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ABSTRACT

Background. A small differentiated gastric cancer with
minute submucosal invasion after endoscopic resection is
regarded as the curative resection criterion of an expanded
indication. However, recent studies have shown a high
incidence of lymph node metastasis in those meeting the
expanded criteria. The aim of this study was to evaluate the
validity of the 500 um criterion and to determine an opti-
mal cutoff value for the expanded indication.

Methods. We reviewed the clinicopathological data of
1,322 patients who underwent curative resection for sub-
mucosal gastric cancer between 2001 and 2013. The full
thickness of the submucosa and the incidence of lymph
node metastasis according to the depth of the submucosal
invasion were evaluated. The sensitivity, specificity, and
positive and negative predictive values were calculated
with receiver operating characteristic (ROC) curve
analysis.

Results. The mean full thickness of the submucosa was
2,605 + 1,760 pm, and the incidence of lymph node
metastasis in 103 tumors meeting the expanded indication
was 3.9 % (4/103). In the ROC analysis, the area under the
curve was 0.664 (95 % confidence interval 0.538-0.791;
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p = 0.017), and the highest negative predictive value of
98 % was observed when the cutoff value was 300 um.
Conclusions. This study suggests that a range reduction in
the depth of submucosal invasion is required to obtain a
high negative predictive value. Further large-scale studies
are required to validate the optimal cutoff value proposed
in this study.

Endoscopic resection is now widely performed as one of
the treatment options for early gastric cancer. According to
recent Japanese guidelines, endoscopic resection is indi-
cated as a standard treatment for tumors meeting the
absolute indication (intramucosal, differentiated type, no
ulcer, <2 cm).1 As an investigational treatment, endo-
scopic submucosal dissection (ESD) has also been accepted
for tumors meeting the expanded criteria as follows: (1)
intramucosal, differentiated type, no ulcer, >2 cm; (2) in-
tramucosal, differentiated type, ulcer present, <3 cm; and
(3) intramucosal, undifferentiated type, no ulcer, <2 cm.

For submucosal cancer, endoscopic resection has not
been suitable because of the high possibility of lymph node
metastasis, which is approximately 10-20 %.>~* However,
Gotoda et al.” revealed no incidence (0/145) of lymph node
metastasis in minute submucosal cancer, and the following
conditions have been included in the curative resection
criteria of the expanded indications: SMI1 invasion
(<500 pm), size <3 cm, differentiated type, no lympho-
vascular invasion (LVI), en bloc resection, and a negative
margin.

However, recent studies have shown higher incidences
of lymph node metastasis in the expanded indication
compared with those reported by Gotoda et al.*>~’ More-
over, the depth of submucosal invasion can be different
according to the measurement method, and this discrep-
ancy has resulted in debate over the suitability of the
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500 pm criterion. Because treatment can be entirely dif-
ferent according to the depth of the submucosal invasion,
careful consideration is needed in deciding the criteria for
the depth of submucosal invasion.

In this study, we aimed to determine whether the 500 pm
criterion is appropriate as the curative resection criterion of
the expanded indication, and what submucosal invasion
depth cutoff value is optimal for endoscopic resection.

PATIENTS AND METHODS
Study Cohort and Data

Between January 2001 and December 2013, a total of 1,919
patients underwent curative gastrectomy with lymph node
dissection for submucosal gastric cancer at the National
Cancer Center, Korea. Laparoscopy- or robot-assisted surgery
was performed in 809 (61.2 %) patients, and the proportion of
subtotal gastrectomy was 78.7 % (1,040/1,322). All patients
underwent D14 or D2 lymph node dissection as defined by
Japanese treatment guidelines.' Of these patients, we exclu-
ded 163 who had multiple lesions, 3 with unusual histology,
such as hepatoid and sarcomatoid carcinoma, 1 who had
previously undergone a subtotal gastrectomy for gastric can-
cer, and 1 who had received chemotherapy for gastric
lymphoma. Moreover, 429 patients were excluded because
they had no description of the depth of submucosal invasion
(um) in the pathological report. A total of 1,322 patients with
submucosal invasion were included in this study

