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Prediction of recurrence free survival for esophageal cancer 
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ABSTRACT

Background: Biomarkers to predict the risk of disease recurrence in Esophageal 
squamous cell carcinoma (ESCC) patients are urgently needed to improve treatment. 
We developed proteins expression-based risk model to predict recurrence free survival 
for ESCC patients.

Methods: Alterations in Wnt pathway components expression and subcellular 
localization were analyzed by immunohistochemistry in 80 ESCCs, 61 esophageal 
dysplastic and 47 normal tissues; correlated with clinicopathological parameters and 
clinical outcome over 86 months by survival analysis. Significant prognostic factors 
were identified by multivariable Cox regression analysis.

Results: Biomarker signature score based on cytoplasmic β-catenin, nuclear 
c-Myc, nuclear DVL and membrane α-catenin was associated with recurrence free 
survival [Hazard ratio = 1.11 (95% CI = 1.05, 1.17), p < 0.001, C-index = 0.68] and 
added significant prognostic value over clinical parameters (p < 0.001). The inclusion 
of Slug further improved prognostic utility (p < 0.001, C-index = 0.71). Biomarker 
Signature Scoreslug improved risk classification abilities for clinical outcomes at 3 
years, accurately predicting recurrence in 79% patients in 1 year and 97% in 3 years 
in high risk group; 73% patients within low risk group did not have recurrence in 1 
year, with AUC of 0.76.

Conclusions: Our comprehensive risk model predictive for recurrence allowed us 
to determine the robustness of our biomarker panel in stratification of ESCC patients 
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at high or low risk of disease recurrence; high risk patients are stratified for more 
rigorous personalized treatment while the low risk patients may be spared from 
harmful side effects of toxic therapy.

INTRODUCTION

Esophageal cancer (EC), one of the most life 
threatening malignancies of the upper aero-digestive tract, 
is the 8th most common cancer in the world (GLOBOCAN 
2013) with 456,000 new cases in 2012 (3.2% of the total). 
It is the sixth most common cause of death from cancer 
with an estimated 400,000 deaths (4.9% of the total), with 
the developing countries bearing nearly 80% of the total 
burden of this cancer. EC demonstrates wide variation in 
geographical incidence owing to differences in etiological 
factors. There are two main forms of esophageal cancer, 
esophageal squamous cell carcinoma (ESCC) and 
esophageal adenocarcinoma (EA). Both are characterized 
by distinct etiological and pathological characteristics. 
Despite advances in multimodality therapy, because of 
insidious symptomatology, late stage of diagnosis and 
poor efficacy of treatment, the prognosis for patients 
with ESCC still remains poor, with an average 5-year 
survival of < 10% globally [1, 2]. So far, very few genetic 
alterations have been directly linked to esophageal 
tumorigenesis.

Wnt signalling regulates cell growth, motility 
and differentiation and is an important player in cancer 
development [3–5]. β-catenin is an integral component 
in Wnt signalling pathway. β-catenin is stabilized and 
accumulates in the cytosol which, in association with 
T-cell factor/lymphoid enhancer binding factor (TCF/
Lef), translocate to the nucleus and induces transcription 
of Wnt target genes. In the nucleus, Dvl has been found to 
interact with c-Jun and β-catenin, followed by formation 
of stable β-catenin/TCF complex and transcriptional 
activation of Wnt target genes [3, 6]. In cancer cells, 
mutations or abnormal promoter methylation of genes 
encoding components of the Wnt signalling system, 
such as adenomatous polyposis coli (APC), Axin, or 
β-catenin, lead to abnormal activation of Wnt-induced 
transcription and overexpression of genes involved in 
tumorigenesis. Recent whole genome sequencing studies 
from the International Cancer Genome Consortium 
Research reported somatic aberrations in the Wnt, 
cell cycle and Notch pathways as the key players in 
esophageal tumorigenesis [1, 2]. In a parallel study we had 
hypothesized that alterations in expression of Wnt proteins 
in ESCC are likely to be associated with disease outcome 
and may be used to predict recurrence free survival in 
these patients. To address this hypothesis we analyzed 
alterations in expression and subcellular localization of 
the key components of Wnt pathway including β-catenin, 
α-catenin, dishevelled (DVL), c-Myc and compared with 
E-cadherin, in a series of ESCCs, esophageal dysplasia 
and histologically normal esophageal tissues by 

immunohistochemistry. The alterations in expression of 
these proteins were correlated with clinico-pathological 
parameters of ESCC patients and follow-up over a period 
of up to 86 months for assessment of their prognostic 
relevance. Based on our findings, we developed a protein 
expression-based risk prediction model for recurrence 
free survival of ESCC patients, as a step forward towards 
establishing their clinical applicability that is likely to 
have implications for personalized therapy.

RESULTS

Patients and treatment

Table 1 summarizes the demographics and 
clinicopathological parameters of 80 ESCC cases selected 
for our analysis. The median age of the study population is 
54.5 years (range 23–80 years). Lymph node positivity was 
observed in 56 of 80 (70%) patients. All patients received 
surgery as the primary treatment. Post-surgery treatments 
were performed according to the NCCN guidelines.

