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Abstract

Background: The prognostic role of perineural invasion in gastric cancer is controversial. Here, we present a systemic review
and meta-analysis of the association between perineural invasion and survival in resectable gastric cancer patients.

Methods: A comprehensive literature search for relevant reports published up to April 2013 was performed using PubMed,
Embase, Web of Science and Wanfang Data. Studies that investigated the role of perineural invasion with a sample size
greater than 100 were included and analyzed.

Results: A total of 30,590 gastric cancer patients who had undergone curative gastrectomy from twenty-four studies were
included. The median rate of perineural invasion positive was 40.9% (6.8%-75.6%). Fourteen studies investigated overall
survival unadjusted for other variables in 23,233 gastric cancer patients. The relative hazard estimates ranged from 0.568-
7.901 with a combined random effects estimate of 2.261 (95% Cl=1.841-2.777, P =0.000). The effect of perineural invasion
on overall survival adjusted for other prognostic factors was reported in 17 studies incorporating 8,551 cases. The hazard
estimates ranged from 0.420-8.110 with a pooled random effects estimates of 1.484 (95% Cl=1.237-1.781, P =0.000). There
was heterogeneity between the studies (Q=49.22, I-squared =67.5%, P =0.000). Disease-free survival was investigated
adjusted in four studies incorporating 9,083 cases and the pooled fixed hazard ratio estimate was 1.371(95% Cl=1.230-
1.527, P=0.000).

Conclusion: Perineural invasion is an independent prognostic factor affecting overall survival and disease-free survival of
gastric cancer patients who had undergone the curative resection. This effect is independent of lymph node status, tumor
size and the depth of invasion as well as a range of other biological variables on multivariate analysis. Large prospective
studies are now needed to establish perineural invasion as an independent prognostic marker for gastric cancer.

Citation: Deng J, You Q, Gao Y, Yu Q, Zhao P, et al. (2014) Prognostic Value of Perineural Invasion in Gastric Cancer: A Systematic Review and Meta-Analysis. PLoS
ONE 9(2): e88907. doi:10.1371/journal.pone.0088907

Editor: Pankaj K. Singh, University of Nebraska Medical Center, United States of America
Received August 11, 2013; Accepted January 13, 2014; Published February 21, 2014

Copyright: © 2014 Deng et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by Medical Science and Technology Program granted by Health Bureau of Zhejiang Province (No.2013KYB118)(URL:http://
www.zjwst.gov.cn/) and Medicine Research Fund Projects granted by Administration of Traditional Chinese Medicine of Zhejiang Province (No.2011ZB071;
No0.2013ZA073)(URL:http://www.zjtcm.gov.cn/public/Default.aspx). The funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: xunonghz@163.com

Ahmet Bilici found that the median survival of PNI-positive
patients is much shorter than that of PNI- negative ones and
demonstrated that PNI is a useful prognostic factor for curative
gastric cancer [3]. However, in the study of Duraker, although the
positivity of PNI is 59.6% and with the progression of gastric
carcinoma, the incidence of PNI increased, PNI did not provide

¢ 3 . ) " L ] ) any additional prognostic information to the classical parameters
Perineural invasion (PNI) is the process of neoplastic invasion of [4].

nerves and is an under-recognized route of metastatic spread [2].
Up to now, the research of PNI pathogenesis is still in its infancy.
However, PNI is found to be related to a more aggressive tumor
phenotype and poor prognosis in several malignancies, most
notably head and neck and prostate cancers.

Introduction

Gastric cancer is the fourth most common cancer worldwide
and also the second leading cause of cancer-related death in Asia.
Although underwent radical resection, most of gastric cancer
patients will die of recurrence and metastasis, with 5-year overall
survival no more than 50% for resectable patients in China [1].

The aim of our study was to evaluate the prognostic role of PNI
in gastric cancer by systematically reviewing the available
evidence. We identified all published reports that assessed the
relationship between PNI and outcome in gastric cancer and
performed a meta-analysis using standard statistical techniques. A

In gastric cancer, the prognostic significance of PNI had been
investigated in a few studies, but they had not reached consensus.
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protocol was developed a priori from the research question — ‘Is
PNI an independent prognostic factor affecting survival of gastric
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cancer patients who had undergone the curative gastric resec-
tion?’.

