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Background: The prognostic significance of proliferating cell nuclear antigen (PCNA)
expression in gastric cancer has long been assessed, yet results remain controversial. Therefore,
we performed a meta-analysis to assess the prognostic value and clinicopathological significance
of PCNA in gastric cancer.

Methods: A systematic literature search of PubMed, EMBASE, and the Cochrane Library data-
bases was conducted. Summary odds ratios (ORs) and hazard ratios (HRs) with 95% confidence
intervals (Cls) were calculated to investigate the correlations between PCNA expression and
clinicopathological features, overall survival (OS), and disease-free survival (DFS).

Results: A total of 19 studies involving 2,852 participants were included in our analysis. The
pooled HR indicated that high PCNA expression was significantly associated with poor OS
(HR 1.66,95% CI 1.32-2.08) and DFS (HR 1.81, 95% CI 1.40-2.36). Subgroup analysis revealed
that the association between PCNA and OS was also significant in Asian and European patients.
In addition, the pooled ORs showed that high PCNA expression was significantly associated
with deeper tumor invasion (OR 2.37, 95% CI 1.71-3.27), lymph node metastasis (OR 2.49,
95% CI 1.85-3.35), and advanced stage cancer (OR 1.89, 95% CI 1.36-2.63).

Conclusion: Our meta-analysis indicates that high PCNA expression might be a prognosticator
of poor survival and a promising therapeutic target for gastric cancer patients.
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Introduction

Gastric cancer is the fifth most common malignancy and the third leading cause of
mortality worldwide. According to GLOBOCAN statistics, 951,000 new gastric cancer
cases and 723,000 deaths from gastric cancer occurred globally in 2012." Although
comprehensive treatment is available, including adequate surgical resection supple-
mented by neoadjuvant treatments, the 5-year survival rate of gastric cancer remains
<35%.2? Patients with the same clinical stage can have different prognoses, indicating
that the clinical stage does not completely reflect the biological behavior of the tumor.
Therefore, the identification of molecular biomarkers is warranted to improve clinical
staging schemes and predict prognosis.* Prognostic biomarkers such as E-cadherin,
STAT3, CD133, p53, MMP7, and lactate dehydrogenase have been explored in pub-
lished articles.”'* However, there is still a heated discussion on discovering a new
biomarker to predict patient prognosis and to provide novel therapeutic targets for
gastric cancer patients.
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Proliferating cell nuclear antigen (PCNA) was originally
discovered in 1978 by Miyachi et al'! as the antigen to an
autoimmune antibody in the sera of patients with systemic
lupus erythematosus.'? It was initially considered to be
expressed during cell proliferation, with peak expression
occurring during late G1 and S phases.'>!* However, in
recent decades, PCNA has been shown to act as a molecular
platform that coordinates a wide range of processes involved
in genome maintenance, duplication, transmission, and cell-
cycle regulation.'>'® Because cell proliferation is a require-
ment for tumor progression, and owing to the indispensable
function of PCNA in cell proliferation, much attention has
been paid to the role of PCNA in tumors.'” Indeed, PCNA
was found to be involved in the prognosis of cancer patients,
including those with nasopharyngeal carcinoma, lung cancer,
prostate carcinoma, and gastric carcinoma.'$ 2!

A recent meta-analysis demonstrated that high PCNA
expression was significantly associated with higher mortality,
suggesting that it could be a useful prognostic biomarker in
gliomas and cervical cancer.?> However, controversy remains
in gastric cancer about the impact of PCNA on patient
survival and clinicopathological characteristics. Numerous
publications have demonstrated that PCNA overexpres-
sion was associated with poor prognosis in gastric cancer
patients,”** while some studies hold different views.?**’
To investigate this further, we conducted a meta-analysis
to evaluate the association between PCNA expression and
overall survival (OS), disease-free survival (DFS), and clini-
copathological characteristics in gastric cancer.

Materials and methods

Search strategy and selection criteria

A comprehensive literature search of PubMed, EMBASE,
and Cochrane Library databases was conducted with the
MeSH terms and the following key words variably combined:

EERNNE3

“stomach”, “gastric”,

EEINNT3

neoplasm”,

LR RN

cancer”, “carcinoma”,

CLINY3

“tumor”, “proliferating cell nuclear antigen”, and “PCNA”.
The search was completed on May 20, 2016. Reference
entries of eligible literature were scanned to minimize any
deviation caused during the research process. This study is
a meta-analysis, did not involve subjects, and was based on
previous published articles; therefore, ethical approval was
not required.

