

up, mo
Definition of BCR

No. of pa-
tients with 

PNI (%)

Specimens 
evaluated for 

PNI

Clinical 
stage Adjusted for Quality  

assessment

Jeon et al 
(2009) [18]

Korea RP 237 Median 
64.5

67 (28.3%) 21.8/- two consecutive PSA 
>0.2 ng/ml

100 (42.0%) RP specimens T1-3 2, 4, 7, 8, 
9, 10 

7

Kumano et al 
(2009) [19]

Japan RP 267 Mean 
68.3

30 (12.7%) 40/- PSA persistently 
>0.2 ng/ml

165 (61.8%) RP specimens T1-2 1, 2, 4, 6, 11, 
20, 21, 22

7

Loeb et al 
(2010) [20]

USA RP 1256 Mean 
56

57 (4.5%) -/34 PSA >0.2 ng/ml 188 (15%) Biopsy specimens T1-3 2, 3, 5, 23 8

Jung et al 
(2011) [21]

Korea RP 407 Mean 
63.2

45 (11.1%) 18.4/- two consecutive PSA 
>0.2 ng/ml

170 (41.8%) RP specimens T1-3 2, 4, 7, 8, 
9, 11

7

Tanaka et al 
(2011) [22]

Japan RP + 50.4%  
with neoadjuvant/ 
adjuvant therapy

468 Mean 
67.5

171 (36.5%) -/53 PSA ≥0.2 ng/ml 226 (48.3%) RP specimens T1-3 2, 4, 12 6

Somford et al 
(2012) [23]

The  
Netherlands

RP 249 Mean 
63.8

102 (41%) 40/- PSA ≥0.2 ng/ml - RP specimens pT2-3 2, 4, 6, 16 6

Andersen et al 
(2014) [24]

Norway RP 535 Median 
62

170 (31.8%) 89/- two consecutive PSA 
≥0.4 ng/ml

134 (25.0%) RP specimens pT2-3 2, 4, 6, 17, 18 7

Copp et al 
(2005) [25]

USA BT + ADT + EBRT 91 Median 
69.1

16 (17.6%) 45/- PSA nadir + 
≥2 ng/ml

17 (18.7%) Biopsy specimens T1-3 2, 3, 5, 12, 19 7

Yu et al  
(2011) [26]

USA EBRT + 67.4%  
with ADT

586 Mean 
68

161 (27.5%) 68/- PSA nadir + 
≥2 ng/ml

112 (19.1%) Biopsy specimens T1-4 2, 3, 5, 13, 14 7

Feng et al 
(2011) [27]

USA EBRT + 40%  
with ADT

651 Median 
69.4

- 62.2/- PSA nadir + 
2 ng/ml

220 (33.8%) Biopsy specimens T1-4 2, 5, 13 7

Bouchaert et 
al (2012) [28]

France EBRT 238 Median 
71

72 (30.3%) 48/- PSA nadir + 
2 ng/ml

57 (23.9%) Biopsy specimens T1-3 2, 3, 5, 24 7

Schreiber et al 
(2014) [29]

USA EBRT + 30.5% 
with ADT

203 Median 
70

33 (16.3%) 42/- PSA nadir +  
2 ng/ml, or  

salvage therapy

37 (18.2%) Biopsy specimens - 1, 2, 5, 13, 15 7

PSA: prostate-specific antigen. Adjusted for: 1, age; 2, pretreatment PSA level; 3, clinical stage; 4, pathological Gleason score; 5, biopsy Gleason score; 6, pathological stage; 7, extraprostatic extension; 8, seminal vesicle invasion; 9, surgical 
margin status; 10, lymphovascular invasion; 11, lymph node invasion; 12, percent of positive biopsy cores; 13, androgen deprivation therapy; 14, radiation dose; 15, race; 16, number of positive surgical margin; 17, apical positive surgical 
margin; 18, non-apical positive surgical margin; 19, high risk group; 20, capsular incision; 21, microvenous invasion; 22, surgical procedure; 23, nerve-sparing technique; 24, DNA protein kinase, catalytic subunits. pT: Pathological stage.
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mens evaluated for PNI (RP specimens versus 
biopsy specimens). The potential publication 
bias was assessed the visual inspection of 
symmetry of the funnel plot. We performed 
sensitivity analysis by removing the study with 
the largest weight and subsequently pooling 
the remaining studies. This meta-analysis was 
conducted and reported according to the 
Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) guide-
lines [19]. All statistical analyses were per-
formed with RevMan 5.3 software and two-sid-
ed P values of 0.05 were considered statisti-
cally significant.

