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Lymphovascular invasion is an important predictor
of lymph node metastasis in endoscopically
resected early gastric cancers
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Abstract. With an increased incidence of early gastric cancer
(EGC) and advances in endoscopic technologies, endoscopic
resection (ER) has become an important treatment modality
for EGC. Therefore, precise assessment of the risk of lymph
node (LN) metastasis in ER specimens has become essential.
The widely accepted criteria for ER have been mostly obtained
from surgical data. This study was performed to evaluate
the adequacy of these criteria and re-evaluate the predictive
power of the criteria for LN metastasis. We evaluated a series
of pathologic factors in ER specimens from 79 gastric cancer
patients treated with endoscopic mucosal resection (7) or endo-
scopic submucosal dissection (72) and underwent subsequent
surgical resection due to the potential risk of LN metastasis.
Of the 79 patients, 10 patients (12.7%) exhibited regional LN
metastasis. Univariate analysis revealed that the presence of
lymphovascular invasion (LVI) was significantly associated
with LN metastasis (26/69, 37.7 vs. 9/10, 90%, P=0.004). The
number of LVI was significantly higher in the LN metastasis
group (1.1£2.3 vs. 7.7+8 .4, P<0.001). By multivariate analysis,
the presence of LVI (odds ratio, 21.41; P=0.010) and undifferen-
tiated histology (odds ratio, 11.15; P=0.016) were significantly
correlated with LN metastasis. The presence of LVI, undiffer-
entiated histology and the numbers of LVI were important risk
factors for LN metastasis. Among these factors, the presence
of LVI was the most important risk factor for LN metastasis in
endoscopically resected early gastric cancer.

Introduction

With advances in diagnostic technologies and mass popula-
tion screening, the proportion of early gastric cancer (EGC)
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has rapidly and consistently increased, especially in Korea
and Japan, over past decades (1-3). EGC have a favorable
prognosis, with 5-year survival rates exceeding 90%; however,
the presence of lymph node (LN) metastasis significantly
affects survival in these patients (84.6% in the LN-positive
group vs. 96.2% in the LN-negative group) (1,4). The number
of patients with EGC treated with endoscopic resection,
either endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD), has rapidly increased in Korea
(5). The new and refined ESD technique has accelerated this
trend. Therefore, a precise prediction of LN metastasis in ER
specimens is more important than ever. The more precise
the prediction, the higher the chance for LN-negative EGC
patients to be treated with stomach-preserving modalities
such as endoscopic resection or limited surgical resection, and
have a better quality of life.

The classic indication for EMR is a small (<20 mm in size)
differentiated intramucosal adenocarcinoma without ulcer-
ation (6). ESD with overcoming the limitation of the tumor
size or location and an achievement of successful en bloc
resection has extended the indications for EGC. The currently
accepted indications for ESD for EGC are i) intramucosal
differentiated adenocarcinoma without ulceration, regardless
of size, ii) ulcerative intramucosal differentiated adenocarci-
noma of <30 mm and iii) differentiated adenocarcinoma of
<30 mm with minute submucosal invasion (SM1, <500 um)
(7). A small (=20 mm in size) intramucosal undifferentiated
adenocarcinoma without ulceration is a marginal indication
for ESD (7,8). The presence of lymphovascular invasion (LVI)
in the ER specimens is an indication for further surgical treat-
ment, gastrectomy with LN dissection (7,9). These criteria
were obtained from studies that investigated pathological
findings of gastrectomy specimens with LN dissection from a
mostly Japanese dataset (7,10,11). To validate these criteria and
the adequacy of ER for EGC, several studies have reported
the clinical outcome of EGCs treated with ER (5,12-15). Oda
et al reported the clinical and surgical outcomes of 144 EGCs,
which were treated with ER and underwent further surgical
treatment due to the risk of LN metastasis. In the study, nine
patients (9/144, 6.3%) had LN metastasis following surgery;
(12) however, no study has investigated the pathologic param-
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Figure 1. Representative figures of pathological evaluations of endoscopically resected specimens. (A) Endoscopic submucosal dissection specimens were
pinned to a Styrofoam board and fixed in 10% formalin. After the lateral and vertical margins were marked with colored ink, the specimen was serially cut
in 2-mm-wide sections. (B) The depth of submucosal invasion was measured as the distance from the lowest level of the muscularis mucosa to the end of the
deepest point of invasion. The width of submucosal invasion was measured as the widest distance of the submucosal invasion. The arrow indicates the depth
of submucosal invasion. The arrow head indicates the width of submucosal invasion.