The inclusion criteria of studies in this meta-analysis
were as follows: 1) patients diagnosed with gastric cancer
by pathologists; 2) PCNA expression detected in primary
tumor tissues; 3) an association between PCNA expression
and parameters such as OS, DFS, or clinicopathological

characteristics; 4) sufficient information to extract hazard
ratios (HRs), odds ratios (ORs), and their 95% confidence
intervals (ClIs); and 5) full text, original research articles
published in English. Reports of conferences and reviews
were excluded. Only the most complete study was selected if
duplicate data from other articles occurred. Two investigators
(SY and ZL) independently screened all studies and identified
those that were eligible for inclusion. Inconsistencies were
resolved through negotiation and consultation.

Quality assessment

The methodological quality of the original studies was
assessed by the Newcastle—Ottawa Scale (NOS),® which
consisted of three factors: selection, comparability of sub-
jects, and outcome. Each study received a score from 0 to 9
(allocated as stars), and scores higher than 6 were consid-
ered high quality. Two authors (SY and JH) independently
performed this assessment, and discrepancies were resolved
by discussion.

Data extraction

Two researchers (SY and ZL) used a predesigned form
to extract the following data independently from quali-
fied studies: authors, country, publication year, number of
participants, patient’s age, patient’s gender, cutoff value,
percentage of PCNA-positive patients, clinicopathological
characteristics of patients (including histological differen-
tiation, clinical stage, T stage, lymphatic invasion, lymph
node metastasis, vessel invasion, and Lauren classification),
follow-up information, and survival data. Inconsistencies
were resolved by consultation with a third author (HX) when
the two reviewers could not reach a consensus.

Statistical analysis

HR and its 95% CI were used to evaluate the correlation
between PCNA expression and patient survival. If the HR
with 95% CI were reported in the original study, we extracted
the data directly. If not, we extrapolated HR from survival
rates with P-values from log-rank tests or Kaplan—Meier
survival curves using the method reported by Parmar et al*
and Tierney et al.** ORs with 95% CIs were chosen to inves-
tigate the association between clinicopathological features
and PCNA expression. Clinicopathological features included
histological differentiation, clinical stage, T stage, lymphatic
invasion, lymph node metastasis, vessel invasion, and Lauren
classification. An observed HR or OR >1 implied a worse
prognosis in the PCNA-positive group and was considered to
be statistically significant if the 95% CI did not overlap 1.
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Interstudy heterogeneity was tested by [* statistics.
P>50% indicated that the studies showed significant hetero-
geneity, so a random-effects model was employed; otherwise,
a fixed-effects model was implemented. Subgroup analysis
and meta-regression were conducted to investigate the
potential heterogeneity among studies. We also performed
sensitivity analysis to evaluate the stability of the results.
Potential publication bias was assessed by funnel plots and
Egger’s linear regression test.?! STATA statistical software
(version 12.0, Stata Corporation, College Station, TX, USA)
was used to perform data analyses. All P-values were two-
sided and considered significant if <0.05.

Results

Search results

The processes of retrieval strategy for articles are described
in Figure 1. A total of 1,049 potential articles were identi-
fied for inclusion using the search strategies described in
“Materials and methods” section. Through reviewing the title
and abstracts, 1,003 papers were excluded. The remaining 46
were systematically evaluated by a full-text review. A further
27 were eliminated for the following reasons: the relationship
between PCNA and tumors was not relevant to gastric cancer
(n=3), insufficient data about survival or clinicopathological
characteristics (n=13), nondichotomous variables of PCNA
were excluded (n=7), and data overlapped those used in
other studies (n=4). Finally, 19 studies involving a total of

2,852 gastric cancer patients met the requirements of our
meta-analysis. 223273244

Study characteristics

The fundamental features of these 19 eligible articles are
summarized in Table 1. Overall, 13 studies were conducted
in patients from Asia and 6 from Europe. Sample sizes
ranged from 32 to 841. All interstudies used the technique
of immunohistochemistry (IHC) to detect the expression of
PCNA. Ye et al* reported two independent data sets including
familial gastric cancer and sporadic gastric cancer. Fifteen
studies reported an association between PCNA expression
and clinicopathological characteristics, and 16 articles con-
tained studies investigating the effect of PCNA expression
on survival (16 for OS and 3 for DFS).

