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ABSTRACT

The prognostic role of epithelial cadherin (E-cadherin) downregulation in ovarian
cancer has been assessed for years while the results remain inconclusive. The aim of
our study was to assess this issue. Eligible studies were identified through searches of
PubMed, EMBASE and Cochrane Database. In total, 1562 patients from 17 studies were
included to assess the association between E-cadherin expression and overall survival/
progression-free survival and clinicopathological characteristics of ovarian cancer
patients. Hazard ratios (HRs) or odds ratios (ORs) with 95% confidence interval (95%
CI) were calculated to estimate the effect. The quality of 17 studies was evaluated using
the Newcastle Ottawa Quality Assessment Scale. We also performed subgroup analysis,
publication bias and sensitivity analysis in this meta-analysis. The results showed that
negative E-cadherin expression significantly predicted poor overall survival of ovarian
cancer patients (HR = 1.90, 95% CI = 1.50-2.40). However, negative E-cadherin was
not associated with poor progression-free survival (HR = 1.19, 95% CI = 0.86-1.64).
Moreover, Negative E-cadherin expression was distinctly associated with FIGO stage
(OR = 0.42, 95% CI = 0.31-0.57), tumor grade (OR = 0.48, 95% CI = 0.34-0.67),
metastasis (OR = 0.13, 95% CI = 0.07-0.26) and recurrence (OR = 0.48, 95% CI =
0.29-0.79). This meta-analysis revealed that negative E-cadherin expression might
be a predicative factor of poor prognosis in ovarian cancer patients.

INTRODUCTION

14,240 women will die from ovarian cancer, representing
5% of all cancer deaths among American women [2].

Ovarian cancer (OC) is the leading cause of death Even with modern standard treatment for advanced

among gynecologic malignant tumors and significantly
impacts the life and health of women worldwide [1].
According to the latest American cancer statistics,
approximately 22,280 cases of ovarian cancer are
expected to be diagnosed in 2016, and it is estimated that

ovarian cancer, the majority of ovarian cancer patients
will develop recurrence within 18 months [3]. Thus, the
prognosis of ovarian cancer is very poor. CA125 [4], HE4
[5] and several clinicopathological features, including
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stage (FIGO), tumor grade, and distant metastasis, have
been recognized as prognostic factors for patients with
ovarian cancer [0, 7]. However, due to the biological
complexity of ovarian cancer, patients with similarly
staged ovarian cancer as well as those treated with
the same therapies may exhibit significantly different
outcomes. Thus, the currently used clinical prognostic
factors are insufficient to accurately predict an individual
patient’s prognosis. Therefore, it is necessary to identify
better prognostic factors to offer timely and effective
treatments for OC patients.

Epithelial cadherin (E-cadherin, also known as
cadherin 1) is a transmembrane glycoprotein that is a
member of calcium adhesion protein molecule family [8].
E-cadherin localizes to cell-cell borders and is strongly
expressed in adherens junctions to maintain the integrity
and polarity of epithelial cells [9]. E-cadherin plays an
important role in the invasion and metastasis of a variety
of cancers[10]. The loss or downregulation of E-cadherin
expression can lead to several pathological changes: loss
of contact inhibition, uncontrolled growth and tumor cell
dedifferentiation [11, 12]. In the absence of E-cadherin, the
connections between cells become loose and disorganized,
thereby promoting invasion.

Many research studies have focused on the
expression of E-cadherin and its influence on ovarian
cancer prognosis. To date, many studies have confirmed
that negative E-cadherin expression in ovarian cancer
cells is correlated with advanced tumor progression and
predicts poor prognosis [13—16]. In 2012, Peng, H. L.
et al. conducted a meta-analysis focused on nine
published studies and concluded that negative
E-cadherin expression may be associated with a lower
overall survival rate in 915 ovarian cancer patients
[17]. However, after 2012, many further studies have
explored the association of E-cadherin expression and
the prognosis of OC patients and have reached different
conclusions. Huang, H.N. et al. suggested that among
ovarian clear cell carcinoma patients, the negative
expression of E-cadherin is a prognostic marker only in
the context of activation of the PI3K-Akt pathway [18].
Liew, P. L. et al. suggested that no relationship exists
between negative E-cadherin expression and the survival
rate of patients with ovarian cancer [19]. Thus, it remains
difficult to determine whether negative E-cadherin
expression is an independent negative prognostic factor.
In addition, it remains unclear whether the differences
in these studies are due to small sample sizes or other
factors. Therefore, we conducted this meta-analysis
with 1562 patients from 17 studies [13—16, 18-30]
to investigate the relationship between E-cadherin
expression and the clinicopathological features and
survival of OC patients. Our result will help provide
evidence for effective strategies for the further treatment
of ovarian cancer.

