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Simple Summary: β-catenin is a multifunctional protein whose physiological functions are mainly
related to the maintenance of cell-cell adhesion by forming complexes with the adhesion molecule
E-cadherin, both responsible for the preservation of squamous epithelia homeostasis. The loss of
β-catenin expression in the cell membrane, the failure of cytoplasmic degradation mechanisms—
essentially related to the activation of Wnt canonical oncogenic pathway—and/or its translocation to
the nucleus—developing actions as a transcription factor of oncogenes—are aberrant mechanisms
with oncogenic implications in oral carcinogenesis. In this systematic review and meta-analysis on
41 studies and 2746 oral squamous cell carcinoma (OSCC) patients we demonstrate that the aberrant
expression of β-catenin—mainly the immunohistochemical analysis of its loss in the cell membrane—
behaves as a prognostic biomarker, significantly associated with poor survival, essentially linked to
the increased risk for the development of lymph node metastases, higher tumour size and clinical
stage in these patients.

Abstract: This systematic review and meta-analysis aims to evaluate the prognostic and clinico-
pathological significance of the aberrant expression of β-catenin (assessed through the immunohisto-
chemical loss of membrane expression, cytoplasmic and nuclear expression) in oral squamous cell
carcinoma (OSCC). We searched for primary-level studies published before October-2021 through
PubMed, Embase, Web of Science, Scopus, and Google Scholar, with no limitation in regard to
their publication date or language. We evaluated the methodological quality and risk of bias of
the studies included using the QUIPS tool, carried out meta-analyses, explored heterogeneity and
their sources across subgroups and meta-regression, and conducted sensitivity and small-study
effects analyses. Forty-one studies (2746 patients) met inclusion criteria. The aberrant immunohisto-
chemical expression of β-catenin was statistically associated with poor overall survival (HR = 1.77,
95% CI = 1.20–2.60, p = 0.004), disease-free survival (HR = 2.44, 95% CI = 1.10–5.50, p = 0.03), N+
status (OR = 2.39, 95% CI = 1.68–3.40, p < 0.001), higher clinical stage (OR = 2.40, 95% CI = 1.58–3.63,
p < 0.001), higher tumour size (OR = 1.76, 95% CI = 1.23–2.53, p = 0.004), and moderately-poorly
differentiated OSCC (OR = 1.57, 95% CI = 1.09–2.25, p = 0.02). The loss of β-catenin in the cell mem-
brane showed the largest effect size in most of meta-analyses (singularly for poor overall survival
[HR = 2.37, 95% CI = 1.55–3.62, p < 0.001], N+ status [OR = 3.44, 95% CI = 2.40–4.93, p < 0.001]
and higher clinical stage [OR = 2.51, 95% CI = 1.17–5.35, p = 0.02]). In conclusion, our findings
indicate that immunohistochemical assessment of the aberrant expression of β-catenin could be
incorporated as an additional and complementary routine prognostic biomarker for the assessment
of patients with OSCC.

Keywords: β-catenin; beta-catenin; CTNNB; Wnt signalling pathway; epithelial-mesenchymal
transition; oral squamous cell carcinoma; prognosis; biomarker; systematic review; meta-analysis
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1. Introduction

Oral cancer is a growing worldwide public health problem, presenting an incidence
of 377,713 new cases and 177,757 deaths per year (GLOBOCAN, IARC, WHO) [1]. Oral
squamous cell carcinoma (OSCC) accounts for approximately 90% of oral malignancies
and has a 5-year mortality rate of close to 50% [1,2]. Prediction of the prognosis is of major
importance in this tumour, currently based on clinicopathological parameters (i.e., Tumour
Node Metastasis [TNM] staging system), the most influential prognostic factors being the
development of lymph node metastases and the presence of extracapsular extension [2].
OSCC is a complex and heterogeneous disease in molecular terms [1,2], being accepted
in recent years that at least two genetic subclasses should be distinguished, determined
by their association with human papillomavirus (HPV) infection: HPV-positive tumours
and HPV-negative tumours, with differential risk profile patterns [2]. In both subgroups,
a male predilection is currently accepted. Nevertheless, HPV-negative tumours are more
frequently associated with heavy tobacco use and alcohol consumption. On the other hand,
HPV-positive tumours preferentially develop within the oropharynx and are more likely to
occur in younger patients, higher socioeconomic status, and an increased number of lifetime
sexual partners with oral sex behaviours [2]. Recent evidence also support differences in
molecular genetic profiles related to HPV infection status. HPV-positive tumours harbour
an active transcription of the major viral oncoproteins E6 and E7 and frequent losses of chro-
mosomes 9p, 3p, and 17p. The tumour suppressor genes TP53—which encodes p53—and
CDKN2A—which encodes p16—are located at 17p13 and 9p21, respectively. Consequently,
p53 and p16 mutations are frequent in HPV-negative OSCC. Molecular alterations seem
different in HPV-positive OSCC, usually lacking such chromosomal losses, presenting the
decreased expression of wild-type p53 (due to the inactivation and degradation by E6), and
exhibiting increased p16 expression (due to the inactivation of retinoblastoma protein [pRb]
by E7, with cell cycle arrest and p16 accumulation) [2]. The prognostic value of molecular
biomarkers is attracting considerable research interest and, in this sense, recent advances
are suggesting a potential oncogenic and prognostic role for β-catenin in OSCC [3].

β-catenin is a multifunctional protein that belongs to the Armadillo family, localized
in its physiological form in the cell membrane [3]. The main function of this protein is
related to the maintenance of cell-cell adhesion, for which the formation of complexes
between β-catenin and E-cadherin, another key membrane molecule in the maintenance
of cell adhesion, is essential. β-catenin/E-cadherin complexes are responsible for the
preservation of the structure and normal function of squamous epithelia [3]. The research
focused on β-catenin has shown in premalignant and malignant squamous epithelia also
its cytoplasmic and nuclear expression [3]. Cytoplasmic β-catenin is related to the failure in
the mechanisms involved in its degradation, which is physiologically carried out by a mul-
tiprotein complex composed of axin, Adenomatous Polyposis Coli protein (APC), casein
protein kinase 1 (CK1), and glycogen synthetase 3 (GSK3) [4]. Cytoplasmic degradation
of β-catenin is highly dependent on the actions of axin, which is tasked with coordinat-
ing the sequential phosphorylation of β-catenin, first at serine 45 -to enable β-catenin
to interact with CK1-, and subsequently at threonine 41 and serine 37 and 33 -to enable
β-catenin to interact with GSK3-. These phosphorylation events create a binding site on
β-catenin for β-trcp E3 ubiquitin ligase that in turn catalyses the proteosomal degradation
of β-catenin by ubiquitinylation, removing it from the cytoplasm [5]. The failure of physio-
logical degradation of β-catenin enables its cytoplasmic accumulation, which is essentially
related to the activation of the Wnt canonical oncogenic pathway. In this context, Wnt
proteins, upon binding to their membrane receptors (Fz, LRP5, and LRP6) form complexes
(Wnt/Fz/LRP5/LRP6) that recruit the dishevelled protein, which induces phosphorylation
of LRP5/6, resulting in axin sequestration from the protein complex responsible for the
physiological degradation of β-catenin (axin/APC/CK1/GSK3). Therefore, activation
of the Wnt canonical pathway results in the accumulation of β-catenin in the cytoplasm
due to a failure of its degradation, which allows its translocation to the nucleus and the
development of its actions as a transcription factor of oncogenes involved in processes
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associated with tumour development [3,6]. Moreover, regardless of the function as an
oncogene transcription factor, β-catenin also exerts oncogenic actions related to the loss of
its membrane expression which leads to cell adhesion failure, for which the concomitant
loss of E-cadherin is necessary. The oncogenic mechanisms linked to the loss of mem-
branous expression of E-Cadherin/β-catenin are primarily related to the development
of the epithelial-mesenchymal transition phenomenon (EMT) which, among other conse-
quences, induces an increase in the invasiveness of tumour cells [7,8]. Oncogenic actions
linked to alterations in β-catenin function have been demonstrated in primary level studies
in some premalignant epithelia and tumours, including Barret’s oesophagus [9], colon
adenocarcinoma [10], laryngeal carcinoma [11], and also in oral premalignant epithelia
and OSCC [3,12–16]. Our research group has recently focused on the oncogenic effect of
β-catenin in the development of oral and lip cancer [3,17,18], concluding that the main
oncogenic function of β-catenin is related to the loss of membranous expression and the
consequently increased invasiveness of tumour cells.

However, despite the attention that β-catenin has received as an oncogenic protein, to
date, there is no study designed to provide high scientific evidence on the implications of
this protein in oral carcinogenesis. On this background, the aim of our study was to present
and interpret the results of a systematic review and meta-analysis on the implications of
aberrant expression of β-catenin (loss of membrane expression, cytoplasmic expression,
and nuclear expression) on the development and prognosis of OSCC.

2. Materials and Methods

This systematic review and meta-analysis complied with PRISMA and MOOSE report-
ing guidelines, and closely followed the criteria of Cochrane Prognosis Methods Group [19]
and Cochrane Handbook for Systematic Reviews of Interventions [20], and was conducted
and validated in accordance with AMSTAR2 guidelines [21].

2.1. Protocol

In order to minimize the risk of bias, improve the transparency, precision, and integrity
of our systematic review and meta-analysis, a protocol on its methodology has been a priori
designed and submitted to PROSPERO International Prospective Register of Systematic
Reviews (www.crd.york.ac.uk/PROSPERO, accessed on 27 December 2021) (ID300438 was
assigned; a copy of the protocol was included in the Supplementary Materials). The protocol
complied with the PRISMA-P statement in order to ensure a rigorous approach [22].

2.2. Search Strategy

We searched PubMed, Embase, Web of Science, and Scopus databases for studies
published before October-2021 (upper limit), with no lower date limit. Searches were
conducted by combining the thesaurus terms used by the databases (i.e., MeSH and
EMTREE) with free terms (Table S1), designed and built to maximize sensitivity. An
additional screening was performed by hand-searching the reference lists of retrieved
included studies and using Google Scholar. All references were managed using Mendeley
v.1.19.8 (Elsevier, Amsterdam, The Netherlands); the process of eliminating duplicate
references was also driven with this software.

2.3. Eligibility Criteria

Inclusion criteria: (1) Original primary-level studies, without language, publication
date, follow up periods, study design, geographical area, sex or age restrictions; (2) Evalua-
tion of β-catenin protein expression in samples from OSCC; (3) Analysis of the association
of β-catenin with at least one of the following prognostic and/or clinicopathological vari-
ables: overall survival (OS), disease-free survival (DFS), T status, N status, clinical stage, or
histological grade. OS was defined as the time elapsed from date of diagnosis/surgery to
date of death by any cause. DFS was defined as the time elapsed from diagnosis/surgery
to the detection of locoregional or distant recurrence or to death without recurrence. Given

www.crd.york.ac.uk/PROSPERO
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the lack of international consensus standards to define survival endpoints, any study
using the terms OS/DFS was included, or by using other terms in compliance with our
preceding definitions.

Exclusion criteria were: (1) Retracted articles, reviews, meta-analyses, case reports,
editorials, letters, meeting abstracts, personal opinions, comments, or book chapters;
(2) In vitro research or in vivo animal experimentation; (3) Squamous cell carcinomas of
anatomic areas distinct to the oral cavity, and/or tumours of different histopathological
lineage; (4) Evaluation of β-catenin/CTNNB genomic alterations (e.g., mutations, gene
amplification or deletion, polymorphisms, etc.); (5) No analysis of the main prognostic
or clinicopathological variables of interest; (6) Lack or insufficient data for the estimation
of statistical effect size measures with confidence intervals; (7) Inter-study overlapping
populations, determined by verifying the name and affiliation of authors, source of patients,
and recruitment period. When results were derived from the same study population, the
reports providing more complete datasets were included.

2.4. Study Selection Process

Eligibility criteria were blinded independently applied by both authors (PRG and
MAGM). Any discrepancies were resolved by consensus. Articles were selected in two
phases, first screening titles and abstracts for those apparently meeting inclusion criteria,
and then reading the full text of selected articles, excluding those that did not meet the
review eligibility criteria. Evaluators were first jointly trained and calibrated for the
process of identification and selection of studies performing an initial screening round
(50 papers each). An optimal inter-agreement proportional score (relative frequency of
agreement = 97.94%) was finally obtained. The inter-rater reliability was also measured by
calculating Cohen’s kappa statistic, obtaining an almost perfect agreement (κ = 0.96).