The clinicopathological characteristics were reviewed
based on the medical charts and pathological reports.
Tumor location was categorized as upper, middle, or lower
one-third and overlapping based on the center of the main
lesion, and the maximum diameter was recorded as the
tumor size. The macroscopic tumor type was reported
based on the pathological finding according to Japanese
guidelines.® A combined type, such as Type O-IIc + Iib,
was classified as a predominant type (the former one, Ilc).
Histological type was classified according to the World
Health Organization classification and was categorized
according to recent Japanese guidelines. Papillary adeno-
carcinoma, and well and moderately differentiated tubular
adenocarcinoma, were included in the differentiated type,
while the undifferentiated type included poorly differenti-
ated tubular adenocarcinoma, signet ring cell carcinoma,
and mucinous adenocarcinoma.®® When a tumor consisted
of components of both differentiated and undifferentiated
types, a quantitatively predominant type was described.’
LVI was defined as tumor cells that were spread through
the lymphatic or venous vessels and were categorized as
‘not identified’ or ‘present’. The 7th American Joint
Committee on Cancer (AJCC) TNM classification was

used to indicate the depth of invasion and lymph node
metastasis.”

This study was performed with the approval of the
Institutional Review Boards of the National Cancer Center,
Korea (NCC2014-0019).

Evaluation of the Depth of Submucosal Invasion
and Lymph Node

As soon as a specimen was extracted, a surgeon opened
the specimen according to the greater or lesser curvature
depending on tumor location. Lymph node was also clas-
sified by a surgeon as nodal station according to the
Japanese classification. The specimen was then sent to an
experienced pathologist (MCK).® The lesion was identified,
and the mucosal folds around the lesion were unfolded
evenly without any forced stretching. After gross exami-
nation, the specimen was pinned at the edges without
stretching. After formalin fixation, the pathologist evalu-
ated the depth of invasion and lymph node metastasis.

The depth of submucosal invasion was the length (in
pm) from the lower border of the muscularis mucosae to
the point of the deepest tumor penetration.' When the
continuity of muscularis mucosa was disrupted due to
tumor infiltration or ulcer formation, or only a small
fragment separately remained in the upper submucosa, the
length was measured on the virtual line of the muscularis
mucosae, based on the remaining adjacent layer, to the
point of the deepest tumor penetration (Fig. 1).

Statistical Analysis

All continuous values are presented as mean =+ standard
deviation; categorical variables are presented as portions.
Differences in distributions were tested using the y*test for
categorical variables and the ¢ test for continuous variables.

The predictive performance of the depth of submucosal
invasion for lymph node metastasis was evaluated using a
receiver operating characteristic (ROC) curve; the area
under the curve (AUC), sensitivity, specificity, and positive
and negative predictive values were also calculated.

All p values were two-sided, and values of <0.05 were
considered statistically significant. All data were analyzed
using SAS version 9 (SAS Institute Inc., Cary, NC, USA)
or R software (version 2.12.1).

RESULTS
Full Thickness of Submucosa

The full thickness of the submucosa was measured in
559 of 1,322 patients from June 2005 to April 2010. In
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FIG. 1 Measurement of submucosal invasion. a Intact muscularis
mucosa, from the lower border of the muscularis mucosa. b Absence
of muscularis mucosa, from the virtual line extended from the
remaining adjacent muscularis mucosae. ¢ Split muscularis mucosa,
from the major muscle bundles of which virtual extensions were in

these patients, the mean full thickness of the submucosa
(+standard variation) was 2,605 pm (£1,760) and the
median thickness (range) was 2,100 pm (20-13,000).

Clinicopathological Characteristics and Incidence
of Lymph Node Metastasis According to the Depth
of Submucosal Invasion

The clinicopathological characteristics of 1,322 patients
with submucosal invasion are shown in Table 1. The mean
number of dissected lymph nodes was 39.1, and a positive
lymph node was found in 18.8 % (248/1,322) of patients.

To evaluate the incidence of lymph node metastasis
according to the depth of submucosal invasion, tumors
meeting the following criteria were selected: (1) submu-
cosal invasion; (2) differentiated histological type; (3)
tumor size <3 cm; and (4) no LVI. Among a total of 272
patients with tumors meeting the above conditions, 103 had
submucosal cancer with a depth of invasion of <500 pm.
The incidences of lymph node metastasis were 2.9, 0, 7.7,

continuity with the adjacent muscularis mucosae. d Two methods to
measure the submucosal depth: (i) from the lowest fragments of the
muscularis mucosa, and (if) from the imaginary line of the remaining
adjacent muscularis mucosa

5.6, and 0 % in patients with 0-100, 100-200, 200-300,
300-400, and 400-500 um submucosal cancers, respec-
tively (Table 2). Overall, the incidence of lymph node
metastasis was 3.9 % (4/103) for tumors meeting the
curative resection criteria of the expanded indication.