RESULTS

Selected studies

We conducted a search for articles discussing
E-cadherin expression and OC patient prognosis, and
167 articles were considered relevant after removal
of duplicates. Among these articles, 150 articles
were excluded for the following reasons: 1) the study
involved non-ovarian tumors; 2) the study did not
involve human patients; 3) the article was a review
article; 4) E-cadherin expression was not tested using
immunohistochemistry (IHC) or other methods; and
5) the hazard ratio (HR) and 95% confidence interval
(CI) could not be obtained or calculated according
to the information contained in the article. In total,
17 studies were considered eligible. The flow diagram of
the selection process is depicted in Figure 1.

Study characteristics

Seventeen studies were selected for our meta-analysis,
and the details of these studies are presented in Table 1.
These studies were published between 1996 and 2017.
E-cadherin expression was verified by IHC in all studies.
The sample size of each article was ranged from 20 to 282
patients. A total of 1562 patients from China, Korea, Japan,
Germany, Finland, Croatia, Turkey and France were included
in the studies, and HRs and 95% CIs were evaluated. The
study follow-up periods ranged from 1 to 334 months.

Quality assessment

The number of stars on the Newcastle Ottawa
Quality Assessment Scale (NOS) for each study ranged
from 5 to 9. The average number of NOS stars was 7.41.
Sixteen studies were designated as high-quality (NOS stars
> 6). Only one study was identified as low-quality (NOS
stars < 6). The details of the quality evaluation for each
enrolled study are presented in Supplementary Table 1.

Overall survival and progression-free survival

First, we conducted an analysis of negative
E-cadherin expression and overall survival (OS) in OC
patients based on the results of the 17 studies. The random-
effects model was chosen because of heterogeneity
(> = 67.5%, p < 0.001). As shown in Figure 2, the
combined HR was 1.81 (95% CI = 1.44-2.29, p < 0.001),
which indicates that negative E-cadherin expression was
associated with poor OS. However, the combined HR for
the 5 studies evaluating a relationship between E-cadherin
expression and progression-free survival (PFS) was 1.19
(95% CI = 0.86-1.64, p = 0.459, fixed-effects model)
without heterogeneity (I* < 50%, p = 0.302) (Supplementary
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Figure 1). This result suggests that negative E-cadherin
expression did not indicate poor PFS among OC patients.

Subgroup analysis

We performed subgroup analyses for the number
of patients, publication year, cut-off value, antibody
source and study country. The results of each subgroup
consistently indicated that negative E-cadherin expression
is correlated with poor prognosis. The details of the
subgroup analysis are presented in Supplementary Table 2.

The correlation between E-cadherin expression
and clinicopathological features

We selected clinical features that were presented
in more than 3 articles to conduct a correlation analysis
between E-cadherin expression and clinical parameters.
As shown in Table 2, there was no correlation between
E-cadherin expression and the following three clinical
parameters: patient age, histologic type, and lymph node or
vascular invasion. However, negative E-cadherin expression
was correlated with FIGO stage (I/I1 vs. III/IV, pooled OR
=0.42,95% CI =0.31-0.57, p < 0.001), tumor grade (1/2
vs. 3, pooled OR = 0.48, 95% CI = 0.34-0.67, p < 0.001),
metastasis (Absent vs. Present, pooled OR =0.13, 95% CI
=0.07-0.26, p <0.001) and recurrence (Absent vs. Present,
pooled OR = 0.48, 95% CI = 0.29-0.79, p < 0.001).

Sensitivity analysis

The sensitivity of the pooled data from the 17 studies
was evaluated. As shown in Table 3, no significant change
was observed in the corresponding pooled HRs, indicating
that our conclusion that negative E-cadherin expression
predicts poor OS among OC patients is reliable.

Publication bias

Both Begg’s and Egger’s funnel plot were
generated to assess the publication bias. The distribution
of Egger’s funnel plot appeared asymmetrical in the
heterozygote comparison (p = 0.016) (Supplementary
Figure 2). Thus, we used a trim-and-fill method to
adapt the publication bias. First, three articles with
smaller numbers of patients were excluded to generate a
symmetrical plot. We considered only the larger studies
to estimate an adjusted summary effect. Subsequently,
we replicated the funnel plot to replace the excluded
studies with their ‘missing’ counterparts around the
adjusted summary estimate. Finally, we applied the
random-effects model to obtain the adjusted estimate:
HR of 1.64 (1.31-2.06) for negative E-cadherin
expression (Figure 3). Whether we applied the trim-and-
fill method or not, the meta-analysis did not produce
conflicting conclusions, suggesting that our results were
statistically stable.

Articles searching from the following three databases
with the combination of Mesh words and free words.

v

Articles searched through Pubmed (n=167),
EmBase(n=131) , Cochrane (n=3)

!

