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Abstract

Background This study aimed to investigate risk factors for lymph node (LN) or distant metastasis after non-curative endo-
scopic resection (ER) of undifferentiated-type early gastric cancer (EGC).

Methods Of 1124 patients who underwent ER for undifferentiated-type gastric cancer at 18 tertiary hospitals across six
geographic areas in Korea between 2005 and 2014, 634 with non-curative ER beyond the expanded criteria were retrospec-
tively enrolled. According to the treatment after ER, patients were divided into additional surgery (n=270) and follow-up
(n=364) groups. The median follow-up duration was 59 months for recurrence and 84 months for mortality.

Results LN metastasis was found in 6.7% (18/270) of patients at surgery. Ulcer [odds ratio (OR) 3.83; 95% confidence
interval (CI) 1.21-12.13; p=0.022] and submucosal invasion (OR 10.35; 95% CI 1.35-79.48; p=0.025) were independent
risk factors. In the follow-up group, seven patients (1.9%) developed LN or distant recurrence. Ulcer [hazard ratio (HR) 7.60;
95% CI 1.39-35.74; p=0.018], LVI (HR 6.80; 95% CI 1.07-42.99; p=0.042), and positive vertical margin (HR 6.71; 95%
CI 1.28-35.19; p=0.024) were independent risk factors. In the overall cohort, LN metastasis rates were 9.6% in patients
with two or more risk factors and 1.2% in those with no or one risk factor.

Conclusions LVI, ulcer, submucosal invasion, and positive vertical margin are independently associated with LN or distant
metastasis after non-curative ER of undifferentiated-type EGC. Surgical resection is strongly recommended for patients
with two or more risk factors.

Keywords Stomach neoplasms - Undifferentiated-type histology - Non-curative resection - Lymph node Metastasis - Risk
factors

Introduction good prognosis. In particular, for early gastric cancer (EGC)

with no lymph node (LN) metastasis (stage IA), the 5-year

Gastric cancer is the fifth most frequently diagnosed cancer
and the third leading cause of cancer mortality worldwide,
accounting for > 1 million new cases and 783,000 deaths
in 2018 [1]. Gastric cancer detected in the early stage has a
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overall survival rate is 95% [2]. Endoscopic resection (ER)
provides excellent long-term survival, comparable to that
provided by surgery, if curative resection with a minimal
risk of LN metastasis is achieved [3]. When resection is
considered non-curative beyond the expanded criteria, addi-
tional surgical resection with LN dissection is recommended
because of the potential risk of LN metastasis [4, 5].

The rate of LN metastasis ranges between 5.1 and 12.2%
after non-curative ER [6—10]. In clinical practice, a consider-
able proportion of patients choose simple follow-up without
surgery for various reasons. Thus, in previous studies, lym-
phovascular invasion (LVI) and deep submucosal invasion
were identified as risk factors for LN or distant metastasis,
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which were either found during surgery or detected during
follow-up, and accordingly, radical surgery was strongly
recommended for patients with these risk factors [7-10].
These studies mainly focused on the differentiated-type
EGC. Undifferentiated-type EGC, however, has different
risk factors for LN metastasis. Tumor size >2 cm or sub-
mucosal invasion <500 pm from the muscularis mucosa
have been associated with an increased risk of LN metastasis
[11]; however, previous studies did not investigate these spe-
cific criteria for undifferentiated-type cancers. In addition,
risk factors of mortality may also be important for patients
who are followed up without surgery after non-curative ER
because these patients may not undergo detailed surveillance
examinations. A large-scale study showed that LVI was asso-
ciated with increased mortality in patients with differenti-
ated-type EGC who underwent non-curative ER but were
followed up without surgery [12]. It is not clear whether this
finding is also applicable to undifferentiated-type cancer.
Therefore, we conducted a nationwide multicenter cohort
study to investigate the risk factors of LN or distant metasta-
sis and mortality after non-curative ER of undifferentiated-
type EGC, in order to determine whether surgery can be
strongly recommended for patients with those risk factors.