Result

Characteristics of eligible studies

A total of 12 studies [20-31] recruiting 5188 
patients were included in our meta-analysis. 
The flow chart of selection process was showed 
in Figure 1. Only 1 study was prospective cohort 
[22], the others were retrospective studies. 
Besides, 7 studies primarily treated with RP 
[20-26], 4 studies primarily treated with exter-
nal beam radiotherapy (EBRT) [28-31], while 1 
study is focused on trimodality therapy-andro-
gen deprivation (ADT) + EBRT + brachytherapy 
(BT) [27]. Moreover, one study based on RP 
series reported that 50.4% of the patients 
received neoadjuvant and/or adjuvant therapy 
[24]. Three studies in which patients were pri-
marily treated with EBRT reported that 30.5%-
67.4% of patients received ADT [28, 29, 31]. 
There were 6 studies that evaluated the pres-
ence of PNI in RP specimens [20, 21, 23-26], 

while 6 studies evaluated it in biopsy speci-
mens [22, 28-31]. The incidence of BCR after 
local treatment ranged from 4.5% to 41.0%, 
while the percentage of positive PNI ranged 
from 15.0% to 61.8% in our study. All included 
studies were adjusted for various covariates, 
such as pretreatment PSA level, clinical stage, 
and Gleason score. Characteristics and quality 
assessments of included studies were listed in 
Table 1.

Data synthesis and subgroup analysis

Overall, PNI was associated with 1.6-fold high-
er risk of BCR of prostate cancer after local 
treatment (HR 1.59, 95% CI: 1.37-1.84; P<0.01, 
I2 = 0%, Figure 2). Subgroup analyses according 
to primary treatment modality and specimen in 
which PNI was evaluated were performed. A 
significant correlation between PNI and BCR 
was noted in RP (HR 1.51, 95% CI: 1.25-1.83; 
P<0.01, I2 = 0%) and RT (with or without ADT) 
group (HR 1.70, 95% CI: 1.35-2.13; P<0.01, I2 = 
0%). Besides, PNI was a significant predictor of 
BCR in RP specimens after RP (HR 1.51, 95% 
CI: 1.23-1.85; P<0.01, I2 = 0%). Consistently, 
PNI had 1.7-fold higher risk for BCR of prostate 
cancer after local treatment in biopsy speci-
mens (HR 1.68, 95% CI: 1.36-2.09; P<0.01, I2 = 
0%).

Sensitivity and publication bias analysis

When excluding the study with the largest 
weight (17.9%) [29], the pooled result remained 
robust (HR 1.56, 95% CI: 1.33-1.84), Visual 
inspection of the symmetry of funnel plot did 

Figure 2. Forest plot of PNI and BCR risk of prostate cancer.
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Since our study demonstrated that PNI was a 
predictive factor of BCR of prostate cancer, it 
seemed to be considered when defining the 
risk groups of localized prostate cancer, there-
by achieving beneficial treatment strategy. 
D’Amico et al. [41] reported that resection of 
the neurovascular bundle on the side of pros-
tate with PNI in biopsy may decrease the posi-
tive surgical margin rate and improve outcome 
for patients with low risk prostate cancer. 
Therefore, PNI in biopsy and some other patho-
logical parameters (Gleason score and tumor 
volume) on biopsy should be considered when 
planning nerve-sparing RP [42, 43]. In addition, 
considering the high risk of EPE and PSM, 
patients with PNI should discuss with their doc-
tors receive RT after RP. Similarly, as patients 
primarily treated with RT may benefit from ADT 
[28, 31], a combination of RT and ADT will be 
more appropriate for patients with PNI. 