Table 2 also shows the incidences of lymph node
metastasis for all of the submucosal cancer patients.
Approximately 5-35 % of the lymph node metastasis was
found at each depth, and the overall incidence of lymph
node metastasis in submucosal cancers within 500 um of
the depth of invasion was 9.6 % (35/366).

Lymph Node-Positive Cases Among Those Meeting
the Expanded Criteria

Table 3 summarizes the clinicopathological character-
istics of patients with lymph node metastasis. The tumors
in cases 1-4 met the curative resection criteria of the
expanded indication for ESD; however, lymph node
metastasis was identified.
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TABLE 1 Demographic and clinicopathological characteristics of
patients with submucosal cancer

Factors Subgroup N = 1322
(%)
Age (years, mean = SD) 598 £ 11.2
Sex Male 894 (67.6)
Female 428 (32.4)
Surgical approach Open 513 (38.8)
Laparoscopy/Robot 809 (61.2)
Extent of gastrectomy Subtotal 1,040 (78.7)
Total 282 (21.3)
Tumor size (mean £ SD) (cm) 35£1.9
Location Upper 206 (15.6)
Middle 438 (33.1)
Lower 606 (45.8)
Overlapping 72 (5.4)
Macroscopic types® 0-1 57 (4.3)
0-IIa 163 (12.3)
0-1Ib 119 (9.0)
0-1Ic 769 (58.2)
0-1I1 53 (4.0)
1 4(0.3)
2 29 (2.2)
3 81 (6.1)
Unclassified 47 (3.6)
Histological type Papillary 31 (2.3)
Well differentiated 320 (24.2)
Moderately 430 (32.5)
differentiated
Poorly 315 (23.8)
differentiated
Signet ring cell 204 (15.4)
Mucinous 22 (1.7)
Lymphovascular invasion Not identified 903 (68.3)
Present 419 (31.7)
Positive lymph nodes 05+1.6
(mean £ SD)
Dissected lymph nodes 39.1 £152
(mean £ SD)
pN 0 1,074 (81.2)
1 178 (13.5)
2 58 (4.4)
3 12 (0.9)

# Macroscopic types in the pathological report. A combined type such
as type O-Ilc + IIb was classified as a predominant type (the former
one, Ilc)

Predictive Performance of Depth of Submucosal
Invasion for Lymph Node Metastasis

We performed an ROC analysis to evaluate the predictive
performance of the depth of submucosal invasion for lymph

node metastasis in 272 patients meeting the following con-
ditions: (1) submucosal cancer; (2) differentiated type; (3)
tumor size <3 cm; and (4) no LVI. The AUC of the depth of
submucosal invasion was 0.664 (95 % confidence interval
0.538-0.791; p = 0.017); Table 4 shows the sensitivity,
specificity, positive predictive value, and negative predictive
value at each cutoff point. The negative predictive values
ranged from 95.7 to 98.1 % at each depth of submucosal
invasion, and the highest negative predictive value was
observed when the cutoff point was 300 pm.

DISCUSSION

Since Gotoda et al.” reported no lymph node metastasis
in minute submucosal cancer, a ‘depth of submucosal
invasion of 500 um’ has become a key criterion for the
curability of ESD. However, higher incidences of lymph
node metastasis were reported in several Korean studies,
and the 500 um criterion has been debated. The present
study also shows 3.9 % of lymph node metastasis in minute
submucosal cancer, and evaluated the validity of the
500 pm criterion using ROC curve analysis. As a result, the
highest negative predictive value was observed at a cutoff
value of 300 pm.

The incidence of lymph node metastasis has been
evaluated in several previous studies with reference to the
feasibility of ESD for submucosal cancer. In the study by
Jee et al.” the incidence of lymph node metastasis in sub-
mucosal cancers meeting the expanded indication was
3.8 % (2/52); a similar result (4.1 %, 2/49) was shown in
the study by Kim et al.® In the study by Kang et al.” the
incidence of lymph node metastasis was found to be
15.0 % (3/20) for patients with the same conditions. These
high incidences of lymph node metastasis have given rise
to debate of the suitability of the 500 pum criterion; how-
ever, no study has yet evaluated the optimal depth of the
submucosal invasion cutoff value.