eters in EGCs treated with ER, and underwent subsequent
surgical treatment to assess the risk of LN metastasis. In this
study, we evaluated a series of pathologic factors to assess
their predictive power for LN metastasis in 79 gastric cancer
patients who were treated with EMR (7) or ESD (72) and who
underwent further gastrectomy with LN dissection due to the
potential risk of LN metastasis.

Materials and methods

Patients. A total of 79 patients with gastric cancer treated by
ER underwent further radical total/subtotal gastrectomy with
LN dissection as a result of risks for LN metastasis at Severance
Hospital, Yonsei University College of Medicine, Seoul,
Korea, from January 2000 to October 2010. As determined by
pathologic evaluation of the ER specimens, the potential risks
for LN metastasis were i) the presence of LVI, ii) submucosal
invasion of >500 pm, iii) vertical resection margin-positive
status and iv) undifferentiated carcinoma with ulceration,
submucosal invasion or >2 cm in size. Patients who had more
than one of these risks underwent subsequent surgical resection
and were included in this study. The patients had no clinical,
ultrasonographic, or radiological evidence of LN or distant
metastasis at the time of ER. Of the 79 patients, 77 patients
underwent gastrectomy immediately (within 1 month) after
ER, while the other two patients underwent gastrectomy after
discovery of local recurrence or after suspicious identification
of LN metastasis during follow-up endoscopic and radiological
examination.

The following clinical factors were obtained from medical
records: gender, age, tumor location, gross type, type of endo-
scopic resection (EMR or ESD), result of resection (en bloc
or piecemeal) and type of gastrectomy. The gross type of the

tumors was reclassified into three groups according to predomi-
nant morphology as follows: elevated, flat and depressed type.

The present study was performed in accordance with the
guidelines issued by our institutional review board, which
approved the retrospective study and waived the requirement for
informed consent. All the patients provided informed consent
for EMR or ESD after explanation of possible procedure-related
risks, complications and alternative surgical options.

Pathological evaluation. ER specimens were pinned to a
Styrofoam board and fixed in 10% formalin. After the lateral
and the vertical resection margin of the specimens were marked
with colored ink according to their orientation, the specimens
were serially cut at a width of 2-3 mm and evaluated (Fig. 1A).
All ER and surgical slides were obtained from the archives of
the Department of Pathology, Yonsei University, Seoul, Korea.
A series of pathological factors was reviewed and/or measured.
These factors included the presence of ulceration, tumor
size, histologic classification, invasion level (lamina propria,
muscularis mucosa or submucosa), depth of submucosal
invasion, width of submucosal invasion, state of lateral and
vertical resection margin, presence of LVI and number of LVIs.
Ulceration was defined histologically as a disruption of the
muscularis mucosa with/without granulation tissue formation
or submucosal fibrosis. The depth of submucosal invasion was
defined as the distance from the lowest level of the muscularis
mucosa (or surface of ulceration) to the end of the deepest
tumor invasion. The width of submucosal invasion was defined
as the widest distance of the submucosal invasive component
(Fig. 1B). The area of submucosal invasion was calculated
using an equation for half of the area of an ellipse [1/2 x 7 x
major axis (half of the width of submucosal invasion) x minor
axis (depth of submucosal invasion)]. For histologic classifica-
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Table I. Clinical characteristics of the 79 patients who under-
went gastrectomy after endoscopic resection.