This was the first meta-analysis focus on the 
association between PNI and BCR of prostate 
cancer. Owing to the strict eligibility criteria, 
applying of the PRISMA guidelines and the rela-
tively large number of patients, our study pro-
vided reasonable evidence for the prognostic 
value of PNI. On the other hand, some limita-
tions of the meta-analysis should be noted. 
Firstly, since only published studies were 
included in the meta-analysis, publication bias 
might occur, though the funnel plot showed no 
apparent publication bias. Secondly, most of 
these included studies were retrospective 
observational studies, which might lead to bias, 

not reveal obvious publication bias in our meta-
analysis (Figure 3).

Discussion

Controversy existed regarding the prognostic 
value of PNI on BCR of prostate cancer. Hence, 
we performed the present meta-analysis to 
investigate the relationship between PNI and 
BCR of prostate cancer. The present study 
revealed that PNI was an independent predic-
tor of BCR of prostate cancer after local thera-
py. Besides, a significant correlation between 
PNI and BCR in patients primarily treated with 
RP and RT was also noted. Consistently, PNI 
was also associated with higher risk for BCR in 
RP specimens and biopsy specimens. 

In 2007, Harnden et al. [32], in a systematic 
descriptive review, attempted to explore the 
impact of PNI in biopsy on BCR and clinical 
recurrence of prostate cancer. They concluded 
that PNI was a predictor of prostate cancer 
recurrence, and immediate treatment rather 
than watchful waiting might be more appropri-
ate for patients with localized prostate cancer 
and PNI. However, the conclusion of the study 
was not based on strong statistical evidence. 

Evidence from basic research showed that PNI 
in prostate cancer resulted in inhibition of 
apoptosis and increased proliferation in the 
cancer cells in the perineural location, which 
subsequently increased the risk of local recur-
rence [33, 34]. Moreover, several previous 

studies had showed that PNI 
was significantly associated 
with EPE and positive surgical 
margin (PSM) [9, 10, 35, 36], 
while both EPE and PSM were 
predictors of BCR of prostate 
cancer [9, 22, 37] and had 
been applied in the CAPRA-S 
score which was used for risk 
stratification after RP [38]. 
What stated above may col-
lectively explain the prognos-
tic value of PNI.

Furthermore, several nomo-
grams and predictors, like 
CAPRA score and D’Amico 
risk-group classification, have 
been used for prostate cancer 
risk stratification [39, 40]. 

Figure 3. The funnel plot.
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although we used HRs from multivariate analy-
ses to account for the latent source of bias. 
Further researches are needed to confirm the 
significant correlation of PNI with BCR of pros-
tate cancer.

Overall, our meta-analysis demonstrated that 
PNI was an independent predictor of BCR of 
prostate cancer after local treatment which 
should be routinely included in the pathology 
report and predictive element. Therefore, 
Patients with localized prostate cancer and PNI 
should be immediately treated. Besides, PNI 
should be considered when assessing BCR risk 
of prostate cancer, thereby helping to decide 
on the best treatment.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jia Wang, Depart- 
ment of Urology, West China Hospital, Sichuan 
University, 37 Guo Xue Xiang, Chengdu 610041, P. 
R. China. Tel: +86-13684057512; Fax: +86-
2885501670; E-mail: jiawang1414@sina.com

References

[1]	 Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2]	 Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, 
Joniau S, van der Kwast T, Mason M, Matveev 
V, Wiegel T, Zattoni F and Mottet N. EAU guide-
lines on prostate cancer. part 1: screening, di-
agnosis, and local treatment with curative in-
tent-update 2013. Eur Urol 2014; 65: 124-137.

[3]	 Roehl KA, Han M, Ramos CG, Antenor JA and 
Catalona WJ. Cancer progression and survival 
rates following anatomical radical retropubic 
prostatectomy in 3,478 consecutive patients: 
long-term results. J Urol 2004; 172: 910-914.

[4]	 Wong WW, Schild SE, Vora SA and Halyard MY. 
Association of percent positive prostate biop-
sies and perineural invasion with biochemical 
outcome after external beam radiotherapy for 
localized prostate cancer. Int J Radiat Oncol 
Biol Phys 2004; 60: 24-29.