2.5. Data Extraction

Both authors (PRG and MAGM) independently extracted data from the selected ar-
ticles after full-text reading, completing a data collection form in a standardized manner
using the software Excel (v.16/2018, Microsoft, Redmond, WA, USA). Datasets extracted
were secondarily jointly cross-checked, solving discrepancies by consensus. Data expressed
as order statistics (i.e., median, interquartile range, and/or maximum-minimum values)
were computed and transformed, if possible, into means ± standard deviation (SD) using
the methods proposed by Luo et al., (2018) and Wan et al., (2014) [23,24]. If it was desirable
to combine two or more different datasets expressed as means ±SD from subgroups into a
single group, the Cochrane Handbook formula was applied [20]. Data were gathered on
the first author, publication language, year, country and continent, sample size, anatomi-
cal site and subsites affected, sex and age of patients, tobacco and alcohol consumption,
treatment modality, recruitment and follow up period, study design, methodology, and
the frequency of proteins expression, immunohistochemical methods (i.e., anti-β-catenin
antibody, dilution, incubation time and temperature), cut-off point, scoring system, subcel-
lular β-catenin location and the relative frequency of cases presenting β-catenin aberrant
expression (sub-categorized as loss of cell membrane, cytoplasmic-nuclear expression, or
not defined in primary-level studies), expressed as proportions. Finally, the data required
to analyse the outcomes were also recorded for clinicopathological (T status [T3/T4 vs.
T1/T2], N status [N+ vs. N−], clinical-stage [III/IV vs. I/II] histological grade [II/III vs. I])
and prognostic main variables (OS and DFS). Furthermore, clinicopathological variables
rarely reported in primary level studies were also ad hoc screened and categorized. We
identified and extracted data on the relationships between β-catenin aberrant expression
and the number of metastatic lymph nodes (multiple vs. single), extracapsular spread (ex-
tracapsular vs. intracapsular), tumour growth pattern (endophytic vs. exophytic), mode of
invasion in tumour front (grades 3/4 vs. 1/2), perineural and lymphatic invasion (positive
vs. negative).
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2.6. Evaluation of Quality and Risk of Bias

Two authors (PRG and MAGM) critically appraised the methodological quality and
risk of bias of primary-level studies using the Quality in Prognosis Studies (QUIPS) tool
(developed by members of the Cochrane Prognosis Methods Group [25,26]). The following
six potential bias domains were explored: (1) Study participation; (2) Study attrition;
(3) Prognostic factor measurement; (4) Outcome measurement; (5) Study confounding;
(6) Statistical analysis/reporting. The risk of bias was considered low, moderate, or high
for each domain. Finally, an overall score was also estimated based on a method previously
described by our research group [27]. In brief, low, moderate, or high overall risk of bias
was assigned for each study—based on domains no. 3, and no. 5, considered as critical
domains—with the purpose of statistically analysing the influence of the methodological
quality of primary-level studies and impact on our meta-analytical results. Therefore, the
quality of the evidence was also assessed and adjusted for the risk of bias.

2.7. Statistical Analysis

β-catenin aberrant expression was analysed as a dichotomous categorical variable
according to the cut-off values adopted by primary-level studies. Odds ratios (OR) with
their corresponding 95% confidence intervals (CI) were estimated and used as an effect
size measure for the meta-analyses of the clinicopathological variables. Hazard ratios
(HR) and 95%CI were used for the meta-analysis of prognostic variables due to their
time-to-event nature [28]. When authors reported effect size metrics in their survival
analyses, these were directly extracted from the primary-level studies. If HR and/or
95%CI were not explicitly provided by the authors, we calculated them using the methods
described by Parmar et al. [29] and Tierney and colleagues [28]. When a study only reported
survival curves, we extracted the data from Kaplan-Meier curves with Engauge Digitizer
4.1 software (open-source digitizing software developed by M. Mitchell). When HRs
were determined in both univariable and multivariable models, data were extracted from
the multivariable model, which reflects a greater adjustment for potentially confounding
factors. All meta-analyses were conducted using the inverse-variance method under a
random-effects model (based on the DerSimonian and Laird method). This approach
was planned a priori in our study protocol, in order to account for the possibility that
are different underlying results among study subpopulations (e.g., differences among
the wide range of experimental immunohistochemical methods, differential β-catenin
aberrant expression across subcellular locations, etc.). Forest plots were constructed to
graphically represent the effect sizes and for subsequent visual inspection analysis (p < 0.05
was considered significant).

Heterogeneity between studies was assessed using the χ2-based Cochran’s Q test.
Given the low statistical power of this test, p < 0.10 was considered significant. We also
used Higgins I2 statistic to estimate what proportion of the variance in observed effects
reflects variation in true effects, rather than sampling error. The percentage of inter-study
heterogeneity was quantified considering values of 50–75% as a moderate-to-high degree of
inconsistency [30,31]. Preplanned subgroup meta-analyses (by subcellular distribution, geo-
graphical area, immunohistochemical methods, and risk of bias) were performed to identify
potential sources of heterogeneity and to potential study subpopulations. Furthermore,
additional univariable random-effect meta-regression analyses were conducted, using the
restricted maximum likelihood (REML) method, to explore the potential effect of additional
study covariates (i.e., follow-up period, age, sex, and clinical stage) [32]. Considering the
low number of studies with data available for meta-regression analyses, the p-values were
re-calculated using a permutation test based on Monte Carlo simulations [33]. To obtain
sufficient precision, the number of permutations was 10,000 [34]. Weighted bubble plots
were also constructed to graphically represent the fitted meta-regression lines.

Furthermore, two additional analyses were carried out to test the stability and relia-
bility of our meta-analytical results. First, sensitivity analyses were carried out to explore
the influence of each primary-level study on the pooled overall estimates [35], repeating
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sequentially the meta-analyses, omitting one study at a time (“leave-one-out” method).
Second, small-study effects analyses were carried out to identify potential biases, such as
publication bias, constructing funnel plots, and using the Egger regression test (performing
a linear regression of the effect estimates on their standard errors, weighting by 1/[variance
of the effect estimate], considering a pEgger-value < 0.10 as significant) [36].

Finally, the meta-analysis of secondary clinicopathological parameters (i.e., number of
metastatic lymph nodes, extracapsular spread, tumour growth pattern, mode of invasion
in tumour front, perineural and lymphatic invasion) could not be performed due to the low
number of observations extracted and a considerable degree of clinical and methodological
heterogeneity. However, due to their potential prognostic implications, an albatross plot
was constructed to graphically represent them [37], allowing an approximate examination
of their underlying magnitudes of effect. Stata software was used for all statistical analyses
(v.16.1, Stata Corp, College Station, TX, USA).

2.8. Validation of Methodological Quality

The methodology followed in this systematic review and meta-analysis was criti-
cally appraised and validated using “A MeaSurement Tool to Assess Systematic Reviews”
AMSTAR2 checklist [21], created as an instrument to develop, evaluate, and validate high-
quality systematic reviews and meta-analyses through 16 items [21]. An overall rating is
obtained based on weaknesses in critical domains (i.e., items: 2, 4, 7, 9, 11, 13, and 15) and
non-critical domains. The overall confidence on the methodology of a systematic review
is rated in the following levels: “High”, “Moderate”, “Low”, and “Critically low” (the
checklist and full explanation were included in Figure S28).

3. Results
3.1. Results of the Literature Search

The flow diagram in Figure 1 depicts the study selection process and the results
obtained. A total of 7091 publications were retrieved: 2936 from Embase, 1929 from Web of
Science, 1145 from PubMed, 1081 from Scopus, and one from a screening of the reference
lists. After duplicate removal, 3084 records were considered potentially eligible and their
titles and abstracts were screened, leaving a sample of 97 papers for full-text evaluation (the
studies excluded and their exclusion criteria were listed in the Supplementary Materials).
Finally, 41 studies meeting all eligibility criteria were included for qualitative evaluation
and meta-analysis [12,38–77].

3.2. Study Characteristics

Table 1 summarizes the main characteristics of our study sample, and Table S2 exhibits
in detail the variables gathered from primary-level studies. These 41 studies recruited a total
of 2746 patients, ranging between 12 and 290 patients. The prognostic value of the aberrant
loss of β-catenin in the cell membrane was reported by 11 studies, the aberrant cytoplasmic-
nuclear expression by 21 studies, and nine studies did not define the subcellular location
investigated. All studies were observational retrospective cohorts (n = 41). In relation
to the experimental methods used for the determination of β-catenin protein expression,
all studies applied immunohistochemistry (n = 41), and Clone 14 was the anti-β-catenin
antibody most frequently used (n = 6). Most studies processed their antibodies at dilutions
equal or lower to 1:250 (n = 22), 15 studies incubated overnight (13 of them at 4 ◦C), while
13 studies 1 h at room temperature or higher. Finally, cut-off points were heterogeneous
and varied widely across studies.

Table S2 exhibits in detail the characteristics of each primary-level study included in
this systematic review and meta-analysis.
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Figure 1. Flow diagram showing the identification and selection process of relevant studies, analysing
the prognostic and clinicopathological significance of the aberrant expression of β-catenin in OSCC.

Table 1. Summarized characteristics of the study sample.

Total 41 Studies

Year of publication 1998–2021
Total patients (range) 2746 (12–290)

β-catenin aberrant subcellular location
Cell membrane loss 11 studies

Cytoplasmic-nuclear expression 21 studies
Not defined in primary-level studies 9 studies

Study design
Retrospective cohort 41 studies

Experimental methods for β-catenin expression determination
Immunohistochemistry 41 studies

Anti-β-catenin antibody
Clone 14 6 studies
sc-7963 2 studies
C19220 2 studies
Other 10 studies

Not reported 21 studies
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Table 1. Cont.

Total 41 Studies

Anti-β-catenin antibody dilution
<1:250 22 studies

1:500–1000 7 studies
Not reported 12 studies

Anti- β-catenin antibody incubation time
Overnight 15 studies

1 h 13 studies
Not reported 13 studies

Anti-β-catenin antibody incubation temperature
4 ◦C 13 studies

Room temperature or higher 13 studies
Not reported 15 studies

Geographical region
Asian countries 29 studies

Non-Asian countries 12 studies

3.3. Qualitative Evaluation

The qualitative analysis was conducted using the QUIPS tool (Figure 2), which evalu-
ates potential sources of bias in six domains.

3.3.1. Study Participation

The risk of this bias was high in 70.73% of the reviewed studies, moderate in 26.83%,
and low in 2.44%. Studies offering an inadequate description of their samples (sex and
age of patients, oral cancer subsites, etc.) or setting (recruitment place and period) were
considered as potentially biased.

3.3.2. Study Attrition

The risk of this bias was high in 63.41% of the studies, moderate in 12.20%, and
low in 24.39%. Some studies did not report essential information on the follow-up period
(i.e., mean ± SD, median, IQR, and/or range). Only one study reported data on the patients’
drop-out rate [41], and none reported the attempt to collect information and reasons for
patients lost to follow-up, or the description of their characteristics, which is essential to
assess any differences with the characteristics of the final study sample.

3.3.3. Prognostic Factor Measurement

The risk of this bias was high in 82.92% of the studies, moderate in 4.88%, and low
in 12.20%. The most relevant potential bias was the lack of consideration of the β-catenin
differential expression according to cell pattern distribution. It is essential to evaluate its
prognostic value due to the well-known differential oncogenic roles linked to its transloca-
tion from membrane to cytoplasm and nucleus in cancer cells. Inappropriate design of cut
points and scoring systems were also considered as serious sources of potential bias.

3.3.4. Outcome Measurement

The risk of this bias was high in 53.66% of the studies, moderate in 21.95%, and low in
24.39%. The most frequent potential biases were the non-definition of survival parameters
-relevant due to the lack of international consensus on survival endpoints in cancer research-
and the failure to correctly report the classification system used (e.g., the edition of the
AJCC/UICC TNM staging system, subject to periodic changes).

3.3.5. Study Confounding

The risk of this bias was high in 75.61% of the studies, and moderate in 24.39%.
The most frequent potential biases were the failure to consider confounders in the study
design or to measure all potential confounders (e.g., tobacco or alcohol consumption).
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Unfortunately, as is often the case in studies on prognostic factors, no study defined a priori
potential confounders or subsequently discussed their potential biological interactions
between these covariates, β-catenin overexpression, and prognostic variables.