Impact of PCNA expression on OS
and DFS

The correlation between PCNA expression and OS is shown
in a forest plot (Figure 2). Increased PCNA expression was
shown to be significantly associated with an increased mor-
tality risk by the random-effects model (pooled HR 1.66,
95% CI 1.32-2.08), with significant heterogeneity (1’=63.9%,
P<0.001). Meta-regression and subgroup analyses were
conducted based on study location, publication year, and
cutoff value (Table 2). The source of heterogeneity could
not be detected among these factors in meta-regression

Records identified through database searching
(n=1,049)

Irrelative articles excluded by

4

» browsing titles and abstracts
(n=1,003)

Full-text articles assessed for eligibility
(n=46)

Full-text articles excluded (n=27):
Data insufficient (n=20)

A 4

Not relevant to gastric cancer (n=3)
Overlapped data (n=4)

Articles included in this meta-analysis
(n=19)

l

l

16 studies from 15 articles for survival
analysis

15 studies from 15 articles for
clinicopathological features analysis

Figure | Flowchart of the study selection process.
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Table | Characteristics of studies included in the meta-analysis

Study Year Country Cases Mean Gender PCNA Cutoff Survival NOS
age (M/F) assay value (%) score
Li et al* 2015 People’s Republic of China 69 55 51718 IHC =50.0 OS, DFS 8
Poteca et al*? 2014 Romania 32 68 23/9 IHC >50.0 - 5
Liu et al® 2013 People’s Republic of China 133 60 110/23 IHC >50.0 OS, DFS 8
Kuang et al*® 2013 People’s Republic of China 50 - 26/24 IHC >75.0 - 5
Yang et al** 2012 People’s Republic of China 264 66 157/107 IHC >50.0 OS, DFS 8
Ye (FGC?) et al* 2011 People’s Republic of China 8l - 43/38 IHC >50.0 (O 6
Ye (SGC") et al** 2011 People’s Republic of China 8l - 46/35 IHC >50.0 Os 6
Czyzewska et al* 2009 Poland 100 63 67/33 IHC >50.0 (O 6
Kanaji et al*® 2006 Japan 160 6l 89/71 IHC =552 os 8
Wau et al’® 2004 People’s Republic of China 59 - 35/24 IHC =33.0 - 5
Lee et al”’ 2003 Korea 84| 56 568/273 IHC =50.0 os 7
Noda et al*’ 2002 Japan 133 - 87/46 IHC =312 os 8
Konno et al*® 2001 Japan 16 60 66/50 IHC =50.0 oS 8
Elpek et al*® 2000 Spain 74 - 42/32 IHC =49.0 oS 8
Danesi et al* 2000 Italy 137 66 77160 IHC =34.0 - 7
Kinugasa et al* 1998 Japan 50 58 25/25 IHC =238 os 7
Maeda et al*! 1995 Japan 108 59 25/25 IHC =420 os 8
Mangham et al*® 1994 England 90 68 58/32 IHC >50.0 (ON 6
Kakeji et al®® 1994 Japan 181 - 100/81 IHC =36.5 (ON 6
Jain et al* 1991 England 93 64 58/35 IHC >50.0 (ON 8

Notes: *Study investigated the prognostic effect of PCNA in FGC. *Study investigated the prognostic effect of PCNA in SGC.
Abbreviations: DFS, disease-free survival; FGC, familial gastric cancer; IHC, immunohistochemistry; M, male; F, female; NOS, Newcastle-Ottawa Scale; OS, overall survival;

PCNA, proliferating cell nuclear antigen; SGC, sporadic gastric cancer.

Study ID HR (95% CI) Weight %
T
Li et al?" —— 1.62 (1.02-2.58) 7.48
Liu et al® e 1.76 (1.10-2.81) 7.43
Yang et al?* P — 2.48(1.73-5.84) 6.12
Ye et al** _— 1.38 (0.71—-2.67) 5.66
Ye et al* ——+—-— 1.29 (0.70-2.38) 6.09
Czyzewska et al® — 1.81(0.97-3.36) 6.00
I
Kanaiji et al® —_—— 2.54 (1.36—4.76) 5.94
Lee et al?’ — ) 0.84 (0.66-1.08) 9.64
I
Noda et al*” : + 3.74 (1.01-13.90) 2.36
Konno et al® &—c:— 1.05 (1.05-3.59) 6.07
Elpek et al* — 1.45 (0.62-3.36) 4.35
Kinugasa et al* — - 242 (1.21-4.83) 5.42
Maeda et al*' | —— 3.07 (1.84-6.17) 6.15
I
Mangham et al*? —_— 1.08 (0.66-1.76) 7.22
Kakeji et al*® —— 1.60 (1.15-2.22) 8.85
I
Jain et al* R R 2.56 (1.25-5.25) 5.22
Overall (/?=63.9%, P=0.000) <> 1.66 (1.32—2.08) 100
I
I
g T

