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Independent histological risk factors for lymph node metastasis of superficial
esophageal squamous cell carcinoma; implication of claudin-5
immunohistochemistry for expanding the indications of endoscopic resection
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K. Sugihara,® Y. Eishi!

Departments of 'Human Pathology, *Esophagogastric Surgery and *Surgical Oncology, Tokyo Medical and
Dental University, Tokyo, Japan

SUMMARY. Endoscopic resection is curative for superficial esophageal squamous cell carcinoma (ESCC) limited
to the lamina propria. Endoscopic resection is not recommended for superficial ESCC invading muscularis mucosa
or submucosa, however, because of the high frequency of lymph node metastasis (LNM) in such patients. Methods
to more accurately predict LNM by analysis of endoscopically resected specimens are needed. Patients with
superficial ESCC who underwent surgery without prior chemoradiotherapy (n = 110) were retrospectively exam-
ined to determine whether LNM correlated with immunohistochemical parameters and conventional histological
parameters, including depth of invasion and vascular permeation. Cancer cell expression of claudins-1, 5, and 7,
E-cadherin, B-catenin, and matrix metalloproteinase 7 was evaluated. Univariate analysis revealed that LNM
correlated with claudin-5 expression, but not any other immunohistochemical parameter examined. Multivariate
analysis revealed three independent risk factors for LNM: aberrant claudin-5 expression in cancer cells (odds ratio;
OR [95% confidence interval] = 4.61[1.44-14.77]), depth of submucosal invasion greater than 200 um (3.55
[1.02-13.17]), and positive lymphatic permeation (3.34 [1.22-9.15]). LNM was found in one of 29 (3.4%) patients
with none of these three risk factors, and in 32 of 81 (39.5%) patients with one or more of these risk factors. In
superficial ESCC, routine analysis of claudin-5 expression in cancer cells together with depth of invasion and
lymphatic permeation may be useful for predicting LNM and thereby reducing the number of patients undergoing
additional surgery after successful endoscopic resection.

KEY WORDS: claudin-5, esophagus, lymph node metastasis, squamous cell carcinoma, submucosal invasion.

INTRODUCTION such early lesions.*® On the other hand, endoscopic

resection is not recommended for superficial ESCC

Squamous cell carcinoma accounts for more than
90% of esophageal cancer in Japan.'? When esoph-
ageal squamous cell carcinoma (ESCC) is confined
to the mucosa or the submucosa, the term superficial
ESCC is used irrespective of lymph node metastases
(LNM).? In superficial ESCC, curative endoscopic
resection can be achieved when the tumor is intra-
epithelial or the tumor invasion is limited to the
lamina propria mucosa, because the frequency of
LNM is generally low (0 to 5.6%) in patients with
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invading the muscularis mucosa or submucosa*®
because the frequency of LNM is generally high (19
to 50%) in patients with such invasive lesions.”
Although surgical resection of superficial ESCC
provides excellent results, patients often complain of
reflux, dysphagia, and severe chest pain after esoph-
agectomy. In Japan, to avoid unnecessary surgery,
endoscopic resection has recently become the first-
choice treatment for superficial ESCC. Additional
surgery may then be considered based on histological
assessment of the specimens for the risk factors of
LNM, such as depth of invasion and vascular per-
meation. To reduce the number of patients who
undergo unnecessary surgery and to increase the
number of patients who can be followed without
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Claudin-5 expression of esophageal cancer 399

additional surgery after endoscopic intervention,
more accurate methods to predict LNM by analysis
of the endoscopically resected specimens are needed.

Depth of invasion and vascular permeation
are currently considered the major risk factors for
LNM of ESCC.>%’ Several other histological factors,
including infiltrative growth pattern'®'%; downregula-
tion of cell adhesion molecules, such as E-cadherin'?
and B-catenin'®; downregulation of tight junction-
associated proteins, such as claudin-7'%; and expres-
sion of matrix metalloproteinases (MMP) such
as MMP-7'51¢are recently proposed predictive risk
factors for LNM of ESCC. The correlations between
LNM and these risk factors, except for infiltrative
growth pattern'® and MMP-7,"* however, have not
been evaluated in superficial ESCC.