Figure 2. Evaluation of the risk of bias of primary-level studies [12,38–77] using the Quality in
Prognosis Studies (QUIPS) tool. Green, low risk of potential bias; yellow, moderate; red, high.
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3.3.6. Statistical Analysis and Reporting

The risk of this bias was high in 85.36% of the studies, moderate in 9.76%, and low in
4.88%. The most serious potential biases detected were inappropriate statistical analyses
and obvious reporting errors, offering misleading results and conclusions. The most
frequent biases were selective outcome reporting and the failure to estimate effect size
measures with their corresponding 95%CI. Effect sizes (in this context, odds ratios, and
hazard ratios) are much more informative than simple p-values, giving information on the
magnitude, precision, and direction of the effect.

3.4. Quantitative Evaluation (Meta-Analysis)

All the variables considered for meta-analysis were graphically represented construct-
ing forest plots (Figures 3, 4, S1–S6 and S11–S15) and their results were listed in Table 2.

Figure 3. Forest plot of the association between the aberrant expression of β-catenin and overall
survival in OSCC (random-effect model meta-analysis, inverse-variance weighting based on the
DerSimonian and Laird method), stratified by subcellular location (dark brown, loss of cell mem-
brane; medium brown, nuclear-cytoplasmic expression; light brown, not defined in primary level
studies; green, overall pooled estimates). Ten primary-level studies were meta-analysed for this
variable [40–42,46,55,56,69,71,73,76]. A HR > 1 suggests that the aberrant expression of β-catenin
is associated with poor overall survival. Diamonds indicate overall HR with their corresponding
95% CIs. HR, hazard ratio; CI, confidence intervals.
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Figure 4. Summary Forest Plot (aka forest top plot) graphically representing the effect sizes (mea-
sured as ratio metrics, i.e., hazard ratios for prognostic survival variables, and odds ratios for clinico-
pathological parameters) of the aberrant expression of β-catenin in oral squamous cell carcinoma.
Each row displays the different meta-analytical results (n = 21), performed in this study, stratified
by subcellular location (dark brown, loss of cell membrane; medium brown, nuclear-cytoplasmic
expression; light brown, not defined in primary level studies; green, overall pooled estimates).
Random-effects model meta-analyses, inverse-variance weighting based on the DerSimonian and
Laird method. An effect size >1 suggests that the aberrant expression of β-catenin is associated
with a poor prognosis. Diamonds graphically represent pooled effect sizes with their corresponding
95% confidence intervals (CI).
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Table 2. Meta-analyses of the prognostic and clinicopathological significance of aberrant β-catenin
expression in OSCC.

Meta-Analyses No. of
Studies

No. of
Patients

Stat.
Model Wt

Pooled Data Heterogeneity Supplementary
Materials aES (95% CI) p-Value Phet I2 (%)

Survival Parameters

Overall Survival

Aberrant β-catenin
expression (all) b 10 938 REM DL HR = 1.77

(1.20–2.60) 0.004 0.004 62.4 Manuscript,
Figure 3

Subgroup analysis by differential subcellular location c Figure 3

Loss of cell membrane 4 460 REM DL HR = 2.37
(1.55–3.62) <0.001 0.27 23.9

Nuclear-cytoplasmic
expression 3 255 REM DL HR = 1.98

(0.93–4.22) 0.07 0.10 56.1

Not defined in
primary-level studies 3 223 REM DL HR = 0.89

(0.62–1.28) 0.53 0.40 0.0

Subgroup analysis by geographical area c Figure S1

Asian 8 772 REM DL HR = 1.81
(1.10–3.00) 0.02 0.001 70.1

Non-Asian 2 166 REM DL HR = 1.72
(1.09–2.71) 0.02 0.80 0.0

Subgroup analysis by anti-β-catenin antibody c Figure S2

Clone-14 2 294 REM DL HR = 3.57
(2.03–6.29) <0.001 1.00 0.0

Sc-7963 2 143 REM DL HR = 0.79
(0.52–1.20) 0.27 0.46 0.0

Other 2 190 REM DL HR = 1.82
(0.87–3.81) 0.11 0.18 44.7

Not reported 4 311 REM DL HR = 1.56
(1.10–2.22) 0.01 0.37 3.9

Subgroup analysis by anti-β-catenin antibody dilution c Figure S3

<1:250 5 545 REM DL HR = 2.81
(1.87–4.22) <0.001 0.72 0.0

1:500–1000 3 230 REM DL HR = 1.65
(1.10–2.47) 0.02 0.37 0.0

Not reported 2 163 REM DL HR = 0.90
(0.60–1.34) 0.60 0.25 26.0

Subgroup analysis by anti-β-catenin antibody incubation time c Figure S4

1 h 3 273 REM DL HR = 1.23
(0.64–2.36) 0.53 0.03 72.9

Overnight 6 585 REM DL HR = 2.31
(1.65–3.23) <0.001 0.43 0.0

Not reported 1 80 - - HR = 1.28
(0.62–2.65) 0.51 - -

Subgroup analysis by anti-β-catenin antibody incubation temperature c Figure S5

4 ◦C 6 585 REM DL HR = 2.31
(1.65–3.23) <0.001 0.43 0.0

Room temperature or
higher 3 273 REM DL HR = 1.23

(0.64–2.36) 0.53 0.03 72.9

Not reported 1 80 - - HR = 1.28
(0.62–2.65) 0.51 - -

Subgroup analysis by overall risk of bias in primary-level studies c Figure S6

Low RoB 3 404 REM DL HR = 3.28
(2.05–5.24) <0.001 0.87 0.0

Moderate-High RoB 7 534 REM DL HR = 1.29
(0.91–1.83) 0.15 0.14 38.5

Univariable meta-regressions by study design and patients’ characteristics d

Follow up (months, mean) 7 618 random-effects
meta-regression

Coef = 0.016
(−0.033 to 0.065) 0.47 ± 0.005 e hetexplained = −1.02% f Figure S7

Sex (proportion of males,
%) 10 938 random-effects

meta-regression
Coef = −0.005

(−0.035 to 0.024) 0.69 ± 0.005 e hetexplained = −17.95% f Figure S8

Age (years, mean) 9 858 random-effects
meta-regression

Coef = 0.132
(0.034 to 0.229) 0.02 ± 0.002 e hetexplained = 79.62% f Figure S9

Clinical stage (proportion
of stage-III/IV patients, %) 5 469 random-effects

meta-regression
Coef = 0.001

(−0.078 to 0.079) 0.99 ± 0.001 e hetexplained = −38.30% f Figure S10

Tobacco consumption
(proportion of smokers, %) 2 141 random-effects

meta-regression - - - -

Areca nut/Betel quid
consumption (proportion

of chewers, %)
0 0 - - - - -

Alcohol consumption (%
of patients with positive

habits)
2 141 - - - - -
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Table 2. Cont.

Meta-Analyses No. of
Studies

No. of
Patients

Stat.
Model Wt

Pooled Data Heterogeneity Supplementary
Materials aES (95% CI) p-Value Phet I2 (%)

Disease-free survival

Aberrant β-catenin
expression (all) b 5 379 REM DL HR = 2.44

(1.10–5.40) 0.03 <0.001 88.6 Figure S11

Clinicopathological Characteristics

T Status

Aberrant β-catenin
expression (all) b 10 1418 REM DL OR = 1.76

(1.23–2.53) 0.004 0.06 37.1 Figure S12

Subgroup analysis by differential subcellular location c Figure S12

Loss of cell membrane 7 673 REM DL OR = 1.81
(1.05–3.11) 0.03 0.08 47.7

Nuclear-cytoplasmic
expression 7 542 REM DL OR = 1.93

(0.91–4.06) 0.09 0.05 53.0

Not defined in
primary-level studies 4 203 REM DL OR = 1.42

(0.68–2.97) 0.35 0.50 0.0

N Status

Aberrant β-catenin
expression (all) b 23 1881 REM DL OR = 2.39

(1.68–3.40) <0.001 0.002 53.0 Figure S13

Subgroup analysis by differential subcellular location c Figure S13

Loss of cell membrane 9 769 REM DL OR = 3.44
(2.40–4.93) <0.001 0.44 0.0

Nuclear-cytoplasmic
expression 9 849 REM DL OR = 1.67

(0.93–3.00) 0.08 0.01 59.1

Not defined in
primary-level studies 5 263 REM DL OR = 1.97

(0.88–4.38) 0.10 0.18 36.7

Clinical Stage

Aberrant β-catenin
expression (all) b 15 1165 REM DL OR = 2.40

(1.58–3.63) <0.001 0.03 45.6 Figure S14

Subgroup analysis by differential subcellular location c Figure S14

Loss of cell membrane 6 514 REM DL OR = 2.51
(1.17–5.35) 0.02 0.01 66.7

Nuclear-cytoplasmic
expression 5 426 REM DL OR = 3.12

(1.81–5.40) <0.001 0.50 0.0

Not defined in
primary-level studies 4 225 REM DL OR = 1.49

(0.66–3.36) 0.33 0.21 33.5

Histological Grade

Aberrant β-catenin
expression (all) b 32 1974 REM DL OR = 1.57

(1.09–2.25) 0.02 <0.001 55.1 Figure S15

Subgroup analysis by differential subcellular location c Figure S15

Loss of cell membrane 7 604 REM DL OR = 1.77
(0.82–3.83) 0.14 0.002 71.9

Nuclear-cytoplasmic
expression 17 986 REM DL OR = 1.76

(1.23–2.53) 0.002 0.33 10.2

Not defined in
primary-level studies 8 384 REM DL OR = 0.99

(0.36–2.76) 0.99 <0.001 73.4

Abbreviations: Stat., statistical; Wt, method of weighting; ES, effect size estimation; HR, hazard ratio; OR, odds
ratio; CI, confidence intervals; REM, random-effects model; DL, DerSimonian and Laird method; OSCC, oral
squamous cell carcinoma; RoB, risk of bias; a—More information in the Supplementary Materials, b—Prognostic
meta-analysis of aggregate (summary) data, c—Subgroup meta-analyses, d—Meta-regression analysis of the
potential effect of study covariates on the association between the aberrant expression of β-catenin and OSCC. A
meta-regression coefficient > 0 indicates a greater impact of covariates on poor prognosis., e—p-value ± standard
error recalculated after 10,000 permutations based on Monte Carlo simulations, f—Proportion of between-study
variance explained (adjusted R2 statistic) using the residual maximum likelihood (REML) method. A negative
number for a proportion of heterogeneity explained reflects no heterogeneity explained.

3.4.1. Association between the Aberrant Expression of β-Catenin and Prognostic Variables
Overall Survival (OS)

Significant results were found for the aberrant expression of β-catenin and poor OS
(HR = 1.77, 95% CI = 1.20–2.60, p = 0.004), although heterogeneity was present (p = 0.004,
I2 = 62.4.3%). After the stratified meta-analysis by differential subcellular location, only
the loss of cell membrane preserved the statistical association, showing a large effect size
(HR = 2.37, 95% CI = 1.55–3.62, p < 0.001). Furthermore, the groups were more homogeneous
in all the meta-analyses performed and the statistical heterogeneity was well-controlled,
losing significance in cellular compartments (OS: p > 0.10, respectively).
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Disease-Free Survival (DFS)

Significant results were found for the aberrant expression of β-catenin and poor DFS
(HR = 2.44, 95% CI = 1.10–5.50, p = 0.03), although a considerable degree of heterogene-
ity was observed (p < 0.001, I2 = 88.6%). This result derived from a small sample size
(n = 5 studies) and no subgroup meta-analysis was run, needing further investigation.

3.4.2. Association between the Aberrant Expression of β-Catenin and Clinicopathological
Variables
T Status

Significant results were found for the aberrant expression of β-catenin and T3/4-OSCCs
(OR = 1.76, 95% CI = 1.23–2.53, p = 0.004). After the stratified meta-analysis by differ-
ential subcellular location, only the loss of cell membrane preserved again the statistical
association (OR = 1.81, 95% CI = 1.05–3.11, p = 0.03).

N Status

A significant association was found among the aberrant expression of β-catenin and
positive-lymph node metastasis (OR = 2.39, 95% CI = 1.68–3.40, p < 0.001). After the
stratified meta-analysis by differential subcellular location, once again the loss of cell
membrane preserved the statistical association, also showing a large effect size (OR = 3.44,
95% CI = 2.40–4.93, p < 0.001).

Clinical Stage

A significant association was found among the aberrant expression of β-catenin and
advanced stage OSCCs (OR = 2.40, 95% CI = 1.58–3.63, p < 0.001). Both the loss of cell
membrane (OR = 2.51, 95% CI = 1.17–5.35, p = 0.02) and the cytoplasmic-nuclear expression
(OR = 3.12, 95% CI = 1.81–5.40, p < 0.001) preserved the statistical association.

