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Abstract: Previous studies have indicated an association between ezrin expression and prognosis for patients with
bone and soft tissue sarcomas. However, conclusions from these studies were remain controversial. Thus, we
examine the association of ezrin expression with prognosis for patients with bone and soft tissue sarcomas. The
association of ezrin expression with bone and soft tissue sarcomas prognosis was searched from various databases
including PubMed, Cochrane Library, Embase, China Biology Medicine disc (CBM), China National Knowledge Infrastructure (CNKI) up to July 10th, 2017 and the meta-analysis was performed with STATA software. Relative ratios
(RRs) with 95% confidence intervals (CIs) were calculated to evaluate the strength of the correlations. Besides, different subgroup-analyses and a publication bias test were performed. Through a systematic literature search, 15
published studies comprising 1070 patients were identified in this meta-analysis. Ezrin expression in bone and soft
tissue sarcomas was associated with unfavorable overall survival (RR=1.85, 95% CI: 1.34-1.57, P<0.001). Likewise,
similar results were found in different subgroup-analyses of country, test method, analysis method, sample source
and size. Additionally, ezrin expression in bone and soft tissue sarcomas was linked with poor metastasis-free
survival (RR=2.91, 95% CI: 1.56-5.41, P<0.001) and event-free survival (RR=2.35, 95% CI: 1.02-5.41, P<0.001).
In summary, this meta-analysis towards ezrin expression has indicated poor prognosis of bone and soft tissue
sarcomas. Future studies comprising larger cohort size from multicenter are required to confirm our conclusions.
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Introduction
Sarcomas approximately account for 1% of
adult tumors and 15% of paediatric tumors [1].
Generally, sarcomas are a heterogeneous neoplasms that can be grouped into two types: soft
tissue sarcoma (STS) and primary bone sarcoma (BS) [2]. Primary bone sarcomas mainly
consist of osteosarcoma, Ewing’s sarcoma and
chondrosarcoma; soft tissue sarcomas mainly
include synovial sarcoma, liposarcoma, leiomyosarcoma and angiosarcoma. With the emergence of effective chemotherapy regimens and
the development of surgical techniques, the
5-year disease-free survival rate for these
patients approaches about 50-70% [3, 4].
However, metastasis still occurs in 20-55% of
these patients, which ultimately may be the
leading cause of sarcoma-specific death [5].
Identification of effective prognostic factors is
of great importance to predict the survival outcomes of STS and BS, and also helpful to devel-