Methods
Patients

This retrospective cohort study included consecutive patients
who underwent non-curative ER beyond the expanded cri-
teria for undifferentiated-type EGC at 18 tertiary hospitals
across 6 geographic areas in Korea between January 2005
and December 2014. Undifferentiated-type EGC was defined
as poorly differentiated adenocarcinoma, signet ring cell car-
cinoma, or mucinous adenocarcinoma [5, 13]. Non-curative
resection was defined as resection that failed to meet any
of following criteria: en bloc resection, negative horizontal
margin, negative vertical margin, tumor size <2 cm, intra-
mucosal cancer, no ulcer, and no LVI [5, 13]. Patients with
a previous history of gastric cancer, multiple gastric cancers,
positive horizontal margin or piecemeal resection as the only
non-curative factor, proper muscle invasion in the surgical
specimen, initial follow-up loss, and additional treatment
with argon plasma coagulation were excluded.

According to guidelines [5, 14], gastrectomy with LN
dissection was recommended for all patients with non-cura-
tive resection. The included patients were divided into two
groups: the surgery group, which comprised patients who
underwent additional gastrectomy with LN dissection, and
the follow-up group, which consisted of those who refused
to undergo surgery because of old age, poor performance

status, comorbidity, or individual preference and were fol-
lowed up without further treatment.

We reviewed the medical records of enrolled patients and
collected data on clinical characteristics including age, sex,
American Society of Anesthesiologists (ASA) classification
of physical status, and Helicobacter pylori infection and
eradication status. Data on endoscopy findings, histopathol-
ogy results, and surgical and follow-up outcomes were also
collected. One physician for each hospital was responsible
for the reliability of data collection. Collected data were
independently reviewed by two authors (H.J.Y. and Y.I.K.)
for validity and completeness. This study was approved by
the institutional review board of each participating hospital
and conducted in accordance with the principles of the Dec-
laration of Helsinki.

ER and pathologic evaluation

ER was performed as endoscopic mucosal resection or
endoscopic submucosal dissection (ESD). As described in
a previous multicenter study, the typical ESD procedure was
conducted in three steps: marking outside the EGC lesion,
circumferential incision into the mucosa surrounding the
markings for the lesion, and dissection of the submucosal
layer using ESD knives [15]. During and after ESD, endo-
scopic hemostasis was performed using hemostatic forceps
for bleeding or nonbleeding exposed vessels.

All resected specimens were stretched, formalin fixed,
and cut into slices with 2-mm interval for pathological map-
ping, as recommended by the Japanese guidelines [13]. The
horizontal and vertical resection margins, depth of tumor
invasion, presence of ulcer, and LVI were evaluated along
with the histological classification. Lymphatic invasion was
evaluated with immunohistochemical staining using D2-40
monoclonal antibody. Vascular invasion was evaluated with
hematoxylin—eosin staining. All histological subtypes were
recorded in the order of the surface area occupied if there
were two or more subtypes, and the tumor was classified
according to its predominant subtype.

Follow-up and definitions

Patients were initially followed up with upper endoscopy
1-3 months after ER or surgical resection. They also under-
went endoscopy and abdominal computed tomography with
an interval of 6-12 months for 3 years and annually there-
after at least for 5 years from the initial treatment [5, 14].

Local recurrence was defined as the detection of cancer
at the ER site. The follow-up duration for recurrence was
defined as from the initial ER to the last available visit with
surveillance examinations.

Overall survival was defined as the time from the date
of the initial treatment to the date of death of any cause or
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the date of censoring. Medical records were reviewed with
respect to the vital status of the included patients until any
identifiable last date of hospital visit. In addition, data on
health insurance status were also obtained, in which dis-
qualification was considered as mortality, as suggested pre-
viously, whereas the maintenance of insurance until the date
of screening (October 30, 2018) was considered as censoring
[16].