Methods

We have adhered to the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [5]. The checklist of items included in
meta-analysis was available in checklist S1. Inclusion criteria and
methods of the analyses were specified in advance.

Literature Search Strategy

We searched electronic databases PubMed, Embase, Web of
Science and Wanfang Data for studies to include in this system
review and meta-analysis. The upper date limit of April 30, 2013
was applied, with no lower date limit. Articles published in English
and Chinese were searched. A review of reference lists was also
performed. Searches include the terms “gastric cancer perineural
invasion” and search details are (“stomach neoplasms”[MeSH
Terms] OR (“stomach”[All Fields] AND “neoplasms”[All Fields])
OR “stomach neoplasms”[All Fields] OR (“gastric”[All Fields]
AND “cancer”[All Fields]) OR “gastric cancer”[All Fields]) AND
perineural [All Fields] AND invasion [All Fields].

Eligibility Criteria

To be eligible for inclusion in this system review and meta-
analysis, a study must: (1) investigate the association of PNI with
overall survival (OS) or disease-free survival (DFS) of gastric
cancer patients who had undergone curative gastrectomy. (2)
assess the PNI in gastric cancer tissue obtained by surgical
resection. (3) report HR or with sufficient data to estimate the HR.
(4) include more than 100 patients. Reviews, poor quality articles
or articles that have repeated data from the same population were
excluded,. Abstracts of all candidate articles were read by two
independent readers (JD and QHY). Articles that could not be
categorized based on title and abstract alone were retrieved for
full-text review. Disagreements were resolved by consensus
between the two readers.

Data Extraction and Quality Assessment

Two reviewers (JD and QHY) independently extracted the data
of the included studies. The following information was extracted
from each included study: study characteristics (first author, year
of publication, study design, inclusion criteria, number of patients,
follow-up time), patient characteristics (age, gender, rate of lymph
node metastasis, PNI positive rate etc.), treatment characteristics
(surgery, chemotherapy and radiotherapy), study design (PNI
detection method), statistical analysis (Univariate and/or Mult-
variate analysis statistic data). Study quality was assessed
independently by two researches (JD and QHY) according to
the Newcastle-Ottawa quality assessment scale [6].

Statistical Analyses

Meta-analysis was performed by using the DerSimonian — Laird
random effects model [7].Statistical analyses were carried out
using Stata version 11.0 (Stata corp LP. Texas. USA.). Pooled
estimates of the HRs were obtained by fixed-effect or random-
effects meta-analysis according to heterogeneity using the inverse-
variance weighting method based on published confidence
mntervals for the HRs. For those studies that did not report the
HR but did provide sufficient information on survival by PNI
status, we estimated the HR and confidence intervals according to
the method of Parmer et al [8].
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Q statistic test and I-squared statistic were used to estimate the
heterogeneity of these studies, if P>0.05, it means studies had little
heterogeneity and fixed-effect model (inverse variance) could be
used in statistic analysis; if these studies had great heterogeneity,
the cause of heterogeneity was analyzed [9,10]. An I-squared
value>50% was considered to represent substantial heterogeneity
between studies, I-squared value <70% was considered that
heterogeneity between studies could be accepted [11]. Publication
and selection bias were investigated through a funnel plot by
Egger’s and Begg’s test [12,13].

Results

Literatures Information

Three hundred and forty-six articles were identified initially
using the search strategy above. Two hundred and ninety-six of
those were excluded due to non-gastric-related studies, non-
original articles (review, letter), or having repeated data from the
same population through reading titles and abstracts. After
reading full texts of potentially eligible articles, those which are
small sized or poor quality or have no related outcome or data
couldn’t be extracted were excluded and finally 24 studies were
included in this systemic review and meta-analysis [3,4,14—
35](figure 1).

Study Characteristics

In the 24 included studies, Seventeen were based on Asian
population [3,4,14,17,21-29,31-33,35], five were from Europe
[15,16,18-20] and the other two were from America [30,34]. A
total of 30,509 patients with a median of 319.5 (ranged from 142
to 10728) were included, about two thirds were male patients. The
rate of lymph node metastasis was 62.1% (0-83.04%). A median of
40.9% (6.8%—75.6%) patients were PNI positive. Twenty-two
studies used light microscopy hematoxylin and eosin (HE) staining
to judge PNI, two used light microscopy laminin staining. PNI was
assessed as positive when cancer cells were seen in the perineurium
or neural fascicles intramurally. With regards to treatments, eleven
of studies used surgery only, nine studies used surgery with or
without adjuvant chemotherapy, while the other four studies used
surgery with or without adjuvant chemotherapy and radiotherapy.
The Characteristics of the included studies were summarized in
table S1 and the statistical analysis data in table S2.