op novel and effective therapeutic approaches.
Ezrin is a membrane cytoskeletal linker protein
which is encoded by the VIL2 gene, and it is a
vital member of ezrin, radixin and moesin (ERM)
family of proteins [6, 7]. ERM proteins occur in
the cytoplasm in an inactive closed conformation with N-terminal to C-terminal associations
within the protein or with the other ERM members. Upon threonine and tyrosine phosphorylation, ezrin assumes an active open conformation, moves to the cell membrane and tethers
F-actin directly or indirectly to the cell membrane [8]. It is also related to the Rho mediated signal transduction pathway and to the
Akt mediated apoptotic pathway [9]. Previous
studies have detected that ezrin was actively involved in the metastatic process of cancer cells, and even was regarded as a potential prognostic marker [10-12]. Recently, gene
expression and proteomic studies also have
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suggested the possible role of ezrin in metastasis in STS and BS [13, 14]. The identification
of ezrin expression is a necessary component
in sarcomas and it could be valuable for exploring its prognostic marker. However, conclusions for its prognostic value were still controversial, which could be explained by the relatively small sample size in each published
study. Meta-analysis can explore the authentic
and comprehensive results through incorporating all available evidences to get a more
precise and accurate estimation by using statistical software [15]. Herein, we conduct the
present meta-analysis to analyze the prognosis of ezrin expression in STS and BS.
Materials and methods
Identification and eligibility of relevant studies
Literature resources including PubMed, Cochrane Library, Embase, CBM and CNK were searched for eligible literatures, using the terms
(“osteosarcoma OR sarcoma OR sarcomas OR
chondrosarcoma OR Ewing sarcoma OR leiomyosarcoma OR angiosarcoma OR synovial
sarcoma OR malignant fibrous OR histiocytoma OR liposarcoma OR rhabdomyosarcoma”),
(“survival OR prognosis OR prognostic”) and
(“ezrin”). Last search of current investigation
was updated on July 10th, 2017. Additionally,
the publication language was only limited to
English and Chinese. In case of omission, we
identified the reference lists of the relevant
articles and review articles to seek for the
potentially relevant studies. We did not contact the corresponding authors if the relevant
data was unavailable.
Inclusion and exclusion criteria
Studies followed the following criteria could be
identified: (1) clinical study about the association of ezrin with STS and BS prognostic value;
(2) we can get relevant available data of RRs
and 95% CIs to evaluate its associations.
Studies met the following four criteria were
excluded: (1) the available data regarding about
associations was absent; (2) similar or duplicate study (When the same or similar cohort
was applied, after careful examination, the
most complete information was included); (3)
other types of articles including reviews or
abstracts; (4) studies were involved with cells
lines or animal model researches.
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Data extraction
In the light of inclusion and exclusion criteria,
we extracted the relevant information from
each eligible publication. If disagreements
were noticed, we are clearly open to discussion
by each other (K. Xie and J. Yang), or reviewed
by a third author (S. Fang). The data on first
author, publication year, study country, age,
cancer type, sample source, test method, follow-up year, sample size, survival outcome,
analysis method, RR (95% CI), the cut-off value
and the Newcastle-Ottawa Scale (NOS) scores
were collected by two authors independently.
We did not contact any authors of the original
researches even though the essential information could not be available. Besides, study
country came from Asia, Europe and others.
Sample source was stratified into tissue, formalin-fixed and paraffin-embedded (FFPE) and
tissue microarray (TMA); Test method included
immunohistochemistry (IHC), and reverse transcription-polymerase chain reaction (RT-PCR);
Sample size was separated into ≥70 and <70;
Cancer type included osteosarcoma and others. Analysis method was divided into univariate and multivariate analysis. Patients prognostic outcomes included overall survival (OS),
event-free survival (EFS), metastasis-free survival (MFS).
Quality score assessment
In addition, two reviewers (K. Xie and J. Yang)
independently assessed the quality of the
included studies according to the NOS. The
NOS consisted of selection, comparability of
the groups and ascertainment of exposure was
introduced to evaluate the included publication’s quality. The NOS scores 0 to 10 stars. If
an included study obtained no less than six
stars, it could be regarded as a good quality.
Statistical analysis
We explored the association of ezrin expression with STS and BS prognostic value by applying STATA software (Version 12.0, Stata
Corpotation, College Station, TX). RR and 95%
CI were collected for assessing the prognostic
value of ezrin expression in STS and BS. Meanwhile, the heterogeneity has been assessed via
chi-square-based Q and I2 test across studies
(no heterogeneity I2<25%, moderate heterogeneity I2=25%-50%, extreme heterogeneity I2>
50%) [16]. In case of extreme heterogeneity
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studies were divided into 23
datasets: 12 for OS, seven for
MFS and four for RFS. However, the cut-off value for
ezrin expression was somewhat inconsistent among these included studies. Additionally, as shown in Table 1, all
the included studies had high
quality.
Quantitative synthesis
Meta-analysis for ezrin expression with OS
12 studies were involved in
the current meta-analysis to
assess the prognostic value of
Figure 1. Flow diagram of the study selection process in the meta-analysis.
ezrin expression in STS and
BS [20-23, 26, 27, 29-34]. As
(I2>50% or P<0.01 for Q test), we used randomapparent heterogeneity was found (I2=87.8%,
effects (DerSimonian and Laird method) model
Ph=0.000), random effects model was applied
[17]. Otherwise, fixed-effects (Mantel-Haenszel
to calculate the combined RR and 95% CI.
method) model was introduced [18].
Consequently, ezrin expression in STS and BS
was associated with unfavorable OS (RR=1.85,
One-way sensitivity analyses individually rem95% CI: 1.34-1.57, P<0.001) (Figure 2). Besioved publications in meta-analysis were condes, it seemed that there were certain associaducted to assess results’ stability. It mainly
tions via subgroup-analyses regarding country,
explore the impact of a specific study upon
sample source, sample size and cancer type
mixed RR.
(Table 2).
The Egger and Begg’s funnel plots where logRR
was plotted against SE. P value less than 0.05
indicated that there was a bias of study [19].
Additionally, different subgroups consisted of
country, test method, sample source, sample
size and cancer type were conducted.
Results
Characteristics of eligible studies
As a result, 15 studies consisted of 1070 samples satisfied the eligible studies [20-34] (Figure 1). The principal characteristics of the included studies were summarized in Table 1.
Among these studies, 13 were written in English
and two were published in Chinese. The sample
sizes ranged from 25 to 256. The tumor types
contained are as follows: 10 osteosarcoma,
two soft tissue sarcomas, two myxofibrosarcomas and one synovial sarcoma. Meanwhile, two
RT-PCR and 13 IHC in test method were applied. According to the sample source, there were
seven formalin-fixed and paraffin-embedded
(FFPE), three tissue and five tissue microarray
(TMA). As for the survival outcomes, 15 eligible
10297