[5]	 Weight CJ, Ciezki JP, Reddy CA, Zhou M and 
Klein EA. Perineural invasion on prostate nee-
dle biopsy does not predict biochemical failure 
following brachytherapy for prostate cancer. Int 
J Radiat Oncol Biol Phys 2006; 65: 347-350.

[6]	 Kaminski JM, Hanlon AL, Horwitz EM, Pinover 
WH, Mitra RK and Hanks GE. Relationship be-
tween prostate volume, prostate-specific anti-
gen nadir, and biochemical control. Int J Radiat 
Oncol Biol Phys 2002; 52: 888-892.

[7]	 Muramaki M, Miyake H, Kurahashi T, Takenaka 
A and Fujisawa M. Characterization of the ana-
tomical extension pattern of localized prostate 
cancer arising in the peripheral zone. BJU Int 
2010; 105: 1514-1518.

[8]	 Gonzalez-San Segundo C, Herranz-Amo F, 
Alvarez-Gonzalez A, Cuesta-Alvaro P, Gomez-
Espi M, Panos-Fagundo E and Santos-Miranda 
JA. Radical Prostatectomy Versus External-
Beam Radiotherapy for Localized Prostate 
Cancer: Long-Term Effect on Biochemical 
Control-In Search of the Optimal Treatment. 
Ann Surg Oncol 2011; 18: 2980-2987.

[9]	 Sebo TJ, Cheville JC, Riehle DL, Lohse CM, 
Pankratz VS, Myers RP, Blute ML and Zincke H. 
Perineural invasion and MIB-1 positivity in ad-
dition to Gleason score are significant preop-
erative predictors of progression after radical 
retropubic prostatectomy for prostate cancer. 
Am J Surg Pathol 2002; 26: 431-439.

[10]	 Cozzi G, Rocco BM, Grasso A, Rosso M, El 
Rahman DA, Oliva I, Talso M, Costa B, Tafa A, 
Palumbo C, Gadda F and Rocco F. Perineural 
invasion as a predictor of extraprostatic exten-
sion of prostate cancer: A systematic review 
and meta-analysis. Scand J Urol 2013; 47: 
443-448.

[11]	 Beard CJ, Chen MH, Cote K, Loffredo M, 
Renshaw AA, Hurwitz M and D’Amico AV. 
Perineural invasion is associated with in-
creased relapse after external beam radiother-
apy for men with low-risk prostate cancer and 
may be a marker for occult, high-grade cancer. 
Int J Radiat Oncol Biol Phys 2004; 58: 19-24.

[12]	 Tolonen TT, Tammela TLJ, Kujala PM, Tuominen 
VJ, Isola JJ and Visakorpi T. Histopathological 
variables and biomarkers enhancer of zeste 
homologue 2, Ki-67 and minichromosome 
maintenance protein 7 as prognosticators in 
primarily endocrine-treated prostate cancer. 
BJU Int 2011; 108: 1430-1438.

[13]	 Bostwick DG, Grignon DJ, Hammond ME, Amin 
MB, Cohen M, Crawford D, Gospadarowicz M, 
Kaplan RS, Miller DS, Montironi R, Pajak TF, 
Pollack A, Srigley JR and Yarbro JW. Prognostic 
factors in prostate cancer. College of American 
Pathologists Consensus Statement 1999. 
Arch Pathol Lab Med 2000; 124: 995-1000.

[14]	 Merrick GS, Butler WM, Galbreath RW, Lief JH 
and Adamovich E. Perineural invasion is  
not predictive of biochemical outcome follow-
ing prostate brachytherapy. Cancer J 2001; 7: 
404-412.

[15]	 Spratt DE, Zumsteg Z, Ghadjar P, Pangasa M, 
Pei X, Fine SW, Yamada Y, Kollmeier M and 
Zelefsky MJ. Prognostic importance of Gleason 
7 disease among patients treated with exter-
nal beam radiation therapy for prostate can-
cer: Results of a detailed biopsy core analysis. 

mailto:Tel: +86
mailto:jiawang1414@sina.com


Perineural invasion predicts biochemical recurrence of prostate cancer

13273	 Int J Clin Exp Med 2015;8(8):13267-13274

Int J Radiat Oncol Biol Phys 2013; 85: 1254-
1261.