Systemic Review and Meta-analysis

Fourteen studies [14,15,17,19,22-25,28-31,32,35] including
23,233 patients reported the effect of PNI on OS in univariate
analyses ranging from 0.568-7.901. Thirteen articles supported
PNI was a prognostic factor for OS in gastric cancer patients who
had undergone curative resection. One article from Spain did not
draw this conclusion. The pooled random effects estimate was
2.261 (95% CI=1.841-2.777, P=0.000) which demonstrated
PNI was an independent factor influencing OS of gastric cancer.
However, there was evidence for significant heterogeneity between
the studies (P =0.000). There was no evidence for publication bias
(P=0.913 in Begg’s Test, P=0.469 in Egger’s test).

In the seventeen studies [3,4,16,18-23,25-28,30,31,34,35]
reported the effect of PNI on OS in multivariate analysis for
other risk factors, eleven supported PNI was an independent factor
while the other six did not. Seventeen studies including 8,551
patients reported the effect of PNI on OS in analyses adjusted for
other risk factors. The adjusted HR estimates for OS from these
studies ranged from 0.460-8.110. The pooled random effects
estimate was 1.484 (95% CI=1.237-1.781, P=0.000), which
demonstrated PNI was an independent factor influencing OS of

February 2014 | Volume 9 | Issue 2 | 88907



Records identified through database searching
from PubMed, Embase, Web of science and
Wanfang Data (N=346)

Prognostic Value of PNI in Gastric Cancer

A 4

Primary selection through browsing the retrieved
titles and abstracts

A 4
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Researches retrieved for more detailed evaluation
N=50
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Non-gastric-related studies

Cell line or animal experiments
Non-original articles(review,letter)
Repeated data from the same or
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No interested outcome

N=296

A 4

Secondary selection through reading the full texts
of potentially eligible articles

A 4

Exclude:

Data couldn’t be extracted
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No interested outcome

v N=26

Literatures included in this systematic review
N=24

Figure 1. Flow diagram of study selection procedure.
doi:10.1371/journal.pone.0088907.g001

gastric cancer who had undergone curative surgery (Figure 2).
There was heterogeneity between the studies (Q=49.22, I-
squared =67.5%, P=0.000). No evidence for publication bias
(P=0.064 in Begg’s Test, P=0.078 in Egger’s test) was detected
(Figure 3).

When we stratified the studies by ethnicity, the pooled HR for
Asian (eleven studies) [3,4,21-23,25-28,31,35] was1.606 (95%
CI=1.275-2.024)(P = 0.000) (Figure 4). There was heterogeneity
between the studies (Q = 28.04, I-squared = 64.3%, P =0.002). No
evidence for publication bias (P=0.087 in Begg’s Test, P=10.052
in Egger’s test) was detected (Figure 5). The pooled HR for
patients in non-Asian (six studies from Europe and America)
[16,18-20,30,34] was 1.300 (95% CI=0.935-1.808)(P=0.119)
(Figure 6). Heterogeneity was found in this group (Q =18.96, I-
squared = 73.6%, P =0.002). There was no evidence for publica-
tion bias (P=0.26 in Begg’s Test, P=0.747 in Egger’s test)
(Figure 7). There exists significant difference between Asian and
non-Asian. It means PNI independently affected OS of Asian
gastric cancer patients while this effect has no statistically
significance in non-Asian patients.

There were only four studies that reported the effect of PNI on
DFS, which include 9,083 patients from Korea, Brazil and Turkey
[26,30,32,33]. Two of these studies reported the relationship
between PNI and DFS in both univariate analysis and multivariate
analysis, and the other two reported that only in multivariate
analysis. The pooled fixed HR in multivariate analysis was
1.371(95% CI=1.230-1.527, P=0.000), indicating PNI is an
independent  prognostic ~ factor  for  gastric  cancer
recurrence(Figure 8). There was no substantial heterogeneity
between the studies (QQ=5.85, I-squared=48.7%, P=0.119).