Articles after duplicates
removed(n=167)

y

Exclude:

Other tumors;

«—Review articles:

Animal experiments;

No detection in tumor tissues (n=113)

A

Articles selected for more detailed reading(n=54 )

Exclude:

Survival data not given or calculated(n=37)

Not tested by IHC method or other methods;

—

y

The final eligible articles included in this meta-
analysis(n=17)

Figure 1: The flow diagram of studies selection.

www.impactjournals.com/oncotarget

81054

Oncotarget



Table 1: Main characteristics and results of the eligible studies

Pool HR and 95% CI

NO First author Year Stu(.iy N({. of hystopathological Cutoff value Antibody Survival Meth.ods ?f HR
location patients subtypes - estimation
oS PFS
. 10 serous and 10 .
1 Darai, E. 1996 France 20 mucinous 10% R & D Systems oS Survival curves 1.22(1.01, 1.42) /
56 serous, 22
Faleiro mucinous, 16 Transduction
2 Rodrigucs. C 2004 Portugal 104 clear cell, 8 0% Laboratories, oS Given by author 4.83(1.38,16.9) /
gues, & endometrioid and USA
2 transitional cell
102 serous, 30
mucinous, 74 Zymed
3 Voutilainen, K. A. 2006 Finland 282 endometrioid, 5% Laboratories, 0S Survival curves 1.70 (0.71, 2.69) /
30 clear cell, 46 USA
miscellaneous
4 Cho, E. Y. 2006 Korea 95 95 serous 10% D‘N"Igfr‘ezeo"l’ 0s Survival curves  1.23 (1.12, 1.80) /
Transduction
5 Blechschmidt, K. 2008 Germany 48 primary serous 10% Laboratories, 0os Given by author 2.82(1.30, 6.30) /
USA
6 Shim, H. S. 2009 Korea 72 72 serous 25% DAKO, oS Survival curves 1.82(1.32,2.86) /
Denmark
7 Ho, C. M. 2010 TaipeiChina 58 58 Clear Cell 10% DAKO.  0$,PFS  Givenbyauthor  230(L10.481)  145(0.75,295)
8 Dian, D. 2011 Germany 100 100 serous 25% ]Z];::E?ri( OS, PFS  Survival curves 1.68 (0.51, 2.85) 1.81 (0.80, 4.10)
9 Huang, K. J. 2012 China 136 No given 5% Santa Cruz, CA oS Given by author 1.15(0.63, 2.09) /
Product >3 Zymed
10 Taskin S. 2012 Turkey 30 30 serous oints Laboratories, [ Given by author ~ 9.60 (2.10, 43.60) /
P USA
11 Bacic, B. 2013 Croatia 54 54 serous 10% DAKO, oS Given by author 3.08 (1.54,6.18) /
Denmark
12 Huang H.N. 2014  TaipeiChina 72 72 clear cell 10% é’e’:;gi( 0S,PFS  Givenbyauthor 070 (0.31,1.58)  0.71 (032, 1.56)
13 Wang, Y. 2014 China 54 No given 10% Santa Cruz, CA 0os Given by author ~ 2.92 (1.52,3.24) /
14 Mise, B. P 2015 Croatia 98 98 Serous 10% DAKO. 0$,PFS  Givenbyauthor  270(130.5.90)  1.35(0.70,2.70)
47 serous, 23
. . mucinous, 13 . DAKO, .
15 Liew, P. L. 2015 Taipei,China 108 endometrioid and Not given Denmark OS, PFS  Given by author 1.15(0.58,2.31) 0.92 (0.46, 1.85)
25 clear cell
114 serous, 21
16 Yu, L 2015 China 150 mucinous, 9 Product=2  Maixin, Fuzhou, 0s Survival curves 1.9 (1.06, 3.74) /
endometrioid and points China
6 clear cell
17 Sundov, D 2017 Croatia 81 81 serous 10% DAKO, [N Survival curves 3.30(1.90-5.80) /
Denmark
DISCUSSION analysis to verify whether negative E-cadherin expression

In 2012, the meta-analysis by Peng, H. L. et al.
reported that negative E-cadherin expression predicts
worse OS in OC patients [17], However, not all the
related studies reported consistent conclusions. In
2014, Huang, H. N. et al. suggested that E-cadherin
expression had no impact on prognosis in OC patients
if the PI3K-Akt pathway was not activated [18]. Liew,
P. L. et al. reported that negative E-cadherin expression
did not predict poor prognosis among patients with
ovarian cancer. In addition, additional papers published
after 2012 continued to explore the relationship between
E-cadherin expression and the prognosis of OC patients
[16, 18, 19, 26-30]. Therefore, we conducted this meta-

is an independent prognosis factor for OC patients.

In our study, we included additional studies to
the subset examined by Peng, H.L. et al. to evaluate the
prognostic value of negative E-cadherin expression in
OC patients. Finally, we comprehensively conducted
this meta-analysis involving 1562 patients from 17
independent studies to explore the association between
negative E-cadherin expression and OS or PFS among OC
patients. Our results indicate that the negative expression
of E-cadherin is correlated with a significant reduction
in OS (HR: 1.90 (1.50, 2.40)) but not PFS among OC
patients (HR: 1.19 (0.86, 1.64)). Furthermore, we also
tested the quality of the 17 papers included in our analysis
using NOS, and a trim-and-fill test was used to detect
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Table 2: Main results for meta-analysis between negative E-cadherin expression and

clinicopathological features

Association between E-cadherin

and clinical features No. Reference Studies

Overall OR (95% CI) Heterogeneity test (Q, I, p)

Age (<50 vs. > 50)

Shim, H. S. [23], Huang, H. N. [18], Wang, Y. [27]

0.94 (0.56,1.65) 6.75, 70.4%, 0.83 (random-effected)

Darai, E. [20], Faleiro Rodrigues, C. [13], Voutilainen, K. A. [21], Cho, E.