Histological Grade

Although a significant association was for was found among the aberrant expression of
β-catenin and moderately-poorly differentiated OSCCs, a reduced effect size was observed
(OR = 1.57, 95% CI = 1.09–2.25, p = 0.02), and only the cytoplasmic-nuclear subgroup
maintained this significant association (OR = 1.76, 95% CI = 1.23–2.53, p = 0.002).

3.5. Quantitative Evaluation (Variables Not Included in Meta-Analysis)

Meta-analysis was not performed for the association between the aberrant expression
of β-catenin and the additional secondary variables (number of metastatic lymph nodes,
extracapsular spread, tumour growth pattern, mode of invasion in tumour front, perineural
and lymphatic invasion). However, all were included in an albatross plot (Figure 5) and
considered separately in the narrative synthesis. All these variables were evaluated by a
very low number of primary-level studies (n ≤ 3), showing imprecise and heterogeneous
results. Only two variables showed a significant -but heterogeneous- statistical associa-
tion with the aberrant expression of β-catenin (i.e., grade I,II-invasion pattern [p = 0.003;
n = 1 study], endophytic- [p = 0.04; n = 1 study] and exophytic-tumour growth patterns
[p = 0.02]). More investigation is needed to obtain a better quality of evidence on these
parameters and their relationships with the aberrant expression of β-catenin.
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Figure 5. Albatross plot graphically representing the association between the aberrant expression
of β-catenin and secondary clinicopathological parameters rarely reported in primary-level studies,
but harbouring relevant prognostic implications. Every single study is represented by a circle of
different colour, according to the clinicopathological parameter investigated (see legend). Two-sides
p-values (horizontal x-axis) with results separated according to positive/negative association (i.e., the
observed direction of effect) were plotted against the number of participants included within each
study (vertical y-axis). The albatross plot allows a better interpretation of p-values from the variables
that did not enter in the meta-analysis, in the context of the study sample sizes. Small studies lie
toward the bottom of the plot and large studies toward the top. Effect contours (black continuous
and intermittent lines) were drawn on the plot showing the ranges of the magnitudes of effect, using
odds ratios (OR). A p-value < 0.05 was considered significant.

3.6. Quantitative Evaluation (Secondary Analyses)
3.6.1. Analysis of Subgroups

Some additional subgroups maintained the precedent significant association between
the aberrant expression of β-catenin and OS after stratify by anti-β-catenin antibody (Clone-
14: HR = 3.57, 95% CI = 2.03–6.29, p < 0.001), by anti-β-catenin antibody dilution (<1:250:
HR = 2.81, 95% CI = 1.87–4.22, p < 0.001; 1:500–1000: HR = 1.65, 95% CI = 1.10–2.47,
p = 0.02), by incubation time and temperature (overnight at 4 ◦C: respectively, HR = 2.31,
95% CI = 1.65–3.23, p < 0.001) and by overall RoB (low RoB: HR = 3.28, 95% CI = 2.05–5.24,
p < 0.001) (Table 2, Figures S1–S6).

3.6.2. Meta-Regression Analysis

Meta-regression was also performed to explore the potential effect of the study co-
variates sex, age, clinical stage and follow up on the relationships between the aberrant
expression of β-catenin and OS (Table 2, Figures S7–S10, Supplementary Materials). Only
one significant association was found (i.e., older patients presenting aberrant β-catenin
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expression showed the worst prognosis, p = 0.02), based on a low number of observations
with imprecise results, reaching the statistical significance after recalculating the p-value
through Monte Carlo simulations (10,000 permutations). More investigation is also needed
to obtain a better quality of evidence on this result.

3.6.3. Sensitivity Analysis

In general, the overall results did not substantially vary after the sequential repetition
of meta-analyses, omitting one study each time (“leave-one-out” method) (Figures S22–S27).
This suggests that the pooled ratio metrics (i.e., HRs and ORs) reported in this meta-analysis
do not depend on the influence of a particular individual primary-level study, reaffirming
the stability of our results.

3.6.4. Analysis of Small-Study Effects

Visual inspection analysis of the asymmetry of the funnel plots constructed and the
statistical tests conducted for the same purpose confirm the absence of small-study effects
on the variables T status (pEgger = 0.72), clinical-stage (pEgger = 0.44), and histological grade
(pEgger = 0.40) (Figures S18, S20 and S21). On the other hand, small-study effects were
present on the variables OS (pEgger = 0.05), DFS (pEgger = 0.02), and N status (pEgger = 0.05)
(Figures S16, S17 and S19), for which biases, e.g., publication bias, could not be ruled out.

3.7. Validation of Methodological Quality

The methods applied in this systematic review and meta-analysis were implemented,
critically appraised, and validated using AMSTAR2 (Figure S28) [21], obtaining an overall
rating of “high” (16 points) (the scoring table was included in Table S3).

4. Discussion

The results of our systematic review and meta-analysis of 41 studies and 2746 patients
with OSCC show that aberrant expression of β-catenin (loss of membrane expression,
cytoplasmic expression, and/or nuclear expression) is a poor prognostic factor in OSCC
associated with a significant decrease in overall survival (p = 0.004) and disease-free sur-
vival (p = 0.03). The detailed analysis of these results interestingly points out that the
determining fact affecting survival in this tumour is the loss of β-catenin membrane ex-
pression (p < 0.001), presenting also a high magnitude of the effect (HR > 2) (Table 2).
Our meta-analysis confirms the observation of our previous primary level study on OSCC
patients in which we also reported that the oncogenic actions of β-catenin developed essen-
tially as a consequence of the loss of its membrane expression [17]. The loss of β-catenin
expression in the membrane of oral squamous epithelial cells implies a loss of cell adhesion
and an invasiveness gain, being necessary for the loss of E-cadherin membrane expres-
sion, its natural partner. Different processes can result in the β-catenin membrane loss
expression. As previously discussed, activation of the canonical Wnt oncogenic pathway
not only leads to the loss of β-catenin in the membrane but also promotes its cytoplas-
mic accumulation enabling the translocation to the nucleus where it acts as an oncogene
transcription factor. However, it has also been documented that the state of β-catenin
membrane expression may be independent of the activation of the Wnt canonical path-
way [3]. Loss of E-cadherin expression by mutations of its gene, CDH1, very rare [78],
or by epigenetic mechanisms linked to CDH1 promoter methylation, probably more rele-
vant [79,80], also involve membranous loss of β-catenin. It should be emphasized that the
alterations E-cadherin/β-catenin complex in the cell membrane are a key fact for the EMT
phenomenon development, whereby oral epithelial cells change their polygonal squamous
morphology and acquire fibroblast or myofibroblast-like appearance with an expression of
mesenchymal markers (vimentin, α-SMA, and FSP1), increase their motility and invasive
capacity, and acquire cancer stem cell characteristics [3,8]. In addition to EMT, two related
concepts –partial EMT and anaplastic transition- could also be explained by the alterations
of E-cadherin/β-catenin complexes in the cell membrane of the epithelial surface and the
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poor prognosis of the patients with OSCC. It has recently been proposed that, rather than
being a binary process, EMT occurs through distinct intermediate states, and cancer cells
may acquire one or more hybrid epithelial/mesenchymal phenotypes during EMT, a phe-
nomenon also known as “partial EMT”, exhibiting a mixture of epithelial and mesenchymal
characteristics at molecular and morphological level [81]. This phenomenon has also been
demonstrated in squamous cell carcinomas by several studies including OSCCs [82,83],
where the immunohistochemical detection of E-cadherin expression has also been assessed
to confirm the presence and prognostic implications of partial EMT [83]. On the other hand,
a novel concept referred to as anaplastic transition has been proposed in OSCC, also associ-
ated with poor prognosis [84]. In the anaplastic transition, the epithelial cancer cells seem
to dedifferentiate into more primitive states concurrently presenting epithelial and mes-
enchymal features. In this phenomenon, the loss of E-cadherin was also a frequent finding,
together with other molecular mechanisms not associated with the EMT phenomenon, such
as the concomitant presentation of cytokeratin 14 [84]. Future studies should elucidate the
implications of β-catenin in the context of partial EMT and anaplastic transition in OSCC.
Some results of our meta-analysis underline that indeed, as a consequence of the gain in
cell motility and invasiveness linked to the membrane loss of β-catenin, clinicopathologic
events of OSCC occur that decisively affect the prognosis. It is relevant to highlight the
association we have found between the loss of membranous β-catenin and lymph node
involvement by the tumour (N status) (p < 0.001) with the magnitude of the effect being the
highest of those found in our meta-analysis (OR = 3.44). In other words, the main negative
effect on the survival of patients with OSCC exerted by the loss of β-catenin expression in
the cell membrane came from the increased chances of developing lymph node metastases
as a consequence of the gain in motility and invasiveness acquired by the malignant cells.
Likewise, the clinical tumour stage is also significantly increased in those cases with the
absence of β-catenin in the membrane (p = 0.02). Finally, we observed that OSCC with loss
of β-catenin in membrane also had larger sizes (T status) (p = 0.03) which is probably related
to an increase in cell proliferative activity linked to the activation of the Wnt canonical
pathway and to the consequent functions on β-catenin which then behaves as an oncogenic
transcription factor inducing increased cell proliferative activity [3,85–87]. However, it is
striking that nuclear/cytoplasmic expression of β-catenin has not been shown by itself in
this meta-analysis to be significantly associated with poor survival, although a marked
trend of effect is shown (p = 0.07); this result is probably due to the paucity of primary
studies addressing this question (3 studies, 255 patients). A conclusion of our work should
therefore be that more primary-level studies are needed to allow, based on evidence, to
clarify the prognostic value of cytoplasmic/nuclear β-catenin overexpression.

Our meta-analysis also shows that the way in which the immunohistochemical tech-
nique is developed also affects survival outcomes. This seems relevant since the value
acquired by the aberrant expression of β-catenin as a marker of survival in patients with
OSCC is achieved with efficiency if certain principles are followed in the development
of the technique which has been, according to the results of our study, those that have
shown the greatest productivity. In this sense, the monoclonal antibody that has proved
to be the most efficient was Clone-14, with a dilution <1:250, incubated overnight at 4 ◦C
(p < 0.001, respectively).

Many other molecular biomarkers (such as SCC antigen, CYFRA 21-1, CEA, TPS, or
TP53/p53, EGFR, etc.) have also been reported in head and neck carcinogenesis show-
ing promising diagnostic, prognostic, and therapeutic implications [88–90]. Nevertheless,
through a systematic review and meta-analysis (a study design to assess and synthetize
the quality of evidence, providing a higher knowledge) there is a more limited set of prog-
nostic biomarkers in OSCC (e.g., CCND1/cyclin D1 [91], survivin [92], podoplanin [93],
CTTN/cortactin [94], PD-L1 [95], tyrosine kinase receptors like ErbB2 [96], or members of
PI3K signalling pathway like Akt or mTor [97]). Several of these biomarkers are closely
related to β-catenin oncogenic roles, for example, the activation of Wnt canonical pathway
is considered as one of the main mechanisms of cyclin D1 overexpression in OSCC [3,85];
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while surviving [98], podoplanin [99], and cortactin [100] also seem to play important roles
during EMT phenomenon in OSCC, mainly in the context of cytoskeleton oncogenic dysreg-
ulation [101,102]. Nevertheless, the relationship between β-catenin and these biomarkers is
not well supported by primary-level studies offering a high quality of evidence, and these
biomarkers should be better investigated jointly in patients with OSCC. Hypothetically,
their combined effect sizes could be synergistic, even reaching a better prognostic value
than as individual tools. Therefore, future observational studies should be conducted
for this purpose, preferably prospective cohorts, by estimating hazard ratios with their
corresponding confidence intervals and multivariable-adjusted, accounting for potentially
confounding factors.

According to our qualitative evaluation using the QUIPS tool, we also should point
out that the studies included in this systematic review and meta-analysis have not been
conducted with the same methodological rigor, most of them presenting a high risk of
potential bias across several domains. After applying a subgroup meta-analysis to assess
the influence of these studies on the overall results, only the subset of studies with lower
risk of bias (i.e., higher methodological quality and internal validity) preserved the statis-
tically significant association between aberrant β-catenin expression and poor survival,
showing an even higher magnitude of effect (HR > 3, p < 0.001). This result indicates
that the effect size reported –association between the aberrant expression of β-catenin
and survival- is probably underestimated, which should be demonstrated through the
publication of new studies carefully designed which should consider the potential biases
and recommendations reported in this systematic review and meta-analysis, to improve
and standardize future research.