Characteristic No. of cases (%) (n=79)
Gender

Male 55 (69.6)

Female 24 (304)
Age (years) 58.7+9.7 (35-76)
Location

Cardia to UB 12 (15.2)

MB to LB 14 (17.7)

Angle to antrum 53 (67.1)
Endoscopic resection

EMR 7 89

ESD 72 (91.1)
En bloc/Piecemeal

En bloc 61 (77.2)

Piecemeal 18 (22.8)
Surgery

RTG 10 (12.7)

RSTG 69 (87.3)
Residual tumor

No residual 61 (77.2)

Mucosal only 6 (7.6)

Submucosal only 2 (25)

LNM with/without residual tumor 10 (12.7)

UB, upper body; MB, mid-body; EMR, endoscopic mucosal resection; ESD,
endoscopic submucosal dissection; RTG, radical total gastrectomy; RSTG,
radical subtotal gastrectomy; LNM, lymph node metastasis.

tion, the gastric carcinomas were classified according to the
WHO classification (well, moderately, and poorly differentiated

Differentiated
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tubular adenocarcinomas and signet-ring cell carcinomas) and
the Lauren classification (intestinal and diffuse type). Well and
moderately differentiated tubular adenocarcinomas were clas-
sified as differentiated carcinomas, and poorly differentiated
tubular adenocarcinomas and signet ring cell carcinomas were
classified as undifferentiated carcinomas.

Statistical analysis. Statistical analysis was performed with
SPSS for Windows (version 13.0; SPSS, Chicago, IL). To
identify risk factors for LN metastasis, the data were subjected
to univariate analysis using Fisher's exact test and the Mann-
Whitney U test. To identify independent risk factors for LN
metastasis, a multivariate binary logistic regression analysis
(backward, stepwise) was applied using the following variables:
size (<3 vs. >3 cm), ulceration (presence vs. absence), differen-
tiation (differentiated vs. undifferentiated), Lauren classification
(intestinal vs. diffuse), LVI (presence vs. absence), state of
vertical margin (positive vs. negative), depth of submucosal
invasion (<500 vs. >500 pm), width of submucosal invasion (<6
vs. >6 mm), and area of submucosal invasion (<3 vs. >3 mm?).
LN metastasis rates were estimated with 95% confidence
intervals, based on the exact binomial distribution. P-values
<0.05 were considered statistically significant.

Results

Clinicopathologic characteristics. The 55 male and 24 female
patients (n=79) who underwent gastrectomy had a mean age
of 58.7+9.7 years. Seven patients (8.9%) underwent EMR,
and the other patients (72, 91.1%) were treated by ESD. After
surgical gastrectomy with LN dissection, LN metastasis was
found in ten patients (12.7%). Sixty-one patients (77.2%) had
no residual cancer, and eight patients had mucosal (6 patients,
7.6%) or submucosal (2 patients, 2.5%) residual cancer without
LN metastasis. The clinical characteristics of these patients
are summarized in Table I.

Based on the pathologic features of the ER specimens, the
surgical indications for the 79 patients were i) the presence of

Number of
cases with LNM

cancers (n=59)

LVI (n=27) SM inv <5004 (n=5) |—E|
SM inv >500/m (n=22)

No LVI (n=32) | SM inv<500s (n=3)" |———— 0 |
SM inv >5004m (n=28) ————— 0 |

Undifferentiated

cancers (n=20)

LVI (n=8) SM inv <500 (n=3) ———— 0 |
SM inv >500 (n=5)

{ No LI (n=12) [ mucosal (n=5)

size =2c¢m (n=1 )”}—El

size >2cm (n=4) [— 0 |

{ sMinv <500 (n=2) ———— 0 |

|
| sMinv >500m (n=5) }———— 0 |

Figure 2. Flow chart of the surgical indications for the 79 patients treated with endoscopic resection according to the histologic differentiation, lymphovas-
cular invasion, depth of submucosal invasion and status of LN metastasis after gastrectomy with LN dissection. "These 3 cases had submucosal invasion of
<500 pm in depth were positive for the vertical margin. ““This mucosal undifferentiated cancer had an ulcer. LVI, lymphovascular invasion; SM inv, depth of

submucosal invasion.
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Table II. Pathologic features of the 79 patients who underwent
gastrectomy after endoscopic resection.