FIGO stage (I/I1 vs. III/IV)
Yu, L. [29]

Tumor grade (1/2 vs. 3)

Histologic type (serous vs. others)

Metastasis (Absent vs. Present)

Lymph node or vascular invasion
(Absent vs. Present)

Recurrence (Absent vs. Present)

Y. [22], Shim, H. S. [23], Dian, D. [24], Huang, H. N. [18], Wang, Y. [27],

Darai, E. [20], Faleiro Rodrigues C. [13], Voutilainen, K. A. [21], Cho, E. Y.
[22], Shim, H. S. [23], Dian, D. [24], Bacic, B. [26], Wang, Y. [27]

Darai, E. [20], Faleiro Rodrigues, C. [13], Voutilainen, K. A. [21], Yu, L. [29]

Cho, E. Y. [22], Dian, D. [24], Wang, Y. [27], Yu, L. [29]

Faleiro Rodrigues, C. [13], Dian, D. [24], Bacic, B. [26], Huang, H. N. [18]

Darai, E. [20], Voutilainen, K. A. [21], Cho, E. Y. [22], Shim, H. S. [23]

0.42 (0.31,0.57) 39.97, 80.0%, < 0.01 (random-effected)

0.48 (0.34,0.67) 9.17,23.7%, < 0.01 (fixed-effected)

1.43(0.93,2.19) 2.02, 0.0%, < 0.01 (fixed-effected)

0.13 (0.07,0.26) 5.04, 40.5%, < 0.01 (fixed-effected)

0.67 (0.36,1.24) 3.80, 21.0%, 0.20 (fixed-effected)

0.48 (0.29,0.79) 1.25,0.0%, < 0.01 (fixed-effected)

publication bias of all studies. Sensitivity analysis was
used to observe the reliability of the results. To the best of
our knowledge, we have conducted the largest and most
comprehensive meta-analysis of the association between
negative E-cadherin expression and the survival of OC
patients.

We also performed a comprehensive analysis to
investigate the relationship between negative E-cadherin
expression and clinicopathological features. The results
revealed that negative E-cadherin is associated with
certain clinicopathological features, including FIGO
stage, tumor grade, metastasis and recurrence. Moreover,

previous studies reported that FIGO stage, tumor grade
and recurrence may be considered independent prognostic
factors for OC patients [31, 32]. Therefore, our results
suggest that negative E-cadherin expression might be a
more effective predictor of poor prognosis in OC patients.

According to our results, negative E-cadherin
expression predicts poor OS (HR: 1.90 (1.50, 2.40)) in OC
patients. OS is considered the “gold standard” in oncology
trials because of its relevance and objectivity [33]. However,
an increasing number of studies recognize that confounding
effects of post-study therapies and trial crossover are
often present in clinical trials that rely on OS, and PFS

“HR”
Study (95% CI) % Weight
1 Darai, E.(1996) . 1.22 (1.01, 1.42) 10.0
2 Faleiro Rodrigues, C.(2004) » 4.83 (1.38,16.90) 2.6
3 Voutilainen, K. A.(2006) — . 1.70 (0.71, 2.69) 5.7
4 Cho, E. Y.(2006) B 1.23 (1.12, 1.80) 9.5
5 Blechschmidt, K.(2008) s e 2.82 (11.30, 6.30) 4.8
6 Shim, H. S.(2009) = 1.82 (1.32, 2.86) 82
7 Ho, C. M.(2010) —— 230 (1.10, 4.81) 52
8 Dian, D.(2011) 1.68 (0.51, 2.85) 44
9 Huang, K. J.(2012) e 1.15 (0.63, 2.09) 6.2
10 Taskin S.(2012) ! = 9.60 ( 2.10, 43.60) 2.0
11 Bacic, B.(2013) S — 3.08 (1.54, 6.18) 55
12 Huang, H. N.(2014) S E 0.70 (0.31,1.58) 4.6
13 Wang, Y.(2014) — N 2.92 (1.52,3.24) 83
14 Mise, B. P.(2015) S 270 ( 1.30, 5.90) 5.0
15 Liew, P. L(2015) — ., 1.15(0.58, 2.31) 55
16 Yu, L.(2015) — . 1.99 ( 1.06, 3.74) 6.0
17 Sundov D.(2017) — 3.30 (1.90, 5.80) 6.6
Overall - 1.90 ( 1.50, 2.40) 100.0
I I
1 1 10
e

Figure 2: Forest plot shows that negative E-cadherin expression indicates a poor OS of patients with ovarian cancer.
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Table 3: Results of the sensitivity analysis