This study evaluated the incidences of lymph node
metastasis at each 100 pm of depth of the invasion sub-
group, and considerable variation in each subgroup was
observed, most likely due to the small number in each
subgroup population. Moreover, the accumulated inci-
dences seem to be almost similar between ‘<300’ and
‘<1,500 pm’ without a sharp increase in lymph node
metastasis. However, the negative predictive value was
highest at the 300 pm cutoff value, which indicates that we
can reduce the false negative cases to <2 % with a cutoff
value of 300 um. Therefore, a range reduction in the depth
of submucosal invasion criterion may be proposed for the
expanded indication if an ESD could be performed on the
assumption there was little change in lymph node
metastasis.
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TABLE 2 Incidence of lymph node metastasis according to the depth of submucosal invasion

Depth of submucosal

invasion (pm)

Cases meeting expanded indication except submucosal depth (n = 272)

Overall submucosal cancer (n = 1,322)

Each group (%)

Accumulation (%)

Each group (%)

Accumulation (%)

9.4 (9/96)
9.6 (16/166)
9.8 (23/234)
9.5 (30/316)
9.6 (35/366)
10.7 (46/429)
11.2 (53/473)
10.5 (56/531)
10.7 (61/570)
11.6 (74/640)
13.5 (110/812)

>1, <100 2.9 (1/34) 2.9 (1/34) 9.4 (9/96)
>100, <200 0 (0/18) 1.9 (1/52) 10.0 (7/70)
>200, <300 7.7 (2/26) 3.8 (3/78) 10.3 (7/68)
>300, <400 5.6 (1/18) 4.2 (4/96) 8.5 (7/82)
>400, <500 0 (0/7) 3.9 (4/103) 10.0 (5/50)
>500, <600 7.7 (1/13) 43 (5/116) 17.5 (11/63)
>600, <700 0 (0/12) 3.9 (5/128) 15.9 (7/44)
>700, <800 14.3 (1/14) 4.2 (6/142) 5.2 (3/58)
>800, <900 0 (0/10) 3.9 (6/152) 12.8 (5/39)
>900, <1,000 0 (0/13) 3.6 (6/165) 18.6 (13/70)
>1,000, <1,500 6.9 (2/29) 4.1 (8/194) 20.9 (36/172)
>1,500, <2,000 13.3 (4/30) 5.4 (12/224) 20.7 (31/150)
>2,000, <2,500 19 (3/21) 6.1 (15/245) 28.1 (32/114)
>2,500, <3,000 14.3 (3/14) 6.9 (18/259) 31.7 (24/77)
>3,000, <3,500 0 (0/3) 6.9 (18/262) 35.5 (11/31)
>3,500, <4,000 0 (0/7) 6.7 (18/269) 18.0 (9/50)
>4,000 33.3 (1/3) 7.4 (20/272) 35.2 (31/88)

14.7 (141/962)
16.1 (173/1,076)
17.1 (197/1,153)
16.9 (208/1,234)
16.9 (217/1,284)
18.8 (248/1,322)

In the Japanese treatment guideline, the expanded indication for endoscopic submucosal dissection include small sized (less than 3 cm), well
differentiated submucosal cancers invading within 500 pm are given in italics

TABLE 3 Clinicopathological characteristics of four patients with lymph node metastasis

Factors Case no. 1 Case no. 2 Case no. 3 Case no. 4
Age (years) 69 58 72 62

Sex F M M F

Size (cm) 3 2.8 24 1.8
Location Lower Lower Middle Lower
Macroscopic types O-Ic + III 0-IIc 0-Ilc + IIb 0-IIc
Depth of SM invasion (pm) 100 300 300 400
Histology MD WD MD?* MD
Lymphovascular invasion Negative Negative Negative Negative
Metastatic lymph node 1 1 1 1
Dissected lymph node 32 62 32 48
Lymph node station No. 1 No. 6 No. 3 No. 3

F female, M male, SM submucosal, WD well differentiated, MD moderately differentiated