Some potential limitations of our study should also be discussed. First, some primary-
level studies included in our sample did not clearly define the subcellular location of
β-catenin of the cases included in their cohorts (9 out of 41, 21.95%). Consequently, this
was the only subgroup that did not preserve the statistical significance in the prognostic
variables investigated. This fact could hypothetically be due to the fact that these studies
may have also considered as a positive expression the overexpression of β-catenin in the
cell membrane, where it exerts a physiological function, safeguarding cell-cell adhesions
and homeostasis in squamous epithelia. It could logically contaminate the results of studies
that aim to evaluate the value of this adhesion molecule as a prognostic biomarker in
oral cancer. A challenging alternative in the design of this meta-analysis might have
been the exclusion of these studies that do not clearly define the subcellular location of
β-catenin. Nevertheless, this would not have allowed us to recognize that the lack of
clarification on the cellular location of β-catenin affects the prognostic value that this
protein exerts on oral cancer. Preserving this subset of studies in which the subcellular
location of β-catenin is not determined has allowed us to make the recommendation for
future studies to be strict during the reporting of the aberrant differential expression of
β-catenin (i.e., separately, the cell membrane loss, cytoplasmic and nuclear expression).
Furthermore, these datasets should preferably be reported through individual patient data,
instead of aggregated summary data, which would allow for a more in-depth and detailed
adjusted analysis. A second potential limitation that should be discussed is the presence of
inter-study heterogeneity in the overall results of our meta-analysis on survival. We a priori
designed the implementation of random-effects models, as methodological and clinical
heterogeneity was expected. Nevertheless, statistical heterogeneity completely disappeared
after the stratified meta-analysis in more homogeneous subgroups by β-catenin expression
in subcellular locations. Therefore, heterogeneity should not be truly considered as a
limitation of the present meta-analysis. Third, a meta-analysis could not be performed
for several relevant clinicopathological variables that are rarely reported in primary level
studies (e.g., number of metastatic lymph nodes, extracapsular spread, invasion front
behaviour, perineural and lymphatic invasion, etc.). Although we tried to consider them
separately in an albatross plot and through narrative synthesis, the results were sparse
and very imprecise. Future studies should also make a greater effort in the collection of
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these secondary clinicopathological variables of interest, where the aberrant expression
of β-catenin should also be better analysed as a potential prognostic biomarker. A final
potential limitation frequently encountered in the literature on prognostic biomarkers in
cancer is the tendency to publish only positive results [103], and our statistical analyses
confirmed the presence of funnel plot asymmetry, not allowing us to rule out publication
bias. Despite the above limitations, our study is robust, presenting the first meta-analysis
on this topic, reporting relevant and powerful results derived from the largest sample size
analysed to date (n = 41 studies/2746 patients), as well as raising important methodological
recommendations for the design of future studies.

5. Conclusions

In conclusion, our systematic review and meta-analysis demonstrates on the basis
of evidence that loss of β-catenin expression in the membrane of tumour cells behaves
as a marker of poor survival in OSCC, which is essentially linked to the increased risk
for the development of lymph node metastases in these patients. In our opinion, the
assessment of membranous expression of β-catenin could be incorporated as an additional
and complementary routine marker for the prognostic assessment of patients with OSCC.
Likewise, we believe that more primary-level studies are needed to evaluate on the basis of
evidence what is the prognostic value of cytoplasmic/nuclear overexpression of β-catenin
in OSCC patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers14030479/s1, Figure S1: Forest plot graphically represent-
ing the stratified analysis by geographical area on the association between the aberrant β-catenin
expression and overall survival in patients with OSCC, Figure S2: Forest plot graphically repre-
senting the stratified analysis by anti-β-catenin antibody on the association between the aberrant
β-catenin expression and overall survival in patients with OSCC, Figure S3: Forest plot graphically
representing the stratified analysis by anti-β-catenin antibody dilution on the association between
the aberrant β-catenin expression and overall survival in patients with OSCC, Figure S4: Forest plot
graphically representing the stratified analysis by anti-β-catenin antibody incubation time on the
association between the aberrant β-catenin expression and overall survival in patients with OSCC,
Figure S5: Forest plot graphically representing the stratified analysis by anti-β-catenin antibody
incubation temperature on the association between the aberrant β-catenin expression and overall
survival in patients with OSCC, Figure S6: Forest plot graphically representing the stratified analysis
by overall RoB in primary-level studies, on the association between the aberrant β-catenin expres-
sion and overall survival in patients with OSCC, Figure S7: Bubble plot graphically representing
the univariable meta-regression analysis of the potential effect of follow up period (expressed in
months, in x-axis) on the association between the aberrant β-catenin expression and overall survival
in patients with OSCC (using HR as effect size measure, in y-axis), Figure S8: Bubble plot graphically
representing the univariable meta-regression analysis of the potential effect of sex (% of males) on
the association between the aberrant β-catenin expression and overall survival in patients with
OSCC, Figure S9: Bubble plot graphically representing the univariable meta-regression analysis of
the potential effect of age (mean age of patients, expressed in years) on the association between the
aberrant β-catenin expression and overall survival in patients with OSCC, Figure S10: Bubble plot
graphically representing the univariable meta-regression analysis of the potential effect of clinical
stage (% of stage III/IV patients) on the association between the aberrant β-catenin expression and
overall survival in patients with OSCC, Figure S11: Forest plot graphically representing the stratified
analysis on the association between the aberrant β-catenin expression and DFS in patients with OSCC,
Figure S12: Forest plot graphically representing the stratified analysis by anti-β-catenin subcellular
location on the association between the aberrant β-catenin expression and T status (T3/T4 vs. T1/T2)
in patients with OSCC, Figure S13: Forest plot graphically representing the stratified analysis by
anti-β-catenin subcellular location on the association between the aberrant β-catenin expression and
N status (positive metastatic lymph nodes vs. negative) in patients with OSCC, Figure S14: Forest
plot graphically representing the stratified analysis by anti-β-catenin subcellular location on the asso-
ciation between the aberrant β-catenin expression and clinical stage (III/IV vs. I/II) in patients with
OSCC, Figure S15: Forest plot graphically representing the stratified analysis by anti-βcatenin sub-
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cellular location on the association between the aberrant β-catenin expression and histological grade
(poorly-moderate vs. well-differentiated carcinomas) in patients with OSCC, Figure S16: A funnel
plot of estimated logHRs against their standard errors, graphically representing the analysis of
small-study effects on the association between the aberrant β-catenin expression and overall survival
in OSCC, Figure S17: A funnel plot of estimated logHRs against their standard errors, graphically
representing the analysis of small-study effects on the association between the aberrant β-catenin
expression and DFS in OSCC, Figure S18: A funnel plot of estimated logORs against their standard
errors, graphically representing the analysis of small-study effects on the association between the
aberrant β-catenin expression and T status in OSCC, Figure S19: A funnel plot of estimated logORs
against their standard errors, graphically representing the analysis of small-study effects on the asso-
ciation between the aberrant β-catenin expression and N status in OSCC, Figure S20: A funnel plot of
estimated logORs against their standard errors, graphically representing the analysis of small-study
effects on the association between the aberrant β-catenin expression and clinical stage in OSCC, Fig-
ure S21: A funnel plot of estimated logORs against their standard errors, graphically representing the
analysis of small-study effects on the association between the aberrant β-catenin expression and his-
tological grade in OSCC, Figure S22: Interval plot graphically representing the sensitivity analysis of
the studies pooled in the meta-analysis on the association between aberrant β-catenin expression and
overall survival in OSCC, Figure S23: Interval plot graphically representing the sensitivity analysis of
the studies pooled in the meta-analysis on the association between aberrant β-catenin expression and
DFS in OSCC, Figure S24: Interval plot graphically representing the sensitivity analysis of the studies
pooled in the meta-analysis on the association between aberrant β-catenin expression and T status in
OSCC, Figure S25: Interval plot graphically representing the sensitivity analysis of the studies pooled
in the meta-analysis on the association between aberrant β-catenin expression and N status in OSCC,
Figure S26: Interval plot graphically representing the sensitivity analysis of the studies pooled in the
meta-analysis on the association between aberrant β-catenin expression and clinical stage in OSCC,
Figure S27: Interval plot graphically representing the sensitivity analysis of the studies pooled in
the meta-analysis on the association between aberrant β-catenin expression and histological grade
in OSCC, Figure S28: AMSTAR2 checklist, Table S1: Search strategy for each database, number of
results, and execution date, Table S2: Characteristics of analyzed studies (n = 41), Table S3: AMSTAR2
scoring system. Table S4: Stage of review at the date of protocol preparation (October 2020).

Author Contributions: The author contributions according to CRediT taxonomy were: conceptu-
alization P.R.-G. and M.Á.G.-M., data curation P.R.-G. and M.Á.G.-M., formal analysis P.R.-G. and
M.Á.G.-M., investigation P.R.-G. and M.Á.G.-M., methodology P.R.-G. and M.Á.G.-M., project ad-
ministration M.Á.G.-M., software P.R.-G., visualization P.R.-G. and M.Á.G.-M., validation P.R.-G.
and M.Á.G.-M., writing-original draft P.R.-G. and M.Á.G.-M., writing-review & editing P.R.-G. and
M.Á.G.-M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We would like to thank the research group CTS-392 (Plan Andaluz de Investi-
gación, Junta de Andalucía, Spain).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Chi, A.C.; Day, T.A.; Neville, B.W. Oral cavity and oropharyngeal squamous cell carcinoma-an update. CA Cancer J. Clin. 2015, 65,

401–421. [CrossRef] [PubMed]
3. González-moles, M.A.; Ruiz-ávila, I.; Gil-montoya, J.A.; Plaza-campillo, J.; Scully, C. β-Catenin in oral cancer: An update on

current knowledge. Oral Oncol. 2014, 50, 818–824. [CrossRef]
4. MacDonald, B.T.; Tamai, K.; He, X. Wnt/β-Catenin Signaling: Components, Mechanisms, and Diseases. Dev. Cell 2009, 17, 9–26.

[CrossRef]
5. Kimelman, D.; Xu, W. Beta-catenin destruction complex: Insights and questions from a structural perspective. Oncogene 2006, 4,

7482–7491. [CrossRef] [PubMed]
6. Atcha, F.A.; Syed, A.; Wu, B.; Hoverter, N.P.; Yokoyama, N.N.; Ting, J.-H.T.; Munguia, J.E.; Mangalam, H.J.; Marsh, J.L.; Waterman,

M.L. A Unique DNA Binding Domain Converts T-Cell Factors into Strong Wnt Effectors. Mol. Cell. Biol. 2007, 27, 8352–8363.
[CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://doi.org/10.3322/caac.21293
http://www.ncbi.nlm.nih.gov/pubmed/26215712
http://doi.org/10.1016/j.oraloncology.2014.06.005
http://doi.org/10.1016/j.devcel.2009.06.016
http://doi.org/10.1038/sj.onc.1210055
http://www.ncbi.nlm.nih.gov/pubmed/17143292
http://doi.org/10.1128/MCB.02132-06
http://www.ncbi.nlm.nih.gov/pubmed/17893322


Cancers 2022, 14, 479 21 of 24

7. Auersperg, N.; Pan, J.; Grove, B.D.; Peterson, T.; Fisher, J.; Maines-Bandiera, S.; Somasiri, A.; Roskelley, C.D. E-cadherin induces
mesenchymal-to-epithelial transition in human ovarian surface epithelium. Proc. Natl. Acad. Sci. USA 1999, 96, 6249–6254.
[CrossRef] [PubMed]

8. González-Moles, M.A.; Scully, C.; Ruiz-Ávila, I.; Plaza-Campillo, J.J. The cancer stem cell hypothesis applied to oral carcinoma.
Oral Oncol. 2013, 49, 738–746. [CrossRef]

9. Bailey, T.; Biddlestone, L.; Shepherd, N.; Barr, H.; Warner, P.; Jankowski, J. Altered cadherin and catenin complexes in the Barrett’s
esophagus- dysplasia-adenocarcinoma sequence: Correlation with disease progression and dedifferentiation. Am. J. Pathol. 1998,
152, 135–144.