Excluded study HR 95% CI
1 Darai, E. (1996) 2.00 1.55-2.57
2 Faleiro Rodrigues, C. (2004) 1.85 1.46-2.33
3 Voutilainen, K. A. (2006) 1.91 1.50-2.45
4 Cho, E. Y. (20006) 2.00 1.54-2.60
5 Blechschmidt, K. (2008) 1.86 1.46-2.36
6 Shim, H. S. (2009) 1.91 1.48-2.47
7 Ho, C. M. (2010) 1.88 1.47-2.40
8 Dian, D. (2011) 1.91 1.50-2.44
9 Huang, K. J. (2012) 1.96 1.54-2.51
10 Taskin S. (2012) 1.83 1.46-2.30
11 Bacic, B. (2013) 1.84 1.45-2.34
12 Huang, H. N. (2014) 1.99 1.57-2.52
13 Wang, Y. (2014) 1.80 1.43-2.27
14 Mise, B. P. (2015) 1.86 1.46-2.37
15 Liew, P. L. (2015) 1.96 1.53-2.50
16 Yu, L. (2015) 1.89 1.48-2.42
17 Sundov D. (2017) 1.81 1.44-2.29

is, therefore, the most commonly surrogate endpoint
in oncology trials [33]. However, negative E-cadherin
expression was not correlated with the PFS of OC patients
(HR: 1.19 (0.86, 1.64)). The inability to detect a relationship
between these two factors may be the result of the limited
numbers of samples (n = 436). Thus, more studies were
needed to accurately evaluate the true association between
E-cadherin expression and PFS in OC patients.

Previous studies have reported that negative
expression of E-cadherin is closely related to cell-cell
adhesion [34] and the mobility and proliferation [35] of
epithelial cells. In specific physiological and pathological
conditions, the loss of E-cadherin expression in ovarian
epithelial cells promotes loss of cellular polarity and
cellular adhesion and enhances migration and movement.
Moreover, E-cadherin expression is negatively correlated
with dedifferentiation and lymph node metastasis
[36, 37]. In addition, E-cadherin is a downstream target
of the Wnt [38] and PI3K-AKT pathways [39]. Thus,
negative E-cadherin expression is associated with tumor
progression. According to our meta-analysis, negative
E-cadherin expression in OC is correlated with FIGO stage
(I/1I vs. ITI/IV, pooled OR = 0.42, 95% CI = 0.31-0.57,
p <0.001), tumor grade (1/2 vs. 3, pooled OR = 0.48, 95%
CI=0.34-0.67, p <0.001), metastasis (Absent vs. Present,

pooled OR = 0.13, 95% CI = 0.07-0.26, p < 0.001), and
with ovarian cancer recurrence (Absent vs. Present, pooled
OR =0.48, 95% CI = 0.29-0.79, p <0.001). These results
indicate that E-cadherin may serve as an independent
prognostic factor.

There are some limitations that should be
acknowledged in this meta-analysis. First, the search
strategy was restricted to three databases (PubMed,
EMBASE and Cochrane) and to articles published in
English or Chinese, which may have led to the exclusion
of some relevant studies. Second, the different cut-off
values for negative E-cadherin expression in these studies
may have resulted in inaccurate results and inconsistent
conclusions. Third, the use of different E-cadherin
antibodies may have produced different results. In addition,
several HRs and 95% CIs for the relationship between
E-cadherin expression and PFS were not provided.
Moreover, the clinicopathological features of many studies
were not reported. Therefore, biases were unavoidable in
this meta-analysis. Further evidence is required to assess
the association between negative E-cadherin expression
and PFS in OC patients. Despite these limitations, we have
high confidence based on the results of this meta-analysis
that negative E-cadherin expression is significantly
associated with OS among OC patients.

www.impactjournals.com/oncotarget

81057

Oncotarget



In conclusion, our study demonstrates that
negative E-cadherin expression is associated with worse
prognosis among patients with ovarian cancer. In addition,
clinicopathological features, such as FIGO stage, tumor
grade, metastasis and recurrence, are significantly
associated with negative E-cadherin expression. Based on
our studies, an evaluation of E-cadherin expression may
provide relatively accurate OS prognostic information
among OC patients. Therefore, our study promotes
effective strategies for the further treatment of ovarian
cancer.

MATERIALS AND METHODS

Search strategy

We searched for all relevant studies on E-cadherin
expression and ovarian cancer prognosis using the
PubMed, EMBASE and Cochrane databases. We used
the following term combinations for our search: “ovarian
neoplasm or ovarian cancer or OC or ovarian carcinoma
or ovarian tumor”, “Epithelial cadherin or cadherin 1
or E-cadherin” and “prognosis or prognoses or survival
outcome”. The last search was updated on February 1,
2017. The reference lists of reviews and primary studies
were also searched, and the study authors were approached
for help if necessary.

Data extraction

First, we extracted the following information
from the included articles: the first author’s name,
publication year, study country, number of patients,
cut-off value, antibody source, age, FIGO stage, tumor
grade, histological type, presence of lymph node or
vascular invasion, metastasis, recurrence, HR, 95% CI
and E-cadherin expression-related survival. If the HR
and 95% CI were not provided, we calculated these
values from the Kaplan-Meier curve using the method
reported by Chaimani, A. et al. [40]. These calculations
were performed independently by two researchers. When
the calculations disagreed, mistakes were identified and
corrected after discussion.