Features No. of cases (%) (n=79)
Size (mm) 14.66+8 .44
Size

<3cm 76 (96.2)

>3 cm 3 (3.8
Ulceration

Absent 70 (88.6)

Present 9 (114)
Gross type

Elevated (I or IIa) 47 (59.5)

Flat (IIb) 13 (16.5)

Depressed (IIc or III) 19 (24.1)
Histology

WD 33 (41.8)

MD 26 (32.9)

PD, intestinal 8 (10.1)

PD, diffuse or SRC 12 (15.2)
Lauren classification

Intestinal 67 (84.8)

Diffuse 12 (15.2)
Invasion

Lamina propria 6 (7.6)

Muscularis mucosa 3 (3.8

Submucosa 70 (88.6)
Lymphovascular invasion

Absent 44 (55.7)

Present 35 (44.3)
No. of LVI (n=35) 1.9+42
Resection margin

Negative 36 (45.6)

Lateral positive 8 (10.1)

Vertical positive 35 (44.3)
SM invasion depth (n=70)

<500 ym 18 (22.8)

>500 pm 61 (77.2)
SM invasion depth (n=70, mm) 1.44+0.99
SM invasion width (n=70, mm) 5.98+3.98
SM invasion area (n=70, mm?) 8.93+12.78

WD, well differentiated; MD, moderately differentiated; PD, poorly differen-
tiated; SRC, signet ring cell carcinoma; LVI, lymphovascular invasion; SM,
submucosal.

LVI invasion regardless of histologic type, invasion depth or
resection margin state (35 cancers), ii) positive vertical margin
without LVI regardless of histologic type and invasion depth (22
cancers), iii) submucosal invasion of >500 ym in depth without
LVI and vertical margin involvement regardless of histologic
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Figure 3. The relationship among the depth of submucosal invasion, width of
submucosal invasion and LN metastasis. One intramucosal undifferentiated
cancer with LN metastasis is not represented in this plot. Open circles show
cases without LN metastasis, while closed circles indicate cases with LN
metastasis.

type (15 cancers) and iv) undifferentiated cancers with submu-
cosal invasion, >2 cm in size or ulceration (7 cancers).

In terms of histologic differentiation, 59 of the 78 speci-
mens (74.7%) were differentiated cancers and 20 (25.3%) were
undifferentiated cancers. Of the 59 differentiated cancers, 27
cancers showed LVI regardless of submucosal invasion depth
and resection margin state, and 32 cancers did not have LVI.
Of these 32 cancers without LVI, 29 were submucosal cancers
with a submucosal invasion depth of >500 gm. Among the
29 submucosal cancers, 15 were also positive for vertical
resection margin. The remaining three cancers, which did
not display LVI and had submucosal invasion of <500 um,
were positive for vertical resection margin. Of the 20 undif-
ferentiated cancers, eight showed LVI. Among the 12 cancers
without LVI, the five mucosal cancers consisted of four
cancers of >2 cm in size and one ulcerative cancer in addition
to the seven cancers, which showed submucosal invasion.
The surgical indications for the 79 cases are illustrated in
Fig. 2. The pathological features of the 79 ER specimens are
summarized in Table II.

Among the 79 cancers, nine cancers were confined to the
mucosa, while the other 70 cancers invaded the submucosa. In
the 70 submucosal cancers, 61 (77.2%) cases showed invasion
of >500 xm in depth. The mean depth of submucosal invasion
was 1.44+0.99 mm, and the mean width of the submucosal
invasion was 5.98+3.98 mm. The relationship between inva-
sion depth and width is shown in a scatter plot in Fig. 3.

