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Abstract
Background: Epithelial cadherin (E-cadherin), a calcium-dependent cell-cell
adhesion molecule, as an important adhesion and signaling pathway mediator plays
key roles in the maintenance of tissue integrity. However, the available results of
E-cadherin expression and its prognostic value on non-small cell lung cancer
(NSCLC) remain controversial. Therefore, a meta-analysis of published studies
investigating the prognostic value of E-cadherin expression and its association with
clinicopathological characteristics with NSCLC was performed.
Methods: A literature search via PubMed, EMBASE, and MEDLINE (Ovid) data-
bases was conducted. Data from eligible studies were extracted. Statistical analysis
was performed using STATA 12.0.
Results: A total of 2412 patients from 15 studies were included in the meta-analysis.
The results showed that the pooled hazard ratio (HR) for overall survival was 0.55
(95% confidence interval [CI]: 0.44–0.69) by univariate analysis and 0.68 (95% CI:
0.43–1.08) by multivariate analysis. In addition, the results showed a significant
association between E-cadherin expression and the presence of lymph node metas-
tasis (odds ratio = 0.37, 95% CI=0.05–0.69, P = 0.001).
Conclusion: Our study showed that positive expression of E-cadherin was associ-
ated with a favorable prognosis in patients with NSCLC, and might act as an inhibi-
tion factor of metastasis. However, adequately designed prospective studies are
required to confirm this finding.

Introduction

Lung cancer is the leading cause of cancer-related death
worldwide, and non-small cell lung cancer (NSCLC) repre-
sents 85% of lung tumors.1 As patients are usually diagnosed
in advanced stage and cancer metastases are resistant to con-
ventional therapy, the overall survival for patients with lung
cancer is still less than 15%, despite great advances in the
treatment of cancer in recent years.2–4

Several biological markers have been recognized as prog-
nosticators, as well as indicators of potential therapeutic
targets for different types of human cancers, including
NSCLC. Because of complicated molecular biology, multiple
factors including cell growth and cell cycle control, angiogen-
esis, morphogenesis, apoptosis, and metastatic adhesion have
been researched with the aim of creating biological risk assess-
ment and biological staging models for NSCLC.5,6 E-cadherin,
as the prime mediator of intercellular adhesion in epithelial
cells, is a transmembrane glycoprotein that functions to

maintain stable cell-cell contact in epithelial cell types.7 It has
an important role in cell adhesion specificities and morpho-
genesis, and it may have a signaling effect through interaction
withthe intracellularcytoskeletonwherethetyrosinekinaseof
the src family is localized.8,9 Additionally, because cell
discohesiveness and detachment are important for tumor
invasiveness, decreased expression or loss of E-cadherin
may facilitate tumor invasion and metastasis.9,10 Recently,
E-cadherin′sdownregulationor lossof regulationwasasignof
poor prognosis, and showed invasion and metastasis for mul-
tiple types of epithelial carcinomas in cases of the breast,11

prostate,12 esophagus,13–15 stomach,16–18 colon,19 liver,20,21 pan-
creas,22 and urinary bladder.23,24 However, the relationship of
E-cadherin expression levels to NSCLC patients′ survival and
clinicopathological variables remains controversial. There-
fore, based on the discordant results obtained by a number of
studies,we conducted this meta-analysis to quantify the role of
E-cadherin as a prognostic and clinicopathological marker
among patients with NSCLC.
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Materials and methods

Literature search

A literature search via PubMed, EMBASE and MEDLINE
(Ovid) databases was conducted to find articles that evalu-
ated the role of E-cadherin in NSCLC (the last search was
updated on 5 December 2013) using the following text and
keywords: (i) epithelial cadherin or E-cadherin; (ii) non-
small cell lung cancer or NSCLC or lung cancer; (iii) survival
analysis or prognostic; (iv) expression; and (v) tissue.

Selection criteria

There was no restriction on the language in which the articles
were published and all eligible studies that examined the
association between the expression of E-cadherin and clini-
copathological characteristics, progression-free survival
(PFS) or overall survival (OS) were included. We carefully
searched the titles and abstracts of publications to find those
studies that examined the relationship between the expres-
sion of E-cadherin and clinicopathological variables and PFS
or OS in patients with NSCLC. After the abstracts met these
conditions, the full texts were analyzed and included into our
meta-analysis according to the following criteria: (i) articles
were published as a full paper; (ii) expression levels of
E-cadherin were compared to patient′s PFS or OS; (iii) the
expression of proteins were evaluated in tumor tissues by
immunohistochemistry (IHC) or reverse transcription poly-
merase chain reaction (RT-PCR) analysis; (iv) sufficient data
on hazard ratios (HR) and 95% confidence interval (CI) for
survival were provided or could be calculated; (v) patients
had NSCLC without receiving neoadjuvant therapy or radio-
chemotherapy before complete surgical resection; and (vi) if
the same group of patients were used in the analysis more
than once, the most complete research was selected.

