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Abstract: The prognostic role of beta-catenin expression in bone and soft tissue sarcoma remains controversial. To
investigate the impact of beta-catenin expression on survival outcomes and clinicopathological features in sarcoma
patients, a meta-analysis was conducted. Comprehensive literature searches were performed in PubMed, Embase,
Web of Science, and Cochrane Library for relevant studies. Pooled hazard ratio (HR) and relative risk (RR) were
calculated to assess the correlations of beta-catenin expression with survival outcomes and clinicopathological fea-
tures. In total, 14 studies with 1036 sarcoma patients were identified. Beta-catenin expression was found to be sig-
nificantly associated with poor overall survival (HR=2.11, 95% CI: 1.65-2.69/P<0.001). Further, when the analysis
was stratified by histological subtype (bone sarcoma including osteosarcoma and chondrosarcoma and soft tissue
sarcoma including synovial sarcoma), subcellular staining position (nuclear staining and nuclear/cytoplasmic stain-
ing), and statistical analysis (multivariate analysis and univariate analysis), the significant correlation to poor sur-
vival was also observed except in chondrosarcoma group. For clinicopathological features, beta-catenin expression
was significantly associated with higher rate of metastasis (RR=1.74, 95% CI=1.35-2.25; P<0.001) and local recur-
rence (RR=2.84, 95% Cl=1.17-6.87; P=0.021), higher tumor grade (RR=1.38, 95% Cl=1.02-1.86; P=0.039) and
higher stage at diagnosis (RR=1.45, 95% Cl=1.14-1.85; P=0.003), but not associated with tumor site and tumor
size. In conclusion, beta-catenin expression may be an effective prognostic factor of poor survival and clinicopatho-
logical features in patients with bone and soft tissue sarcoma. Future studies are needed to validate our findings.
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Introduction therapies are important to prolong life and
improve life quality [4]. But efforts in the past
20 years including changes of the chemothera-
py drugs, doses and administration schemes
did not significantly improve survival [5].
Advanced treatment methods are urgently
needed. Identification of prognostic oncological

biomarkers could help to discover new targets

Sarcomas are a heterogeneous group of mes-
enchymal neoplasmas that can be divided into
two general groups, primary bony sarcoma and
soft tissue sarcoma [1]. Primary bony sarcomas
mainly include osteosarcoma, Ewing's sarcoma
and chondrosarcoma; soft tissue sarcomas

mainly include leiomyosarcoma, synovial sar-
coma, liposarcoma and angiosarcoma. The sur-
vival rate of sarcoma patients has increased
with the development of surgical techniques
and emergence of effective chemotherapy regi-
mens [2]. However, metastasis still occurs in
20-55% of these patients, which remains the
main cause of death [3]. For sarcoma patients
with metastatic disease who have lost surgical
intervention opportunity, effective systematic

and stratify patients for different treatments.
Although have not entered into clinical applica-
tion, a number of effective biomarkers of sar-
coma have been discovered and could poten-
tially contribute to the development of new
treatment methods [6-8].

Beta-catenin is one of the essential molecules
of E-cadherin-catenin complex, which plays a
crucial role in cell-to-cell adhesion and main-
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taining the integrity of cellular structure [9].
Besides, beta-catenin is also involved in Wnt
signaling pathway, which could activate the
transcription of Wnt target genes leading to
tumor cell proliferation, invasion and metasta-
sis [10, 11]. Indeed, beta-catenin expression
was found to be related to poor prognosis in
several cancers, including gastric, lung and
colorectal cancers [12-14].

However, the prognostic role of beta-catenin
expression in bone and soft tissue sarcoma
has not reached a consensus with inconsistent
results reported in previous studies [15-28]. To
date, no comprehensive meta-analysis has
been conducted to clarify this issue. Therefore,
we performed the current meta-analysis to
combine published studies and to comprehen-
sively evaluate the prognostic significance of
beta-catenin expression in bone and soft tis-
sue sarcoma and its association to the clinico-
pathological features.

