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Epithelial–mesenchymal transition is characterized by a loss of cell adhesion and increased cell mobility due to

cells gaining a mesenchymal phenotype. During the epithelial–mesenchymal transition process, tumor cells are

expected to lose their epithelial phenotype and gradually and sequentially acquire a mesenchymal phenotype.

Epithelial–mesenchymal transition is a dynamic and reversible process, which has been observed in patient

tissues to display a wide spectrum of phenotypes. However, very little is known about the clinical significance

of the different phenotypes of the epithelial–mesenchymal transition. Based on the expression pattern of

various epithelial–mesenchymal transition-related proteins, we divided 168 esophageal squamous cell

carcinomas into different phenotypes, including complete type; incomplete type, including hybrid type and

null type; and a wild type. The clinical significance of each phenotype was investigated. Of the 168 cases, 31

were categorized as complete type, 53 as incomplete type (hybrid type, 26 cases; null type, 27 cases), and 84 as

wild type. Epithelial–mesenchymal transition phenotype was significantly associated with tumor size

(P¼ 0.021), differentiation (P¼ 0.001), and invasion depth (Po0.001). Overall survival and disease-free survival

rates were significantly worse in the complete type, better in the incomplete type, and best in the wild type.

Within the incomplete type group, the hybrid type survival curve was similar to that of the complete type,

whereas the overall survival of the null type was similar to the wild type. Complete type had a noticeable poorer

prognostic effect on survival in patients with early invasion (pTr2) than it had on survival among patients with

advanced invasion (pTZ3). The complete phenotype was an independent prognostic factor for both overall

(P¼ 0.009) and disease-free survival (Po0.001). In conclusion, classification of epithelial–mesenchymal

transition phenotypes has novel clinical implications, and identification of a specific phenotype might provide

a tool to better stratify and predict patient outcomes.
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The process of epithelial cells changing to mesench-
ymal cells, referred to as the epithelial–mesenchy-
mal transition, is characterized by a loss of cell
adhesion and increased cell mobility due to cells
gaining a mesenchymal phenotype. Epithelial–

mesenchymal transition is a normal developmental
process for mesoderm and neural tube formation.1

Although the concept of epithelial–mesenchymal
transition in cancer is still controversial, epithelial–
mesenchymal transition has been implicated in a
number of epithelial cancers and has been shown to
correlate with the metastatic potential of cancers.1,2

Although epithelial–mesenchymal transition has
been documented in a large number of cancers,
most studies have used in vitro systems that employ
cell lines and focused on the detailed mechanism
of epithelial–mesenchymal transition, identifying
a number of transcription factors and signaling
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pathways involved. Therefore, little is known about
the exact and detailed pattern of epithelial–mesen-
chymal transition in patient cancer tissues or the
clinical importance of epithelial–mesenchymal tran-
sition itself in each type of cancer.2

During the epithelial–mesenchymal transition
process, tumor cells are expected to lose their
epithelial phenotype and gradually and sequentially
acquire a mesenchymal phenotype. However, due to
the complexity of epithelial–mesenchymal transi-
tion and the diversity of cancer cells and their
surrounding microenvironment, epithelial–me-
senchymal transition actually observed in patient
tissues has shown a wide spectrum of phenotypes.
In addition, because of the dynamic and reversible
nature of epithelial–mesenchymal transition, nu-
merous advanced carcinomas that adopt some
mesenchymal features retain the characteristics of
well-differentiated epithelial cells.3,4 In vivo, epithe-
lial–mesenchymal transition phenotypes include
the extremes, ranging from an epithelial phenotype
to a complete mesenchymal phenotype with a
variety of intermediate sub-phenotype combinations
between these extremes. Examples of intermediate
sub-phenotypes include the ‘hybrid type’ that is a
mixed epithelial and mesenchymal phenotype and
the ‘null type’ that can be defined as the loss of the
epithelial phenotype without acquisition of me-
senchymal phenotype. Thus, we propose that
carcinomas can be classified into the following four
specific types of epithelial–mesenchymal transition:
(1) complete type characterized by loss of the
epithelial phenotype with acquisition of the me-
senchymal phenotype, (2) incomplete type 1 (hybrid
type) characterized by a tumor showing both
mesenchymal and epithelial phenotypes, (3) incom-
plete type 2 (null type) defined by loss of the
epithelial phenotype without acquisition of a me-
senchymal phenotype, and (4) wild type character-
ized by a tumor with no evidence of epithelial–
mesenchymal transition.