Evaluation of biomarkers expressions in 
esophageal tissues by immunohistochemistry

Representative photomicrographs depicting 
alterations in membrane, cytoplasmic and nuclear 
expressions of β-catenin, E-cadherin, α-catenin, c-Myc, 
and DVL in esophageal dysplasia and ESCC as compared 
to the normal esophageal tissues are shown in Figure 1. 
The panels A (i–iii) show significant loss of membranous 
β-catenin in dysplasia and ESCC with concomitant 
increase in cytoplasmic levels in comparison with normal 
esophageal tissues. Similar increase in cytoplasmic levels 
of E-cadherin, α-catenin, c-Myc, and DVL was observed 
in esophageal dysplasia and ESCC as compared to the 
normal esophageal tissues, while nuclear expression 
of c-Myc and DVL was also observed in these tissues 
as shown in panels B (i–iii) to E (i–iii) respectively. 
Representative photomicrographs of negative and positive 
controls used for immunostaining for each protein are 
given in (Supplementary Figure 1). The subcellular 
compartmental expressions of β-catenin, E-cadherin, 
α-catenin, c-Myc, and DVL are summarized in Table 2. 
Membrane expression levels of β-catenin, E-cadherin, 
and α-catenin were significantly reduced in ESCCs as 
compared to dysplasia (p < 0.001), and in dysplasia 
compared to normal tissues except for membrane 
β-catenin (p = 0.17, p < 0.001, p = 0.001 respectively). 
In comparison with normal tissues, dysplasia showed 
increased expression levels of cytoplasmic β-catenin, 
E-cadherin, α-catenin (p < 0.001), c-Myc, and DVL 
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(p = 0.02, p = 0.009 respectively), and in ESCC compared 
to dysplasia tissues (p < 0.001) with the exception of 
cytoplasmic E-cadherin. Nuclear expression of both 
c-Myc, and DVL were found to increase significantly in 
ESCC compared to dysplasia (p < 0.001); nuclear c-Myc 
expression was also increased in dysplasia compared to 
normal tissues (p = 0.007).

Prognostic value and clinical relevance of 
biomarkers

To identify the best panel of prognostic biomarkers, 
various Cox regression models were fitted based on nuclear 
c-Myc, cytoplasmic DVL, nuclear DVL, membrane 
β-catenin, cytoplasmic β-catenin, and membrane α-catenin 
(Supplementary Table 1). A panel of markers comprising 
of cytoplasmic β-catenin, nuclear c-Myc, nuclear DVL and 
membrane α-catenin achieved the best model fit to assess 
disease prognosis (p = 0.009, c-statistic = 0.68, Table 3). 
Cytoplasmic β-catenin, and nuclear DVL were associated 
with poor disease prognosis in univariate analyses (p = 
0.01, p = 0.02 respectively, Table 3), and in multivariate 
analyses adjusted for tumor stage, nodal status, histology 

grade and treatment (p = 0.007, p = 0.04 respectively). 
Membrane α-catenin was associated with good prognosis 
adjusted for clinical parameters as well, while nuclear 
c-Myc was marginally significant (Table 3). Furthermore, 
Kaplan Meier analyses showed reduced nuclear DVL 
and membrane α-catenin were associated with shorter 
recurrence free survival (p = 0.005 and 0.048 respectively) 
(Figure 2A and 2B).

Biomarkers signature score

A signature score based on biomarkers expression 
levels with regression estimates as weights (Biomarker 
Score = 1.03 × cytoplasmic β-catenin + 0.73 × nuclear 
c-Myc + nuclear 1.07 × DVL – 1.22 × α-catenin membrane) 
was strongly associated with prognosis of ESCC 
recurrence/death [HR = 1.11 (95% CI = 1.05, 1.17), p < 
0.001, c-statistic = 0.68, Table 3]. This signature score was 
associated with prognosis adjusted for clinicopathological 
parameters and treatment as well (p < 0.001). Bootstrap 
analyses based on 9999 sample sets gave similar Cox 
regression HR (95% CI) thereby validating these findings 
(Supplementary Table 2; Supplementary Figure 2A).

Table 1: Clinicopathological characteristics of ESCC patients’ cohort
Total ESCC cases 80

Age at diagnosis (years)  

 Range 23–80

 Median ± S.D. 54.5 ± 12.3

Gender  

 Male 52 (65%)

 Female 28 (35%)

AJCC pTNM Stage  

 I and II 8 (10%)

 III and IV 72 (90%)

Nodal status  

 Negative 24 (30%)

 Positive 56 (70%)

Histology grade  

 WDSCC 25 (31.25%)

 MDSCC 42 (52.5%)

 PDSCC 13 (16.25%)

Treatment  

 Surgery 28 (35%)

 Surgery + Radiation therapy 46 (57.5%)

 Surgery + Chemotherapy 2 (2.5%)