Statistical analysis

Continuous variables were expressed as mean =+ standard
deviation or median (interquartile range [IQR]) and were
compared using Student’s ¢ test or Mann—Whitney U-test.
Categorical variables were expressed as number (percent-
age) and were compared using Pearson’s Chi square test
or Fisher’s exact test. Risk factors for LN metastasis in the
surgical specimen were investigated using logistic regres-
sion analysis. Cumulative probabilities of developing LN or
distant recurrence or the overall survival was evaluated using
the Kaplan—Meier method and log-rank test. Cox regression
analysis was also conducted to explore the risk factors for
LN or distant recurrence during the follow-up and those for
mortality. All statistical analyses were performed with SPSS
(version 21.0; SPSS Inc., Chicago, IL, USA). A value of
p <0.05 was considered significant.

Results
Patients

Between 2005 and 2014, a total of 1124 patients underwent
ER for undifferentiated-type gastric cancer at 18 tertiary
hospitals in Korea (Fig. 1). Of these, 743 (66.1%) had non-
curative ER beyond the expanded criteria. A total of 109
patients were excluded from the present study for the follow-
ing reasons: previous history of gastric cancer (n=28), mul-
tiple gastric cancers (n=16), positive horizontal margin or
piecemeal resection as the only non-curative factor (n=25),
cancer invasion of the proper muscle layer in the surgical
specimen (n=06), additional treatment with argon plasma
coagulation (n=2), and initial follow-up loss (n=32). Con-
sequently, a total of 634 patients with non-curative ER of
single undifferentiated-type EGC were included and divided
into the surgery (n=270) and follow-up (n=364) groups.
Table 1 summarizes demographic and clinical character-
istics of the included patients. The mean age + standard devi-
ation was 61.8 + 11.8 years, 60.7% (385/634) were men, and
60.1% (330/549) had current H. pylori infection. Patients in
the surgery group were significantly younger (p =0.001) and
more likely to have an elevated tumor (p <0.001) and poorly
differentiated adenocarcinoma (p <0.001) than those in the
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follow-up group. With respect to non-curative factors, the
surgery group had higher proportions of positive horizon-
tal margin (p <0.001), positive vertical margin (p <0.001),
submucosal invasion (p <0.001), and LVI (p <0.001) but a
lower proportion of tumor size >?2.0 cm (p =0.005) than the
follow-up group.

Risk factors of LN metastasis at surgical resection

LN metastasis was found in 6.7% (18/270) of patients at
surgical resection. In the univariate analysis, ulcer, submu-
cosal invasion, and LVI were significantly associated with
LN metastasis (all p <0.05) (Table 2). In the multivariable
logistic regression analysis with a forward variable selec-
tion procedure, ulcer (odds ratio [OR], 3.83; 95% confi-
dence interval [CI], 1.21-12.13; p = 0.022) and submucosal
invasion (OR 10.35; 95% CI 1.35-79.48; p=0.025) were
found to be independently associated with LN metastasis.
When submucosal invasion was categorized into < 500 pm
and > 500 pm, both categories were significantly asscoatied
with LN metastasis (Supplementary Table 1). However,
there were no significant differences between submucosal
invasion <500 pm and > 500 pm in the LN metastasis rate
and in the unadjusted and adjusted ORs for LN metastasis
(all p>0.05).

Risk factors of LN or distant recurrence
during the follow-up

LN or distant recurrence occurred in four patients (1.5%)
during a median 58.9 (IQR 40.2-71.4) months in the sur-
gery group and in seven (1.9%) during a median 58.1 (IQR
37.2-76.4) months in the follow-up group. In both groups,
98.3% remained without LN or distant recurrence after
5 years of follow-up (log-rank p =0.619) (Fig. 2a).

In the surgery group, all four patients had distant metas-
tasis: three of them died of gastric cancer but the other
patient survived with systemic chemotherapy for 4 years
and 4 months until the last follow-up hospital visit. Three
patients had LN metastasis at the initial surgery after non-
curative ER. The other patient without initial LN metastasis
developed local and LN recurrence after 23 months of fol-
low-up and, despite a second surgical resection and systemic
chemotherapy, developed distant metastasis 8 months later.
The initial ER finding in this patient also showed submu-
cosal invasion with tumor size > 2.0 cm, positive horizontal
and vertical margins but no ulcer and no LVIL.