Materials and methods
Search strategies

Comprehensive electronic literature searches
were conducted in PubMed, Web of Science,
Embase and Cochrane Library with no restric-
tion to language and date of publication. The
last search was conducted on Dec 3, 2015. The
search terms were as follows: (“B-catenin” OR
“Beta-catenin” OR “CTNNB1”) AND (“sarcoma”
OR “soft tissue sarcoma” OR “bone sarcoma”
OR “osteosarcoma” OR “chondrosarcoma” OR
“Ewing sarcoma” OR “leiomyosarcoma” OR
“angiosarcoma” OR “malignant fibrous histiocy-
toma” OR “liposarcoma” OR “rhabdomyosarco-
ma” OR “synovial sarcoma”). In addition, refer-
ence lists of identified studies were traced by
Google Scholar for potential studies.

Inclusion and exclusion criteria

Studies were eligible for inclusion if they met
the following criteria: (1) included patients
with pathologically confirmed bone and soft tis-
sue sarcoma; (2) analyzed the correlation of
beta-catenin expression with clinical features
and/or survival outcomes; (3) relevant data of
clinical features and/or survival outcomes
could be extracted; (4) were in language of
English or Chinese. The following studies were
excluded: (1) non-human research including
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animal experiments and cell research; (2) case
reports, reviews, letters and conference
abstracts; (3) not focused on patients with
bone and soft tissue sarcoma; (4) not related
to beta-catenin expression; (5) reported over-
lapping patients; (6) with insufficient in-
formation that the association to survival or
clinical features cannot be extracted. When
articles recruiting overlapping patients were
identified, the most recent published article
was included. The literatures were assessed
independently by two authors for eligibility.
Any disagreement was adjudicated by corre-
sponding author.

Data extraction and quality assessment

Data of interest was extracted independently
by two authors. The required data included:
(1) basic information including first author,
year of publication, study period, follow-up
duration and study design; (2) data of patient
and tumor including patient source, number of
patient, age, gender, percentage of positive
beta-catenin expression, histology type of
tumor, grade, tumor site and tumor stage at
diagnosis; (3) outcome measures including
local recurrence, metastasis, overall survival
and Kaplan-Meier curves; and (4) other vari-
ables including the methods of quantitative
beta-catenin measurement, the definition of
positivity (the cur-off value) and the antibody’s
source, type and dilution used for immunohis-
tochemistry (IHC).

Newcastle-Ottawa Scale (NOS) (www.ohri.ca/
programs/clinical_epidemiology/oxford.asp)
was adopted to evaluate each included article’s
quality. Based on the quality of each study in
selection, comparability and exposure, a score
with a maximum of 9 points was appointed.
Studies with 6 or more of the NOS scores were
considered as high-quality and were included in
the meta-analysis.

Statistical analysis

To evaluate the effect of beta-catenin expres-
sion on prognosis and pathological features,
we calculated the pooled hazard ratio (HR) for
overall survival and the pooled relative risk (RR)
for clinicopathological variables (metastasis,
local recurrence, grade, tumor site, tumor size
and stage at diagnosis). Tumor staging was
according to American Joint Committee on
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Cancer (AJCC) System. If the HRs were given
directly in the article, we used the original data.
If the data were not given directly, we calculat-
ed the HRs with 95% Cls from outcome data
available in the publications or from Kaplan-
Meier curves through methods reported by
Tierney et al [29-32]. Supplementary files or
additional files of the included articles were
also checked for available data.