Esophageal squamous cell carcinoma is one of the
most aggressive cancers, and epithelial–mesenchy-
mal transition has been reported to be associated
with more aggressive tumor behavior in esophageal
squamous cell carcinoma.5–8 Generally, the loss of
E-cadherin is considered a common indicator for the
onset of epithelial–mesenchymal transition, and it
has been shown that Snail-dependent E-cadherin
repression is one of the most important mechanisms
for E-cadherin loss in esophageal squamous cell
carcinoma.5,8 However, there are some limitations in
these studies due to the small number of cases
investigated, and very little is known about the
clinical significance of detailed epithelial–mesench-
ymal transition sub-phenotypes in esophageal squa-
mous cell carcinoma. Therefore, in this study, we
divided epithelial–mesenchymal transition pheno-
type into sub-phenotypes based specifically on the
expression pattern of various epithelial–mesenchy-
mal transition-related proteins and investigated the

clinical significance of each sub-phenotype in a
large series of resected esophageal squamous cell
carcinoma samples.

Materials and methods

Tissue Samples

We included a total of 168 formalin-fixed and
paraffin-embedded tumor samples from patients
who underwent curative surgical resection for
primary esophageal squamous cell carcinoma at
the Samsung Medical Center between 1995 and
2008. All patients provided written informed con-
sent according to institutional guidelines. No pa-
tients received preoperative chemotherapy or
radiotherapy. Clinical and pathologic reports were
reviewed for age, sex, tumor size, histological grade,
invasion depth (pT), nodal status (pN), and distant
metastasis (pM). The histological grade was based
on the WHO classification. The pTNM classification
was applied according to guidelines from the 2010
American Joint Committee on Cancer staging man-
ual.9 Of the 168 tumors, 34 cases were in T1, 29 were
in T2, 95 were in T3, and 10 were in T4. For N
classification, 57 cases were in N0, 41 were in N1, 31
were in N2, and 27 in N3. The average number of
reviewed lymph nodes was 43.6 per case and ranged
from 4 to 134. There were 12 cases with o20
examined regional nodes that were likely not
adequately evaluated for lymph node status. There-
fore, these cases were excluded from the N classi-
fication. There were 21 patients with distant
metastasis (M1).

Tissue Microarray and Immunohistochemistry

Hematoxylin and eosin (HE)-stained tissues were
reviewed to confirm the histological diagnosis and
to select representative areas for immunostaining. A
cylindrical core (3mm in diameter) was removed
from formalin-fixed and paraffin-embedded tissue
blocks corresponding to the HE slides to construct
the tissue microarray. Sectioning of microarray
blocks produced 4 mm thick sections after comple-
tion of the tissue array.

Microslide tissue sections were deparaffinized
with xylene, hydrated using a diluted alcohol series,
and immersed in 0.3% H2O2 in methanol to quench
endogenous peroxidase activity. Sections were then
microwaved for 15min in 10mM citrate buffer (pH
6.0) for antigen retrieval. To reduce non-specific
staining, each section was blocked with 4% bovine
serum albumin in PBS with 0.1% Tween 20 (PBST)
for 30min. Sections were then incubated with anti-
fibronectin (dilution: 1:100, BioGenex, San Ramon,
CA, USA), anti-smooth muscle actin (dilution:
1:100, DAKO, Glostrup, Denmark), anti-vimentin
(dilution: 1:200, DAKO), anti-E-cadherin (dilution:
1:50, Invitrogen, Carlsbad, CA, USA), and anti-Snail
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antibody (dilution: 1:50, Abcam, Cambridge, UK) in
PBST containing 3mg/ml goat globulin (Sigma) for
60min at room temperature, followed by three
successive washes with buffer. Sections were
then incubated with an anti-mouse/rabbit antibody
(Envision plus, Dako, Carpinteria, CA, USA) for
30min at room temperature. The chromogen used
was 3,30-diaminobenzidine (Dako). Sections were
counterstained with Meyer’s hematoxylin. Omitting
the primary antibody provided negative controls
for immunostaining using normal mouse and
rabbit serum.