I
0.0719

Figure 2 Forest plot of HR for the association between proliferating cell nuclear antigen expression and overall survival in gastric cancer patients.
Note: Weights are from random-effects analysis.
Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Table 2 Stratified analysis of PCNA expression with overall survival in gastric cancer patients

Subgroup No of Pooled HR (95% CI) Meta-regression Heterogeneity
studies Fixed Random P-value I* (%) P-value

Location

Asia 12 1.41 (1.23, 1.62) 1.69 (1.28, 2.23) 0.865 70.4 <0.001

Europe 4 1.52 (1.11, 2.08) 1.56 (1.07, 2.29) 28.7 0.240

Year

>2005 7 1.77 (1.43, 2.19) 1.77 (1.43, 2.19) 0.507 0 0.655

<2005 9 1.27 (1.09, 1.49) 1.60 (1.12, 2.28) 74.5 <0.001

Cutoff value

=50% I 1.29 (.11, 1.49) 1.51 (1.15, 1.97) 0.162 65.3 0.001

<50% 5 1.93 (1.50, 2.48) 2.04 (1.48, 2.83) 25.1 0.254

Abbreviations: Cl, confidence interval; HR, hazard ratio; PCNA, proliferating cell nuclear antigen.

(all P>0.05). Subgroup analysis using pooled HRs showed
that high PCNA expression was significantly associated
with poor OS in both Asian (HR 1.69, 95% CI 1.28-2.23)
and European (HR 1.52, 95% CI 1.11-2.08) patients. No
significant heterogeneity was detected in European countries
(P=28.7%, P=0.240), in studies conducted after 2005 (’=0%,
P=0.655), or with cutoff <50% (P’=25.1%, P=0.254).

We also examined the impact of PCNA expression on
DEFS (Figure 3). High expression of PCNA in primary gastric
cancer was associated with a poor DFS in the fixed-effects
model (pooled HR 1.81,95% CI 1.40-2.36); moreover, no sig-
nificant heterogeneity was detected (=42.7%, P=0.175).

Effect of PCNA expression on
clinicopathological parameters
To further explore the biological role of PCNA, we inves-
tigated the correlation between PCNA expression and
clinicopathological characteristics. First, we used the fixed-
effects model to combine HR with 95% CI; if significant

heterogeneity existed (I7>50%) among studies, the
random-effects model was used. As illustrated in Table 3,
increased PCNA expression was significantly correlated
with the depth of invasion (T,/T, vs T /T,: OR 2.37, 95%
CI 1.71-3.27), lymph node metastasis (positive vs negative:
OR 2.49, 95% CI 1.85-3.35), and TNM stage (III-IV vs
I-II: OR 1.89, 95% CI 1.36-2.63). No significant hetero-
geneity was observed (/7=0.0%-37.8%). However, PCNA
expression was not associated with vascular invasion (posi-
tive vs negative: OR 1.32, 95% CI 0.70-2.48), histological
grade (G,/G, vs G,/G,: OR 1.04, 95% CI 0.72-1.50), or the
Lauren classification type (intestinal vs diffuse: OR 1.14,
95% CI1 0.70-1.86).

Sensitivity analysis

We performed a sensitivity analysis to assess the stability
of our results regarding OS, DFS, and clinicopathological
characteristics in gastric cancer patients. We compared
the fixed-effects and random-effects models, but found no

Study ID HR (95% Cl) Weight %
Li et al?' _— 1.50 (1.03,2.19)  48.39
Liu et al® —_— 1.81(1.14,2.87) 3230
Yang et al** | ————————  204(1.96,647) 19.31

Overall (?=42.7%, P=0.175)

1.81(1.40,2.36) 100

T
0.155 1

T

6.47

Figure 3 Forest plot of HR for the association between proliferating cell nuclear antigen expression and disease-free survival in gastric cancer patients.