PLOS ONE | www.plosone.org

There was no evidence for publication bias (P=0.308 in Begg’s
Test, P=0.721 in Egger’s test) (Figure 9).

Seven cohorts also reported the data of lymph node metastasis,
depth of tumor invasion and PNI in gastric cancer. The combined
HRs showed that PNI was significantly associated with lymph-
node metastasis (HR: 1.322, 95% CI: 1.249-1.400, P =0.000) and
depth of tumor invasion (HR: 1.652, 95% CI: 1.561-1.748,
P=0.000). There were only three studies presented the data on
PNI and vascular invasion. Further, combined HR of 2.482 (95%
CIL: 2.056-2.995, P=0.000) indicated that PNI was associated
with tumor vascular invasion in gastric cancer. However, PNI
seems not affected by age, sex and tumor location.

Discussion

PNI is a marker of poor outcome and a harbinger of decreased
survival in many malignancies, such as pancreatic cancer, prostate
cancer and head and neck cancer [2]. In gastric cancer, studies are
conflicting regarding prognostic significance of PNI. The presence
of both significant and non-significant studies addressing the
importance of PNI in gastric cancer made it necessary to perform
a quantitative aggregation of the survival results. This systematic
review and meta-analysis incorporated 30,590 cases significantly
demonstrate the independent prognostic role of PNI (adjusted
pooled HR estimates of 1.484) in gastric cancer showing that this
effect is independent of lymph node status, tumor size and tumor
grade as well as a range of other biological variables on
multivariate analysis. PNI is as well a predictor for recurrence of
gastric cancer patients who had undergone curative resection.
Therefore, we advocate PNI status should be considered for gastric
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Study %
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Luo tianhang 2008 : —_— 3.23 (2.60, 8.11) 5.03
1

M G Choi 2009 —_—— 1.76 (1.06, 2.90) 5.63
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I
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K.A.Bickenbach 2013 —0+ 1.30(1.10, 1.60) 8.94
1

Kyoung—Joo Kwon 2013 ——0—:— 1.14 (0.69, 1.91) 5.55

Overall (I-squared = 67.5%, p = 0.000) <> 1.48 (1.24,1.78) 100.00
1
1

NOTE: Weights are from random effects analysis :

I I

.1 1

Hazard ratio

Figure 2. Forrest plot of combined hazard ratio for the association of PNI and OS in multivariate analysis.

doi:10.1371/journal.pone.0088907.g002

cancer post-surgery therapy stratification and weighed together
with other known adverse tumor features. Compared to PNI
negative ones, we recommend more active therapy be given to
PNI positive patients.

Most of cohorts in this review are from Asia. As we know, the
incidence of gastric cancer in Asian countries is much higher than
that in western countries because of difference of genetic
inheritance and dietary habit. Our study found that PNI
significantly affected the survival of Asian gastric patients.
However, in non-Asian patients, although there is a trend that
presence of PNI predicts shortened OS, this effect is not
statistically significant. Since only six cohorts are from Europe
and America, more data should be collected to elucidate the role
of PNI in prognosis.

We also conducted a pooled analysis on the relationship of PNI
and other tumor characteristics, demonstrating PNI was signifi-
cantly related to lymph node metastasis, depth of tumor invasion
and vascular invasion. Just as T stage and N stage, PNI is an
important marker of cancer invasiveness.

This meta-analysis is, to our knowledge, the first study which
systematically estimates the association between PNI and the
prognosis of gastric cancer patients who had undergone radical
surgery. The finding of study heterogeneity in HR estimates is
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unsurprising. And the heterogeneities in this meta-analysis are
within the accepted limits. Different cohorts and ethnicity of
patients were used. Patients were in different period and received
different types of surgery. And furthermore, the positivity of PNI
might be affected by amount of tissue obtained, biopsy technique,
histological section, number of times tissue section taken for
examination and inter-observer variations. In order to acquire
consistence and reproducibility among the inter-observer studies
and minimize subjectivity, accurate identifying PNI is very
important. In this systematic review, most studies used light
microscopy, HE staining to observe perineural invasion. PNI was
assessed as positive when cancer cells were seen in the perineurium
or neural fascicles intramurally by pathologists. However, we
found Leibig’s definition on PNI is more precise and operable. She
defined PNI as the presence of cancer cells along nerves and/or
within the epineurial, perineurial and endoneurial spaces of the
neuronal sheath, including cases in which the cells circumscribed
at least 33% of the nerve [2]. This definition, we thought, could be
a uniform criterion in judging PNI in the light microscope with
HE staining in gastric cancer in the future. In addition, the
minimum amount of tissue obtained and number of tissue section
observed should be set to guarantee the accuracy of PNI
judgment.
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Begg’s funnel plot with pseudo 95% confidence limits
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Figure 3. Begg's test result of OS.
doi:10.1371/journal.pone.0088907.9003
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Figure 4. Forrest plot of combined hazard ratio for the association of PNI and OS of Asian in multivariate analysis.
doi:10.1371/journal.pone.0088907.g004
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Figure 5. Begg's test result of OS in Asian.
doi:10.1371/journal.pone.0088907.9005