Evaluation of Immunohistochemical Staining Results

In this study, we used the scoring method of
Sinicrope et al,10 which was applied for the
evaluation of both immunohistochemical staining
intensity and the proportion of stained epithelial
cells. Staining intensity was further classified as
follows: (1) weak, (2) moderate, or (3) strong.
Positive cells were quantified as a percentage of
the total number of epithelial cells and assigned to
one of the following five categories: 0, o5%; 1, 5–
25%; 2, 26–50%; 3, 51–75%; or 4, 475%. The
percentage of epithelial cell positivity and staining
intensity were multiplied to generate an immunor-
eactivity score for each case. For example, if the
staining intensity was strong (3 points) and the
percentage of positive cells was 475% (4 points),
then the immunoreactivity score was calculated as
3� 4¼ 12. On the other hand, if the staining
intensity was weak (1 point) and the percentage of
positive cells was between 5 and 25% (1 point), then
the immunoreactivity score was calculated as
1� 1¼ 1. As a result, immunoreactivity score values
ranged from 0 to 12. Two pathologists (COS and
SHK), who were blinded to patient outcomes,
independently examined and scored each lesion.
Differences in interpretation were resolved by
consensual agreement.

As there are no absolute criteria for the immuno-
positivity of each antibody used in this study, we
selected a cutoff point to designate immunopositiv-
ity that was most meaningful with respect to
prognosis using the Kaplan–Meier method with
long-rank test. This method considered the
following values as positive: fibronectin (immuno-
reactivity score Z3), smooth muscle actin (immuno-
reactivity score Z2), vimentin (immunoreactivity
score Z5), E-cadherin, and Snail (immunoreactivity
score Z4).

Statistical Analysis

Correlations were examined using Pearson’s w2 or
Fisher’s exact test, as appropriate. Disease-free
survival and overall survival were determined using
the Kaplan–Meier method, and survival curves were
compared using the log-rank test. Survival was

measured from the date of surgery to May 2009.
Postoperative follow-up data were obtained from all
patients, with a median follow-up period of 33
months (range, 1–155 months). The Cox Propor-
tional Hazard Model was used to evaluate the
association between clinicopathologic factors and
survival. The hazard ratio and its 95% confidence
interval were assessed for each factor. All tests were
two-sided, and P-values o0.05 were considered
statistically significant. Statistical analysis was
performed using SPSS version 18 (SPSS, Chicago,
IL, USA).

Results

Expression of Epithelial–Mesenchymal Transition-
Related Proteins in Esophageal Squamous Cell
Carcinoma

Reduced expression of E-cadherin was observed in
58/168 (35%) samples. Overall, 78 (46%) cases
showed Snail expression in the tumor cell nuclei.
Cytoplasmic expression of fibronectin, smooth mus-
cle actin, and vimentin was observed in 31 (18%),
28 (17%), and 29 (17%) cases, respectively. Snail
expression was significantly correlated with
reduced expression of E-cadherin (P¼ 0.003) and
overexpression of smooth muscle actin (P¼ 0.004)
and vimentin (P¼ 0.007) (Table 1). However, Snail
expression was not associated with fibronectin
expression (P¼ 0.150). In the univariate survival
analysis, all epithelial–mesenchymal transition-
related proteins except for Snail were significantly
correlated with poor overall survival (Figure 1).
Although cancers with Snail expression tended to
have a poor prognosis, the relationship was not
statistically significant (P¼ 0.098).

Table 1 Correlation between E-cadherin, Snail, and mesenchy-
mal makers expression in esophageal squamous cell carcinoma

N (%) Snail P-value

Negative
(n¼90)

Positive
(n¼ 78)

E-cadherin
Reduced 58 (100) 22 (38) 36 (62) 0.003
Preserved 110 (100) 68 (62) 42 (38)

Fibronectin
Negative 137 (100) 77 (56) 60 (44) 0.150
Positive 31 (100) 13 (42) 18 (58)

SMA
Negative 140 (100) 82 (59) 58 (41) 0.004
Positive 28 (100) 8 (29) 20 (71)

Vimentin
Negative 139 (100) 81 (58) 58 (42) 0.007
Positive 29 (100) 9 (31) 20 (69)

SMA, smooth muscle actin.