In the follow-up group, two patients developed local
recurrence with LN metastasis after 37 and 77 months of
follow-up and underwent surgical resection. The other five
patients developed metastatic recurrence and died of gastric
cancer. In the univariate analysis, ulcer, LVI, submucosal
invasion, and positive vertical margin were associated with
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Fig. 1 Flow diagram of patient
enrollment and treatment
outcomes.APC argon plasma
coagulation, EGC early gastric

1124 patients underwent ER for undifferentiated gastric cancer
at 18 tertiary hospitals in Korea between 2005 and 2014

cancer, ER endoscopic resec-
tion, LN lymph node, PM
proper muscle

| 381 curative ER within expanded criteria

\/

743 non-curative ER beyond expanded criteria

109 excluded
- 28 previous history of gastric cancer
- 16 multiple gastric cancers
- 25 Positive horizontal margin
or piecemeal resection
as the only non-curative factor
- 6 invasion of PM in surgical specimen
- 2 additional treatment with APC
- 32 initial follow-up loss

\

634 non-curative ER for single undifferentiated EGC
were included for analysis

Y

Y

270 surgery

364 follow-up (no additional treatment)

Y

Y

23 died
- 3 gastric cancer
- 7 other cause
- 13 unknown cause

18 had LN metastasis at surgery
4 LN or distant recurrence during f/u
-> 3 died of gastric cancer

7 had LN or distant recurrence during f/u
-> 5 died of gastric cancer
48 died
- 2 procedure-related
- 5 gastric cancer
- 22 other cause
- 19 unknown cause

LN or distant recurrence (all p <0.05) (Table 3). In the
multivariable Cox regression analysis, ulcer [hazard ratio
(HR) 7.60; 95% CI 1.39-35.74; p=0.018], LVI (HR 6.80;
95% CI 1.07-42.99; p=0.042), and positive vertical margin
(HR 6.71;95% CI 1.28-35.19; p=0.024) were identified as
independent risk factors for LN or distant recurrence.

Risk factors for mortality

During a median 84.0 (IQR 61.7-108.6) months of follow-
up for overall survival, 23 and 48 patients died in the sur-
gery and follow-up groups, respectively. The overall sur-
vival was not significantly different between the two groups
(p=0.077), although the 5- and 7-year overall survival rates
were numerically higher by 5% in the surgery group (95.0%
and 92.7%, respectively) than in the follow-up group (89.7%
and 87.3%, respectively) (Fig. 2b).

In the multivariable Cox regression analysis, there was a
significant interaction between surgery and a positive verti-
cal margin (p=0.004) (Supplemental Table 2). Thus, risk
factors for mortality were separately analyzed in each group
(Table 4). In the surgery group, only age was independently
associated with mortality (HR 1.08; 95% CI 1.03-1.13;
p=0.001), whereas in the follow-up group, age (HR 1.10; 95%
CI 1.06-1.14; p<0.001), ASA class [HR (95% CI) for class II
vs. I, 1.36 (0.67-2.78); for class ITI-1V vs. I, 4.00 (1.75-9.15);
overall p=0.002], and a positive vertical margin (HR 3.80;
95% CI 1.94-7.44; p <0.001) were identified as independent
risk factors for mortality.
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Table 1 Demographics and
clinical characteristics of

Overall (n=634) Surgery (n=270) Follow-up (n=364) p value

patients with non-curative
endoscopic resection of
undifferentiated early gastric
cancer

Age, years, mean+ SD
Male sex, n (%)
ASA class, n (%)
1
11
-1V
Tumor location, n (%)
Upper
Middle/lower
Macroscopic appearance, n (%)
Elevated
Depressed/flat
Histology, n (%)
PD
SRC
Mucinous
Resection method, n (%)
EMR
ESD

Helicobacter pylori infection, n (%)