Claudins-1 and 7 are tight junction proteins of
normal esophageal squamous epithelium,!” whereas
claudin-5 is a tight junction protein of normal en-
dothelial cells.'”® Claudin-5, forming the backbone of
tight junctions in blood vessels and lymphatic endot-
helial cells, has an important role in maintaining
the homeostasis of the tissue microenvironment.'*!
Claudin-5 seems to be important for blood brain
barrier function because drug transport across the
blood brain barrier in claudin-5-deficient mice is
increased.” On the other hand, several studies about
significance of claudin-5 expression in cancer cells
were reported.?** However, the relationship between
claudin-5 expression in cancer cells of superficial
ESCC and LNM has not been studied.

The aim of the present study was to determine
independent risk factors for LNM that can be
evaluated by histological analysis of endoscopically
resected specimens. Previously estimated risk factors,
including depth of invasion, vascular permeation,
infiltrative growth pattern, cancer cell expression
of PB-catenin, E-cadherin, claudins-1 and 7, and
MMP-7, were evaluated by retrospective analysis of
110 patients with superficial ESCC who underwent
surgery. Aberrant expression of claudin-5 in cancer
cells was also evaluated as a possible risk factor for
LNM of superficial ESCC.

MATERIALS AND METHODS
Patients and lesions

Superficial ESCC was defined as carcinoma limited
within the mucosa or submucosa irrespective of
LNM. A total of 110 consecutive patients with super-
ficial ESCC undergoing esophagectomy and lymph
node dissection without prior chemoradiotherapy at
the Tokyo Medical and Dental University Hospital
between August 1992 and January 2008 were retro-
spectively enrolled in the study. All patients under-
went esophagectomy for the primary tumor with
three exceptional cases. The three patients underwent
© 2009 Copyright the Authors

endoscopic resection of the primary tumor prior to
esophagectomy. Clinicopathological profiles of the
patients were analyzed according to the classifica-
tion of esophageal cancer proposed by the Japanese
Society of Esophageal Diseases.*’

Hematoxylin—eosin (HE)-stained sections were
reviewed and one or two paraffin blocks that included
the most invasive area of the primary tumor were
selected. Semiserial sections 4 um thick were cut
from the paraffin-embedded lesions and mounted on
Superfrost/MAS coated slides (Matsunami Glass
Industries, Ltd., Osaka, Japan). One of the sections
was used for Elastica van Gieson staining to evaluate
venous permeation. Others were used for the im-
munohistochemistry described below. Histological
factors including depth of invasion, tumor differen-
tiation, tumor growth pattern and vascular per-
meation, and immunohistochemical results were
evaluated by two independent observers (T. C. and
H. K.) without knowledge of the clinical outcomes.
All for which there was disagreement between the two
observers were reevaluated and complete agreement
was reached after discussion.

Depth of invasion

According to the Japanese classification of eso-
phageal cancer,* depth of invasion was classi-
fied as Tla-EP (in situ), Tla-LPM (invading the
lamina propria), Tla-MM (invading the muscularis
mucosa), and T1b (submucosal invasion). According
to the depth of submucosal invasion, T1b tumors
were further classified into two groups; T1b-shallow
(submucosal invasion 200 um or less) and T1b-deep
(submucosal invasion greater than 200 um) (Fig. 1).
The cutoff line between the two T1b groups was
based on the study by Yoshida et al.> Depth of sub-
mucosal invasion (distance from muscularis mucosa
to the submucosal invasive front) was measured
using a scale under microscopy. Desmin immun-
ostaining was used to identify the muscularis
mucosa.

Tumor differentiation

Tumor differentiation was classified into three
groups: well differentiated, moderately differentiated,
and poorly differentiated, based on the World Health
Organization criteria for histological classification.?

Vascular permeation

Vascular (lymphatic and venous) permeation was
evaluated as positive or negative using semiserial
sections of HE and Elastica van Gieson staining
supported by D2-40 immunostaining for lymphatic
endothelial cells and CD34 immunostaining for
venous endothelial cells.
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Fig. 1 Classification of superficial esophageal squamous cell carcinoma according to depth of invasion. Cancer lesions were classified

as Tla-EP (intra-epithelial cancer), Tla-LPM (invading the lamina proprial mucosa), Tla-MM (invading the muscularis mucosa), and

T1b (submucosal invasion). For T1b tumors, depth of submucosal invasion was determined by measuring the vertical distance between
the muscularis mucosa and invasive front of the tumor. A T1b-shallow tumor was defined as a lesion with submucosal invasion of

200 um or less and a T1b-deep tumor as a lesion with submucosal invasion of more than 200 um.