 Surgery + Radiation and Chemotherapy 4 (5%)
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Figure 1: Immunohistochemical analysis of Wnt protein in esophageal tissues. Paraffin-embedded sections of histological 
normal mucosa, dysplasia, and ESCC were stained with: (A) β-catenin i) histologically normal tissue showing strong membranous 
immunoreactivity; ii) dysplasia showing strong membranous and cytoplasmic immunoreactivity: iii) ESCC showing nuclear 
immunoreactivity. (B) E-cadherin i) histologically normal tissue showing intense membranous staining; ii) dysplasia tissue showing 
membrane and cytoplasmic immunostaining: iii) ESCC tissue showing cytoplasmic staining. (C) α-catenin i) histologically normal 
tissue showing intense membranous immunoreactivity; ii) dysplasia tissue showing strong membranous immunoreactivity; iii) ESCC 
tissue showing membrane loss and cytoplasmic immunoreactivity. (D) Dishevelled (DVL) (i) histologically normal tissue showing 
no immunoreactivity; ii) dysplasia tissue showing cytoplasmic/nuclear immunoreactivity; iii) ESCC tissue showing intense nuclear/
cytoplasmic immunoreactivity. (E) i) c-Myc histologically normal tissue showing no immunoreactivity; ii) dysplasia tissue showing 
cytoplasmic immunoreactivity; iii) ESCC tissue showing intense nuclear immunoreactivity (original magnification A–E ×200).
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Recursive partitioning (RP) analyses showed a 
significant difference in survival curves of ESCC patients 
based on a cut-off value of 8.28 (Figure 2C). Participants 
with a Biomarker signature score greater than 8.28 had a 
1-year survival rate of 17% (95% CI = 6%, 47%), none of 
the patients survived in 3 years and had a median survival 
time of 7 months (95% CI = 4, 12) (Figure 2C). This is 
compared to a 1year survival rate of 65% (95% CI = 51%, 
81%), a 3 years survival rate of 31% (95% CI = 18%, 
54%) and a median survival time of 24 months (95% 
lower bound = 14 months) in patients stratified to the low 
risk group (score less than 8.28).

The clinical relevance of these biomarkers’ signature 
score was assessed in correctly identifying subjects at 
high and low risk of ESCC recurrence/death within 
1 year and 3 years post-surgery (Table 4). Using a cut-
off value of 8.28, 84% and 100% patients who did not 
show recurrence/death were correctly stratified into the 
low risk group within 1 year and 3 years respectively. 
In the high risk group 79% cases had cancer recurrence/

death events within 1 year, where as in 3 years, all the 
patients developed recurrence or died. The AUC of this 
risk stratification was 0. 67 at 1 year and 0.73 at 3 years. 
Internal validation based on 9999 bootstrap samples 
confirmed the clinical relevance of this Biomarker 
signature score (Supplementary Table 3). In comparison, 
risk stratification based on clinicopathological parameters 
(tumor stage, histology grade, and nodal status) achieved 
an AUC of 0.58 in 1year in a similar analysis (data not 
shown).

Biomarkers signature scoreslug

Recently, using the same patient cohort we reported 
alterations in Slug expression occur in early stages of 
development of ESCC and are sustained during disease 
progression [7]. Slug was found to be a predictor of 
poor disease prognosis to identify ESCC patients that 
are likely to show recurrence of the disease. Here in we 
investigated if inclusion of Slug in our current biomarker 

Table 2: Immunohistochemical analysis in esophageal tissues

Tissues n
Membrane 
expression
mean (SD)

p†
Cytoplasmic 
expression
mean (SD)

p†
Nuclear 

expression
mean (SD)