Following recommendations of Cochrane Ha-
ndbook (http://www.cochrane.org/training/co-
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chrane-handbook), heterogeneity was ass-
essed using I? statistic and Chi-squared test.
Fine heterogeneity was defined as 1°<50% and
P>0.1, suggesting that a fixed-effect model
(Mantel-Haenszel method) would be per-
formed. Otherwise, a random-effect model
(DerSimonian and Laird method) would be
applied if significant heterogeneity was ob-
served (>>50% or P<0.1). As for publication
bias, we conducted Begg’s funnel plot test in
which log (HRs) were plotted against their cor-
responding standard errors (SEs), and exam-
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Table 1. Characteristics of eligible studies included in the meta-analysis

Study Patient Study period Follow-up duration Histology type Mean age Num_ber of Percgntage of peta— HR gstima— Stuldy NOS
source (range), months (range), years patients catenin expression, % tion design  score
LuY 2015 [15] China 2007-2009 minimum 36 Osteosarcoma 20 (12-56) 96 61.5 Provided S 9
Wan'Y 2014 [16] China 2001-2010 41.5 (8-85) Osteosarcoma 18.6 (9-38) 37 40.5 - S 7
Chen C 2014 [17] China NR 30 (4-98) Chondrosarcoma NR 63 54.0 Provided M 7
Le Guellec 2013 [18] France 1996-2006 77.4 (52.3-101.2) Osteosarcoma 18 (8-57) 33 33.3 Available data S 7
Kim 2013 [19] Korea 1998-2011 NR STS NR 104 48.1 Provided S 7
Deng Z 2013 [20] China 2000-2008 NR Osteosarcoma 18.3 (8-58) 90 60.0 Provided S 8
Yang J 2010 [21] China 2004-2008 26 Osteosarcoma 22.6 (12-49) 54 66.7 Available data S 8
Wei X 2010 [22] China NR 66 (1-252) Synovial sarcoma 36.5 98 53.1 - S 7
Horvai 2006 [23] USA NR 40.2 (3-191) Synovial sarcoma 34 (14-77) 43 55.8 Survival curve S 7
Engellau 2005 [24] Sweden 1988-2000 70 (30-165) STS 69 (16-94) 140 16.4 - S 7
Haydon 2002 [25] USA NR 60 (1-166) Osteosarcoma 314 47 70.2 Provided S 8
Hasegawa 2001 [26] Japan NR 61 (9-249) Synovial sarcoma 34 (7-72) 44 56.8 Provided S 7
Saito 2000 [27] Japan 1955-1998 55.5(1-232) Synovial sarcoma NR 72 38.9 Survival curve S 8
Kuhnen 2000 [28] Germany 1991-1998 28.6 (6-75) STS 55.5 (21-85) 115 32.2 - S 7

HR, hazard ratio; NOS, Newcastle-Ottawa Scale; NR, not reported; STS, soft tissue sarcoma; S, single center; M, multi-center.

Table 2. Methods of quantitative beta-catenin measurement of the included studies

) Antibody dilu- ) Definition of beta-catenin expression

Study Method Antibody type . Antibody Source — —
tion Subcellular staining position Cut-off value

LuY 2015 [15] IHC Polyclonal NAG Cell Signaling Technology NAG Score >4
Wan Y 2014 [16] IHC Monoclonal 1:1000 Cell Signaling Technology NAG Score >4
Chen C 2014 [17] IHC Monoclonal 1:500 BD Transduction Laboratories Nuclear staining Positive cells >10%
Le Guellec 2013 [18] IHC NAG 1:200 Dako Membrane and Cytoplasm staining Score >5
Kim 2013 [19] IHC Monoclonal 1:100 BD Transduction Laboratories Nuclear staining Score >3
Deng Z 2013 [20] IHC NAG NAG ZSGB-BIO Nuclear and/or cytoplasmic staining Score >6
Yang J 2010 [21] IHC NAG NAG ZSGB-BIO NAG Positive cells >10%
Wei X 2010 [22] IHC NAG NAG NAG NAG Positive cells >10%
Horvai 2006 [23] IHC Polyclonal 1:5000 BD Transduction Laboratories Nuclear staining Positive cells >10%
Engellau 2005 [24] IHC Monoclonal 1:5000 BD Transduction Laboratories NAG Positive cells >20%
Haydon 2002 [25] IHC NAG 1:200 BD Transduction Laboratories  Nuclear and/or cytoplasmic staining NAG
Hasegawa 2001 [26] IHC Monoclonal 1:500 BD Transduction Laboratories Nuclear staining Positive cells >50%
Saito 2000 [27] IHC Monoclonal 1:200 BD Transduction Laboratories  Nuclear and/or cytoplasmic staining Positive cells >75%
Kuhnen 2000 [28] IHC Monoclonal 1:300 BD Transduction Laboratories  Nuclear and/or cytoplasmic staining Score >5