4 MD with PD (<10 %). There was no minor histology in case numbers 1, 2, and 4

The higher incidence of lymph node metastasis in recent
studies compared with the study by Gotoda et al.* could be
associated with the submucosal invasion measurement
method. According to Japanese guidelines, the depth of
submucosal invasion is defined as the length from the
lower border of the muscularis mucosa to the point of
deepest tumor penetration.® However, when the muscularis
mucosa is obscure due to tumor infiltration or ulcer for-
mation, the measurement of submucosal invasion is

difficult, and can result in a discrepancy between pathol-
ogists. Kim et al.'” compared two methods: one was to
measure from the lowest point of the muscularis mucosa to
deepest tumor, and the other was to measure from the
lowest point of the imaginary line of the remaining adja-
cent muscularis mucosa to the deepest tumor (Fig. 1d). The
significance of correlation between lymph node metastasis
and the depth of submucosal invasion was different
according to the two measurement methods. Therefore,
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TABLE 4 Sensitivity, specificity, positive predictive value, and
negative predictive value at each cutoff point

Cutoff point Sensitivity (%) Specificity (%) PPV (%) NPV (%)

100 100 0 7.0 -

200 94.7 13.0 7.6 97.1
300 94.7 20.2 8.2 98.1
400 84.2 29.6 8.2 96.2
500 78.9 36.4 8.5 95.8
600 78.9 39.1 8.9 96.1
700 73.7 43.9 9.0 95.7
800 73.7 48.6 9.7 96.1
900 68.4 53.8 10.0 95.8
1,000 68.4 57.7 10.8 96.1
1,100 68.4 62.8 12.1 96.4
1,200 68.4 63.2 12.3 96.4
1,300 68.4 64.8 12.7 96.5
1,400 63.2 68.8 13.2 96.1
1,500 579 70.8 12.9 95.7

PPV positive predictive value, NPV negative predictive value

standardization in measuring submucosal invasion is nee-
ded for an objective application of the expanded indication
for ESD.

The depth of submucosal invasion can also be influ-
enced by the stretching of resected tissue.'' "> An ESD
specimen is generally stretched and pinned on a cork board
in the endoscopy unit. According to the study by Park
et al.'' evaluating the effects of stretching on different
layers and sites of porcine gastric tissue, the gastric wall
and submucosal layers showed gradual thinning with
stretching, and the submucosal layer was thinner in body
tissue than in cardia or antrum tissue. Cho et al.'* also
demonstrated a decrease in the depth of the submucosa in
fully stretched porcine gastric tissue compared with non-
stretched tissue. A lesion with 500 pm of submucosal
invasion in an ESD specimen could correspond to a deeper
lesion in a surgical specimen, and the incidence of lymph
node metastasis may also be higher than the expected
incidence. Therefore, the handling method for ESD speci-
mens should be standardized to ensure proper estimation of
the submucosal invasion, and it is recommended the ESD
specimen be put on a cork board evenly and pinned without
any forced stretching.

This study has several limitations. First, the total number
of cases is insufficient because this study was performed
using a single-center database. Submucosal cancers meet-
ing the curative resection criteria of the expanded
indication accounted for a minor portion only, and only
10-30 patients were included in each 100 um of depth of
the submucosal invasion subgroup. Thus, the incidence of
lymph node metastasis was considerably different, with

even one or two positive cases suggesting that the inci-
dence of lymph node metastasis can differ in other
databases. Second, in our ROC curve analysis, the AUC
was 0.664, which is a statistically poor performance in
predicting lymph node metastasis. However, this result is
comparable with a previous study (AUC 0.645), and it
seems that the exact prediction of lymph node metastasis
using one factor (depth of submucosa invasion) is diffi-
cult.'” For this inaccuracy, the previous study suggested a
predictive scoring system and developed a new nodal
predicting index using four factors—Ilymphovascular
emboli, submucosal invasion width, submucosal invasion
depth, and infiltrative growth pattern. These four factors
yielded higher predictive performance with an AUC of
0.809.'° Although, insufficient prediction performance was
observed compared with the predicting index, this study
derived a cutoff value minimizing false negative cases by
statistical analysis.

CONCLUSIONS

The incidence of lymph node metastasis in submucosal
cancers meeting the expanded indication was 3.9 %, and
the highest negative predictive value was demonstrated at a
cutoff value of 300 um. Further large-scale studies are
required to validate the optimal cutoff value of the depth of
submucosal invasion for the expanded indication.
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