EMT phenotype in esophageal carcinoma

1062 CO Sung et al

Modern Pathology (2011) 24, 1060–1068



Classification of Epithelial–Mesenchymal Transition
Phenotype and Clinicopathological Features

Based on the combined results from our analysis of
expression of epithelial (E-cadherin) and mesench-
ymal (fibronectin, smooth muscle actin, and vimen-
tin) markers, we divided the 168 cases of esophageal
squamous cell carcinoma into the following three
groups (Figure 2a): complete phenotype (positive for
any mesenchymal marker and a loss of E-cadherin),
wild type (preserved E-cadherin expression and
negative for mesenchymal markers), and incomplete
phenotype (neither complete nor wild type). The
incomplete type was again subdivided into the
following two groups based on phenotype: the
hybrid type (positive for both E-cadherin and any
mesenchymal marker expression) and the null type
(negative for both E-cadherin and mesenchymal
markers). Representative cases for these detailed
sub-phenotypes are shown in Figure 2b. Of the 168
cases, we identified 31 (18%) cases of complete
type, 53 (32%) of incomplete type (hybrid, 26 cases;
null type, 27 cases), and 84 (50%) cases of wild type.
There was a significant correlation between epithe-
lial–mesenchymal transition phenotype and Snail
expression (Po0.001; Figure 2c). In addition,
epithelial–mesenchymal transition phenotype was
significantly associated with major clinicopatholo-
gical parameters, including tumor size (P¼ 0.021),
histological differentiation (P¼ 0.001), and invasion
depth (Po0.001) (Table 2). Of the 168 cases, 84% of
the 31 complete type and 72% of the 53 incomplete

type cases showed advanced invasion (ZpT3),
whereas 49% of the 84 wild-type cases showed
advanced invasion.

Impact of Epithelial–Mesenchymal Transition
Phenotype on Patient Survival

Epithelial–mesenchymal transition phenotype sur-
vival rates were compared against each other. There
was a significant difference in survival rates
between each group in terms of both overall survival
(Po0.05) (Figure 3a) and disease-free survival
(Po0.05) (Figure 3b). Overall survival and disease-
free survival rates were worst in the complete type,
better in the incomplete type, and best in the wild-
type group. The 5-year overall survival rates of the
complete, incomplete, and wild-type groups were
26, 43, and 61%, respectively. Between the incom-
plete type subgroups, the hybrid type showed a
poorer prognosis than the null type, but the
difference was not statistically significant for either
overall survival (P¼ 0.052; Figure 3c) or disease-
free survival (P¼ 0.166; Figure 3d). However, the
survival curve for the hybrid type was similar to that
of complete type, whereas overall survival for the
null type was similar to the wild type. When
patients were stratified by invasion depth, complete
type had a noticeably greater effect on survival in
patients with early invasion (pTr2) than in patients
with advanced invasion (pTZ3) (Figure 4).
To confirm the epithelial–mesenchymal transition

Figure 1 Survival curves using the Kaplan–Meier method by log-rank test for epithelial–mesenchymal transition-related protein
expression.
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phenotype as an independent prognostic factor, we
performed a multivariate Cox Proportional Hazards
Model analysis, including age, gender, tumor size,
differentiation, pT classification, pN classification,
and distant metastasis as confounding factors. In
this multivariate analysis, the complete phenotype
was an independent prognostic factor for both
overall (P¼ 0.009) and disease-free survival
(Po0.001) (Table 3).

Discussion

In this study, we classified epithelial–mesenchymal
transition phenotype based on epithelial–mesench-
ymal transition-related protein expression patterns,
and found that the phenotype had significant
prognostic value. In addition, expression of me-
senchymal markers was more important for outcome
prediction than repression of epithelial markers,

Figure 2 (a) Classification of epithelial–mesenchymal transition (EMT) phenotype for 168 esophageal squamous cell carcinomas
according to their E-cadherin, fibronectin, smooth muscle actin (SMA), and vimentin expression patterns. (b) Representative cases of
each EMT phenotype with their corresponding immunostaining. (b, inset) Nuclear expression of Snail. (c) Correlation between EMT
phenotype and Snail expression. Note that Snail expression increased according to EMT phenotype (Po0.001 for trend).
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which seems reasonable because the acquisition of
mesenchymal phenotype enhances motility and
invasion of cancer cells into the surrounding tissue.
This may explain why complete type was signifi-
cantly associated with increased tumor invasion
(high pT classification) in this study. Furthermore,
we demonstrated that complete type had a notice-
ably greater effect on survival in early esophageal
squamous cell carcinoma than in advanced carcino-
ma. However, in this study epithelial–mesenchymal
transition phenotype did not correlate with lymph
node metastasis or distant metastasis.