Methodological quality assessment

The NOS is the recommended tool to assess the
quality of cohort and case-control studies [41, 42]. In
the present work, two independent researchers adopted
the NOS to assess the quality of the 17 included studies.
The NOS is composed of three major parts: Selection,
Comparability and Outcome. Each section also includes
several detailed entries. The NOS adopts a semi-
quantitative scoring system for assessment. The entry
entitled ‘Selection’ and ‘Outcome’ can earn a maximum

Filled funnel plot with pseudo 95% confidence limits

2_

theta, filled

I \
4

s.e. of tﬁeta, filled

Figure 3: Trim-and-fill analysis estimating the number missing studies for the association between negative E-cadherin
and survival outcomes of patients with ovarian cancer. The squares represent the possible missing studies.
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of one stars, whereas the entry entitled ‘Comparability’
can earn a maximum of two stars. The total number of
possible starts is nine. Higher star counts reflect higher-
quality studies. Studies > 6 stars according to the NOS
method are considered high quality, and studies with < 6
stars are considered low quality.

Statistical analysis

HRs and 95% CIs were used to evaluate the
relationship between negative E-cadherin expression and
OC patient prognosis. Heterogeneity among the studies was
assessed using the Q test and I? index. Heterogeneity was
present when p < 0.10 and I? > 50%, and the random-effects
model was utilized. Otherwise, we adopted the fixed-effect
model. If the combined HR and 95% CI were greater than
1.0, the relationship between negative E-cadherin expression
and OS or PFS was considered statistically significant. To
investigate the cause of high heterogeneity, we performed
subgroup analysis. All 17 studies were divided into several
groups according to the number of patients, publication
year, cut-off value, antibody source and study location.
Subsequently, the HRs, 95% CIs and I? indexes of the
different groups were calculated [43]. The association
between negative E-cadherin expression and clinical
pathologic features such as patient age, FIGO stage, tumor
grade, histologic type, metastasis, the presence of lymph node
or vascular invasion, and recurrence was evaluated using the
ORs and 95% Cls. If the OR and 95% CI did not overlap
1.0, negative E-cadherin expression was considered to be
statistically correlated with the clinical feature. Publication
bias was assessed using the Begg’s and Egger’s tests. p <0.05
was considered to reflect the presence of publication bias.
Funnel plots were used to describe the potential publication
bias, and a symmetric plot suggested no publication bias. All
of the statistical analyses were performed using STATA 10.0
(StataCorp, College Station, TX).

Authors’ contributions

In our study, Pengfei Xu and Xuemei Jia Conceived
and designed the experiments; Yu Zeng and Sujuan Xu
searched studies and extracted data; Chencheng Dai and
Jian Cao performed and analyzed data; Pengfei Xu and
Chencheng Dai wrote the manuscript.

ACKNOWLEDGMENTS
This project was supported by the National Natural

Science Foundation of China (Grant Nos. 81402139,
81572556).

CONFLICTS OF INTEREST

The authors have declared that no competing
interests exist.

REFERENCES

10.

11.

12.

13.

14.

. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.

Global cancer statistics. CA Cancer J Clin. 2011; 61:69-90.
doi: 10.3322/caac.20107.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA
Cancer J Clin. 2016; 66:7-30.

Jayson GC, Kohn EC, Kitchener HC, Ledermann JA.
Ovarian cancer. Lancet. 2014; 384:1376-88. doi: 10.1016/
S0140-6736(13)62146-7.

Obermair A, Fuller A, Lopez-Varela E, van Gorp T,
Vergote 1, Eaton L, Fowler J, Quinn M, Hammond I,
Marsden D, Proietto A, Carter J, Davy M, et al. A new
prognostic model for FIGO stage 1 epithelial ovarian
cancer. Gynecol Oncol. 2007; 104:607—11. doi: 10.1016/j.
ygyno.2006.09.021.

Hellstrém I, Raycraft J, Hayden-Ledbetter M, Ledbetter JA,
Schummer M, McIntosh M, Drescher C, Urban N,
Hellstrom KE. The HE4 (WFDC2) protein is a biomarker for
ovarian carcinoma. Cancer research. 2003; 63:3695-700.

Clark TG, Stewart ME, Altman DG, Gabra H, Smyth JF.
A prognostic model for ovarian cancer. Br J Cancer. 2001;
85:944-52. doi: 10.1038/s].bjc.6692030.

Berman ML. Future directions in the surgical management
of ovarian cancer. Gynecol Oncol. 2003; 90:S33-9.

Harigopal M, Shin SJ, Murray MP, Tickoo SK, Brogi E,
Rosen PP. Aberrant E-cadherin staining patterns in invasive
mammary carcinoma. World J Surg Oncol. 2005; 3:73. doi:
10.1186/1477-7819-3-73.