Tumor growth pattern

Tumor growth pattern at the invasive front was
evaluated on HE-stained sections according to the
method by Egashira er al.'; a cancer cell nest 20 um
or less in maximum diameter and free from primary
foci connected to intraepithelial cancers on the
section was defined as a droplet infiltration. The
tumors were considered positive when the lesions
contained one or more droplet infiltration.

Immunostaining

Immunostaining was performed according to the
protocol described in each reference paper with modi-
fications. The antibodies used in the study are listed
in Table 1, including their manufacturers, antigen
retrieval method, buffer pH for the retrieval, working
dilution of primary antibody, incubation time and
temperature, and references.'®>! Endogenous per-
oxidase activity was blocked by 10 min of incubation
with 0.03% hydrogen peroxide solution containing
10 mM sodium azide. All sections were incubated
with a primary antibody at its working dilution for
60 min at room temperature or 24 h at 4C, subse-
quent to antigen retrieval. Sections were stained to
detect each antigen using a Vectastain ABC immu-
noperoxidase kit (Vector Laboratories, Burlington,
VT, USA) or an EnVision+ System (Dako A/S, Glos-
trup, Denmark). The sections were incubated for

Table 1 Antibodies used in the study

10 min in 3,3’-diaminobenzidine, which stained the
antigen brown, and counterstained with Mayer’s
hematoxylin.

Evaluation of immunostaining

Immunostaining was evaluated at the areas of
tumor invasion. Based on previously published cri-
teria,”>* the cancer cell expression of E-cadherin
and B-catenin was compared with that of normal
epithelial cells, which constitutively express these
molecules, in the same samples. Cancer cells whose
staining was stronger than or as strong as that of
normal epithelial cells were classified as positive. If
the staining was weak or negative, the cells were
classified as negative. The expression of E-cadherin
and B-catenin in the tumors was graded according
to the proportion of positive cells. When 90% or
more of the cancer cells were positively stained, the
tumors were considered to have preserved expres-
sion. When less than 90% of cancer cells were posi-
tively stained, the tumors were considered to have
reduced expression (Fig. 2).

The immunostaining signals of cytoplasmic
B-catenin or MMP-7 were scored as the number of
stained cells divided by the total number of cancer
cells, and the expression of these cytoplasmic proteins
in the tumors was considered positive when more
than 10% of the cancer cells were stained (Fig. 2),
according to the criteria by Saeki et al.**

Incubation
Working  Antigen Buffer  time and Second Reference

Antibody to  Manufacturers dilution retrieval pH temperature  antibody = number
Desmin DakoCytomation, Glostrup, Denmark 1:100 MW, 40 min 9.0 1h, RT EnVision %
D2-40 Covance, Princeton, NJ, USA 1:50 MW, 40 min 9.0 1h, RT EnVision %
CD34 Nichirei, Tokyo, Japan 1:1 None - 24 h, 4C EnVision
E-cadherin DakoCytomation, Glostrup, Denmark 1:100 AC, 20 min 6.0 24 h, 4C ABC 28
B-catenin DakoCytomation, Glostrup, Denmark 1:100 AC, 20 min 6.0 24 h, 4C EnVision %
MMP-7 Daiichi Fine Chemical, Toyama, Japan 1 : 2500 MW, 20 min 9.0 24 h, 4C ABC »
Claudin-1 Zymed, San Francisco, CA, USA 1:500 AC, 20 min 9.0 24 h, 4C ABC 18
Claudin-5 Zymed, San Francisco, CA, USA 1:80 MW, 40 min 9.0 1h, RT ABC 0
Claudin-7 Zymed, San Francisco, CA, USA 1:100 AC, 20 min 9.0 24 h, 4C ABC 3

ABC, ABC immunoperoxidase kit (Vector Laboratories); AC, autoclave; EnVision, EnVision + System (DAKO A/S); MW, microwave;

RT, room temperature.
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Claudin-5 expression of esophageal cancer 401