IHC, immunohistochemistry; NAP, not accurately given.
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Figure 2. Forrest plots of meta-analysis and sensitivity analysis for the associa-
tion between beta-catenin expression and overall survival in patients with bone
and soft tissue sarcoma. A. Significant poor overall survival was observed in

T T
1 1.65 2.11 2.69 3.00

tually, 14 articles published
from 2000 to 2015 were

included in the current me-
ta-analysis [15-28] (Figure

patients with beta-catenin expression; B. No statistically different results were 1.
observed when excluding every single study in sequence, indicating the stability

of the results.

ined its asymmetry. In addition, we conducted
Egger’s test which could provide statistic esti-
mation of publication bias (P>0.05 indicated no
publication bias existed). Sensitivity analysis
was performed to assess the stability of the
results, in which the influence of a single study
on the overall estimate could be detected by
omitting individual study sequentially. All statis-
tical analyses of the meta-analysis were con-
ducted using STATA version 12.0 (STATA
Corporation, College Station, TX).
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Characteristics of eligible
studies

The basic characteristics of the included 14
studies are summarized in Table 1. Among
them, 10 studies analyzed the prognostic sig-
nificance of beta-catenin expression, and 11
studies focused on investigating clinicopatho-
logical significance. One study was multi-center
designed and the rest were single-center
designed. Osteosarcoma was the most studied
histology subtype of all sarcomas, which was
researched in 6 studies. Then were synovial
sarcoma in 4 studies, and chondrosarcoma in
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Table 3. Meta-analysis of the association between beta-catenin expression and overall survival

No. of Patients Heterogeneity Effect Combined HR (95% Conclusion
studies test (1%, P) model Cl)/P value
Overall patients 10 644 0.0%, 0.677 Fixed 2.11 (1.65-2.69)/<0.001 Significant
Stratified by tumor histology
Total bone sarcoma 6 383 0.0%, 0.447 Fixed 1.84 (1.33-2.54)/<0.001 Significant
Osteosarcoma 5 320 14.5%, 0.322 Fixed 1.82 (1.30-2.54)/<0.001 Significant
Chondrosarcoma 1 63 - - 2.20 (0.58-8.37)/0.248 Not significant
Total soft tissue sarcoma 4 261 0.0%, 0.958 Fixed 2.51 (1.74-3.62)/<0.001 Significant
Synovial sarcoma 3 157 0.0%, 0.858 Fixed 2.48 (1.55-3.96)/<0.001 Significant
Stratified by subcellular staining position
Nuclear staining 4 254 0.0%, 0.989 Fixed 2.40 (1.64-3.51)/<0.001 Significant
Nuclear and/or cytoplasmic staining 3 209 53.7%, 0.115 Random 1.91 (1.04-3.50)/0.036 Significant
Stratified by statistical analysis method
Multivariate-analysis 6 444 1.0%, 0.410 Fixed 2.12(1.60-2.82)/<0.001 Significant
Univariate-analysis 4 200 0.0%, 0.670 Fixed 2.06 (1.29-3.29)/0.002 Significant

HR, hazard ratio.

1 study. Particularly, the rest 3 studies includ-
ed patients with a mixed type of soft tissue sar-
comas, including leiomyosarcoma, liposarco-
ma, malignant fibrous histiocytoma and other
subtypes. In total, 1036 sarcoma patients were
included, and the patient samples of a single
study ranged from 33 to 140. The overall rate
of beta-catenin expression was 46.4% (481/
1036). The NOS scores of the included studies
are counted and shown in Table 1. All the stud-
ies have 6 or more of the NOS scores.