Tumor size, cm, median (IQR)
>2.0cm, n (%)

Piecemeal resection, n (%)
Positive horizontal margin, n (%)
Positive vertical margin, n (%)
Submucosal invasion, n (%)
Ulcer, n (%)

LVI, n (%)

61.8+11.8 60.1+10.4 63.1+12.6 0.001
385 (60.7) 172 (63.7) 213 (58.5) 0.186

0.129
356 (56.2) 158 (58.5) 198 (54.4)
244 (38.5) 103 (38.1) 141 (38.7)
34 (5.4) 9@3.3) 25(6.9)

0.206
254 (40.1) 117 (43.3) 137 (37.6)
370 (59.9) 153 (56.7) 227 (62.4)

< 0.001
153 (24.1) 88 (32.6) 65 (17.9)
481 (75.9) 182 (67.4) 299 (82.1)

< 0.001
439 (69.2) 210 (77.8) 229 (62.9)
182 (28.7) 54 (20.0) 128 (35.2)
13 (2.1) 6(2.2) 7(1.9)

0.112
24 (3.8) 14 (5.2) 10 (2.7)
610 (96.2) 256 (94.8) 354 (97.3)
330/549 (60.1) 115/206 (55.8) 215/343 (62.7) 0.112
2.6 (2.0-3.5) 2.6 (1.9-3.5) 2.6(2.1-3.4) 0.678
574 (74.9) 187 (69.3) 288 (79.1) 0.005
22 (3.5) 10 (3.7) 12 (3.3) 0.782
113 (17.8) 71 (26.3) 42 (11.5) < 0.001
80(12.6) 54 (20.0) 26 (7.1) <0.001
295 (46.5) 172 (63.7) 123 (33.8) < 0.001
64 (10.1) 27 (10.0) 37(10.2) 0.946
99 (15.6) 76 (28.1) 23 (6.3) < 0.001

ASA American Society of Anesthesiologists, EMR endoscopic mucosal resection, ESD endoscopic submu-
cosal dissection, /QR interquartile range, LVI lymphovascular invasion, PD poorly differentiated adenocar-
cinoma, SD standard deviation, SRC signet ring cell carcinoma

Risk of LN metastasis according to number of risk
factors

Because there were 20 cases of LN metastasis out of 634
patients including 18 cases in the surgery group and 2
cases in the follow-up group, we evaluated the risk of LN
metastasis in the overall cohort according to the number
of the risk factors for LN metastasis identified above:
LVI, ulcer, submucosal invasion, and positive vertical
margin. There was a positive association between the
probability of LN metastasis and the number of risk fac-
tors (linear-by-linear association p <0.001) (Table 5). The
LN metastasis rates were 9.6% (14/146) in patients with
two or more risk factors and 1.2% (6/488) in those with
no or one risk factor.
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Discussion

In this nationwide multicenter cohort study involving > 600
patients, which is the largest cohort thus far of patients with
undifferentiated-type EGC with non-curative ER, we showed
that LVI, ulcer, submucosal invasion, and positive vertical
margin were associated with an increased risk of LN or dis-
tant metastasis and mortality. Ulcer and submucosal inva-
sion were independently associated with LN metastasis in
the surgery group. Ulcer, LVI, and positive vertical margin
were associated with LN or distant recurrence in the follow-
up group. In addition, positive vertical margin was associ-
ated with increased mortality in the follow-up group but not
in the surgery group. Furthermore, the risk of LN metasta-
sis was considerably high in patients with two or more of
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Table 2 Risk factors of lymph