p

β-catenin

 Normal 47 5.26 (1.82) 0.17 0.00 (0.00) < 0.001 ND* 0.08

 Dysplasia 61 4.18 (2.74) < 0.001 0.98 (1.86) < 0.001 0.20 (0.77) 0.006

 ESCC 80 0.84 (1.91) < 0.001 2.56 (2.67) 0.0003 0.71 (1.79) 0.09

E-cadherin

 Normal 47 5.13 (2.50) < 0.001 0.00 (0.00) < 0.001 ND*  

 Dysplasia 61 3.07 (2.63) < 0.001 1.13 (2.00) 0.001 ND*  

 ESCC 80 0.79 (1.78) < 0.001 0.94 (1.96) 0.49 ND*  

α-Catenin

 Normal 47 5.64 (1.65) 0.001 0.74 (1.67) < 0.001 ND*  

 Dysplasia 61 4.28 (2.39) < 0.001 2.21 (2.38) < 0.001 ND*  

 ESCC 80 1.29 (2.38) < 0.001 4.28 (2.34) < 0.001 ND*  

c-Myc

 Normal 47 ND*  0.4 (1.01) 0.02 0.30 (0.83) 0.007

 Dysplasia 61 ND*  1.36 (2.15) < 0.001 1.31 (2.08) < 0.001

 ESCC 80 ND*  4.00 (2.77) < 0.001 3.33 (2.78) < 0.001

DVL 

 Normal 47 ND*  1.11 (1.96) 0.009 0.00 (0.00) ---

 Dysplasia 61 ND*  2.34 (2.71) < 0.001 0.00 (0.00) < 0.001

 ESCC 80 ND*  4.96 (2.66) < 0.001 1.36 (2.53) < 0.001

Abbreviation: *ND: Not detectable. †normal vs. dysplasia/normal vs. cancer/dysplasia vs. cancer.
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panel of Wnt proteins would improve their performance 
for risk prediction of ESCC patients. Nuclear Slug was 
found to be associated with disease prognosis in univariate 
analyses [HR = 1.21 (95% CI = 1.08, 1.37), p = 0.002], 
and when adjusted for tumor stage, histology grade, nodal 
status, and treatment [HR = 1.20 (95% CI = 1.06, 1.37), 
p = 0.009, Table 3]. A panel consisting of cytoplasmic 
β-catenin, nuclear c-Myc, nuclear DVL and nuclear Slug 
achieved the best model fit (p = 0.005, c-statistic= 0.71, 
Table 3). A signature score based on these biomarkers 
using their regression estimates as weights (Biomarker 
Signature Scoreslug = 0.72× cytoplasmic β-catenin + 0.72× 
nuclear c-Myc + 0.74× nuclear DVL – 1.46× nuclear 
Slug) was associated with disease prognosis [HR = 1.11 
(95% CI = 1.05, 1.16), p < 0.001, c-statistic = 0.71, 
Table 3]. These results were internally validated based 
on 9999 bootstrap samples (Supplementary Table 2; 
Supplementary Figure 2B).

Recursive partitioning (RP) analyses on Biomarker 
Signature Scoreslug identified two nodes. ESCC patients in 
the high risk group (with a score greater than 6.50) were 

found to have a 1-year survival rate of 22% (95% CI = 
11%, 45%), a 3 year survival rate of 4% (95% CI = 1.00%, 
26%), and a median survival time of 7 months (95% CI = 
6, 12) (Figure 2D). Patients in the low risk group had a 
1year survival rate of 76% (95% CI = 62%, 94%), a 3 year 
survival rate of 39%, (95% CI = 23% 68%), and a median 
survival time of 28 months.

The clinical relevance of the Biomarker Signature 
Scoreslug using a cut-off value of 6.50 for stratifying high 
and low risk groups had an improved AUC 0f 0.76 for 1 
and 3 years post-surgery (Table 4). Seventy nine percent 
of subjects in the high risk group developed disease 
recurrence/death within one year post surgery, while 73% 
of the low risk group did not. With 3 years follow up, the 
number of recurrence/death cases increased, and 97% of 
subjects within the high risk group had recurrence. Internal 
validation based on 9999 bootstrap samples confirmed the 
clinical relevance of the Biomarker Signature Scoreslug 
(Supplementary Table 3). The predictive accuracy of 
Biomarker Signature Scoreslug within 1 year outperformed 
the accuracy of the clinical score, (p = 0.01).

Table 3: Univariate and multivariable cox analyses

Predictors*
Univariate analyses Multivariable analyses

HR [95% CI] p HR [95% CI] p

Cytoplasmic β-catenin 1.16 [1.03, 1.30] 0.01 1.19 [1.09, 1.35] 0.007

Membrane α-catenin 0.87 [0.74, 1.01] 0.07 0.84 [0.71, 0.99] 0.04

Nuclear DVL 1.13 [1.02, 1.26] 0.02 1.11 [1.01, 1.24] 0.04

Nuclear c-Myc 1.08 [0.96, 1.21] 0.20 1.12 [0.99, 1.27] 0.07

Biomarker Signature Score 1.11 [1.05, 1.17] < 0.001 1.11 [1.05, 1.17] < 0.001

Nuclear Slug 1.21 [1.08, 1.37] 0.002 1.20 [1.06, 1.37] 0.009

Biomarker Signature Scoreslug 1.11 [1.05, 1.16] < 0.001 1.10 [1.05, 1.16] < 0.001

Tumor stage 2.85 [0.69, 11.81] 0.15   

Nodal Status 1.77 [0.89, 3.55] 0.11   

Histological grade 1.07 [0.55, 2.08] 0.84   

Radiation therapy 0.73 [0.39, 1.39] 0.34   

Chemotherapy 0.90 [0.53, 1.53] 0.69   

Predictors c-statistic Model LRT p/(AIC)

Biomarker Signature Score
cytoplasmic β-catenin + nuclear 
c-MyC + nuclear DVL + membrane 
α-catenin

0.68 0.009/(291.52)

Biomarker Signature Scoreslug
cytoplasmic β-catenin + nuclear 
c-MyC + nuclear DVL + nuclear 
Slug

0.71 0.005/(290.13)

*All multivariable Cox regression models were adjusted for tumor stage, nodal status, histological grade, and treatment. 
Internal validation based on 9999 bootstrap samples yielded similar results.
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DISCUSSION