The methods of quantitative beta-catenin mea-
surement of individual study are summarized in
Table 2. All studies applied IHC to detect beta-
catenin expression, with different sources,
types and dilutions of antibody. The definition
of beta-catenin expression also differed among
them. Seven studies define the cut-off value by
percentage of positive staining cells, and the
rest seven studies define it by using a scoring
system combining staining percentage and
intensity.

Correlation between beta-catenin expression
and overall survival

A total of 10 studies with 644 patients were
included in the analysis of overall survival. The
heterogeneity was not significant (1°=0.0%,
P=0.677). Under fixed-effect model, the pooled
HR was 2.11 (95% Cl: 1.65-2.69, P<0.001),
suggesting that beta-catenin expression was
an indicator for poor overall survival (Figure 2A
and Table 3).

In the subgroup analysis stratified by histology
subtype, the pooled HR for overall survival was
1.84 (95% Cl: 1.33-2.54) for patients with bone
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sarcomas and 2.51 (95% Cl: 1.74-3.62) for
patients with soft tissue sarcomas. For individ-
ual histology subtype, the HR was 1.82 (95%
Cl: 1.30-2.54) for osteosarcoma, 2.20 (95% Cl:
0.58-8.37) for chondrosarcoma and 2.48 (95%
Cl: 1.55-3.96) for synovial sarcoma (Table 3).
The heterogeneity was not significant in all the
analyses.

Then, a subgroup analysis stratified by subcel-
lular staining position was conducted. Either
positive nuclear staining (HR=2.40, 95% CI:
1.64-3.51; P<0.001) or nuclear and/or cyto-
plasmic staining (HR=1.91, 95% Cl: 1.04-3.50;
P=0.036) for beta-catenin was found to be sig-
nificant associated with poor overall survival
(Table 3). The heterogeneity was not significant
in the subgroup of nuclear staining (1>=0.0%,
P=0.698), but significant in the subgroup of
nuclear and/or cytoplasmic staining (1>=53.7%,
P=0.115).

We also conducted a subgroup analysis strati-
fied by statistical analysis method. Six included
studies reported HRs from multivariate analy-
sis, which could reduce bias from some major
confounders [33]. HRs from univariate analysis
was available in another 4 studies. Correlations
to poor overall survival were significant in both
multivariate analysis group (HR=2.12, 95% ClI:
1.60-2.82; P<0.001) and univariate analysis
group (HR=2.06, 95% CI: 1.29-3.29; P=0.002)
without significant heterogeneity (Table 3).

Correlation between beta-catenin expression
and tumor clinicopathological features

The pooled RRs indicated that beta-catenin
expression was significantly associated with
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Table 4. Meta-analysis of the association between beta-catenin expression and tumor clinicopatho-
logical features

Heterogeneity  Effect Combined RR (95%

No. of studies  Patients test (12, P) model Cl)/P value Conclusion
Metastasis (yes vs. no) 6 419 0.0%, 0.605 Fixed 1.74 (1.35-2.25)/<0.001 Significant
Local recurrence (yes vs. no) 3 230 0.0%, 0.628 Fixed 2.84 (1.17-6.87)/0.021 Significant
Grade (high vs. low) 6 428 66.1%,0.011  Random  1.38(1.02-1.86)/0.039 Significant
Stage? at diagnosis (III-IV vs. I-Il) 5 376 0.0%, 0.485 Fixed 1.45 (1.14-1.85)/0.003 Significant
Tumor site (femur/tibia vs. other) 6 359 0.0%, 0.937 Fixed 0.99 (0.86-1.14)/0.871 Not significant
Tumor size (>5 cm vs. <5 cm) 2 141 0.0%, 0.958 Fixed 1.03 (0.79-1.32)/0.849 Not significant

aAccording to AJCC stage system. RR, relative risk.

value. For a more intuitive
viewing, we put the forest
plots from the meta-analy-
sis (Figure 2A) and sensitiv-
ity analysis (Figure 2B)
together. As the Figure 2B
shows, when excluding indi-
vidual study sequentially,
we did not found any signifi-
cant changes of the pooled
HR, indicating that the
meta-analysis was statisti-
cally stable and reliable.