Risk factors for LN metastasis. The rate of LN metastasis was
12.7% (10/79). The details of the ten patients with LN metas-
tasis are summarized in Table III. Univariate analysis between
the pathologic factors and surgical LN status revealed that the
presence of LVI was significantly associated with LN metas-
tasis (26/69, 37.7% in the node-negative group vs. 9/10,90% in
the node-positive group; P=0.004). In the LVI-positive group
(n=35), nine cases (25%) showed LN metastasis after surgical



ONCOLOGY REPORTS 25: 1589-1595, 2011 1593
Table III. Details of the 10 patients with LN metastasis.
Endoscopic resection Gastrectomy
Gender/Age Size  Gross Histology/ ~ SM depth SM width Resection No.of  Residual
Case (years) Location Method (mm) type Ulcer Lauren (mm) (mm) margins LVI tumor LNM
1 M/56 Antrum  ESD 8 llc Absent PD/intestinal 0.8 3 Vertical 7 Submucosal  4/27
positive
2 M/63 Antrum EMR 15 Ia+llc Absent MD/intestinal 0.1 0.1 Free 1 No 1/19
F/69 Antrum  ESD 30 Ila+llc Absent WD/intestinal 1.1 Free 17 No 1/23
F/54 Antrum  ESD 7 I Present SRC/diffuse 0.2 2 Lateral 10 Subserosal  24/32
positive
M/40 Angle ESD ITa+III Present SRC/diffuse Free 0  Mucosal 1/28
M/63 Antrum  ESD ITa+llc Absent MD/intestinal 23 7 Vertical Muscular 1/35
positive proper
F/65 MB ESD 18  IIa+III Present PD/intestinal 2.2 12 Free 3 Subserosal 3/42
M/49 UB ESD 20 b Absent WD/intestinal 1.5 145 Free 10 Mucosal 18/54
M/59 LB ESD 22 1 Absent PD/intestinal 22 13 Free 2 Mucosal 1/43
10 M/44 Antrum  ESD 45 Ilat+llc Absent MD/intestinal 4.8 24 Vertical 26 Subserosal 2/27
positive

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; SRC,
signet ring cell carcinoma; SM, submucosal; LVI, lymphovascular invasion; LNM, lymph node metastasis.

resection. Additionally, LVI was significantly more frequent in
the LN metastasis group (1.1+£2.3 in the node-negative group
vs. 7.7+8.4 in the node-positive group; P<0.001). The well-
known risk factors for LN metastasis, including a larger tumor
size (>3 cm), submucosal invasion depth of >500 pm, undiffer-
entiated histologic type, and the presence of ulceration, showed
no statistical significance by univariate analysis, probably due
to the limited number of LN metastasis samples (Table I'V).
Several possible risk factors for LN metastasis, including
the presence of LVI, vertical margin status, tumor size, depth
of submucosal invasion, width of submucosal invasion, area
of submucosal invasion, histologic differentiation and Lauren
type, were examined by multivariate logistic binary regression
analysis. The presence of LVI (odds ratio, 21.41; P=0.010) and
undifferentiated histologic type (odds ratio, 11.15; P=0.016)
were significantly correlated with LN metastasis (Table V).

Discussion

We evaluated a series of pathologic features of ER specimens
from 79 patients who were treated with ER and then under-
went further surgical treatment due to potential LN metastasis.
Of these specimens, LN metastasis was found in 10 patients
(12.7%). The reported LN metastasis rates of EGC range
from 0.6 to 4.4% with an average of 3.2% for mucosal cancers
and from 10 to 27% with an average of 19% for submucosal
cancers (16). In the present study, the LN metastasis rates were
11.1% for mucosal cancers (1/9) and 12.9% for submucosa-
invasive cancers (9/70). Of the nine presumed submucosal
cancer patients, only five patients were actually EGCs as
the other four patients revealed residual cancers with more
than submucosal invasion after surgical resection. Thus,
the actual LN metastasis rate for submucosal cancers was