Data extraction

Two investigators independently checked all potentially rel-
evant articles and extracted data. In the case of disagreement,
a third author would assess these articles. The following infor-
mation was collected from each study: first author′s name,
year of publication, ethnicity, number of patients, laboratory
methodology, follow-up time, cut-off value, information
about neoadjuvant therapy, smoking status, histological type,
lymph node metastasis, clinical stage, and HR with 95% CI.

Statistical analysis

The intensity of the relationship between the expression
levels of E-cadherin and survival were described as HRs, and
the strength of the association between E-cadherin and clini-

copathological parameters was expressed as an odds ratio
(OR). Positive expression of E-cadherin indicated poor prog-
nosis in patients with NSCLC if HR > 1 with 95% CI did not
overlap 1. In some of the studies, HR and 95% CI were
directly obtained using univariate or multivariate survival
analysis. Otherwise, HR and 95% CI were calculated by
Kaplan–Meier survival curves using Engauge Digitizer
Version 4.1 software (http://digitizer.sourceforge.net/) and a
method previously reported by Parmar et al.25 Extracted data
were then utilized to reconstruct the HR and its variance
(GraphPad Software Inc., La Jolla, CA, USA).

The pooled HR corresponding to 95% CI were used to
assess the prognostic value of E-cadherin in patients. Statisti-
cal heterogeneity was tested by Cochrane′s Q test (Chi-
squared test; Chi2) and inconsistency (I2).26,27 If there was no
obvious heterogeneity, a Mantel-Haenszel fixed-effects
model was used to estimate the pooled HR; otherwise, the
DerSimonian and Laid random-effects model was used.28

Funnel plot and Begg′s rank correlation method were utilized
for assessing the risk of publication bias. STATA 12.0 (STATA
Corp., College, TX, USA) was used to perform statistical
analysis. A P-value of less than 0.05 was considered statisti-
cally significant.

Results

Study selection and characteristics

Forty-three articles were retrieved from PubMed and 78
articles from EMBASE and MEDLINE (Ovid) (Fig 1). After
careful examination of the abstracts, 53 studies that focused

Figure 1 Flow chart summarizing the literature search and study
selection.
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on the association between the expression of E-cadherin and
survival were included in our full-text review process. After
reading the full text, 11 papers were excluded because data
were not extractable or did not provide enough survival
information, and two papers were excluded because the
patients underwent neoadjuvant therapy before complete
surgical resection. Finally, 15 studies including 2412 cases
were included in the meta-analysis. Among the included
studies, 10 papers were in English and five papers were in
Chinese.

The characteristics of the eligible studies are summarized
in Table 1. Eleven studies included patients from Asia, three
from America, and one from Europe. Expressions of
E-cadherin were detected via IHC or RT-PCR. None of these
studies analyzed the relationship between E-cadherin expres-
sion and PFS in patients with NSCLC; therefore we could only
conduct a meta-analysis on the association between the
expression level of E-cadherin and OS. According to univari-
ate analysis, two studies directly provided HR with 95% CI,
and 13 studies detailed survival curves from which the HR
could be calculated. In multivariate analysis, eight studies
directly provided the HR with 95% CI, while the remaining
seven papers had no data available. ORs were calculated from
articles that provided sufficient data comparing the expres-
sion of E-cadherin with clinical characteristics (data is not
shown).

Meta-analysis

We first evaluated whether E-cadherin expression levels were
associated with OS in patients with NSCLC. Of the 15 trials
eligible for systematic review, seven articles could not be
included in the meta-analysis by multivariate analysis
because there was insufficient data to estimate the HR and
95% CI.

Fifteen studies, including 2412 patients, reported the effect
of E-cadherin on OS using analyses unadjusted for other
factors.2,7,10,29–40 As shown in Figure 2a, according to univariate
analysis, E-cadherin was significantly correlated with favor-
able OS (HR = 0.55, 95% CI = 0.44–0.69, P < 0.05). The
DerSimonian and Laird random effects model was used as
significant heterogeneity was observed among the studies (P
= 0.000, I2 = 70.1%). Eight studies demonstrated the effect of
E-cadherin on OS using analyses adjusted for other factors,
including 1119 patients.2,7,10,37,41–44 As shown in Figure 2b, sta-
tistical significance was observed between the expression
levels of E-cadherin and OS (HR = 0.68, 95% CI = 0.43–1.08,
P < 0.05). The DerSimonian and Laird random-effects model
was again used because of significant heterogeneity among
the studies (P = 0.000, I2 = 80.3%).