Snail is a known direct repressor of E-cadherin,
promoting epithelial–mesenchymal transition.11

This study demonstrated that Snail overexpression
significantly correlated with reduced expression of
E-cadherin. In addition, we showed that Snail
expression was significantly associated with me-
senchymal markers, such as vimentin and smooth
muscle actin. Usami et al5 reported similar results;
their data showed that nuclear Snail expression
correlated with reduced expression of E-cadherin
and vimentin overexpression in esophageal

squamous cell carcinoma. Using double immuno-
fluorescence labeling in oral squamous cell carcino-
mas, Franz et al12 reported that most Snail-positive
cells also expressed smooth muscle actin. In this
study, Snail expression did not correlate with
fibronectin expression. However, reduced expres-
sion of E-cadherin was significantly correlated with
overexpression of fibronectin (data not shown).
Recently, Jethwa et al13 reported that overexpression
of Slug induced fibronectin in an esophageal
adenocarcinoma cell line. These findings suggest
that molecules other than Snail regulate fibronectin
expression.

One important issue of epithelial–mesenchymal
transition in solid cancers is the presence of the
incomplete phenotype. In this study, we identified a
significant number of incomplete phenotype cases
that showed intermediate prognosis between the
complete type and wild-type groups. Recently,
Usami et al5 categorized 72 esophageal cancers as
either a complete phenotype, including tumors
positive for vimentin immunoreactivity indepen-
dent of epithelial marker expression (including

Table 2 Relationships between epithelial–mesenchymal transition (EMT) phenotype and various clinicopathologic factors in
esophageal squamous cell carcinoma

Characteristic Total (%) EMT phenotypes P-value

Complete EMT (%) Incomplete EMT (%) Wild type (%)

Age (years)
o65 38 (100) 6 (16) 12 (31) 20 (53) 0.880
Z65 130 (100) 25 (19) 41 (32) 64 (49)

Sex
Female 6 (100) 1 (17) 0 (0.0) 5 (83) 0.187
Male 162 (100) 30 (18) 53 (33) 79 (49)

Tumor size (cm)
o4 72 (100) 13 (18) 15 (21) 44 (61) 0.021
Z4 96 (100) 18 (19) 38 (39) 40 (42)

Differentiation
WD 27 (100) 3 (11) 8 (30) 16 (59) 0.001a

MD 110 (100) 16 (15) 32 (29) 62 (56)
PD 31 (100) 12 (39) 13 (42) 6 (19)

pT
pT1 34 (100) 2 (6) 7 (21) 25 (73) o0.001a

pT2 29 (100) 3 (10) 8 (28) 18 (62)
pT3 95 (100) 23 (24) 33 (35) 39 (41)
pT4 10 (100) 3 (30) 5 (50) 2 (20)

pN
pN0 57 (100) 13 (23) 14 (24) 30 (53) 0.733a

pN1 41 (100) 5 (12) 17 (42) 19 (46)
pN2 31 (100) 4 (13) 11 (35) 16 (52)
pN3 27 (100) 7 (26) 8 (30) 12 (44)

pM
pM0 147 (100) 27 (19) 46 (31) 74 (50) 0.972
pM1 21 (100) 4 (19) 7 (33) 10 (48)

WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated.
aw2 test for trend.
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Figure 3 (a) Kaplan–Meier survival curves with log-rank test for each EMT group divided by epithelial–mesenchymal transition (EMT)
phenotype. (b) Kaplan–Meier survival curves with log-rank test of incomplete EMT, subdivided into hybrid and null type; complete EMT;
and wild type.

Figure 4 Kaplan–Meier survival curves with log-rank test for epithelial–mesenchymal transition (EMT) phenotypes in patients stratified
by tumor invasion depth.
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E-cadherin and claudins); an incomplete phenotype,
including tumors negative for both vimentin and
E-cadherin, claudin-1 and claudin-7; or wild type,
including tumors negative for vimentin expression
but preserved expression of E-cadherin, claudin
expression, or both. With these classifications, they
briefly reported that the complete phenotype was
significantly associated with lymph node metastasis
and tumor stage in 72 esophageal squamous cell
carcinoma cases. They also identified a small
portion of cancers that had both epithelial features
and mesenchymal characteristics with vimentin
expression, which corresponds to the hybrid type
incomplete epithelial–mesenchymal transition in
our study. Usami et al classified this hybrid
type into their complete epithelial–mesenchymal
transition category, whereas we classified the hybrid
type into the incomplete epithelial–mesenchymal
transition category along with the null type. Our
approach was similar to the work of Hugo et al2 that
indicated that the hybrid state was a result of
incomplete epithelial–mesenchymal transition. For
our classification, we found that the hybrid type
behavior was closer to that of the complete type,
whereas behavior of the null type was more similar
to the wild type.