Begg's funnel plot with pseudo 95% confidence limits

log(HR)

Egger’s test: P=0.894

Publication bias was evalu-
ated by Begg’s funnel plot
test, in which log (HRSs)
were plotted against their
corresponding  standard
errors (SEs). Visual assess-
ment of the funnel plot
found no apparent asym-
metry (Figure 3). In addi-

1
4

s.e. of: log(HR)

o
o
o
20—

Figure 3. Publication bias of the association between beta-catenin expression
and overall survival in patients with bone and soft tissue sarcoma detected by
Begg's plot (no apparent asymmetry was found) and Egger’s test (P=0.894),
indicating no significant publication bias was observed.

increased risk of unfavorable clinicopathologi-
cal outcomes in sarcoma patients, including
higher risk of metastasis (RR=1.74, 95% CI:
1.35-2.25; P<0.001) and local recurrence
(RR=2.84, 95% Cl: 1.17-6.87; P=0.021), higher
tumor grade (RR=1.38, 95% Cl: 1.02-1.86;
P=0.039) and higher stage at diagnosis
(RR=1.45, 95% Cl: 1.14-1.85; P=0.003), but
not associated with tumor site (RR=0.99, 95%
Cl: 0.86-1.14; P=0.871) and tumor size
(RR=1.03, 95% CI: 0.79-1.32; P=0.849). The
heterogeneity was only observed within the
association between beta-catenin expression
and tumor grade (I>=66.1%, P=0.011) (Table
4).

Sensitivity analysis and evaluation of publica-
tion bias

Sensitivity analysis was performed to assess
the influence of a single study on the pooled HR
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tion, Egger’s test which provided statistic esti-
mation found no publication bias existed
(P=0.894), indicating that the publication bias
was not significant among the included
studies.

Discussion

Beta-catenin is a central molecule of Wnt sig-
naling pathway, which is expressed in three
main forms: cell membrane, cytoplasm and
nucleus localization. When it is expressed in
the membrane, it plays an important role in
maintaining cell-to-cell adhesion through form-
ing cadherin-catenin complex with E-cadherin
and actin filaments [9]. The complex is impor-
tant for the integrity of cellular structure. Down-
regulation of any components of this complex
could compromise the integrity of intercellular
adhesion, thus facilitating tumor cell invasion
and metastasis [34].

Int J Clin Exp Med 2016;9(6):11101-11112
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The other two forms are involved in the regula-
tion of Wnt signaling pathway. Under normal
circumstances, beta-catenin maintains at a low
level of cytoplasmic concentration. In the
absence of a Wnt ligand, beta-catenin is bound
by a destruction complex that is composed of
three proteins: scaffolding protein Axin, glyco-
gen synthase kinase 3beta (GSK3beta) and
casein kinase 1 (CK1) [35]. Then, beta-catenin
is phosphorylated by GSK3beta and CK1, ubig-
uitinated by beta-transducing repeat-contain-
ing protein (beta-TrCP) and finally destructed by
proteasome. However, when the Wnt pathway
is activated, the Wnt ligand binds to receptors,
which would make Axin translocates from cyto-
plasm to the transmembrane receptor com-
plex, thus prohibiting the forming of the destruc-
tion complex [11]. As a result, beta-catenin
accumulates in the cytoplasm and translocates
to the nucleus, where it subsequently binds
Lef/T-cell factor (TCF) transcription factors and
activates Wnt target genes, leading to tumor
cell proliferation, invasion and progression [10,
36].