Abbreviations: Cl, confidence interval; HR, hazard ratio.
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Table 3 Meta-analysis of PCNA high expression and clinicopathological features in gastric cancer

Clinicopathological parameters No of Heterogeneity Effect Pooled OR P-value
studies I* (%) P-value model (95% CI)

Depth of invasion (T,T, vs T T,) 8 32.1 0.172 Fixed 2.37 (1.71, 3.27) <0.001

Lymph node metastasis (+ vs —) 9 378 0.117 Fixed 2.49 (1.85, 3.35) <0.001

Vascular invasion (+ vs —) 6 64.3 0.016 Random 1.32 (0.70, 2.48) 0.398

TNM stage (IlI-IV vs I-1I) 6 37.3 0.157 Fixed 1.89 (1.36, 2.63) <0.001

Histological grade (G,/G, vs G,/G,) I 58.0 0.008 Random 1.04 (0.72, 1.50) 0.836

Lauren classification (intestinal vs diffuse) 7 50.4 0.06 Random 1.14 (0.70, 1.86) 0.597

Abbreviations: Cl, confidence interval; OR, odds ratio; PCNA, proliferating cell nuclear antigen.

significant difference in OS (fixed-effects model: HR 1.43,
95% CI 1.26—-1.62). Furthermore, the plots illustrated
that our results were robust because pooled HRs or ORs
were not significantly influenced by excluding any single
study (Figure 4).

Publication bias

Begg’s funnel plot showed an asymmetric distribution, and
the P-values from Egger’s tests indicated that there was
significant publication bias in OS (P=0.003) and Lauren
classification (P=0.024). To evaluate the potential impact
of publication bias, a trim-and-fill analysis was performed.

The adjusted pooled HR still showed a significant association
between PCNA expression and OS (HR 1.51, 95%
CI 1.22-1.88), whereas the adjusted pooled OR revealed a
similar correlation between PCNA expression and Lauren
classification to the above meta-analysis results (OR 1.14,
95% CI10.70-1.85). After incorporating additional studies, the
funnel plots were shown to be symmetrical (Figure 5). This
symmetry and the P-values from Egger’s tests indicated that
there was no significant publication bias for pooled depth of
invasion (P=0.9), lymph node metastasis (P=0.054), TNM
stage (P=0.125), histological grade (P=0.268), or vascular
invasion (P=0.865).

Meta-analysis estimates, given named study is omitted

| | Lower Cl limit

O Estimate | Upper CI limit |

Li et al® |-
Liu et al?®

Yang et al® | |

Ye et al*

Ye et al*
Czyzewska et al®*
Kanaji et al*®
Lee et al*

Noda et al*”
Konno et al?®
Elpek et al®®
Kinugasa et al*
Maeda et al*'
Mangham et al*?
Kakeiji et al*®

Jain et al*

1.27 1.32

1.66

Figure 4 Sensitivity analysis of proliferating cell nuclear antigen expression on overall survival.

Abbreviation: Cl, confidence interval.
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A Filled funnel plot with
) pseudo 95% confidence limits
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SE of: 9, filled

B Filled funnel plot with
pseudo 95% confidence limits
2 -

o
9
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[«}]
=
=

2

0 0.5 1 15

SE of: 9, filled

Figure 5 Funnel plots with trim-and-fill analysis for (A) overall survival and (B) Lauren classification.

Abbreviation: SE, standard error.

Discussion

PCNA is indispensable for DNA replication and the main-
tenance of genomic integrity in actively growing cells.®
In replication machinery, the PCNA sliding clamp acts as a
central scaffold to control the dynamic engagement of mul-
tiple factors at the heart of the replication fork.'¢ It also forms
a docking platform to recruit factors during the DNA damage
response and replication surveillance.'® Because of its role
in cancer cell proliferation, PCNA has been widely used as
a tumor marker. However, data are conflicting regarding
the association between PCNA expression in tumor tissues
and patient prognosis.'” Previous studies suggested that high
PCNA expression is an indicator of poor prognosis in cervical
cancer or gliomas.?? However, the equivalent data for patients
with gastric cancer have not been reported.

Our meta-analysis of 19 individual studies involving 2,852
patients explored the relationship between PCNA and progno-
sis, as well as clinicopathological parameters in gastric cancer.
The results indicate that high expression of PCNA predicts a
poor OS and DFS in gastric cancer patients. Meanwhile, we
observed significant heterogeneity among the studies regard-
ing OS. Although the random-effects and fixed-effects models
were used to pool data, neither model identified the source of
heterogeneity. Meta-regression analysis showed that none of
the factors thought to be the source, such as study location,
publication year, and cutoff value, had a significant association
with heterogeneity (all P>0.05). However, subgroup analysis
indicated that heterogeneity was successfully removed in the
subgroups of European countries, publication year >2005, and
cutoff <50%. In addition, subgroup analysis revealed that high
PCNA expression is also significantly associated with poor
OS in Asian and European countries. We also evaluated the

impact of PCNA expression on clinicopathological features.
No significant heterogeneity was observed, so the fixed-effects
model was used to show that increased PCNA expression was
correlated with deeper tumor invasion, lymph node metastasis,
and advanced TNM stage. These findings further verified the
association between high PCNA expression and poor OS,
which is consistent with our earlier results.