Fig. 2 Cancer cell expression of E-cadherin, B-catenin, and matrix metalloproteinases (MMP)-7. Immunostaining patterns of E-cadherin
(A, B, and C), B-catenin (D, E, and F), and MMP-7 (G, H, and 1) are shown together with hematoxylin—eosin staining of each semiserial
section (upper half). Membrane staining of E-cadherin and B-catenin was observed in the parabasal cells of the normal esophageal epithe-
lial layer (A and D). Such staining patterns were preserved in some cancer lesions (B and E) and reduced in the other cancer lesions (C).
Cytoplasmic expression of B-catenin was observed in some lesions (F). MMP-7 was not expressed in normal esophageal epithelium (G).
Cancer cell expression of MMP-7 was observed in some lesions (I), whereas MMP-7 was totally negative in the other lesions (H).

© 2009 Copyright the Authors
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402 Diseases of the Esophagus

Fig. 3 Reduced or preserved cancer cell expression of claudins-1 and 7. Immunostaining patterns of claudin-1 (A, B, and C) and
claudin-7 (D, E, and F) are shown together with hematoxylin—eosin staining of each semiserial section (upper half). Membrane staining
of claudins-1 and 7 was observed in the prickle cells of the normal esophageal epithelial layer (A and D). Such staining patterns were
preserved in some cancer lesions (B and E) and reduced in other cancer lesions (C and F).

In the study, reduced expression of membranous
B-catenin and abnormal accumulation of cytoplasmic
B-catenin in cancer cells were evaluated independently
because each event is considered to be important in
terms of alteration in Wnt signaling pathway."

Membrane staining of claudins-1 and 7 was clas-
sified as positive when the intensity of the cancer cells
was equivalent to that in normal squamous cells
and scored as the number of positive cells divided by
the total number of cancer cells. The expression of
claudins-1 and 7 in the tumors was considered posi-
tive when more than 25% of the cancer cells were
stained (Fig. 3), according to the criteria by Takala
et al.® Because claudin-5 was not expressed at all in
normal squamous epithelium, cancer cell expression
of claudin-5 was considered positive when any of the
cancer cells in the tumors were stained (Fig. 4).

Statistical analysis

For univariate and multivariate analysis of LNM, a
logistic regression model was used. To fit the multi-
variate models, a forward conditional method was
used to introduce variables stepwise into the model.
The chi-square test was used to evaluate the correla-
tion between two different groups. A P-value of less
than 0.05 was considered statistically significant.

RESULTS
Univariate analysis for LNM

In the study, LNM was detected in 33 (30.0%)
of the 110 patients. The correlation between LNM
and clinicopathological and immunohistochemical
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Fig.4 Aberrant cancer cell expression of claudin-5. Representative immunostaining patterns of claudin-5 in cancer cells are shown
together with hematoxylin—eosin staining of each semiserial section (upper half). Claudin-5 was not expressed in normal esophageal
epithelium (A). Claudin-5 was totally negative in tumors of many patients (B). In tumors with aberrant claudin-5 expression (C, D, E,
and F), the intensity and distribution of claudin-5-positive cancer cells were variable. The membrane staining pattern of claudin-5 was
either diffuse (C) or focal (D). Discontinuous pericellular staining was prominent in some samples (E) and scattered in other samples (F).

parameters was examined by univariate analysis.
LNM correlated with clinicopathological parameters
such as female (P = 0.007), poorly differentiated type
(P = 0.047), depth of submucosal invasion greater
than 200 um (P < 0.001), positive lymphatic perme-
ation (P < 0.001), and positive venous permeation
(P < 0.001; Table 2). LNM was also correlated with
immunohistochemical parameter, such as aberrant
claudin-5 expression in cancer cells (P = 0.0074), but
not with any other immunohistochemical parameters
examined (Table 3).

Multivariate analysis for LNM

The five histological parameters that were signifi-
cantly correlated with LNM in univariate analysis
were used for the logistic regression model (Table 4).
© 2009 Copyright the Authors

LNM independently correlated with aberrant
claudin-5 expression in cancer cells, depth of submu-
cosal invasion greater than 200 um, and positive lym-
phatic permeation.