Literatures have found that the expression of
beta-catenin could contribute to proliferation,
invasion and metastasis in several tumor cell
lines [37, 38]. As for sarcoma, laboratory stud-
ies have also provided some details indicating
a crucial role of beta-catenin in the develop-
ment and progression of sarcoma cells.
Kansara et al. [39] found that beta-catenin is
overexpressed with the silence of tumor sup-
pressor gene WIF1, which is correlated with the
loss of differentiation and increased prolifera-
tion. Ma et al. [40] found that major compo-
nents of Wnt/beta-catenin pathway, such as
beta-catenin, Wnt3a and Lefl, were consis-
tently up-regulated in human osteosarcoma
cell line. Besides, the knock down of beta-
catenin increased the sensitivity to methotrex-
ate and induced cell death, which indicated a
potential responsibility of beta-catenin for the
invasiveness and chemo-resistance of osteo-
sarcoma.

More recently, several systematic reviews indi-
cated its prognostic significance of poor prog-
nosis in several cancers, including gastric, lung
and colorectal cancers [12-14]. However, incon-
sistent results were reported in previous stud-
ies about its prognostic significance in bone
and soft tissue sarcoma and its association to
the clinicopathological features.
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In the current meta-analysis, we combined 14
studies related to prognosis and clinicopathol-
ogy of beta-catenin expression in sarcoma
patients. Firstly, for the clinicopathological sig-
nificance, the pooled analysis showed that
beta-catenin expression was significantly asso-
ciated with some unfavorable tumor character-
istics including metastasis, local recurrence,
grade and stage; but the correlations to tumor
size and site were not found. The summarized
results were consistent with previously pub-
lished laboratory studies [40, 41], and further
verified the contribution of beta-catenin expres-
sion to sarcoma proliferation and invasion to
some extent.

Then, to evaluate the prognostic value of beta-
catenin expression, we integrated eligible sur-
vival outcomes from the included studies and
calculated the pooled HR. We found that its
expression was significantly associated with
poor overall survival for the whole sarcoma
group, and also in the subgroups of bone sar-
coma and soft tissue sarcoma. For each indi-
vidual histology subtype, the significant correla-
tion was observed in patients with osteosarco-
ma and synovial sarcoma, but not found in
chondrosarcoma patients. Although we attempt
to search relevant articles completely, it should
be noted that only one study was identified for
patients with chondrosarcoma [17], which
might lead to potential bias to the results.
Considering we only included 63 patients with
chondrosarcoma, the negative finding might be
due to the insufficient patient samples. It also
should be noted that, since several studies
included patients with mixed types of soft tis-
sue sarcomas [19, 24, 28], and the rest articles
on soft tissue sarcoma all investigated synovial
sarcoma, the HRs on other separate subtypes
of soft tissue sarcoma other than synovial sar-
coma were not able to be calculated. It is better
to investigate the significance of beta-catenin
expression in patients with chondrosarcoma
and other subtypes of soft tissue sarcoma in
future studies.

As we found that beta-catenin expression was
significantly associated with unfavorable path-
ological characteristics of metastasis, local
recurrence, grade and stage, the correlation
between overall survival and its expression
may be influence by these confounders. To vali-
date whether its expression was an indepen-
dent prognostic factor for poor overall survival,
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we conducted a subgroup analysis stratified by
statistical analysis method. Six studies provid-
ed HRs from multivariate analysis, and HRs
from univariate analysis were available in
another 4 studies. The results showed that HRs
extracted from both multivariate and univariate
analysis indicated an unfavorable survival.
Since the multivariate analysis using Cox pro-
portional hazards model or logistic regression
model is an effective method in reducing bias
from some major confounders [33], our find-
ings suggested that beta-catenin expression
might be an independent prognostic factor for
poor overall survival. However, the results
should still be prospectively validated by future
studies.