Currently, there are limited clinical approaches for 
early diagnosis and treatment of ESCC, resulting in a five-
year survival rate of 10% for these patients [2]. The full 
repertoire of molecular events leading to pathogenesis of 
ESCC remains unclear. Recently Song et al., [1, 2] based 
on a comprehensive genomic analysis of 158 ESCC cases 
reported that ESCC and HNSCC pathogenesis may share 
many common characteristics including activation of 
MAPK, JAK-STAT, Wnt, NOTCH pathways and CNA 
profiles of many genes in cell cycle. Notably, altered genes 
in the Wnt pathway were detected in 86.4% of ESCCs 
including mutations in CTNNB1, SFRP4, DVL and Yap1. 
Epigenetic inactivation has been reported for SFRP2 in 
ESCC [8]. Using next-generation sequencing technology 
for extensive mutation analysis and bead-array technology 

for genome-wide DNA methylation analysis on the same 
tumor samples [9], ESCCs were recently characterized and 
WNT pathway was reported to be a key altered pathway 
in ESCC, activated potentially by aberrant methylation 
of its negative regulators, such as SFRP1, SFRP2, 
SFRP4, SFRP5, SOX17, and WIF1 (33%). However, 
the clinical relevance of these recent findings remains to 
be established. Few studies have examined the clinical 
relevance of biomarkers in ESCC, but a major limitation 
of most of these reports is evaluation of single proteins 
as biomarkers [10–12]. Our study is important because: 
(i) it is based on changes in expression levels of the 
biomarker proteins in different subcellular compartments 
and is not limited to alterations in the overall protein 
expression levels; (ii) investigates the comprehensive 
clinical relevance of subcellular alterations in expression 
of multiple key components of Wnt pathway in the same 

Figure 2: (A) Kaplan–Meier estimation of cumulative proportion of disease-free survival. Median time for disease-free survival (DFS; no 
recurrence/metastasis) in ESCC patients showing nuclear immunopositivity of Dvl was 18 months as compared to 8 months for the patients 
who didn’t show nuclear Dvl immunostaining (p = 0.005). (B) Kaplan–Meier estimation of cumulative proportion of disease-free survival. 
Median time for disease-free survival (DFS; no recurrence/metastasis) in ESCC patients showing immunostaining of membrane α-catenin 
was 24 months as compared to 12 months for the patients who didn’t show membrane α-catenin immunopositivity (p = 0.048). (C) Survival 
curves of high and low recurrence risk groups in ESCC using biomarker signature score. The median survival time for patients with a 
biomarker signature score less than 8.28 (low risk group) was 24 months as compared to 7 months for patients with a score greater than 
8.28 (high risk group) (p < 0.001). (D) Survival curves of high and low recurrence risk groups in ESCC using biomarker signature scoreSlug. 
The median survival time for patients with a biomarker signature scoreSlug less than 6.50 (low risk group) was 28 months as compared to 7 
months for patients with a score greater than 6.50 (high risk group) (p < 0.001).
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ESCC patients’ cohort; (iii) correlates these findings with 
disease outcome and (iv) develops a Biomarker risk score 
for defining the risk of recurrence of ESCCs.

A schematic diagram depicting alterations in 
subcellular compartmental localization of the proteins 
investigated in multistep esophageal tumorigenesis in 
our study is shown in Figure 3. Esophageal dysplasia 
showed significant loss of membrane and accumulation 
in cytoplasmic E-cadherin, β-catenin and α-catenin in 
comparison with the normal esophageal tissues that 
is sustained in ESCC revealing the potential of these 
proteins as biomarkers for distinguishing dysplasia from 
normal esophageal tissues. To our knowledge this is the 
first comprehensive study demonstrating cytoplasmic 
accumulation of β-catenin, E-cadherin, α-catenin and 
cytoplasmic DVL as early as in dysplasia during the multi-
step process of esophageal tumorigenesis suggesting these 
alterations in Wnt pathway components occur in early stages 
during the development of ESCC. The loss of E-cadherin, 
β-catenin and α-catenin from the membrane of epithelial 
cells in dysplasia suggests a disruption in the epithelial tissue 
architecture that might play an important role in epithelial 
mesenchymal transition (EMT) and tumor invasion. 
β-Catenin is the key mediator of cellular responses to Wnt 
signalling, and its cytoplasmic/nuclear partitioning is tightly 
controlled in cancer including ESCC [13].

Another important finding of our study is the 
significant increase in cytoplasmic and nuclear Dvl 
in ESCC as compared to dysplastic esophageal tissues 

underscoring its relevance in progression of the disease. 
In support of our findings Dvl has been implicated in 
oncogenesis and is overexpressed in prostate cancer, 
non-small cell lung cancer, mesothelioma and colon 
cancer; its upregulation has been implicated to be 
correlated with activation of Wnt/β-catenin signaling 
and an increased risk of malignant transformation 
[14–17]. Notably, nuclear localization of DVL has 
been reported in colon cancer as well. Wang et al., [18] 
reported that FOXKs promote Wnt/β-catenin signaling 
by translocating DVL into the nucleus. FOXK proteins 
activate Wnt/β-catenin signaling by promoting DVL 
nuclear translocation, which requires the Wnt signalling-
induced DVL phosphorylation. Further the authors 
showed that FOXK protein expression is significantly 
increased in human colon cancers and correlates with 
DVL nuclear localization. Using a transgenic mouse 
model, for conditional expression of Foxk2, induced 
intestinal hyper-proliferation, nuclear translocation of 
DVL and up-regulation of Wnt/β-catenin signaling in 
the intestine crypts. These authors proposed a potential 
oncogenic function of FOXK proteins via their abilities 
to translocate DVL into the nucleus and activate the 
Wnt/β-catenin signalling pathway. Our study showed 
cytoplasmic/nuclear accumulation of c-Myc is increased 
in ESCC as compared to dysplasia and correlates with 
poor prognosis and in support of our findings c-Myc 
overexpression in prostate and laryngeal cancer has been 
reported to predict biochemical recurrence [19, 20].