R Covariates Univariate analysis Multivariable analyses
node metastasis diagnosed
at surgery after non-curative LNM(-) LNM(+) p value OR (95% CI) p value
endoscopic resection (n=252) (n=18)
Histology 0.541
SRC 52 (96.3) 2(3.7)
Non-SRC 200 (92.6) 16 (7.4)
Tumor size 0.192
<2cm 75 (90.4) 8(9.6)
>2cm 177 (94.7) 10 (5.3)
Vertical margin 0.061
Negative 205 (94.9) 11(5.1)
Positive 47 (87.0) 7 (13.0)
Depth of invasion 0.005 0.025
Mucosa 97 (99.0) 1(1.0) 1
Submucosa 155 (90.1) 17 (9.9) 10.35 (1.35-79.48)
Ulcer 0.024 0.022
No 230 (94.7) 13 (5.3) . 1
Yes 22 (81.5) 5(18.5) 3.83 (1.21-12.13)
LVI 0.033
No 185 (95.4) 9 (4.6)
Yes 67 (88.2) 9(11.8)

CI confidence interval, LNM lymph node metastasis, LVI lymphovascular invasion, OR odds ratio, SRC

signet ring cell carcinoma

the above-mentioned risk factors. Our results indicate that
patients with two or more risk factors would substantially
benefit from surgical resection after non-curative ER of
undifferentiated-type EGC.

Previous cohort studies that evaluated the risk factors of
LN metastasis after non-curative ER mainly included dif-
ferentiated-type EGCs [6—10]. A recently reported Japanese
multicenter study included the largest number (n=1969) of
patients with non-curative ER; however, there were only 292
patients with undifferentiated-type EGCs [8]. More impor-
tantly, the potential risk factors of LN metastasis were cat-
egorized for differentiated-type cancer (tumor size >3 cm
and submucosal invasion > 500 pm from the muscularis
mucosa), which differed from those for undifferentiated-type
cancer (tumor size >?2 cm and submucosal invasion includ-
ing <500 pm). This might have introduced bias in the results
for undifferentiated-type cancers. In the present study, we
included undifferentiated-type EGCs only and used catego-
ries suitable for undifferentiated-type cancers. Therefore, we
could evaluate the risk factors for LN or distant metastasis
specifically for undifferentiated-type EGC.

In our study, submucosal invasion and ulcer were associ-
ated with LN metastasis in the surgery group, and ulcer and
LVI were associated with LN or distant recurrence in the
follow-up group. These findings are consistent with those
of previous surgical studies showing that these factors were
associated with LN metastasis in undifferentiated-type

cancers [11, 17-22]. However, prior studies on non-curative
ER have not suggested submucosal invasion < 500 pm or
ulcer as risk factors for LN metastasis. Only LVI was high-
lighted as the risk factor of LN metastasis at surgery [9], of
LN or distant recurrence during the follow-up [8, 10], and
of mortality during the follow-up without surgery [12]. Sev-
eral other studies suggested submucosal invasion > 500 pm
or submucosal invasion with a positive vertical margin, as
well as LVI or venous invasion, as risk factors [7, 10]. This
discrepancy may be because the majority of patients with
non-curative ER had differentiated-type cancers, in whom
the risk of LN metastasis is still minimal if the tumor size
is <3 cm despite having submucosal invasion < 500 pm or
ulcer. However, several detailed investigations using surgical
data showed that the risk of LN metastasis increased even
with submucosal invasion < 500 pm compared with mucosal
invasion in undifferentiated-type cancer [17, 18, 23]. In our
study, the effect size for submucosal invasion in the surgery
group and ulcer in the surgery and follow-up groups was
similar to that of LVI in the follow-up group. Therefore, our
results suggest that submucosal invasion and ulcer should
be considered important as LVI with respect to the risk of
LN metastasis after non-curative ER of undifferentiated-type
EGC.