Handschuh G, Candidus S, Luber B, Reich U, Schott C,
Oswald S, Becke H, Hutzler P, Birchmeier W, Hofler H,
Becker KF. Tumour-associated E-cadherin mutations
alter cellular morphology, decrease cellular adhesion and
increase cellular motility. Oncogene. 1999; 18:4301-12.
doi: 10.1038/sj.0nc.1202790.

Shiozaki H, Gofuku J, Inoue M, Tamura S. Correlation
between the intercellular adhesion molecule (E-cadherin)
and its associated protein (alpha-catenin) expression
and metastasis in human digestive cancers. [Article in
Japanese]. Nihon Rinsho. 1995; 53:1602—6.

El-Bahrawy MA, Pignatelli M. E-cadherin and catenins:
molecules with versatile roles in normal and neoplastic
epithelial cell biology. Microsc Res Tech. 1998; 43: 224-32.

Walker DC, Georgopoulos NT, Southgate J. Anti-social
cells: predicting the influence of E-cadherin loss on the
growth of epithelial cell populations. J Theor Biol. 2010;
262:425-40. doi: 10.1016/].jtbi.2009.10.002.

Faleiro-Rodrigues C, Macedo-Pinto I, Pereira D, Lopes CS.
Prognostic value of E-cadherin immunoexpression in
patients with primary ovarian carcinomas. Ann Oncol.
2004; 15:1535-42. doi: 10.1093/annonc/mdh387.

Blechschmidt K, Sassen S, Schmalfeldt B, Schuster T,
Hofler H, Becker KF. The E-cadherin repressor Snail is

www.impactjournals.com/oncotarget

81059

Oncotarget



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

associated with lower overall survival of ovarian cancer
patients. Br J Cancer. 2008; 98:489-95. doi: 10.1038/
sj.bjc.6604115.

Ho CM, Cheng WF, Lin MC, Chen TC, Huang SH, Liu FS,
Chien CC, Yu MH, Wang TY, Hsieh CY. Prognostic and
predictive values of E-cadherin for patients of ovarian
clear cell adenocarcinoma. Int J Gynecol Cancer. 2010; 20:
1490-7. doi: 10.1111/IGC.0b013e3181e68a4d.

Taskin S, Dunder I, Erol E, Taskin EA, Kiremitci S,
Oztuna D, Sertcelik A. Roles of E-cadherin and
cyclooxygenase enzymes in predicting different survival
patterns of optimally cytoreduced serous ovarian cancer
patients. Asian Pac J Cancer Prev. 2012; 13:5715-9.

Peng HL, He L, Zhao X. Association of reduced
immunohistochemical expression of E-cadherin with a poor
ovarian cancer prognosis—results of a meta-analysis. Asian
Pac J Cancer Prev. 2012; 13:2003-7.

Huang HN, Huang WC, Lin CH, Chiang YC, Huang HY,
Kuo KT. Chromosome 20q13.2 ZNF217 locus amplification
correlates with decreased E-cadherin expression in
ovarian clear cell carcinoma with PI3K-Akt pathway
alterations. Hum Pathol. 2014; 45:2318-25. doi: 10.1016/].
humpath.2014.07.020.

Liew PL, Hsu CS, Liu WM, Lee YC, Lee YC, Chen CL.
Prognostic and predictive values of Nrf2, Keapl, p16 and
E-cadherin expression in ovarian epithelial carcinoma. Int J
Clin Exp Pathol. 2015; 8:5642-9.

Darai E, Scoazec JY, Walker-Combrouze F, Mlika-
Cabanne N, Feldmann G, Madelenat P, Potet F. Expression
of cadherins in benign, borderline, and malignant ovarian
epithelial tumors: a clinicopathologic study of 60 cases.
Hum Pathol. 1997; 28:922-8.

Voutilainen KA, Anttila MA, Sillanpaa SM, Ropponen KM,
Saarikoski SV, Juhola MT, Kosma VM. Prognostic
significance of E-cadherin-catenin complex in epithelial
ovarian cancer. J Clin Pathol. 2006; 59:460-7. doi: 10.1136/
jcp.2005.029876.

Cho EY, Choi Y, Chae SW, Sohn JH, Ahn GH.
Immunohistochemical study of the expression of adhesion
molecules in ovarian serous neoplasms. Pathol Int. 2006;
56:62-70. doi: 10.1111/j.1440-1827.2006.01925 .x.

Shim HS, Yoon BS, Cho NH. Prognostic significance of
paired epithelial cell adhesion molecule and E-cadherin in
ovarian serous carcinoma. Hum Pathol. 2009; 40:693-8.
doi: 10.1016/j.humpath.2008.10.013.

Dian D, Bruning A, Mylonas I. E-cadherin as a prognostic
marker in human serous carcinomas of the ovary: an
immunohistochemical analysis. Arch Gynecol Obstet. 2011;
284:437-43. doi: 10.1007/s00404-010-1657-0.