Meta-analysis for ezrin expression with MFS
There are six studies to detect the association
between ezrin expression and MFS in STS and
BS [22, 24, 28, 32-34]. Among them, one study
was involved in univariate and multivariate
analysis [24]. As apparent heterogeneity was
found (I2=78.6%, Ph=0.000), random effects
model was applied to calculate the combined
RR and 95% CI. As a result, the result suggested that ezrin expression was linked with poor
MFS (RR=2.91, 95% CI: 1.56-5.41, P<0.001)
(Figure 3).
Meta-analysis for ezrin expression with EFS
Only four studies were included to explore the
prognostic value of ezrin expression in STS and
BS [25, 28, 29, 31]. Ultimately, we found that
ezrin expression was associated with poor EFS
(RR=2.35, 95% CI: 1.02-5.41, P<0.001) (Figure
4).
Sensitivity analysis
Each single study included in the meta-analysis
was deleted at a time to assess the specific
Int J Clin Exp Med 2018;11(10):10295-10304
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Table 1. Main characteristics of the eligible studies
Follow-up,
Median
(range)

Outcome

88

72 (12-360)

OS

M

2.00 (1.64-2.45)

>1

8

57

6-156

OS

U

1.32 (0.79-2.22)

>1

7

TMA

36

48 (12-228)

OS/MFS

M

0.66 (0.15-2.89)/1.22 (0.98-1.51)

>1

8

Osteosarcoma

FFPE

82

42 (3-88)

OS

M

1.83 (1.47-2.27)

≥1

7

IHC

Soft tissue sarcomas

TMA

256

48 (12-228)

MFS

U/M

1.8 (1.1-2.8)/1.8 (0.9-3.7)

>1

8

16 (4-56)

RT-PCR

Osteosarcoma

Tissue

25

22.6 (5.5-28.1)

EFS

U

6.355 (1.447-27.907)

>50%

8

China

21.43 (12-49)

IHC

Osteosarcoma

Tissue

51

NA

OS

M

1.00 (0.43-2.32)

>1

7

2010

Brazil

15.9 (7-25)

IHC

Osteosarcoma

FFPE

34

28.2 (9-69)

OS

U

1.63 (0.32-8.28)

>1

6

Huang HY [28]

2010

China

61 (16-84)

RT-PCR

Myxofibrosarcomas

TMA

78

53.7 (2-201)

EFS/MFS

M

4.537 (2.916-40.888)/4.083 (1.907-13.449)

>1

8

Kim C [29]

2009

Korea

15.7 (3.8-64.4)

IHC

Osteosarcoma

FFPE

70

59.9

OS/EFS

M

2.24 (0.98-5.12)/2.28 (1.11-4.70)

>1

8

Ferrari S [30]

2008

Italy

47 (10-115)

IHC

Osteosarcoma

FFPE

95

16 (4-39)

OS

U

2.85 (1.24-6.55)

>1

7

Salas S [31]

2007

France

15

IHC

Osteosarcoma

Tissue

37

54 (10-150)

OS/EFS

M

1.071 (1.024-1.120)/1.070 (1.033-1.108)

>1

8

Kim MS [32]

2007

Korea

19.4 (4-58)

IHC

Osteosarcoma

TMA

64

78.2 (12–137)

OS/MFS

M

30.3 (4.0-228.3)/35.9 (4.8-268.5)

>1

8

Kim MS [33]

2007

Korea

61 (21-79)

IHC

Myxofibrosarcomas

TMA

47

50 (9-218)

OS/MFS

M

8.0 (1.8-35.4)/35.90 (4.80-268.49)