Another concern that needs to be mentioned is
the subcellular staining position, for which two
major criteria were adopted among the includ-
ed studies. One criterion is the nuclear stain-
ing, which means although beta-catenin is
detected to be expressed in the cytomem-
brane, cytoplasm and nuclei, only nuclear
expression was evaluated. Another criterion is
the nuclear and/or cytoplasmic staining, which
means that staining restricted to the cytomem-
brane or no staining at all was considered nega-
tive. It is generally acknowledged that intracyto-
plasmic and nuclear staining of beta-catenin
has different meanings. In the presence of Wnt
ligand, B-catenin would translocate to the
nucleus, where it binds to transcription factors,
displacing co-repressors and recruiting addi-
tional co-activators to target genes [11], thus
acting as a transcriptional co-regulator to acti-
vate transcription of genes regulated by the
Wnt/B-catenin pathway [42]. Besides, nuclear
staining of beta-catenin is commonly used as a
marker in some tumors like desmoid fibromato-
sis [43]. Itis reasonable to suggest that nuclear
beta-catenin is involved in the pathogenesis of
sarcomas [44], and our findings that positive
nuclear beta-catenin staining was significantly
associated with poor overall survival was in
consistent with the theory. However, the signifi-
cance of cytoplasmic staining of beta-catenin
remains unclear. Although some studies con-
sidered that cytoplasmic staining indicated the
activation of the Wnt/beta-catenin signaling
pathway, for that accumulation of beta-catenin
in cytoplasm is prior to the translocation to
nucleus [39, 45], whether the cytoplasmic
staining has prognostic significance has not
been recognized. In the meta-analysis, we
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could not separately evaluate the prognostic
significance of cytoplasmic beta-catenin stain-
ing, since data of solely cytoplasmic staining
could not be extracted. Nevertheless, we found
that nuclear and/or cytoplasmic staining of
beta-catenin was significantly associated with
poor overall survival. The finding may have
implications for future studies which would fur-
ther investigate the significance of cytoplasmic
beta-catenin expression.

On the basis of our findings, beta-catenin
expression may be an effective prognostic fac-
tor of poor survival for bone and soft tissue sar-
coma and may affect its progression and devel-
opment. To our knowledge, it is the first time to
systematically evaluate the correlation of beta-
catenin expression with survival outcome
and clinicopathological features in sarcoma
patients.

Significant heterogeneity was observed in
some analyses of the current study. The hetero-
geneity could be arisen from several aspects.
Firstly, although all the included studies adopt-
ed IHC as the method of quantitative beta-
catenin measurement, the type, dilution and
source of the antibody were different among
these trials. Since the concentration and type
of the antibody could affect the sensitivity of
IHC, the differences might lead to a potential
bias. Besides, differences also existed in the
cut-off value of positive beta-catenin expres-
sion. However, because of the small groups of
studies adopting the same cut-off value and
antibody, we could not conduct a subgroup
analysis to clarify this technical problem.

Another potential source of bias may be related
to the method to extract the HRs. If the HRs
from multivariate survival analysis were given,
we adopted them directly. If the HRs were not
provided explicitly, we calculated them from
outcome data provided in the publications; if
this was impracticable, we extrapolated them
from survival curves by univariate analysis [29-
32]. The estimation might be less reliable than
the HRs given directly in the papers. Therefore,
the results of the meta-analysis should be cau-
tiously interpreted and confirmed by well-
designed prospective studies with appropriate
multivariate analyses.

Publication bias is another major concern in
meta-analysis, since positive results trend to
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be published in journals. To prevent publication
bias, we attempted to perform literature
searches as complete as possible, using
PubMed, Embase, Web of Science and Cochran
Library. Although publication bias was not sig-
nificant in the meta-analysis, it should be noted
that we only included articles in English or
Chinese. In addition, we excluded abstracts
from conferences because it did not contain
enough data for aggregation. The restrictions
may potentially bring bias to the current
meta-analysis.

In conclusion, the meta-analysis demonstrated
that beta-catenin expression may be an effec-
tive prognostic factor of poor prognosis and
clinicopathological features for patients with
bone and soft tissue sarcoma. Future well-
designed studies are needed to validate our
findings and to further explore drug treatment
of beta-catenin for bone and soft tissue
sarcoma.
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