Huang KJ, Sui LH. The relevance and role of vascular
endothelial growth factor C, matrix metalloproteinase-2 and
E-cadherin in epithelial ovarian cancer. Med Oncol. 2012;
29:318-23. doi: 10.1007/s12032-010-9817-4.

Bacic B, Haller H, Mrklic I, Kosta V, Caric A, Tomic S.
Prognostic role of E-cadherin in patients with advanced

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

serous ovarian cancer. Arch Gynecol Obstet. 2013; 287:
1219-24. doi: 10.1007/s00404-012-2684-9.

Wang Y, Ma J, Shen H, Wang C, Sun Y, Howell SB,
Lin X. Reactive oxygen species promote ovarian cancer
progression via the HIF-1alpha/LOX/E-cadherin pathway.
Oncol Rep. 2014; 32:2150-8. doi: 10.3892/0r.2014.3448.

Mise BP, Telesmanic VD, Tomic S, Sundov D,
Capkun V, Vrdoljak E. Correlation Between E-cadherin
Immunoexpression and Efficacy of First Line Platinum-Based
Chemotherapy in Advanced High Grade Serous Ovarian
Cancer. Pathol Oncol Res. 2015; 21:347-56. doi: 10.1007/
$12253-014-9827-1.

Yu L, Zhou L, Wu S, Song W, Cheng Z, Guo B. Expressions
of CD133, E-cadherin, and Snail in epithelial ovarian cancer
and their clinicopathologic and prognostic implications.
[Article in Chinese]. Nan Fang Yi Ke Da Xue Xue Bao.
2015; 35: 1297-302.

Sundov D, Petric Mise B, Mrklic I, Bacic B, Vrdoljak E,
Tomis S. Prognostic significance of MAPK, Topo Ilalpha and
E-cadherin immunoexpression in ovarian serous carcinomas.
Neoplasma. 2017; 64. doi: 10.4149/neo_2017 217.

Wen H, Sun W, Guo Y. Prognosis and prognostic factor
analysis epithelial ovarian cancer. [Article in Chinese].
Zhonghua Fu Chan Ke Za Zhi. 1997; 32:159-62.
Tingulstad S, Skjeldestad FE, Halvorsen TB, Hagen B.
Survival and prognostic factors in patients with ovarian
cancer. Obstet Gynecol. 2003; 101: 885-91.

0Oza AM, Castonguay V, Tsoref D, Diaz-Padilla I, Karakasis K,
Mackay H, Welch S, Weberpals J, Hoskins P, Plante M,
Provencher D, Tonkin K, Covens A, et al. Progression-free
survival in advanced ovarian cancer: a Canadian review and
expert panel perspective. Curr Oncol. 2011; 18:S20-7.

van Roy F, Berx G. The cell-cell adhesion molecule
E-cadherin. Cell Mol Life Sci. 2008; 65:3756-88. doi:
10.1007/s00018-008-8281-1.

Kim NG, Koh E, Chen X, Gumbiner BM. E-cadherin
mediates contact inhibition of proliferation through Hippo
signaling-pathway components. Proc Natl Acad Sci USA.
2011; 108:11930-5. doi: 10.1073/pnas.1103345108.
Yamamoto S, Tsuda H, Honda K, Kita T, Takano M,
Tamai S, Inazawa J, Yamada T, Matsubara O. Actinin-4
expression in ovarian cancer: a novel prognostic indicator
independent of clinical stage and histological type. Mod
Pathol. 2007; 20:1278-85. doi: 10.1038/modpathol.3800966.
Yuecheng Y, Hongmei L, Xiaoyan X. Clinical evaluation
of E-cadherin expression and its regulation mechanism in
epithelial ovarian cancer. Clin Exp Metastasis. 2006; 23:
65-74. doi: 10.1007/s10585-006-9020-3.

Vincan E, Barker N. The upstream components of the Wnt
signalling pathway in the dynamic EMT and MET associated
with colorectal cancer progression. Clin Exp Metastasis.
2008; 25:657-63. doi: 10.1007/s10585-008-9156-4.

Engelman JA. Targeting PI3K signalling in cancer:

opportunities, challenges and limitations. Nat Rev Cancer.
2009; 9:550-62. doi: 10.1038/nrc2664.

WWW

.impactjournals.com/oncotarget

81060

Oncotarget



40. Chaimani A, Mavridis D, Salanti G. A hands-on practical

41.

tutorial on performing meta-analysis with Stata. Evid
Based Ment Health. 2014; 17:111-6. doi: 10.1136/eb-2014-
101967.

Wells G, Shea B, O’connell D, Peterson J, Welch V,
Losos M, Tugwell P. (2000). The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies
in meta-analyses.

42.

43.

Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses. European journal of epidemiology. 2010;
25:603-5.

Shi XQ, Wang ZZ. Application of Meta-regression and
subgroup analyses of heterogeneity disposal in Meta-
analysis. [Article in Chinese]. Zhonghua Liu Xing Bing
Xue Za Zhi. 2008; 29: 497-501.

www.impactjournals.com/oncotarget

81061

Oncotarget