Frequency of LNM according to the number of
independent risk factors

Frequency of LNM was evaluated according to the
number of independent risk factors revealed by mul-
tivariate analysis. The evaluation was performed with
the two risk factors already used in conventional
routine examination (depth of submucosal invasion
greater than 200 um and positive lymphatic perme-
ation) (Table 5) and with all three independent risk
factors including aberrant claudin-5 expression
in cancer cells (Table 6). The frequency of LNM
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Table 2 Univariate analysis of clinicopathological parameters for lymph node metastasis

Number of patients Lymph node
Clinicopathological parameters (n=110) metastasis (%) P-value
Sex
Male 98 25 (25.5) 0.0070
Female 12 8 (66.7)
Age
Less than 60 37 10 (27.0) 0.63
60 or more 73 23 (31.5)
Treatment
Esophagectomy (only) 107 31 (29.0) 0.16
EMR or ESD + esophagectomy 3 2 (66.7)
Differentiation
Well + moderately differentiated 72 17 (23.6) 0.047
Poorly differentiated 38 16 (42.1)
Depth of invasion
Tla 33 3.1
Tla-EP 0 -
Tla-LPM 2 0 (0.0)
Tla-MM 31 309.7)
T1b 77 30 (39.0)
T1b-shallow 13 2(15.4)
T1b-deep 64 28 (43.8) <0.001*
Tla +Tlb-shallow 46 5(10.9)
Droplet infiltration
Positive 77 25(32.5) 0.39
Negative 33 8(24.2)
Lymphatic permeation
Positive 46 22 (47.8) <0.001
Negative 64 11 (17.2)
Venous permeation
Positive 40 20 (50.0) <0.001
Negative 70 13 (18.6)

*Univariate analysis was performed for T1b-deep vs. Tla + T1b-shallow. EMR, endoscopic mucosal resection; ESD, endoscopic submu-
cosal dissection; Tla, intramucosal carcinoma; Tla-EP, carcinoma in situ; Tla-LPM, carcinoma invading the lamina propria; Tla-MM,
carcinoma invading the muscularis mucosa; T1b, carcinoma with submucosal invasion; T1b-shallow, carcinoma with submucosal invasion
200 um or less; T1b-deep, carcinoma with submucosal invasion greater than 200 um.

Table 3 Univariate analysis of immunohistochemical parameters for lymph node metastasis

Immunohistochemical Number of patients Lymph node

parameters (n=110) metastasis (%) P-value

E-cadherin
Reduced 59 19 (32.2) 0.59
Preserved 51 14 (27.4)

B-catenin (membranous)
Reduced 63 20 (31.4) 0.65
Preserved 47 13 (27.7)

B-catenin (cytoplasmic)
Positive 41 12 (29.3) 0.90
Negative 69 21 (30.4)

Matrix metalloproteinase 7
Positive 19 7 (36.8) 0.48
Negative 91 26 (28.6)

Claudin-1
Negative 10 1 (10.0) 0.15
Positive 100 32 (32.0)

Claudin-5
Positive 17 10 (58.8) 0.0074
Negative 93 23 (24.3)

Claudin-7
Negative 19 8 (42.1) 0.21
Positive 91 25 (27.5)

© 2009 Copyright the Authors
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Table 4 Multivariate analysis of the five histological parameters
for lymph node metastasis

Parameters OR  (95% CI) P-value

Aberrant expression of claudin-5 4.61 (1.44-14.77) 0.010
in cancer cells

Depth of submucosal invasion 3.55 (1.02-13.17) 0.048
greater than 200 um

Positive lymphatic permeation 334 (1.22-9.15)  0.019

Poorly differentiated cancer 2.36 (0.87-6.39) 0.081

Positive venous permeation 1.62  (0.52-5.04)  0.40

OR, odds ratio; 95% CI, 95% confidence interval.

increased according to the number of risk factors
in both types of combination. By adding aberrant
claudin-5 expression as a new risk factor, the fre-
quency of LNM increased in patients with all risk
factors (60.0% vs. 87.5%) and decreased in patients
with no risk factor (9.1% vs. 3.4%).