[16]	 Maru N, Ohori M, Kattan MW, Scardino PT and 
Wheeler TM. Prognostic significance of the di-
ameter of perineural invasion in radical prosta-
tectomy specimens. Hum Pathol 2001; 32: 
828-833.

[17]	 Lo CK, Mertz D and Loeb M. Newcastle-Ottawa 
Scale: comparing reviewers’ to authors’ as-
sessments. BMC Med Res Methodol 2014; 14: 
45.

[18]	 Higgins JP, Thompson SG, Deeks JJ and Altman 
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-560.

[19]	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, 
Gotzsche PC, Ioannidis JP, Clarke M, Devereaux 
PJ, Kleijnen J and Moher D. The PRISMA state-
ment for reporting systematic reviews and 
meta-analyses of studies that evaluate health-
care interventions: explanation and elabora-
tion. BMJ 2009; 339: b2700.

[20]	 Jeon HG, Bae J, Yi JS, Hwang IS, Lee SE and 
Lee E. Perineural invasion is a prognostic fac-
tor for biochemical failure after radical prosta-
tectomy. Int J Urol 2009; 16: 682-686.

[21]	 Kumano M, Miyake H, Muramaki M, Kurahashi 
T, Takenaka A and Fujisawa M. Adverse prog-
nostic impact of capsular incision at radical 
prostatectomy for Japanese men with clinically 
localized prostate cancer. Int Urol Nephrol 
2009; 41: 581-586.

[22]	 Loeb S, Epstein JI, Humphreys EB and Walsh 
PC. Does perineural invasion on prostate biop-
sy predict adverse prostatectomy outcomes? 
BJU Int 2010; 105: 1510-1513.

[23]	 Jung JH, Lee JW, Arkoncel FR, Cho NH, Yusoff 
NA, Kim KJ, Song JM, Kim SJ and Rha KH. 
Significance of Perineural Invasion, Lympho- 
vascular Invasion, and High-Grade Prostatic 
Intraepithelial Neoplasia in Robot-Assisted 
Laparoscopic Radical Prostatectomy. Ann Surg 
Oncol 2011; 18: 3828-3832.

[24]	 Tanaka N, Fujimoto K, Hirayama A, Torimoto K, 
Okajima E, Tanaka M, Miyake M, Shimada K, 
Konishi N and Hirao Y. Risk-stratified survival 
rates and predictors of biochemical recurrence 
after radical prostatectomy in a Nara, Japan, 
cohort study. Int J Clin Oncol 2011; 16: 553-
559.

[25]	 Somford DM, van Oort IM, Cosyns JP, Witjes JA, 
Kiemeney LA, Tombal B. Prognostic relevance 
of number and bilaterality of positive surgical 
margins after radical prostatectomy. World J 
Urol 2012; 30: 105-110.

[26]	 Andersen S, Richardsen E, Nordby Y, Ness N, 
Storkersen O, Al-Shibli K, Donnem T, Bertilsson 
H, Busund LT, Angelsen A and Bremnes RM. 
Disease-specific outcomes of Radical Pro- 
statectomies in Northern Norway; a case for 

the impact of perineural infiltration and post-
operative PSA-doubling time. BMC Urology 
2014; 14: 49.

[27]	 Copp H, Bissonette EA and Theodorescu D. 
Tumor control outcomes of patients treated 
with trimodality therapy for locally advanced 
prostate cancer. Urology 2005; 65: 1146-
1151.

[28]	 Yu HH, Song DY, Tsai YY, Thompson T, Frassica 
DA and DeWeese TL. Perineural invasion af-
fects biochemical recurrence-free survival in 
patients with prostate cancer treated with de-
finitive external beam radiotherapy. Urology 
2007; 70: 111-116.

[29]	 Feng FY, Qian Y, Stenmark MH, Halverson S, 
Blas K, Vance S, Sandler HM and Hamstra DA. 
Perineural invasion predicts increased recur-
rence, metastasis, and death from prostate 
cancer following treatment with dose-escalat-
ed radiation therapy. Int J Radiat Oncol Biol 
Phys 2011; 81: 15.