>1

7

Weng WH [34]

2005 Sweden

60 (19-81)

IHC

soft tissue sarcomas

FFPE

50

90 (50-134)

OS/MFS

M

2.54 (1.52-4.23)/2.80 (0.53-14.76)

>1

9

Age

Test
method

Cancer type

Italy

37 (11-63)

IHC

Synovial sarcoma

FFPE

Egypt

19 (4-75)

IHC

Osteosarcoma

FFPE

France

18 (8-57)

IHC

Osteosarcoma

China

19 (7-62)

IHC

2011 Sweden

66 (21-96)

Wang YF [25]

2010

China

Yang JZ [26]

2010

Boldrini E [27]

First author

Year Country

Palmerini E [20]

2015

Abdou AG [21]

2015

Le Guellec S [22] 2013
Mi DL [23]

2012

Carneiro A [24]

Sample Sample
source size

Analysis
RR (95% CI)
method

Cut-off
NOS
value

NA, Not available; IHC, Immunohistochemistry; RT-PCR, Reverse transcription-polymerase chain reaction; FFPE, Formalin-fixed and paraffin-embedded; TMA, Tissue microarray; OS, Overall survival; EFS, event-free survival; MFS, metastasisfree survival; U, Univariate analysis; M, Multivariate analysis; RR, Relative ratio; CI, Confidence interval; NOS, The Newcastle-Ottawa Scale.
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Figure 2. Forest plot for the meta-analysis of the association between ezrin expression and OS with random-effects
model. The squares and horizontal lines correspond to the study-specific RR and 95% CI. The area of the squares
reflects the weight. The diamond represents the summary RR and 95% CI. CI, confidence interval; RR, relative ratio.

Table 2. Stratified analysis of the ezrin expression and overall survival
Categories
All
Country

Cancer type
Sample source

Sample size
Analysis method

Subgroups
Asia
Europe
Others
Osteosarcoma
Others
FFPE
TMA
Tissue
<70
<70
Univariate
Multivariate

No of datasets
12
6
4
2
9
3
7
3
2
4
8
3
9

RR (95% CI)
1.85 (1.34-1.57)
2.08 (1.48-2.94)
1.62 (0.84-3.11)
1.35 (0.82-2.20)
1.59 (1.11-2.29)
2.11 (1.75-2.54)
1.93 (1.69-2.21)
5.04 (0.58-43.92)
1.07 (1.02-1.12)
1.95 (1.69-2.25)
1.75 (1.06-2.88)
1.63 (1.07-2.50)
1.88 (1.29-2.75)

P-value
0.000
0.000
0.148
0.237
0.011
0.000
0.000
0.143
0.003
0.000
0.028
0.023
0.001

I2
87.8%
62.8%
81.8%
0.0%
80.9%
48.1%
0.0%
80.7%
0.0%
0.0%
76.3%
15.7%
90.6%

Ph
0.000
0.020
0.001
0.809
0.000
0.146
0.604
0.006
0.873
73.0%
0.000
0.305
0.000

RT-PCR, Reverse transcription-polymerase chain reaction; IHC, Immunohistochemistry; ISH, In situ hybridization; FFPE, Formalin-fixed and paraffin-embedded; TMA, Tissue microarray; RR, Relative ratio; CI, Confidence interval; Ph, P-value of heterogeneity
test.

effect of the individual data on the pooled RRs,
and one-way sensitivity analysis suggested pooled results were relatively stable in OS (Figure
5).
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Publication bias evaluation
The funnel plot was used to evaluate the publication bias. Begg’s test indicated that publica-

Int J Clin Exp Med 2018;11(10):10295-10304

Roles of ezrin in bone and soft tissue sarcomas prognosis

Figure 3. Forest plot for the meta-analysis of the association between ezrin expression and MFS with random-effects
model. The squares and horizontal lines correspond to the study-specific RR and 95% CI. The area of the squares
reflects the weight. The diamond represents the summary RR and 95% CI. CI, confidence interval; RR, relative ratio.