DISCUSSION

In the present study, claudin-5 expression was
detected in the cancer cells in some patients. Multi-
variate analysis revealed three independent histo-
logical risk factors for LNM: aberrant claudin-5
expression in cancer cells, depth of submucosal inva-
sion greater than 200 um, and positive lymphatic
permeation. Therefore, histological evaluation of
claudin-5 expression in cancer cells, depth of inva-
sion, and lymphatic permeation during examination

Table 5 Frequency of lymph node metastasis according to the
number of the two risk factors already used in routine examination

Number of
patients with
the risk factors

Number (%) of
patients with
nodal metastasis

Number of the
risk factorst

One or more 77 30 (39.0)*
2 35 21 (60.0)
1 42 9 (21.4)
None 33 3(9.D)*

*P =0.0011. TRisk factors include submucosal invasion greater
than 200 um and positive lymphatic permeation.

Table 6 Frequency of lymph node metastasis according to the
number of the three independent risk factors

Number of
patients with
the risk factors

Number (%) of
patients with
nodal metastasis

Number of the
risk factorst

One or more 81 32 (39.5)*
3 8 7 (87.5)
2 30 15 (50.0)
1 43 10 (23.3)
None 29 1 (3.4)*

*P < 0.001. TRisk factors include aberrant expression of claudin-5
in cancer cells, submucosal invasion greater than 200 um, and
positive lymphatic permeation.

© 2009 Copyright the Authors

of specimens obtained by successful endoscopic resec-
tion of superficial ESCC may be useful for predicting
LNM and may help to reduce the number of patients
who undergo additional surgery after successful endo-
scopic resection.

LNM was independently correlated with
claudin-5 expression in cancer cells. Dendritic cells
are equipped with tight junction proteins that enable
them to migrate into the luminal space by passing
through the mucosal layer composed of epithelial
cells expressing identical tight junction proteins.*>
Cancer cells with aberrant claudin-5 expression
may tend to colonize in the lymphatic sinus because
claudin-5-positive cancer cells have an affinity for the
sinus-lining endothelial cells of lymph nodes that
express the specific molecular architecture of cel-
lular junctions, including claudin-5.% Alternatively,
aberrant expression of claudin-5 may reflect the
malignant potential of cancer cells because claudin-5
regulates cell proliferation in ESCC* and gastric
cancer.”

Takala et al. reported that LNM did not correlate
with cancer cell expression of claudin-5 in esophageal
cancer.” The discrepancy between their study and
ours may be due to differences in the cases examined.
We examined only cases of superficial ESCC, whereas
they examined 54 cases of ESCC and 20 cases of
esophageal adenocarcinoma. Claudin-5 expression
was more frequent in esophageal adenocarcinoma
(53%) than ESCC (25%). Furthermore, their study
included many cases of advanced ESCC in which
LNM seems to be more frequent than in superficial
ESCC.

Because claudin-5 is not expressed in normal
squamous epithelium of the esophagus, aberrant
expression of this protein can be easily and subjec-
tively evaluated. Any membrane immunostaining of
cancer cells in the tumors was considered aberrant
expression, regardless of the intensity and distribu-
tion of positive signals in the tumor. This is why we
propose that this immunohistochemical parameter
can be used together with depth of invasion and lym-
phatic permeation in routine examination to estimate
the risk for LNM. LNM was found in one (3.4%) of
the 29 patients with none of these three risk factors,
whereas LNM was found in 32 (39.5%) of the 81
patients with one or more of these risk factors.

In the present study of superficial ESCC, LNM
was not correlated with parameters associated with
cancer cell-to-cell interactions, including reduced
expression of adhesion molecules such as E-cadherin
and B-catenin and tight junction molecules such as
claudin-1 and claudin-7. In some reports, reduced
cancer cell expression of E-cadherin correlated
with LNM in ESCC.">" In ESCC, LNM corre-
lated with the reduced expression of membranous
B-catenin® and the aberrant expression of cytop-
lasmic B-catenin.'> Aberrant cancer cell expression of
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MMP-7 also correlated with LNM in ESCC.'® Usami
et al. reported that reduced cancer cell expression of
claudin-7, but not claudin-1, correlated with LNM
in ESCC." In the present study, the cutoff points
between normal and abnormal expressions for these
parameters were decided by using definitions of the
previous studies.”*?3* Even when LNM was evalu-
ated by using other cutoff points with the help of a
receiver operating characteristic (ROC) curve, statis-
tical significance could not be found between LNM
and abnormal expressions (data not shown). All of
the previous studies which reported significant corre-
lations between LNM and abnormal expressions
included many cases with invasion of the proprial
muscle layers or even deeper. In contrast to these
studies, the present study included only cases
of superficial ESCC to clarify the risk factors for
LNM in early lesions that can be treated by endo-
scopic resection. Therefore, direct comparison of the
statistical findings between these previous reports and
our results is not relevant for these immunohis-
tochemical parameters.