As we know, cancer is caused by multiple mechanisms
that often appear error in DNA replication. And tumor
progression cannot be separated from the proliferation and
metastasis of tumor cells. PCNA is an indispensable factor for
DNA replication, repair of DNA damage, chromatin structure
maintenance, and cell-cycle progression, which also regu-
lates tumor cell proliferation at both primary and metastatic
sites.'”* Interestingly, it is reported that a cancer-specific
isoform of PCNA (csPCNA),* with methyl esterification on
aspartic and glutamic acid residues, is expressed in tumor
tissues but not in normal tissues.* However, its biochemical
and molecular mechanisms are still unclear and further
investigations will help clarify its roles in cellular malignant
transformation and progression. In clinical research, a meta-
analysis revealed that PCNA overexpression was correlated
with advanced FIGO stage and poor survival in patients with
cervical cancer, and PCNA overexpression was an important
prognostic factor in glioma.?> Our results also suggested that
high PCNA expression was associated with poor survival
and advanced clinicopathological features in gastric cancer
patients. All these results demonstrate that PCNA might be
an indicator of survival for cancer patients.

It is encouraging that some targeting PCNA inhibi-
tors have been reported recently, which open the door to
potential therapeutic targeting of PCNA. There are two types
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of PCNA-targeting inhibitors including peptides and small
molecules.” One of the posttranslational modifications of
PCNA for cell proliferation inhibition is phosphorylation
of tyrosine residue 211 (pY211) of PCNA, which can be
inhibited directly by peptide Y211F.*” Y211F peptide could
inhibit the synthesis of DNA, which was shown as the cell-
cycle arrest at the S phase and apoptosis in vitro. Similarly,
intratumoral injection of the Y211F peptide had been showed
to significantly inhibit tumor growth and reduce tumoral
pY211-PCNA in xenograft tumor models.*** In addition,
PCNA-I, one of the small molecules targeting PCNA
inhibitors, interferes with PCNA functions by influencing
trimerization of PCNA formation. Treatment with PCNA-I
resulted in downregulation of chromatin-associated PCNA,
inhibition of DNA replication, and suppression of the pro-
liferation of a variety of cancer cell lines.* Therefore, these
promising approaches could be further exploited to target-
ing of cancer, and gastric cancer patients with a high PCNA
expression might obtain a survival benefit from it.

Our analysis has a number of limitations. First, PCNA
expression in gastric cancer tissues was detected by IHC
in all included studies, but the accuracy of this method is
dependent on the types of antibodies and their dilutions. As
not all studies used the same primary antibody or antibody
dilutions, this led to a potential bias. Subgroup analyses
could not explore the effect of this difference on results
because too few studies used the same antibodies and dilu-
tion ratios. Second, there was no uniform standard optimal
threshold for evaluating PCNA THC staining results. Cutoff
values defining gastric cancer with high or low expression
of PCNA were artificially set and varied from 23.8% to
75%, which might result in heterogeneity. As revealed in
the subgroup analysis, heterogeneity was eliminated in the
group with a cutoff value <50%. Third, each of the eligible
studies had various parameters including sample size, age
of participants, proportions of patients with high PCNA
expression, and follow-up durations. Finally, we observed
that studies reporting significant findings were more likely to
be published in English language journals, whereas negative
results were mostly published in native language journals,
which were difficult to obtain and, thus, were excluded from
our analysis.’! Egger’s test revealed significant publication
bias in studies on OS and Lauren classification. The results
of trim-and-fill analysis on pooled HRs or ORs indicated that
our results are relatively stable and reliable.

Conclusion
In conclusion, this meta-analysis revealed that the increased
PCNA expression is significantly associated with poor OS

and DFS, as well as with clinicopathological characteristics,
including deeper tumor invasion, lymph node metastases,
and more advanced stage in gastric cancer patients. This
suggests that PCNA might be a useful biomarker to predict
patient prognosis and could be a valuable therapeutic target
for gastric cancer.
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