Figure 4. Forest plot for the meta-analysis of the association between ezrin expression and EFS with random-effects
model. The squares and horizontal lines correspond to the study-specific RR and 95% CI. The area of the squares
reflects the weight. The diamond represents the summary RR and 95% CI. CI, confidence interval; RR, relative ratio.

tion bias was not found in OS (P=0.631) (Figure
6). Meanwhile, no publication bias was found in
each subgroup for meta-analysis.
Discussion
Sarcomas are relatively uncommon and comprise a wide variety of different entities. The
10300

development of optimal therapeutic strategies
for sarcomas has been greatly complicated by
the large number of subtypes, the heterogeneity in their biological behaviors, and the small
number of patients with particular subtypes
enrolled in trials [35]. Thus, the prognosis was
poor for patients with sarcomas. Different potential independent prognostic factors with
Int J Clin Exp Med 2018;11(10):10295-10304
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Figure 5. One-way sensitivity analysis of ezrin expression with OS. The studies individually removed and the stable results were confirmed.

Figure 6. Begg’s funnel plot for publication bias test. The x-axis is log (RR),
and the y-axis is natural logarithm of RR. The horizontal line in the figure
represents the overall estimated log (RR). The two diagonal lines indicate
the pseudo 95% confidence limits of the effect estimate. Log (RR), log-transformed RR, RR, relative ratio.

potency for OS have been explored in recent
years. To date, these factors included clinical
characteristics and molecular markers which
might be used as novel kind of biomarkers for
cancer diagnosis or prognosis prediction [36].
Ezrin, one of the promising key components in
metastasis, has been identified as an independent prognostic factor in several human malignancies. It belongs to the ERM protein family
that acts as membrane organizers and linkers
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between plasma membrane
and cytoskeleton. It is involved in cell adhesion to the extracellular matrix as well as
in cell-cell interactions, receptor tyrosine-kinase signaling
(cmet/hepatocyte growth factor pathway), signal transduction through Rho GTPase, and
interactions with the Akt mediated cellular apoptotic machinery [37-39]. It has been
reported that high levels of
ezrin expression were linked
with metastatic behavior in
different tumor types [40]. Recent studies focused on the
role of ezrin as a prognostic
marker in sarcomas. Among
sarcomas, ezrin expression
can induce a highly metastatic state in rhabdomyosarcoma cell lines [41]. Ezrin overexpression was also correlated to clinical stage in children
with embryonal rhabdomyosarcoma [41]. Moreover, its
expression also could potentially be used to identify highrisk sarcoma patients who
would benefit from postoperative chemotherapy [24].
Notably, ezrin expression is a
potential marker to predict
survival outcome for sarcoma
patients, which results could
be explained by that positive
ezrin expression was correlated to the prognostic factors
grade, the extent of tumour
necrosis and infiltrative growth pattern [42, 43].

Until now, investigations focused on the correlation between ezrin expression with prognosis
of STS and BS were inconclusive. As small sample-sized studies lacking statistical power often resulted in apparently contradictory conclusions. Meta-analysis is an useful tool for providing convincing evidence as it could present
inconsistent results from different investigations to get a relatively precise estimation. Correspondingly, the current meta-analysis is conduted to comprehensively assess the correla-
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tion of ezrin expression with prognosis of STS
and BS. Meanwhile, the potential associations
were explored in different subgroups. Consequently, of particular interest is the finding of
significant correlations between ezrin expression and unfavorable OS/MFS/EFS in STS and
BS. All of the subgroup analyses also indicated
that ezrin expression was associated with poor
OS. Actually, these results require further investigation to conclude a definite relationship.
However, our meta-analysis has its limitations.
Firstly, only published studies could not provide sufficient evidences in this meta-analysis.
Additionally, our conclusion was checked by
crude estimation rather than adjusted data.
Therefore, other risk factors could also need
to be taken into consideration in advanced
researches. Meanwhile, the heterogeneity suggested there were potential or undiscovered
factors including adjustment for surgery, chemotherapy, socioeconomic status, tumor characteristics and so on. Whereas, in spite of
aforementioned limitations, certain relationships of ezrin expression in prognostic value
were found in our meta-analysis.
In conclusion, the current study is the first original meta-analysis to address the correlation
between the ezrin expression and prognosis for
patients with sarcomas. Marginally significant
associations were explored in overall population as well as the corresponding subgroups. It
presented that ezrin expression might be associated with poor OS/MFS/EFS to some extent.
Further prospective studies are required to
confirm the prognostic value of ezrin expression in a large cohort of patients with sarcomas
to confirm the usefulness in clinical practice.
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