10. Hao, X.; Palazzo, J.P.; Ilyas, M.; Tomlinson, I.; Talbot, I.C. Reduced expression of molecules of the cadherin/catenin complex in
the transition from colorectal adenoma to carcinoma. Anticancer Res. 1997, 17, 2241–2247. [PubMed]

11. Psyrri, A.; Kotoula, V.; Fountzilas, E.; Alexopoulou, Z.; Bobos, M.; Televantou, D.; Karayannopoulou, G.; Krikelis, D.; Markou, K.;
Karasmanis, I.; et al. Prognostic significance of the Wnt pathway in squamous cell laryngeal cancer. Oral Oncol. 2014, 50, 298–305.
[CrossRef]

12. Williams, H.K.; Sanders, D.S.A.; Jankowski, J.A.Z.; Landini, G.; Brown, A.M.S. Expression of cadherins and catenins in oral
epithelial dysplasia and squamous cell carcinoma. J. Oral Pathol. Med. 1998, 27, 308–317. [CrossRef] [PubMed]

13. Bankfalvi, A.; Krabort, M.; Buchwalow, I.; Vegh, A.; Felszeghy, E.; Piffko, J. Gains and losses of adhesion molecules (CD44,
E-cadherin, and beta-catenin) during oral carcinogenesis and tumour progression. J. Pathol. 2002, 198, 343–351. [CrossRef]

14. Bánkfalvi, A.; Krassort, M.; Végh, A.; Felszeghy, E.; Piffkó, J. Deranged expression of the E-cadherin/beta-catenin complex and
the epidermal growth factor receptor in the clinical evolution and progression of oral squamous cell carcinomas. J. Oral Pathol.
Med. 2002, 31, 450–457. [CrossRef]

15. Ishida, K.; Ito, S.; Wada, N.; Deguchi, H.; Hata, T.; Hosoda, M.; Nohno, T. Nuclear localization of beta-catenin involved in
precancerous change in oral leukoplakia. Mol. Cancer 2007, 6, 62. [CrossRef] [PubMed]

16. Muzio, L.L.; Russo, L.L.; Falaschini, S.; Ciavarella, D.; Pentenero, M.; Arduino, P.; Favia, G.; Maiorano, E.; Rubini, C.;
Pieramici, T.; et al. Beta- and Gamma-Catenin Expression in Oral Dysplasia. Oral Oncol. 2009, 45, 501–504. [CrossRef]

17. Moles, M.A.G.; Montoya, J.A.G.; Salvago, M.D.M.; Ávila, I.R.; Campillo, J.J.P.; Bravo, M. Implications of differential expression of
catenin in oral carcinoma. Anticancer Res. 2016, 36, 1599–1604. [PubMed]

18. Garcia, N.G.; González-Moles, M.A.; Ruiz-Ávila, I.; Bravo, M.; Ramos-García, P.; Minicucci, E.M.; Domingues, M.A.C.; Oliveira,
D.T. Asymmetrical proliferative pattern loss linked to cyclin D1 overexpression during malignant transformation of the lip
epithelium. J. Eur. Acad. Dermatol. Venereol. 2016, 30, 1315–1320. [CrossRef] [PubMed]

19. Riley, R.D.; Ridley, G.; Williams, K.; Altman, D.G.; Hayden, J.; de Vet, H.C.W. Prognosis research: Toward evidence-based results
and a Cochrane methods group. J. Clin. Epidemiol. 2007, 60, 863–865. [CrossRef]

20. Higgins, J.P.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions: Cochrane Book Series. Available online:
http://handbook.cochrane.org/ (accessed on 28 December 2021).

21. Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.; Moher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; et al.
AMSTAR 2: A critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare
interventions, or both. BMJ 2017, 358, j4008. [CrossRef]

22. Shamseer, L.; Moher, D.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. PRISMA-P Group Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: Elaboration and explanation. BMJ 2015, 350,
g7647. [CrossRef] [PubMed]

23. Luo, D.; Wan, X.; Liu, J.; Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat. Methods Med. Res. 2018, 27, 1785–1805. [CrossRef] [PubMed]

24. Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef] [PubMed]

25. Hayden, J.A.; Côté, P.; Bombardier, C. Evaluation of the quality of prognosis studies in systematic reviews. Ann. Intern. Med.
2006, 144, 427–437. [CrossRef] [PubMed]

26. Hayden, J.A.; van der Windt, D.A.; Cartwright, J.L.; Côté, P.; Bombardier, C. Assessing bias in studies of prognostic factors. Ann.
Intern. Med. 2013, 158, 280–286. [CrossRef]

27. González-Moles, M.Á.; Ayén, Á.; González-Ruiz, I.; de Porras-Carrique, T.; González-Ruiz, L.; Ruiz-Ávila, I.; Ramos-García,
P. Prognostic and Clinicopathological Significance of FADD Upregulation in Head and Neck Squamous Cell Carcinoma:
A Systematic Review and Meta-Analysis. Cancers 2020, 12, 2393. [CrossRef]

28. Tierney, J.F.; Stewart, L.A.; Ghersi, D.; Burdett, S.; Sydes, M.R. Practical methods for incorporating summary time-to-event data
into meta-analysis. Trials 2007, 8, 16. [CrossRef]

29. Parmar, M.K.; Torri, V.; Stewart, L. Extracting summary statistics to perform meta-analyses of the published literature for survival
endpoints. Stat. Med. 1998, 17, 2815–2834. [CrossRef]

30. Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
31. Higgins, J.P.T.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560.

[CrossRef]
32. Thompson, S.G.; Higgins, J.P.T. How should meta-regression analyses be undertaken and interpreted? Stat. Med. 2002, 21,

1559–1573. [CrossRef]

http://doi.org/10.1073/pnas.96.11.6249
http://www.ncbi.nlm.nih.gov/pubmed/10339573
http://doi.org/10.1016/j.oraloncology.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/9216695
http://doi.org/10.1016/j.oraloncology.2014.01.005
http://doi.org/10.1111/j.1600-0714.1998.tb01962.x
http://www.ncbi.nlm.nih.gov/pubmed/9725568
http://doi.org/10.1002/path.1204
http://doi.org/10.1034/j.1600-0714.2002.00147.x
http://doi.org/10.1186/1476-4598-6-62
http://www.ncbi.nlm.nih.gov/pubmed/17922924
http://doi.org/10.1016/j.oraloncology.2008.06.004
http://www.ncbi.nlm.nih.gov/pubmed/27069136
http://doi.org/10.1111/jdv.13671
http://www.ncbi.nlm.nih.gov/pubmed/27291154
http://doi.org/10.1016/j.jclinepi.2007.02.004
http://handbook.cochrane.org/
http://doi.org/10.1136/bmj.j4008
http://doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/pubmed/25555855
http://doi.org/10.1177/0962280216669183
http://www.ncbi.nlm.nih.gov/pubmed/27683581
http://doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/pubmed/25524443
http://doi.org/10.7326/0003-4819-144-6-200603210-00010
http://www.ncbi.nlm.nih.gov/pubmed/16549855
http://doi.org/10.7326/0003-4819-158-4-201302190-00009
http://doi.org/10.3390/cancers12092393
http://doi.org/10.1186/1745-6215-8-16
http://doi.org/10.1002/(SICI)1097-0258(19981230)17:24&lt;2815::AID-SIM110&gt;3.0.CO;2-8
http://doi.org/10.1002/sim.1186
http://doi.org/10.1136/bmj.327.7414.557
http://doi.org/10.1002/sim.1187


Cancers 2022, 14, 479 22 of 24

33. Higgins, J.P.T.; Thompson, S.G. Controlling the risk of spurious findings from meta-regression. Stat. Med. 2004, 23, 1663–1682.
[CrossRef]

34. Manly, B.F.J. Randomization, Bootstrap and Monte Carlo Methods in Biology; Taylor & Francis Group: New York, NY, USA, 2006;
Volume 53.

35. Viechtbauer, W.; Cheung, M.W.-L. Outlier and influence diagnostics for meta-analysis. Res. Synth. Methods 2010, 1, 112–125.
[CrossRef] [PubMed]

36. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,
629–634. [CrossRef]

37. Harrison, S.; Jones, H.E.; Martin, R.M.; Lewis, S.J.; Higgins, J.P.T. The albatross plot: A novel graphical tool for presenting results
of diversely reported studies in a systematic review. Res. Synth. Methods 2017, 8, 281–289. [CrossRef] [PubMed]

38. Bagutti, C.; Speight, P.M.; Watt, F.M. Comparison of integrin, cadherin, and catenin expression in squamous cell carcinomas of the
oral cavity. J. Pathol. 1998, 186, 8–16. [CrossRef]

39. Iwai, S.; Katagiri, W.; Kong, C.; Amekawa, S.; Nakazawa, M.; Yura, Y. Mutations of the APC, beta-catenin, and axin 1 genes
and cytoplasmic accumulation of beta-catenin in oral squamous cell carcinoma. J. Cancer Res. Clin. Oncol. 2005, 131, 773–782.
[CrossRef]

40. Fillies, T.; Buerger, H.; Gaertner, C.; August, C.; Brandt, B.; Joos, U.; Werkmeister, R. Catenin expression in T1/2 carcinomas of the
floor of the mouth. Int. J. Oral Maxillofac. Surg. 2005, 34, 907–911. [CrossRef]

41. Ueda, G.; Sunakawa, H.; Nakamori, K.; Shinya, T.; Tsuhako, W.; Tamura, Y.; Kosugi, T.; Sato, N.; Ogi, K.; Hiratsuka, H. Aberrant
expression of β- and γ-catenin is an independent prognostic marker in oral squamous cell carcinoma. Int. J. Oral Maxillofac. Surg.
2006, 35, 356–361. [CrossRef] [PubMed]

42. De Aguiar, F.C.A.; Kowalski, L.P.; de Almeida, O.P. Clinicopathological and immunohistochemical evaluation of oral squamous
cell carcinoma in patients with early local recurrence. Oral Oncol. 2007, 43, 593–601. [CrossRef]

43. Wang, L.; Liu, T.; Wang, Y.; Cao, L.; Nishioka, M.; Aguirre, R.L.; Ishikawa, A.; Geng, L.; Okada, N. Altered expression of
desmocollin 3, desmoglein 3, and β-catenin in oral squamous cell carcinoma: Correlation with lymph node metastasis and cell
proliferation. Virchows Arch. 2007, 451, 959–966. [CrossRef] [PubMed]

44. Cai, Z.G.; Shi, X.J.; Gao, Y.; Wei, M.J.; Wang, C.Y.; Yu, G.Y. B-Catenin Expression Pattern in Primary Oral Squamous Cell Carcinoma.
Chin. Med. J. 2008, 121, 1866–1870. [CrossRef] [PubMed]

45. Xavier, F.C.A.; Rodini, C.O.; Ramalho, L.M.P.; Mantesso, A.; Nunes, F.D. WNT-5A, but not matrix metalloproteinase 3 or β-catenin
protein, expression is related to early stages of lip carcinogenesis. J. Oral Pathol. Med. 2009, 38, 708–715. [CrossRef] [PubMed]

46. Liu, L.K.; Jiang, X.Y.; Zhou, X.X.; Wang, D.M.; Song, X.L.; Jiang, H.B. Upregulation of vimentin and aberrant expression of
E-cadherin/B- catenin complex in oral squamous cell carcinomas: Correlation with the clinicopathological features and patient
outcome. Mod. Pathol. 2010, 23, 213–224. [CrossRef]

47. Lee, C.H.; Hung, H.W.; Hung, P.H.; Shieh, Y.S. Epidermal growth factor receptor regulates β-catenin location, stability, and
transcriptional activity in oral cancer. Mol. Cancer 2010, 9, 64. [CrossRef]

48. Freitas, R.D.A.; Silveira, E.J.D.; Da Silveira, J.P.B.; Da Silva, F.M.; De Amorim, R.F.B. Correlation of β-catenin expresssion and
metastasis in tongue squamous cell carcinoma. Acta Cir. Bras. 2010, 25, 513–517. [CrossRef] [PubMed]

49. Lo Muzio, L.; Staibano, S.; Pannone, G.; Grieco, M.; Mignogna, M.D.; Cerrato, A.; Testa, N.F.; De Rosa, G. Beta- and gamma-catenin
expression in oral squamous cell carcinomas. Anticancer Res. 1999, 19, 3817–3826.