Loss of E-cadherin expression is a well-documen-
ted condition for invasiveness;14–20 however, this
result is debatable.3,4 Our work demonstrated that
the loss of E-cadherin itself, without a mesenchymal
phenotype, may not be associated with invasive
behavior, whereas tumors with a mesenchymal
phenotype, regardless of E-cadherin expression,

showed aggressive behavior in esophageal squa-
mous cell carcinoma. Recently, Uchikado et al21

reported that the patients with esophageal squa-
mous cell carcinoma who were positive for Slug
expression had deeper tumor invasion and worse
prognosis in the E-cadherin preserved group. These
E-cadherin (þ ) and Slug (þ ) cases may be related to
the hybrid type of epithelial–mesenchymal transi-
tion because Slug is also an important transcription
factor involved in epithelial–mesenchymal transi-
tion.22 Furthermore, Natsugoe et al23 also described
that some epithelial–mesenchymal transition pa-
tients with preserved E-cadherin expression had a
poor prognosis, and the overall survival rate was
better in patients with negative Snail expression
than in those with positive Snail expression in the
preserved E-cadherin group. These results could be
explained if the ones with poor prognosis in the
group with preserved E-cadherin are associated with
the cases that were classified as the hybrid type of
epithelial–mesenchymal transition in our study.

A limitation of this study is that we did not
evaluate all mesenchymal and epithelial markers for
classification of epithelial–mesenchymal transition
phenotype. There are other known mesenchymal
and epithelial markers related to epithelial–me-
senchymal transition, such as the mesenchymal
markers thrombospondin, N-cadherin, Tenascin C,
and MMP3 and the epithelial markers cytokeratin,
occludin, and claudin.24 However, the proteins
selected in this study were the most important and
representative proteins for epithelial–mesenchymal
transition-related phenotypes.

Table 3 Multivariate Cox proportional hazards model predicting survival in 156 esophageal squamous cell carcinoma

Characteristic Category Disease-free survival Overall survival

HR 95% CI P-value HR 95% CI P-value

Age o65 1 Reference 1 Reference
Z65 1.09 0.61–1.94 0.758 1.13 0.61–2.10 0.685

Sex Female 1 Reference 1 Reference
Male 2.15 0.62–7.47 0.227 1.89 0.53–6.74 0.323

Tumor size o4 1 Reference 1 Reference
Z4 1.28 0.74–2.23 0.368 1.45 0.79–2.64 0.225

Differentiation W/D 1 Reference 1 Reference
M/D 1.02 0.44–2.34 0.960 0.97 0.39–2.39 0.959
P/D 1.08 0.44–2.64 0.863 1.47 0.58–3.75 0.414

pT pT1 1 Reference 1 Reference
pT2 1.27 0.48–3.31 0.623 1.35 0.44–4.10 0.596
pT3 1.16 0.51–2.64 0.707 1.49 0.57–3.88 0.406
pT4 2.55 0.75–8.62 0.132 4.47 1.20–16.67 0.025

pN pN0 1 Reference 1 Reference
pN1 1.39 0.67–2.86 0.369 1.28 0.58–2.85 0.535
pN2 2.54 1.19–5.44 0.016 2.67 1.17–6.13 0.020
pN3 6.74 3.14–14.49 o0.001 6.82 3.05–15.29 o0.001

pM pM0 1 Reference 1 Reference
pM1 1.24 0.66–2.33 0.497 1.12 0.56–2.21 0.743

EMT phenotype Wild type 1 Reference 1 Reference
Incomplete type 1.49 0.85–2.63 0.161 1.12 0.61–2.05 0.697
Complete type 3.20 1.68–6.10 o0.001 2.44 1.24–4.79 0.009

HR, hazard ratio; CI, confidence interval; EMT, epithelial–mesenchymal transition.
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In conclusion, classification of epithelial–mesen-
chymal transition phenotype has novel implications
for epithelial–mesenchymal transition markers in
esophageal squamous cell carcinoma, and identifi-
cation of specific phenotypes in tumor samples
might provide a tool to better stratify and predict
patient outcomes.
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