Lymphatic permeation was an independent risk
factor, but the odds ratio was not higher than the
other two independent risk factors revealed in the
study. Although vascular permeation, especially lym-
phatic permeation, is believed to be useful for pre-
dicting LNM, LNM occurs in many cases without
lymphatic permeation. Eguchi et al reported that
LNM occurs in 10% of Tla-MM tumors without
lymphatic permeation.’ In the present study, LNM
was found in 9% of Tla-MM (17% of T1b-shallow
and 20% of Tlb-deep) tumors without lymphatic
permeation. Thus, this parameter is not a reliable
predictive factor unless the other risk factors are con-
sidered at the same time.

Much interest has been paid to the infiltration
pattern of cancer cells at the invasive front of gas-
trointestinal cancer. In colorectal cancer, small
cancer cell nests, called ‘tumor budding’ or ‘sprout-
ing,” are a major predictive risk factor for LNM in
early invasive cancer® and for a poor survival rate in
advanced cancer.*’ In superficial ESCC, such an infil-
trative growth pattern of cancer cells has been named
droplet infiltration, emphasizing its significant corre-
lation with LNM in T1a-MM tumors.'° In the present
study, however, droplet infiltration did not correlate
with LNM, even when limited to Tla-MM tumors. In
fact, some of the lesions without droplet infiltration
directly invaded the lymphatic vessels, forming rela-
tively larger cell nests. Further studies are needed to
conclude whether droplet infiltration is predictive of
LNM.

It is widely accepted that endoscopic resection of
superficial ESCC lesions with T1a-EP and Tla-LPM
can be curative because these lesions lack LNM,>*®
but the present study did not provide any information
about this point because there were no cases of

T1a-EP and only two cases of Tla-LPM. LNM was
found in 10% of esophageal Tla-MM cancer in the
study. On the other hand, LNM is extremely rare in
intramucosal gastric cancer,”** and colorectal can-
cer.¥* The frequency of LNM is reported to be 20 or
18% in early invasive gastric cancer*** and 11 or 10%
in early invasive colorectal cancer,®* whereas the
frequency is reported to be 30 or 57% in superficial
ESCC with submucosal invasion (T1b).”® In the
present study, LNM frequency was 39% in all T1b
(15% in T1b-shallow and 44% in T1b-deep), which is
consistent with the previous reports. Especially after
successful endoscopic resection of superficial ESCC
of Tla-MM and TI1b, the risk factors for LNM
need to be evaluated in the specimens to determine
whether additional surgery should be recommended
to remove lymph nodes with possible metastasis.

In the present study, we did a retrospective analy-
sis of patients with superficial ESCC who underwent
esophagectomy and lymph node dissection. The
results obtained here indicate that it may be possible
to evaluate the risk for LNM in patients who are
first treated by endoscopic resection for superficial
ESCC. In the absence of such evaluation, even if the
patients examined here had been first treated by
endoscopic resection before surgery, additional
surgery may have been performed in almost all
patients, except for the two patients with a Tla-
LPM type tumor, and metastasis would not have
been detected in 69% (75/108) of the patients
undergoing additional surgery. Using the histologi-
cal evaluation proposed here, the number of
such  patients who underwent unnecessary
surgery may have been decreased and, at the
same time, the number of patients who could be fol-
lowed without additional surgery may have been
increased.

There are a few studies in which the inci-
dence of LNM has been reported for superficial
ESCC. More data on the risk factors for LNM of
superficial ESCC are needed to determine the best
therapeutic strategy of superficial ESCC. The indica-
tion for endoscopic mucosal resection and endo-
scopic submucosal dissection may be expanded
by immunohistochemical evaluation of claudin-5
expression in cancer cells, together with conventional
histological evaluation for depth of invasion and
lymphatic permeation.

7-10,44.,45
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