In spite of this, in some case it is difficult to identify the
perineurium accurately on a HE-stained glass slide, using S100
immunohistochemical staining is by far the most classic method
for detecting PNI. And a recent immunostaining technique for

Study

Anna Maria Chiaravalli 2001 ——

L Setala 2001

C Fondevila 2004

M Scartozzi 2006 —_—

Wilson L Costa Jr 2012

K.A Bickenbach 2013

Overall (I-squared = 73.6%, p = 0.002)

NOTE: Weights are from random effects analysis

Prognostic Value of PNI in Gastric Cancer

identifying perineurium using antibodies such as glucose trans-
porter protein 1 (Glutl) has revealed that tumor nests are often
located outside the perineurium in a typical PNI focus [36]. These
immunostaining techniques should be used to identify PNI status

%

ES (95% CI) Weight
1
1
1
e 0.87 (0.47, 1.61) 13.49
1
1
1
1
—— 1.57(1.10,2.26) 19.53
1
1
1
: * 2.83 (1.17, 6.85) 9.00
1
1
1
1 0.71 (0.46, 0.94) 19.60
1
1
1
1
—_— 2.03(1.17,3.53) 14.85
1
1
1
—_—— 130 (1.10, 1.60) 23.52
1
1
1 1.30 (0.93, 1.81) 100.00

1

Hazard ratio

Figure 6. Forrest plot of combined hazard ratio for the association of PNI and OS of non-Asian in multivariate analysis.

doi:10.1371/journal.pone.0088907.9g006
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Figure 7. Begg's test result of OS in non-Asian.
doi:10.1371/journal.pone.0088907.9g007

in the future studies which focus on the relationship of PNI and
prognosis.

The effect of bias on the meta-analysis should also be
considered. In our study, we excluded studies using small series
(less than 100 patients) and those that did not provide minimum
data for the pooled analysis. The exclusion of small studies may
have minimized the effect of publication bias — the non-

Study

Jin Won Kim 2013

Wilson L Costa Jr 2012

Deniz Tural 2012

Dae Hoon Kim 2013

Overall (I-squared =48.7%, p=0.119)

publication of studies with null results — by not including reports
of small series that are more likely to be published if they show a
positive result. As we know, HRs reported by smaller studies were
systematically larger than those reported by the larger studies. The
inclusion of only large studies and those that meet minimum
quality criteria in the meta-analysis maximised the chance of the
pooled estimate of HR representing the true HR [37]. In our
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Figure 8. Forrest plot of combined hazard ratio for the association of PNI and DFS in multivariate analysis.

doi:10.1371/journal.pone.0088907.g008

PLOS ONE | www.plosone.org

February 2014 | Volume 9 | Issue 2 | 88907



Begg's funnel plot with pseudo 95% confidence limits

1
5 -
a - ;
2 o
K
(2]
L2 .
o .
-5

s.e. of: log[exp]

Figure 9. Begg's test result of DFS.
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study, we did not detect a substantial degree of publication bias,
indicating no large negative studies have been missed in our
literature search. We used two most-used languages—English and
Chinese to minimize language bias. What’s more, a selection
process with rigid inclusion criteria was adopted in ascertaining
studies, thereby reducing selection bias.

In conclusion, PNI is an underreported phenomenon in gastric
cancer. This study strongly suggest that PNI could function as an
independent prognostic factor affecting OS and DFS in curative
gastric cancer patients and support consideration of PNI status for
gastric cancer therapy stratification. Large-scale and well-designed
prospective cohort studies are necessary to validate our findings in
the future.
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