We performed subgroup analyses to investigate whether
there were differences in results with respect to the year of
publication, ethnicity, cut-off values and follow-up time in Ta
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Figure 2 Forest plots showing the combined relation hazard ratio (HR) from the random effects model for overall survival. (a) Univariate analysis. (b)
Multivariate analysis. CI, confidence interval.
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which the study was conducted. Despite the limited number
of studies that were eligible for this meta-analysis, in the
stratified analysis by ethnicity, decreased risks were found in
Chinese (HR = 0.48, 95%CI = 0.36–0.82, P = 0.020) and
American patients (HR = 0.50, 95% CI = 0.31–0.82, P =
0.013). Moreover, subgroup analyses regarding the year of
publication revealed that articles published in 2012 showed a
favorable prognostic value for survival in NSCLC (HR = 0.40,
95% CI = 0.31–0.52, P = 0.363). However, statistically signifi-
cant results from other factors were unavailable (Supporting
Information Figure S1A and B).

Publication bias was determined using the Begg′s test
(Supporting Information Figure S1C). No publication biases
were found in the 15 OS studies using univariate analysis (P =
0.889) or in the eight OS studies using multivariate analysis
(P = 0.061). Sensitivity analysis was performed to investigate
the effect of each study on the overall meta-analysis by omit-
ting one study at a time, and the omission of any study made
no significant difference, demonstrating that our results were
statistically reliable.

In order to gain further insight into the role of E-cadherin
as biological marker, we investigated the relationship between
E-cadherin expression and clinicopathological variables
(Table 2). Although there were a limited number of studies, a
random effects model revealed an association between the
expression of E-cadherin and the presence of lymph node
metastasis (Fig 3). The number of patients with positive
lymph node metastasis was lower in the group of E-cadherin
positive expression (OR = 0.46, 95% CI = 0.08–0.79,
P = 0.001).

Discussion

Immortalization and invasiveness are important characteris-
tics of cancer tissues, and postoperative recurrence and
metastasis are the principal causes for treatment failure and
death in patients with NSCLC. Based on these reasons, iden-
tifying the specific molecular markers to distinguish resect-
able NSCLC patients with a high risk of recurrence is crucial
to improving therapeutic outcome. Therefore, several bio-
logical effectors related to cell growth, differentiation, and

adhesions have been studied in individuals who have devel-
oped NSCLC. In earlier studies, various kinds of genetic
alterations have been identified as prognostic factors, such as
human epidermal growth factor receptor 2 in breast carci-
noma and the epidermal growth factor receptor gene in
NSCLC.45 However, most other clinically useful molecular
markers with a prognostic value and predictive value of
therapeutic response failed to demonstrate usefulness in sub-
sequent investigations.

E-cadherin is a cell-cell adhesion transmembrane mol-
ecule that connects epithelial cells via homotypic calcium-
dependent interactions. It also plays an important role in
cellular adhesion activity and as an invasion or metastasis
suppressor by signal transduction.7 In recent years, some
studies have shown that E-cadherin expression was highly
downregulated in a variety of cancers, including hepatocellu-
lar cancer, retinoblastoma, endometrial carcinoma and
gastric cancer,41–44,46 which correlated with malignancy,
metastasis, and clinical stage. Moreover, several studies
reported that a low expression of E-cadherin in NSCLC was
associated with more aggressive behavior of tumor epithelial
cells and a poor prognosis.2,47 Lee et al., however, studied 115
patients with NSCLC for E-cadherin expression using IHC,
and found that E-cadherin expression had no prognostic
value in multivariate analysis, although it was associated with
differentiation, invasiveness, and advanced stage.48 Kase et al.
assessed the expression of E-cadherin in 331 cases of NSCLC
using IHC, and concluded that there was no independent pre-
dictive value of E-cadherin as a disease prognosticator.34

Thus, because of contrasting results of the prognostic impli-
cation of E-cadherin in NSCLC, we undertook a meta-
analysis to determine whether E-cadherin could serve as a
prognostic marker for patients with NSCLC.