7.6% (5/66), excluding the four cases that exhibited residual
advanced cancer. The LN metastasis rate obtained for mucosal
cancers in this study was significantly higher than the reported
average rate (3.2%) of mucosal cancers. This result supports
the adequacy of the current criteria of ER for mucosal EGC;
however, even though we selected patients at greater risk of LN
metastasis and treated them according to the criteria, the actual
LN metastasis rate (7.6%) for submucosal cancers in this study
was conversely lower than the reported average rate (19%)
of submucosal cancers based on surgical data (16). Despite
the possibility of bias in this study from the limited number
of LN-positive cases, these findings imply that more efforts
should be made to refine the surgical criteria for patients with
EGC who are treated with ER, especially ESD.

In the present study, the presence of LVI was the strongest
predictor for LN metastasis with an odds ratio of 21.41
according to multivariate analysis. Of the ten cases with LN
metastasis, LVI was observed in nine cases. The remaining
LN-positive cancer, which lacked LVI, was an intramu-
cosal signet ring cell carcinoma with ulceration. Of the 35
LVI-positive cases, nine cases (21%) had LN metastasis. The
differentiated cancers showed a trend of more frequent LVI;
however, no statistically significant pathologic parameters
were associated with LVI in this study. LVI is a well-known
risk factor for LN metastasis (16). The pooled odds ratio
from a meta-analysis of 13 studies is 10.88 (16). Gotoda et al
reported that the detection rate of LVI in submucosal EGCs
was 35.6% (388/1091) and that the rate of LN-positive samples
in the LVI-positive group was 41.2% (160/388) (17). Kang
et al reported that rate of LN-positive samples in LVI-positive
submucosal EGCs was 56.8% (25/44) (18). In comparison
with these previous rates (41.2 and 56.8%), our LN-positive
rate (21%, 9/35) in the LVI-positive group is much lower. This
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Table IV. Comparison of pathologic features of endoscopically
resected gastric cancers according to LN metastasis.

KIM et al: LN METASTASIS OF ENDOSCOPICALLY RESECTED EGC

Table V. Multivariate analysis of risk factors for LN metas-
tasis.

No LN metastasis LN metastasis  P-value
Factors (n=69) (%) (n=10)
Size (mm) 14.19+7.74 17.90+12.32 0.496
Size 0.076
<3cm 67 (97.1) 8
>3 cm 2 (29 2
Resection 1.000
En bloc 53 (76.8) 8
Piecemeal 16 (23.2)
Ulcer 0.082
Absent 63 (91.3)
Present 6 (8.7)
Histologic
differentiation
Well to moderate 54 (78.3) 0.112
Poor or SRC 15 (21.7)
Lauren type
Intestinal 59 (85.5) 0.644
Diffuse 10 (14.5)
Vertical margin 0.499
Negative 37 (53.6)
Positive 32 (464)
Invasion 0.695
Mucosa 8 (11.6) 1
SM1 (=500 pm) 7 (10.1) 2
SM2 (>500 pm) 54 (78.3) 7
SM depth (mm) 1.24+0.97 1.52+1.46 0.626
SM wide (mm) 4.84+3.29 8.46+7.65 0.199
SM area (mm?) 6.55+7.91 17.34+27.14 0.312
Lymphovascular 0.004
invasion
Absent 43 (62.3)
Present 26 (37.7) 9
No. of LVI 1.1£2.3 7.7£8.4 <0.001

SRC, signet ring cell carcinoma; SM, submucosal; LVI, lymphovascular invasion.

difference may stem from differences in the cutting method
(2-3 mm thickness in ER specimens vs. 4-5 mm thickness in
surgical specimens) or from the amount of effort to identify
LVI in daily pathologic practice. The number of LVI in the
samples was also significantly associated with LN metastasis.