50. Laxmidevi, L.B.; Angadi, P.V.; Pillai, R.K.; Chandreshekar, C. Aberrant β-catenin expression in the histologic differentiation of
oral squamous cell carcinoma and verrucous carcinoma: An immunohistochemical study. J. Oral Sci. 2010, 52, 633–640. [CrossRef]

51. Lee, S.S.; Tsai, C.H.; Tsai, L.L.; Chou, M.C.; Chou, M.Y.; Chang, Y.C. B-Catenin Expression in Areca Quid Chewing-Associated
Oral Squamous Cell Carcinomas and Upregulated By Arecoline in Human Oral Epithelial Cells. J. Formos. Med. Assoc. 2012, 111,
194–200. [CrossRef]

52. Rosado, P.; Lequerica-Fernández, P.; Fernández, S.; Allonca, E.; Villallaín, L.; De Vicente, J.C. E-cadherin and β-catenin expression
in well-differentiated and moderately-differentiated oral squamous cell carcinoma: Relations with clinical variables. Br. J. Oral
Maxillofac. Surg. 2013, 51, 149–156. [CrossRef]

53. Kaur, J.; Sawhney, M.; DattaGupta, S.; Shukla, N.K.; Srivastava, A.; Walfish, P.G.; Ralhan, R. Clinical Significance of Altered
Expression of β-Catenin and E-Cadherin in Oral Dysplasia and Cancer: Potential Link with ALCAM Expression. PLoS ONE 2013,
8, e67361. [CrossRef]

54. Kyrodimou, M.; Andreadis, D.; Drougou, A.; Amanatiadou, E.; Angelis, L.; Barbatis, C.; Epivatianos, A.; Vizirianakis, I.
Desmoglein-3/γ-catenin and E-cadherin/β-catenin differential expression in oral leukoplakia and squamous cell carcinoma. Clin.
Oral Investig. 2014, 18, 199–210. [CrossRef] [PubMed]

55. Ravindran, G.; Sawant, S.S.; Hague, A.; Kingsley, K.; Devaraj, H. Association of differential β-catenin expression with Oct-4 and
Nanog in oral squamous cell carcinoma and their correlation with clinicopathological factors and prognosis. Head Neck 2015, 37,
982–993. [CrossRef]

56. Zhang, S.; Zhou, X.; Wang, B.; Zhang, K.; Liu, S.; Yue, K.; Zhang, L.; Wang, X. Loss of VHL expression contributes to epithelial-
mesenchymal transition in oral squamous cell carcinoma. Oral Oncol. 2014, 50, 809–817. [CrossRef]

57. Balasundaram, P.; Singh, M.K.; Dinda, A.K.; Thakar, A.; Yadav, R. Study of β-catenin, E-cadherin and vimentin in oral squamous
cell carcinoma with and without lymph node metastases. Diagn. Pathol. 2014, 9, 145. [CrossRef]

http://doi.org/10.1002/sim.1752
http://doi.org/10.1002/jrsm.11
http://www.ncbi.nlm.nih.gov/pubmed/26061377
http://doi.org/10.1136/bmj.315.7109.629
http://doi.org/10.1002/jrsm.1239
http://www.ncbi.nlm.nih.gov/pubmed/28453179
http://doi.org/10.1002/(SICI)1096-9896(199809)186:1&lt;8::AID-PATH156&gt;3.0.CO;2-H
http://doi.org/10.1007/s00432-005-0027-y
http://doi.org/10.1016/j.ijom.2005.03.010
http://doi.org/10.1016/j.ijom.2005.07.023
http://www.ncbi.nlm.nih.gov/pubmed/16288849
http://doi.org/10.1016/j.oraloncology.2006.07.003
http://doi.org/10.1007/s00428-007-0485-5
http://www.ncbi.nlm.nih.gov/pubmed/17846785
http://doi.org/10.1097/00029330-200810010-00003
http://www.ncbi.nlm.nih.gov/pubmed/19080115
http://doi.org/10.1111/j.1600-0714.2009.00756.x
http://www.ncbi.nlm.nih.gov/pubmed/19473452
http://doi.org/10.1038/modpathol.2009.160
http://doi.org/10.1186/1476-4598-9-64
http://doi.org/10.1590/S0102-86502010000600010
http://www.ncbi.nlm.nih.gov/pubmed/21120283
http://doi.org/10.2334/josnusd.52.633
http://doi.org/10.1016/j.jfma.2010.11.002
http://doi.org/10.1016/j.bjoms.2012.03.018
http://doi.org/10.1371/journal.pone.0067361
http://doi.org/10.1007/s00784-013-0937-z
http://www.ncbi.nlm.nih.gov/pubmed/23430339
http://doi.org/10.1002/hed.23699
http://doi.org/10.1016/j.oraloncology.2014.06.007
http://doi.org/10.1186/1746-1596-9-145


Cancers 2022, 14, 479 23 of 24

58. Soares, M.Q.S.; Mendonça, J.A.; Morais, M.O.; Leles, C.R.; Batista, A.C.; Mendonça, E.F. E-cadherin, β-catenin, and α2β1 and
α3β1 integrin expression in primary oral squamous cell carcinoma and its regional metastasis. Histol. Histopathol. 2015, 30,
1213–1222. [CrossRef]

59. Zhang, P.; Cao, H.Y.; Bai, L.L.; Li, W.N.; Wang, Y.; Chen, S.Y.; Zhang, L.; Yang, L.H.; Xu, H.T.; Wang, E.H. The high expression of
TC1 (C8orf4) was correlated with the expression of β-catenin and cyclin D1 and the progression of squamous cell carcinomas of
the tongue. Tumor Biol. 2015, 36, 7061–7067. [CrossRef] [PubMed]

60. Gasparoni, A.; Chaves, A.; Fonzi, L.; Johnson, G.K.; Schneider, G.B.; Squier, C.A. Subcellular localization of beta-catenin in
malignant cell lines and squamous cell carcinomas of the oral cavity. J. Oral Pathol. Med. 2002, 31, 385–394. [CrossRef]

61. Reyes, M.; Rojas-Alcayaga, G.; Maturana, A.; Aitken, J.P.; Rojas, C.; Ortega, A.V. Increased nuclear β-catenin expression in oral
potentially malignant lesions: A marker of epithelial dysplasia. Med. Oral Patol. Oral Cir. Bucal 2015, 20, e540–e546. [CrossRef]
[PubMed]

62. Zhou, S.; Chen, L.; Mashrah, M.; Zhu, Y.; Liu, J.; Yang, X.; He, Z.; Wang, L.; Xiang, T.; Yao, Z.; et al. Deregulation of secreted
frizzled-related proteins is associated with aberrant β-catenin activation in the carcinogenesis of oral submucous fibrosis. Onco.
Targets. Ther. 2015, 8, 2923–2931. [CrossRef]

63. Angadi, P.V.; Patil, P.V.; Angadi, V.; Mane, D.; Shekar, S.; Hallikerimath, S.; Kale, A.D.; Kardesai, S.G. Immunoexpression of
Epithelial Mesenchymal Transition Proteins E-Cadherin, β-Catenin, and N-Cadherin in Oral Squamous Cell Carcinoma. Int. J.
Surg. Pathol. 2016, 24, 696–703. [CrossRef]

64. Pramanik, K.K.; Singh, A.K.; Alam, M.; Kashyap, T.; Mishra, P.; Panda, A.K.; Dey, R.K.; Rana, A.; Nagini, S.; Mishra, R. Reversion-
inducing cysteine-rich protein with Kazal motifs and its regulation by glycogen synthase kinase 3 signaling in oral cancer. Tumor
Biol. 2016, 37, 15253–15264. [CrossRef] [PubMed]

65. Li, Y.; Xu, Z.; Li, J.; Ban, S.; Duan, C.; Liu, W. Interleukin-18 expression in oral squamous cell carcinoma: Its role in tumor cell
migration and invasion, and growth of tumor cell xenografts. FEBS Open Bio 2018, 8, 1953–1963. [CrossRef] [PubMed]

66. Ahmad, B.; Asif, M.; Ali, A.; Jamal, S.; Khan, M.Z.; Khadim, M.T. Expression of Ki-67 and beta-catenin in pseudoepitheliomatous
hyperplasia and squamous cell carcinoma in oral mucosal biopsies: An immunohistochemical study. Asian Pac. J. Cancer Prev.
2020, 21, 157–161. [CrossRef] [PubMed]

67. Siriwardena, B.S.M.S.; Karunathilaka, H.D.N.U.; Kumarasiri, P.V.R.; Tilakaratne, W.M. Impact of Histological and Molecular
Parameters on Prognosis of Oral Squamous Cell Carcinoma: Analysis of 290 Cases. Biomed Res. Int. 2020, 2020, 2059240.
[CrossRef] [PubMed]

68. Sowmya, S.; Rao, R.; Prasad, K. Prediction of metastasis in oral squamous cell carcinoma through phenotypic evaluation and
gene expression of E-cadherin, β-catenin, matrix metalloproteinase-2, and matrix metalloproteinase-9 biomarkers with clinical
correlation. J. Carcinog. 2020, 19, 8. [CrossRef] [PubMed]

69. Kar, M.; Sultania, M.; Roy, S.; Padhi, S.; Banerjee, B. β-Catenin—A Possible Prognostic Molecular Marker for Recurrence in
Histopathologically Negative Surgical Margin of Oral Cancer. Indian J. Surg. Oncol. 2021, 12, 128–133. [CrossRef] [PubMed]

70. Kumar, V.; Panda, A.; Dash, K.; Bhuyan, L.; Mahapatra, N.; Mishra, P. Immunohistochemical Expression of the Epithelial to
Mesenchymal Transition Proteins E-cadherin and β-catenin in Grades of Oral Squamous Cell Carcinoma. J. Pharm. Bioallied Sci.
2021, 13, S555–S560. [CrossRef]

71. Miyashita, H.; Mori, S.; Motegi, K.; Fukumoto, M.; Uchida, T. Pin1 is overexpressed in oral squamous cell carcinoma and its levels
correlate with cyclin D1 overexpression. Oncol. Rep. 2003, 10, 455–461. [CrossRef]

72. Al-Rawi, N.; Al Ani, M.; Quadri, A.; Hamdoon, Z.; Awwad, A.; Al Kawas, S.; Al Nuaimi, A. Prognostic Significance of E-Cadherin,
B-Catenin and Cyclin D1 in Oral Squamous Cell Carcinoma: A tissue microarray study. Histol. Histopathol. 2021, 36, 18363.
[CrossRef]

73. Tanaka, N.; Odajima, T.; Ogi, K.; Ikeda, T.; Satoh, M. Expression of E-cadherin, α-catenin, and β-catenin in the process of lymph
node metastasis in oral squamous cell carcinoma. Br. J. Cancer 2003, 89, 557–563. [CrossRef] [PubMed]

74. Lim, S.C.; Zhang, S.; Ishii, G.; Endoh, Y.; Kodama, K.; Miyamoto, S.; Hayashi, R.; Ebihara, S.; Cho, J.S.; Ochiai, A. Predictive
Markers for Late Cervical Metastasis in Stage I and II Invasive Squamous Cell Carcinoma of the Oral Tongue. Clin. Cancer Res.
2004, 10, 166–172. [CrossRef]

75. Gao, S.; Eiberg, H.; Krogdahl, A.; Liu, C.J.; Sørensen, J.A. Cytoplasmic expression of E-cadherin and β-catenin correlated with
LOH and hypermethylation of the APC gene in oral squamous cell carcinomas. J. Oral Pathol. Med. 2005, 34, 116–119. [CrossRef]
[PubMed]

76. Odajima, T.; Sasaki, Y.; Tanaka, N.; Kato-Mori, Y.; Asanuma, H.; Ikeda, T.; Satoh, M.; Hiratsuka, H.; Tokino, T.; Sawada, N.
Abnormal β-catenin expression in oral cancer with no gene mutation: Correlation with expression of cyclin D1 and epidermal
growth factor receptor, Ki-67 labeling index, and clinicopathological features. Hum. Pathol. 2005, 36, 234–241. [CrossRef]

77. Zhang, W.; Gao, Y. Roles of Wnt-1, beta-catenin and adenomatous polyposis coli in the differentiation and proliferation of oral
squamous cell carcinoma. Zhonghua Kou Qiang Yi Xue Za Zhi 2005, 40, 491–494. [PubMed]

78. Hirohashi, S. Inactivation of the E-cadherin-mediated cell adhesion system in human cancers. Am. J. Pathol. 1998, 153, 333–339.
[CrossRef]