Table 4: Clinical relevance of biomarker signature scores
Clinical value Biomarker signature score Biomarker signature scoreslug

1 Year

 High vs. Low Risk Groups High vs. Low Risk Groups

Sensitivity 0.50 0.77

Specificity 0.84 0.76

PPV 0.79 0.79

NPV 0.58 0.73

AUC 0.67 0.76

3 Years

Sensitivity 0.45 0.67

Specificity 1.00 0.85

PPV 1.00 0.97

NPV 0.23 0.30

AUC 0.73 0.76

Biomarker Signature Score refers to cytoplasmic β-catenin, nuclear c-Myc, nuclear DVL and membrane α-catenin signature 
score (cut-off value = 8.28). Biomarker Signature Scoreslug refers Score with nuclear Slug instead of membrane α-catenin 
(cut-off value = 6.50). Internal validation based on 9999 bootstrap samples yielded identical values for Sensitivity, Specificity, 
PPV, NPV and AUC.
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Our study also assumes importance in view of 
the vital role played by the Wnt signaling pathway 
components in chemo-radiation resistance of ESCC and 
their emerging utility as novel therapeutic targets. The 
expression of paired-like homeodomain transcription 
factor 2 (PITX2), a downstream effector of Wnt/β-
catenin signaling, was observed more frequently in 
chemoradiotherapy (CRT) resistant ESCC patients than 
that in CRT effective group (p < 0.05) and was associated 
with poor disease-specific survival (p < 0.05). Thus, 
PITX2 expression may be a useful tool for predicting CRT 
resistance and serves as an independent molecular marker 
for poor prognosis of ESCC patients treated with definite 
CRT [21]. Recently, NHE9 has been shown to induce CRT 
resistance in ESCC by upregulating the Src/Akt/β-catenin 
pathway and Bcl-2 expression suggesting its potential as 
an effective predictor of CRT response and may be useful 
in the development of targeted therapies for CRT-resistant 
ESCC [22]. The role of esophageal cancer stem cells in 
regulating Wnt signaling pathway and chemo-radiation 
resistance and implications for designing novel targeted 
therapies has been recently reviewed [23].

Importantly, we demonstrated that a panel of 4 
biomarkers, cytoplasmic β-catenin, nuclear c-Myc, 

nuclear DVL and membrane α-catenin, constituted 
the prognostic molecular signature for ESCC patients. 
Our panel of biomarkers predicted disease recurrence 
more effectively as compared to individual biomarkers 
analyzed in this study and demonstrated the strong 
predictive power of this panel of biomarkers for ESCC 
patients. We have demonstrated the clinical usefulness of 
this promising panel of biomarkers by their ability to add 
unique prognostic information to the clinical predictors – 
histological grade, nodal status tumor stage and treatment.

Slug has recently been demonstrated to be a target 
gene in the signalling cascade TGF-β-PI3K/Akt-GSK3β-
Snail-Slug-CD147, involved in epithelial mesenchymal 
transition and is implicated in hepatocarcinogenesis and 
hepatocellular carcinoma metastasis [24]. TGF-β has been 
reported to play important role in chronic inflammation 
and esophageal tumorigenesis [25–27]. These reports 
and our recent study on Slug expression in ESCC [28] 
provided the rationale to investigate the potential of Slug 
as a predictive marker in combination with our current 
panel of biomarkers. Notably, the risk stratification based 
on inclusion of Slug in the Biochemical signature score 
(AUC 0.76) was more accurate than using the biomarkers 
signature score with α-catenin (AUC 0.67). Biomarker 

Figure 3: Schematic diagram depicting alterations in proteins expression in multistep esophageal tumorigenesis. 
Esophageal dysplasia show significant loss of membrane and accumulation in cytoplasmic E-cadherin, β-catenin and α-catenin in 
comparison with the normal esophageal tissues. ESCC show marked increase in cytoplasmic and nuclear DVL and Slug as compared 
to dysplasia. The prognosis of ESCC is associated with loss of membranous E-cadherin and α-catenin and accumulation of cytoplasmic 
β-catenin, as well as nuclear accumulation of DVL, cMyc and Slug. A Biomarker Signature ScoreSlug based on cytoplasmic β-catenin 
and nuclear cMyc, DVL and Slug has been used to develop a risk classifier for prediction of recurrence free survival for ESCC patients. 
E-cad M-, E cadherin membrane loss; Slug C+, Slug cytoplasmic expression; Slug N+, Slug nuclear expression; α-cat M-, alpha catenin 
membrane loss; α-cat C+, alpha catenin cytoplasmic expression; β-cat M-, beta catenin membrane loss; β-cat C+, beta catenin cytoplasmic 
expression; cMyc N+, cMyc nuclear expression.
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Signature Scoreslug accurately predicted recurrence in 
79% patients in 1 year and 97% in 3 years in the high risk 
group, while 73% patients within the low risk group did 
not have recurrence in 1 year, suggesting its applicability 
for risk stratification.