[30]	 Bouchaert P, Guerif S, Debiais C, Irani J and 
Fromont G. DNA-PKcs expression predicts re-
sponse to radiotherapy in prostate cancer. Int J 
Radiat Oncol Biol Phys 2012; 84: 1179-1185.

[31]	 Schreiber D, Rineer J, Surapaneni A, Navo E, 
Agarwal M, Nwokedi E, Rotman M and 
Schwartz D. Dose-escalated radiation therapy 
with and without short-course androgen depri-
vation for intermediate-risk prostate cancer. 
Anticancer Res 2014; 34: 4189-4193.

[32]	 Harnden P, Shelley MD, Clements H, Coles B, 
Tyndale-Biscoe RS, Naylor B and Mason MD. 
The prognostic significance of perineural inva-
sion in prostatic cancer biopsies-A systematic 
review. Cancer 2007; 109: 13-24.

[33]	 Ayala GE, Dai H, Ittmann M, Li R, Powell M, 
Frolov A, Wheeler TM, Thompson TC and 
Rowley D. Growth and survival mechanism as-
sociated with perineural invasion in prostate 
cancer. Cancer Res 2004; 64: 6082-6090.

[34]	 Yang G, Wheeler TM, Kattan MW, Scardino PT 
and Thompson TC. Perineural invasion of pros-
tate carcinoma cells is associated with re-
duced apoptotic index. Cancer 1996; 78: 
1267-1271.

[35]	 Ozcan F. Correlation of perineural invasion on 
radical prostatectomy specimens with other 
pathologic prognostic factors and PSA failure. 
Eur Urol 2001; 40: 308-312.

[36]	 Ng JC, Koch MO, Daggy JK and Cheng L. 
Perineural invasion in radical prostatectomy 
specimens: Lack of prognostic significance. J 
Urol 2004; 172: 2249-2251.

[37]	 Mizuno R, Nakashima J, Mukai M, Okita H, 
Kosugi M, Kikuchi E, Miyajima A, Nakagawa K, 
Ohigashi T and Oya M. Tumour length of the 
largest focus predicts prostate-specific anti-
gen-based recurrence after radical prostatec-



Perineural invasion predicts biochemical recurrence of prostate cancer

13274	 Int J Clin Exp Med 2015;8(8):13267-13274

tomy in clinically localized prostate cancer. BJU 
Int 2009; 104: 1215-1218.

[38]	 Cooperberg MR, Hilton JF and Carroll PR. The 
CAPRA-S score: A straightforward tool for im-
proved prediction of outcomes after radical 
prostatectomy. Cancer 2011; 117: 5039-
5046.

[39]	 Boorjian SA, Karnes RJ, Rangel LJ, Bergstralh 
EJ and Blute ML. Mayo Clinic validation of the 
D’amico risk group classification for predicting 
survival following radical prostatectomy. J Urol 
2008; 179: 1354-1360; discussion 1360-
1351.

[40]	 Cooperberg MR, Pasta DJ, Elkin EP, Litwin MS, 
Latini DM, Du Chane J and Carroll PR. The 
University of California, San Francisco Cancer 
of the Prostate Risk Assessment score: a 
straightforward and reliable preoperative pre-
dictor of disease recurrence after radical pros-
tatectomy. J Urol 2005; 173: 1938-1942.

[41]	 D’Amico AV, Wu Y, Chen MH, Nash M, Renshaw 
AA and Richie JP. Perineural invasion as a pre-
dictor of biochemical outcome following radi-
cal prostatectomy for select men with clinically 
localized prostate cancer. J Urol 2001; 165: 
126-129.

[42]	 Steiner MS. Current results and patient selec-
tion for nerve-sparing radical retropubic pros-
tatectomy. Semin Urol Oncol 1995; 13: 204-
214.

[43]	 Shah O, Robbins DA, Melamed J and Lepor H. 
The New York University nerve sparing algo-
rithm decreases the rate of positive surgical 
margins following radical retropubic prostatec-
tomy. J Urol 2003; 169: 2147-2152.