79. Kudo, Y.; Kitajima, S.; Ogawa, I.; Hiraoka, M.; Sargolzaei, S.; Keikhaee, M.R.; Sato, S.; Miyauchi, M.; Takata, T. Invasion and
metastasis of oral cancer cells require methylation of E-cadherin and/or degradation of membranous beta-catenin. Clin. Cancer
Res. 2004, 10, 5455–5463. [CrossRef]

http://doi.org/10.14670/HH-11-616
http://doi.org/10.1007/s13277-015-3423-1
http://www.ncbi.nlm.nih.gov/pubmed/25869879
http://doi.org/10.1034/j.1600-0714.2002.00108.x
http://doi.org/10.4317/medoral.20341
http://www.ncbi.nlm.nih.gov/pubmed/26241451
http://doi.org/10.2147/OTT.S91460
http://doi.org/10.1177/1066896916654763
http://doi.org/10.1007/s13277-016-5362-x
http://www.ncbi.nlm.nih.gov/pubmed/27696293
http://doi.org/10.1002/2211-5463.12532
http://www.ncbi.nlm.nih.gov/pubmed/30524946
http://doi.org/10.31557/APJCP.2020.21.1.157
http://www.ncbi.nlm.nih.gov/pubmed/31983178
http://doi.org/10.1155/2020/2059240
http://www.ncbi.nlm.nih.gov/pubmed/33123565
http://doi.org/10.4103/jcar.JCar_8_20
http://www.ncbi.nlm.nih.gov/pubmed/33033464
http://doi.org/10.1007/s13193-020-01217-0
http://www.ncbi.nlm.nih.gov/pubmed/33994738
http://doi.org/10.4103/jpbs.JPBS_562_20
http://doi.org/10.3892/or.10.2.455
http://doi.org/10.14670/HH-18-363
http://doi.org/10.1038/sj.bjc.6601124
http://www.ncbi.nlm.nih.gov/pubmed/12888830
http://doi.org/10.1158/1078-0432.CCR-0533-3
http://doi.org/10.1111/j.1600-0714.2004.00275.x
http://www.ncbi.nlm.nih.gov/pubmed/15641992
http://doi.org/10.1016/j.humpath.2004.12.009
http://www.ncbi.nlm.nih.gov/pubmed/16329837
http://doi.org/10.1016/S0002-9440(10)65575-7
http://doi.org/10.1158/1078-0432.CCR-04-0372


Cancers 2022, 14, 479 24 of 24

80. González-Moles, M.A.; Bravo, M.; Ruiz-Avila, I.; Gil-Montoya, J.A.; Acebal, F.; Esteban, F. E-cadherin in non-tumor epithelium
adjacent to oral cancer as risk marker for the development of multiple tumors. Br. J. Oral Maxillofac. Surg. 2013, 51, 157–163.
[CrossRef]

81. Pastushenko, I.; Brisebarre, A.; Sifrim, A.; Fioramonti, M.; Revenco, T.; Boumahdi, S.; Van Keymeulen, A.; Brown, D.; Moers, V.;
Lemaire, S.; et al. Identification of the tumour transition states occurring during EMT. Nature 2018, 556, 463–468. [CrossRef]

82. Liao, C.; Wang, Q.; An, J.; Long, Q.; Wang, H.; Xiang, M.; Xiang, M.; Zhao, Y.; Liu, Y.; Liu, J.; et al. Partial EMT in squamous cell
carcinoma: A snapshot. Int. J. Biol. Sci. 2021, 17, 3036–3047. [CrossRef]

83. Wangmo, C.; Charoen, N.; Jantharapattana, K.; Dechaphunkul, A.; Thongsuksai, P. Epithelial–Mesenchymal Transition Predicts
Survival in Oral Squamous Cell Carcinoma. Pathol. Oncol. Res. 2020, 26, 1511–1518. [CrossRef] [PubMed]

84. Okuyama, K.; Suzuki, K.; Yanamoto, S.; Naruse, T.; Tsuchihashi, H.; Yamashita, S.; Umeda, M. Anaplastic transition within the
cancer microenvironment in early-stage oral tongue squamous cell carcinoma is associated with local recurrence. Int. J. Oncol.
2018, 53, 1713–1720. [CrossRef] [PubMed]

85. Ramos-García, P.; Gil-Montoya, J.A.; Scully, C.; Ayén, A.; González-Ruiz, L.; Navarro-Triviño, F.J.; González-Moles, M.A.
An update on the implications of cyclin D1 in oral carcinogenesis. Oral Dis. 2017, 23, 897–912. [CrossRef] [PubMed]

86. Ramos-García, P.; González-Moles, M.Á.; González-Ruiz, L.; Ayén, Á.; Ruiz-Ávila, I.; Bravo, M.; Gil-Montoya, J.A. Clinicopatho-
logical significance of tumor cyclin D1 expression in oral cancer. Arch. Oral Biol. 2019, 99, 177–182. [CrossRef] [PubMed]

87. Ramos-García, P.; González-Moles, M.Á.; Ayén, Á.; González-Ruiz, L.; Ruiz-Ávila, I.; Lenouvel, D.; Gil-Montoya, J.A.; Bravo, M.
Asymmetrical proliferative pattern loss linked to cyclin D1 overexpression in adjacent non-tumour epithelium in oral squamous
cell carcinoma. Arch. Oral Biol. 2019, 97, 12–17. [CrossRef] [PubMed]

88. Cancer Genome Atlas Network Comprehensive genomic characterization of head and neck squamous cell carcinomas. Nature
2015, 517, 576–582. [CrossRef]

89. Leemans, C.R.; Snijders, P.J.F.; Brakenhoff, R.H. The molecular landscape of head and neck cancer. Nat. Rev. Cancer 2018, 18,
269–282. [CrossRef]

90. Guerra, E.N.S.; Rêgo, D.F.; Elias, S.T.; Coletta, R.D.; Mezzomo, L.A.M.; Gozal, D.; De Luca Canto, G. Diagnostic accuracy of
serum biomarkers for head and neck cancer: A systematic review and meta-analysis. Crit. Rev. Oncol. Hematol. 2016, 101, 93–118.
[CrossRef]

91. Ramos-García, P.; González-Moles, M.; González-Ruiz, L.; Ruiz-Ávila, I.; Ayén, Á.; Gil-Montoya, J.A. Prognostic and clinicopatho-
logical significance of cyclin D1 expression in oral squamous cell carcinoma: A systematic review and meta-analysis. Oral Oncol.
2018, 83, 96–106. [CrossRef]

92. Xie, S.; Xu, H.; Shan, X.; Liu, B.; Wang, K.; Cai, Z. Clinicopathological and prognostic significance of survivin expression in
patients with oral squamous cell carcinoma: Evidence from a meta-analysis. PLoS ONE 2015, 10, e0116517. [CrossRef] [PubMed]

93. Mello, F.W.; Kammer, P.V.; Silva, C.A.B.; Parkinson, E.K.; Monteiro, L.; Warnakulasuriya, S.; Rivero, E.R.C. Prognostic and clinico-
pathological significance of podoplanin immunoexpression in oral and oropharyngeal squamous cell carcinoma: A systematic
review. J. Oral Pathol. Med. 2021, 50, 1–9. [CrossRef] [PubMed]

94. Ramos-García, P.; González-Moles, M.Á.; Ayén, Á.; González-Ruiz, L.; Ruiz-Ávila, I.; Gil-Montoya, J.A. Prognostic and clini-
copathological significance of CTTN/cortactin alterations in head and neck squamous cell carcinoma: Systematic review and
meta-analysis. Head Neck 2018, 41, 1963–1978. [CrossRef] [PubMed]

95. Lenouvel, D.; González-Moles, M.Á.; Ruiz-Ávila, I.; Gonzalez-Ruiz, L.; Gonzalez-Ruiz, I.; Ramos-García, P. Prognostic and
clinicopathological significance of PD-L1 overexpression in oral squamous cell carcinoma: A systematic review and comprehensive
meta-analysis. Oral Oncol. 2020, 106, 104722. [CrossRef] [PubMed]

96. Meng, Y.; Yang, P.; Ma, L.; Tarantino, G. Prognostic and clinical implications of c-erbB-2 expression in patients with oral cancer:
A meta-analysis. Medicine 2020, 99, e20575. [CrossRef]

97. Marques, A.E.M.; Elias, S.T.; Porporatti, A.L.; Castilho, R.M.; Squarize, C.H.; De Luca Canto, G.; Guerra, E.N.S. mTOR pathway
protein immunoexpression as a prognostic factor for survival in head and neck cancer patients: A systematic review and
meta-analysis. J. Oral Pathol. Med. 2016, 45, 319–328. [CrossRef]

98. Lippert, B.M.; Knauer, S.K.; Fetz, V.; Mann, W.; Stauber, R.H. Dynamic survivin in head and neck cancer: Molecular mechanism
and therapeutic potential. Int. J. Cancer 2007, 121, 1169–1174. [CrossRef]

99. Swain, N.; Kumar, S.V.; Routray, S.; Pathak, J.; Patel, S. Podoplanin—a novel marker in oral carcinogenesis. Tumor Biol. 2014, 35,
8407–8413. [CrossRef]

100. Ramos-García, P.; González-Moles, M.Á.; González-Ruiz, L.; Ayén, Á.; Ruiz-Ávila, I.; Navarro-Triviño, F.J.; Gil-Montoya, J.A.
An update of knowledge on cortactin as a metastatic driver and potential therapeutic target in oral squamous cell carcinoma.
Oral Dis. 2019, 25, 949–971. [CrossRef]

101. Yilmaz, M.; Christofori, G. EMT, the cytoskeleton, and cancer cell invasion. Cancer Metastasis Rev. 2009, 28, 15–33. [CrossRef]
102. Krisanaprakornkit, S.; Iamaroon, A. Epithelial-Mesenchymal Transition in Oral Squamous Cell Carcinoma. ISRN Oncol. 2012,

2012, 681469. [CrossRef]
103. Kyzas, P.A.; Denaxa-Kyza, D.; Ioannidis, J.P.A. Almost all articles on cancer prognostic markers report statistically significant

results. Eur. J. Cancer 2007, 43, 2559–2579. [CrossRef] [PubMed]

http://doi.org/10.1016/j.bjoms.2012.05.001
http://doi.org/10.1038/s41586-018-0040-3
http://doi.org/10.7150/ijbs.61566
http://doi.org/10.1007/s12253-019-00731-z
http://www.ncbi.nlm.nih.gov/pubmed/31471883
http://doi.org/10.3892/ijo.2018.4515
http://www.ncbi.nlm.nih.gov/pubmed/30085337
http://doi.org/10.1111/odi.12620
http://www.ncbi.nlm.nih.gov/pubmed/27973759
http://doi.org/10.1016/j.archoralbio.2019.01.018
http://www.ncbi.nlm.nih.gov/pubmed/30721793
http://doi.org/10.1016/j.archoralbio.2018.10.007
http://www.ncbi.nlm.nih.gov/pubmed/30321764
http://doi.org/10.1038/nature14129
http://doi.org/10.1038/nrc.2018.11
http://doi.org/10.1016/j.critrevonc.2016.03.002
http://doi.org/10.1016/j.oraloncology.2018.06.007
http://doi.org/10.1371/journal.pone.0116517
http://www.ncbi.nlm.nih.gov/pubmed/25710884
http://doi.org/10.1111/jop.13041
http://www.ncbi.nlm.nih.gov/pubmed/32449167
http://doi.org/10.1002/hed.25632
http://www.ncbi.nlm.nih.gov/pubmed/30597652
http://doi.org/10.1016/j.oraloncology.2020.104722
http://www.ncbi.nlm.nih.gov/pubmed/32330687
http://doi.org/10.1097/MD.0000000000020575
http://doi.org/10.1111/jop.12390
http://doi.org/10.1002/ijc.22941
http://doi.org/10.1007/s13277-014-2266-5
http://doi.org/10.1111/odi.12913
http://doi.org/10.1007/s10555-008-9169-0
http://doi.org/10.5402/2012/681469
http://doi.org/10.1016/j.ejca.2007.08.030
http://www.ncbi.nlm.nih.gov/pubmed/17981458

	Introduction 
	Materials and Methods 
	Protocol 
	Search Strategy 
	Eligibility Criteria 
	Study Selection Process 
	Data Extraction 
	Evaluation of Quality and Risk of Bias 
	Statistical Analysis 
	Validation of Methodological Quality 

	Results 
	Results of the Literature Search 
	Study Characteristics 
	Qualitative Evaluation 
	Study Participation 
	Study Attrition 
	Prognostic Factor Measurement 
	Outcome Measurement 
	Study Confounding 
	Statistical Analysis and Reporting 

	Quantitative Evaluation (Meta-Analysis) 
	Association between the Aberrant Expression of -Catenin and Prognostic Variables 
	Association between the Aberrant Expression of -Catenin and Clinicopathological Variables 

	Quantitative Evaluation (Variables Not Included in Meta-Analysis) 
	Quantitative Evaluation (Secondary Analyses) 
	Analysis of Subgroups 
	Meta-Regression Analysis 
	Sensitivity Analysis 
	Analysis of Small-Study Effects 

	Validation of Methodological Quality 

	Discussion 
	Conclusions 
	References