However, our study is not devoid of limitations. 
First, the end point of this study was disease recurrence. 
Although this is a surrogate end point for clinical 
progression, not all patients with recurrence will progress 
to distant metastases and/ or cancer-related death. 
Unfortunately, the natural history of esophageal cancer 
limits the availability of more definitive end points. 
Despite these limitations, we were able to demonstrate 
a highly statistically significant relationship between 
these biomarkers of interest, and also showed better 
accuracy of the biomarkers in identifying ESCC patients 
at higher risk of recurrence of the disease. Further, 
the clinical implementation of our panel of Biomarker 
signature scoreslug based test uses the technique of 
immunohistochemical analysis that is routinely performed 
in most pathological laboratories and thus easy to translate 
from bench to clinic. Another major advantage of our 
proteins based test panel is its cost effectiveness which is 
generally less than the cost of gene signature based tests.

The internal validations demonstrate the stability of 
our Biomarker signature scoreslug utility in clinical settings. 
These findings set the stage for independent multicentric 
prospective studies to assess if this risk classifier could 
help to predict recurrence free survival that can be used to 
guide clinical management of ESCC in future.

MATERIALS AND METHODS

Study design

This study is part of a single institution project 
initiated in 2005, aimed to identify novel biomarkers 
predicting disease progression in ESCC patients. The study 
is conducted according to the Reporting of tumor MARKer 
Studies (REMARK) guidelines and a prospectively written 
research, pathologic evaluation, and statistical analysis 
plan. This study was approved by the All India Institute 
of Medical Sciences (AIIMS) Research Ethics Board, New 
Delhi, India prior to its commencement. Written informed 
consent was obtained for the acquisition and use of patient 
tissue samples and anonymized clinical data. Tissue 
specimens were obtained by diagnostic or therapeutic 
procedures from 61 patients with clinically defined 
esophageal dysplasia attending the Outpatient Clinic of the 
Departments of Surgical Disciplines and Gastrointestinal 
Surgery, AIIMS. We selected among the 150 ESCC 
patients undergoing curative cancer surgery during the 
period 2005 – 2010, 80 consecutive cases after obtaining 
the patients’ written consent (Supplementary Figure 3). 
Wherever possible, non-malignant tissues (n = 47) were 
taken each from a site at least 5 cm away from the tumor or 

collected from the patients attending the Endoscopy clinic 
in the Outpatient Department of Gastroenterology. Taken 
together, these 47 non-malignant esophageal tissues with 
histological evidence of normal epithelia constituted the 
normal group. After excision, tissues were immediately 
snap-frozen in liquid nitrogen and stored at –80°C in the 
Research Tissue Bank till further use; one part of the tissue 
was collected in 10% formalin and embedded in paraffin 
for histopathological and immunohistochemical analyses. 
Histologically confirmed esophageal normal epithelia, 
dysplasia, and ESCC as revealed by H&E staining were 
used for immunohistochemistry [28]. Only ESCC cases 
where the H&E section showed more than 80% of cancer 
cells were taken for biomarker analyses. The histologically 
confirmed normal tissues which did not show cancer cells 
or evidence of dysplasia were selected for biomarker 
analyses.

Clinicopathological data

Patient demographic, clinical, and pathological data 
were recorded in a pre-designed Performa as described 
previously [28]. The information documented included 
clinical TNM staging (tumor, node, and metastasis 
based on the Union International Center le Cancer TNM 
classification of malignant tumors 2010), site of the 
lesion, histopathological differentiation, age, and gender. 
The treatment details were recorded and post-surgical 
treatment details were obtained from the clinical database. 
All patients received surgery as the primary treatment. 
Some patients received chemo therapy or radiation or 
combination of both as per the NCCN guidelines.

Follow-up study

Eighty ESCC patients who underwent treatment 
from 2005–2010 could be investigated and evaluated in 
the esophageal cancer follow-up clinic at regular time 
intervals. Survival status of ESCC patients was verified 
and updated from the records of the Tumor Registry, 
Department of Gastrointestinal Surgery, AIIMS, as of June 
2013. The median follow up for ESCC patients was 8.5 
months (range 5–86 months). Disease-free survival time is 
defined as the time from completion of primary treatment 
till the patient showed any clinical and radiological 
evidence of local or regional disease, or distant metastasis 
at the time of the last follow-up of patients monitored 
in this study. Twenty eight patients who did not show 
recurrence were alive until the end of the follow-up period. 
Only disease-free survival was evaluated in this study, as 
the number of deaths due to disease progression did not 
allow a reliable statistical analysis.