With regard to histologic type, undifferentiated histology
was also a strong predictor for LN metastasis with an odds
ratio of 11.15 by multivariate analysis. In this study, 20 cases
of undifferentiated carcinomas were treated with ER, prob-
ably due to the failure to accurately predict the submucosal
invasion and/or the histologic type. Undifferentiated histology
is also a well-known risk factor for LN metastasis of EGC

95% Confidence

Risk factors QOdds ratio interval P-value

Lymphovascular
invasion
2141 2.11-217.28

Present 0.010

Absent
Differentiation

Undifferentiated

Differentiated

11.15 1.58-78.77 0016

with a pooled odds ratio of 2 (16). The rates of histological
discrepancies of EGC between endoscopic forceps biopsy and
surgical specimens and between endoscopic forceps biopsy and
ER specimens were 17.5 and 25.6%, respectively (19,20). The
discrepancies are important in the consideration of treatment
modalities of EGC. Further study of these discrepancies using
a large series of EGCs is necessary to evaluate the effects on
the selection of ER candidates and to determine the outcomes
of the endoscopic treatment.

The depth of submucosal invasion is a well-known risk
factor for LN metastasis; (16) however, the depth of submu-
cosal invasion was not significantly correlated with LN
metastasis in this study. This lack of significance may stem
from the limited number of the LN-positive cases in this study.
Nevertheless, 34 EGCs, which invaded the submucosa by more
than 500 pm and did not have LVI, revealed no LN metastasis.
One of the main purposes of this study was re-evaluation of
the 500-xm depth criterion, because the criterion originated
from surgical specimens and the histological state of the
submucosa between ER specimens and surgical specimens
is different, including submucosal saline injection in EMR
specimens, handling time prior to formalin fixation, and the
stretching strength applied to the specimens in the formalin
fixation (21). Despite the possibility of selection bias or case-
number limitation, our results indicate the necessity of further
evaluation to refine the depth criterion using a larger series of
ER specimens and the feasibility of extending the criterion in
a subgroup of submucosal EGCs with a combination of addi-
tional parameters, including LVI; specific histologic type such
as lymphoepithelioma-like carcinoma (medullary carcinoma);
immunohistochemical results of biomarkers which have been
reported as predictive markers for LN metastasis, such as
matrix-metalloproteinase-9, Ki-67-labeling index and mucin
phenotype; and genetic phenotype such as microsatellite
instability (22-26).

The significance of submucosal width as a risk factor
for LN metastasis has been reported for colorectal cancers
(27,28). To date, only one study has reported that a width of
submucosal invasion that exceeds 6 mm is an independent
risk factor for LN metastasis in submucosal invasive gastric
cancers (odds ratio, 8.54; 95% confidence interval, 2.24-41.2;
P=0.0034) (29). In the present study, although the submucosal
invasion width was not a significant risk factor for LN metas-
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tasis, the scatter plot shows a trend that LN metastasis is more
dependent on submucosal invasion width than on submucosal
invasion depth (Fig. 3). To clarify the clinical significance of
the width of submucosal invasion, further study focused on
this parameter with a larger series of submucosal EGCs is
necessary.

In the present study, other risk factors for LN metastasis,
such as tumor size and presence of ulceration, were not statisti-
cally significant. Because these two parameters are more easily
measured and recognized upon endoscopic examination than
other pathologic parameters, these factors would be influenced
more by a selection bias.

In conclusion, of 79 patients treated with ER and who
underwent further surgical treatment due to the potential
risk of LN metastasis, ten patients (12.7%) exhibited LN
metastasis. The presence of LVI, undifferentiated histology
and number of LVI were significant risk factors for predicting
LN metastasis. Among them, the presence of LVI was the
most important risk factor for LN metastasis. Thus, patholo-
gists should make every effort to find the LVI, if necessary,
using additional methods, including step-serial sections or
immunohistochemical study for lymphovascular makers such
as D2-40, CD31 or CD34 and document not only the status
of LVI but also the number of LVI in ER specimens on the
pathology report.
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