Our meta-analysis focused on the relationship between
E-cadherin expression and OS or clinicopathological param-
eters in resected NSCLC. We also collected information on
the relationship between the E-cadherin expression and PFS,
but could not conduct a meta-analysis because of insufficient
data. Although the results of six studies7,29,34,35,38,40 which
reported the impact of E-cadherin expression on OS had
no statistical significance compared with the other nine

Table 2 Meta-analysis assessing the association between E-cadherin expression and clinicopathological variables

Clinicalpathological Variable
No. of
Studies

Pooled Data(Random) Test for Heterogeneity

Cases OR 95% CI P-value Chi2 P-value I2 (%)

Gender(male/female) 5 508 0.89 0.50–1.29 0.000 1.44 0.837 0.000
Age(<60/ ≥ 60) 3 206 0.95 0.30–1.60 0.004 0.04 0.980 0.000
Histological Type(SCC/ADC) 8 1106 0.68 0.36–1.00 0.087 14.63 0.041 52.200
Differentiation(well-moderate/poor) 4 555 1.71 0.91–2.52 0.000 0.79 0.851 0.000
Lymph Node Metastasis 5 744 0.46 0.08–0.79 0.025 20.78 0.001 75.850
TNM Stage (I-II/III-IV) 4 555 1.23 0.59–1.87 0.000 1.57 0.666 0.000

ADC, adenocarcinoma; No., number; SCC, squamous cell carcinoma.
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studies2,10,32,33,36,37,39 in the meta-analysis, our meta-analysis
with accumulated data suggested that an overexpression of
E-cadherin was associated with longer OS and predicted
favorable prognosis in patients with NSCLC. The pooled HR
for OS was 0.55 (95% CI: 0.44-0.69) by univariate analysis
and 0.68 (95% CI: 0.43–1.08) by multivariate analysis. Fur-
thermore, a small number of studies investigated the associa-
tion between E-cadherin expression and lymph node
metastasis or histological type, and interestingly found that
the expression of E-cadherin correlated with the existence of
lymph node metastasis (OR: 0.37, 95% CI: 0.05–0.69).

Our meta-analysis was based on published data and was
performed using univariate analysis followed by further mul-
tivariate analysis, which, to our knowledge is the first evalua-
tion of the effect of E-cadherin on OS for NSCLC. However,
some limitations exist in our study. We did not include
unpublished studies and abstracts in our meta-analysis
because the required data was not available. Additionally, the
risks calculated in our meta-analysis might be overestimated
as a result of publication and reporting bias. Positive results
tend to be accepted by journals, whereas negative results are
often rejected or not submitted. Another potential source of

bias is related to the method used to extrapolate the HR. HR
was extracted from the data included in the article directly or
calculated from survival curves. The method of extrapolating
HR from survival curves did not completely eliminate inac-
curacy in the extracted survival rates. Furthermore, we
included studies that used IHC. Prognostic markers based on
IHC can provide inconsistent or contradictory results,
because of the use of different antibodies and processing
methods, as well as different scoring and categorization
systems.34 It would be desirable to have IHC findings reported
carefully and in detail. Moreover, different therapy strategies
used for patients after surgery in these studies had different
impacts on OS, and should be taken into consideration.
Unfortunately, only one of these studies described the
therapy strategy after the patients had been diagnosed with
lung cancer. Therefore, more meticulous research should be
conducted. We performed stratified analysis because of the
limited number of studies; however, the results had no statis-
tical significance. Nevertheless, no publication bias was
detected using the Begg′s test (P > 0.05), indicating that the
statistics obtained approximated the actual results. Sensitivity
analysis was also conducted to investigate the influence of a

NOTE: Weights are from random effects analysis

Overall  (I-squared = 76.5%, p = 0.001)

ID

WU Shiwu (2012)

Chen Xiaofeng (2002)

Yan Hong (2005)

Study

Miao xiao hui (2012)

Shinichiro Kase (2000)

Shi Rui (2005)

0.37 (0.05, 0.69)

or (95% CI)

6.75 (1.95, 23.42)

0.53 (0.31, 0.93)

0.44 (0.22, 0.92)

0.32 (0.11, 0.92)

1.15 (0.49, 2.68)

0.03 (0.00, 0.13)

100.00

Weight

0.09

22.87

21.56

%

19.90

6.52

29.06

0-23.4 0 23.4

Figure 3 Forest plots reflects the combined odds ratio (OR) with 95% confidence interval (CI) for the association between E-cadherin expression and
lymph node metastasis.

Prognostic value of E-cadherin Z.-X. Qiu et al.

594 Thoracic Cancer 6 (2015) 589–596 © 2015 The Authors. Thoracic Cancer published by Tianjin Lung Cancer Institute and Wiley Publishing Asia Pty Ltd



single study on the overall meta-analysis by omitting one
study at a time, and the omission of any study made no sig-
nificant difference, suggesting that our results were statisti-
cally reliable.

Conclusion

In summary, on univariate analysis the over-expression of
E-cadherin was associated with favorable OS in patients with
NSCLC and it might act as an inhibition factor of lymph node
metastasis. Undoubtedly, these results should be confirmed
by more prospective and randomized clinical studies;
however, they provide new insights that support E-cadherin
as a potential prognostic biomarker and biological target for
anticancer therapies in NSCLC.
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