Immunohistochemistry

Paraffin-embedded sections (5 µm) of human 
esophageal histological normal (n = 47), dysplasia (n = 61) 
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and ESCC (n = 80) were collected on gelatin-coated slides. 
The ESCC tissues analysed in this study had more than 80% 
tumor cells in H&E sections. In brief, the sections were 
deparaffinized in xylene, hydrated in gradient alcohol, and 
pre-treated in a microwave oven for 10 min at 800 W and 
5 min at 480 W in Tris-EDTA (10 mM Tris, 1mM EDTA, 
pH = 9.0) for antigen retrieval. The sections were incubated 
with hydrogen peroxide (3% v/v) in methanol for 30 min 
to quench the endogenous peroxidise activity, followed 
by blocking with 1% bovine serum albumin (BSA) to 
preclude nonspecific binding. Thereafter, the slides were 
incubated with primary antibodies for 16 h at 4°C. The 
primary antibody was detected using the streptavidin-
biotin complex with the Dako LSAB plus kit (Dako 
Cytomation, Glostrup, Denmark) and diaminobenzidine as 
the chromogen as described before [28]. In the negative 
control tissue sections, the primary antibody was replaced 
by isotype specific non-immune mouse IgG. A section 
from breast cancer tissue was used as a positive control in 
each batch of immunohistochemistry. Primary antibodies 
used in this study were as follows: E-cadherin (1:500; 
Santa Cruz, sc-8426), β-catenin (1:500; Santa Cruz, sc-
7963), α-catenin (1:500; Santa Cruz, sc-7894), Dvl (1:500; 
Santa Cruz, sc-7397) and c-myc (1:200; Santa Cruz,  
sc-40).

Evaluation of immunohistochemical staining

Each tissue section was evaluated for 
immunostaining using a semi-quantitative scoring system 
for both staining intensity and the percentage of positive 
epithelial cells [28]. For analysis of the expression of each 
protein, sections were scored as positive if epithelial cells 
showed immunopositivity in the nucleus/cytoplasm when 
observed independently by three of us (MRH, RS, SDG), 
who were blinded to the clinical outcome (the slides were 
coded and the scorers did not have prior knowledge of the 
local tumor burden, lymphonodular spread, and grading 
of the tissue samples). The tissue sections were scored 
based on the % of immunostained cells as: 0–10% = 0; 
10–30% = 1; 31–50% = 2; 51–70% = 3 and ≥70% = 4. 
Sections were also scored semi-quantitatively on the basis 
of staining intensity as negative = 0; mild = 1; moderate = 
2; intense =3. Finally, a total score was obtained by adding 
the score of percentage positivity and intensity. In cases 
where both nuclear and cytoplasmic immunoreactivity 
was observed, the nuclear and cytoplasmic staining was 
scored independently. The scoring by the three observers 
was discrepant in about 5% cases and a consensus on the 
final result was reached by re-evaluation of these slides 
and discussion.

Statistical analyses

Descriptive analyses were performed on clinical 
and pathologic factors. Wilcoxon tests were used to assess 

relationships between biomarkers expression levels 
in subcellular compartments and lesion type (normal, 
dysplastic and ESCC). Univariate and multivariate Cox 
regression analyses were used to assess the prognostic 
value of biomarkers alone and when adjusted for clinical 
parameters: tumor stage, nodal status, and histology 
grade. A limit of 10 Events Per Variable (EPV) was used 
to avoid overfitting and yield stable models that perform 
relatively well on similar populations [29, 30]. Various 
Cox models were fitted, and assessed using a Likelihood 
Ratio Test (LRT) [31]. A signature score was derived 
using regression estimates of biomarkers that achieved 
the best model fit. Harrell’s c-statistic was used to assess 
discriminatory ability of all models [31]. Cox regression 
models were internally validated, and c-statistics were 
corrected for optimism using 9999 bootstrap sample sets 
[31]. Cox proportional hazards assumption was ensured 
using chi-squared test for goodness of fit on Schoenfeld 
residuals [32]. Recursive Partitioning (RP) analyses were 
done to identify terminal nodes that had significantly 
different survival curves [33]. Three years survival rates 
and the median survival time were used to describe 
survival curves of those nodes. The clinical relevance 
of biomarkers signature score in stratifying subjects into 
high and low risk group was assessed using sensitivity, 
specificity, Positive Predictive Value (PPV), Negative 
Predictive Value (NPV), area under the receiver operating 
characteristic curve (AUC), and accuracy. All statistical 
analyses were carried out using R version 3.01. Cox 
proportional hazard models were fitted using rms package 
in R [34]. RA trees were built using party R package [35].

CONCLUSIONS

In conclusion, integrated analysis of expression 
of the panel of 4 proteins in ESCC patients has allowed 
us to validate the robustness of our biomarker panel in 
stratification of patients at high or low risk of disease 
recurrence. This risk classifier has the potential to identify 
the high risk patients for more rigorous personalized 
treatment and the low risk patients may be spared from 
the harmful side effects of toxic therapy as well reduce the 
burden on health care providers. The findings of our study 
set the foundations for external validation of the prognostic 
signature as a step forward in translation of this panel of 
protein markers for ESCC patients and establish their clinical 
relevance for larger worldwide application in future studies.
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