A positive vertical margin was a risk factor for LN or dis-
tant recurrence and mortality in the follow-up group. Impor-
tantly, the effect of a positive vertical margin on mortality
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Table 3 Risk factors of lymph
node or distant recurrence
diagnosed during follow-up

without additional treatment
after non-curative endoscopic
resection

Covariates Univariate analysis Multivariable analysis
HR (95% CI) p value HR (95% CI) p value

Histology (non-SRC vs. SRC) 0.72 (0.08-6.95) 0.779

Tumor size (>2 cm vs. <2 cm) 0.54 (0.10-2.83) 0.465

Vertical margin (+vs. —) 13.26 (2.96-59.42)  0.001 6.71 (1.28-35.19) 0.024
Depth of invasion (submucosa vs. mucosa) 5.37 (1.04-27.72) 0.045

Ulcer (+vs. —) 8.05 (1.79-36.19) 0.007 7.60 (1.39-35.74)  0.018
LVI (+vs. —) 8.02 (1.55-41.52) 0.013 6.80 (1.07-42.99) 0.042

CI confidence interval, HR hazard ratio, LVI lymphovascular invasion, SRC signet ring cell carcinoma

Table 4 Risk factors of mortality in the surgery and follow-up groups after non-curative endoscopic resection

Covariates Surgery Follow-up
Univariate analysis Multivariable analysis Univariate analysis Multivariable analysis
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Age, years 1.08 (1.03-1.13) 0.001  1.08 (1.03-1.13) 0.001  1.11(1.08-1.15) < 0.001 1.10 (1.06-1.14) < 0.001
Sex (male vs. female) 0.805 1.27 (0.71-2.28) 0.422 1.74 (0.93-3.26)  0.081
ASA class 0.072 < 0.001 0.002
Mvs. I 2.20(0.93-5.23)  0.073 2.51 (1.27-4.96) 0.008 1.36 (0.67-2.78)  0.397
HI-1V vs. I 4.55 (0.98-21.06) 0.053 8.86 (4.04-19.45) < 0.001 4.00 (1.75-9.15)  0.001
Histology (non-SRC vs. 0.67 (0.26-1.70)  0.400 1.75 (0.91-3.37) 0.092
SRC)
LNM (+vs. —) 2.54 (0.75-8.56) 0.132  3.24(0.94-11.20) 0.063  Not applicable
Tumor size (>2 cm 0.84 (0.35-1.97) 0.680 0.54 (0.29-1.00) 0.049
vs. <2 cm)
Vertical margin (+vs. —) 1.12 (0.42-3.01) 0.826 6.19 (3.27-11.71) < 0.001 3.80 (1.94-7.44) < 0.001
Depth of invasion (submu-  2.85 (0.97-8.38)  0.057 2.05 (1.16-3.61) 0.013
€0Ssa vs. mucosa)
Ulcer (+vs. —) 1.75 (0.52-5.91) 0.371 1.41 (0.60-3.33) 0.428
LVI (+vs. =) 1.07 (0.44-2.63) 0.882 2.68 (1.20-6.00) 0.016

ASA American Society of Anesthesiologists, CI confidence interval, HR hazard ratio, LNM lymph node metastasis, LVI lymphovascular inva-

sion, SRC signet ring cell carcinoma

Table 5 Risk of lymph node metastasis according to the number of
risk factors in overall cohort

Number of risk factors? Risk of LN
metastasis, %
(n)

0 0.4 (1/281)

1 2.4 (5/207)

2 7.3 (8/109)

3 17.1 (6/35)

4 0.0 (0/2)

p value by linear-by-linear association <0.001

*Risk factors included lymphovascular invasion, ulcer, submucosal
invasion, and positive vertical margin

LN lymph node

to be an independent risk factor for LN metastasis also in
the surgery group (data not shown). However, this exclusion
was not possible in the follow-up group because the depth of
invasion could not be accurately evaluated. Consequently, a
few patients with advanced gastric cancer might have been
included in the follow-up group. Therefore, surgical resec-
tion should be recommended for non-curative ER with a
positive vertical margin because of not only possible LN
metastasis, but also potential residual cancer.

To identify patients for whom additional surgery can
be strongly recommended, the risk of LN metastasis were
further stratified according to the number of identified risk
factors. We could show that the risk of LN metastasis in
patients who had two or more risk factors among LVI, ulcer,
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submucosal invasion and positive vertical margin was 9.6%
while the risk was only 1.2% in patients with no or one risk
factor. The risk factors differed among for LN metastasis in
the surgery group, for LN or distant recurrence in the follow-
up group, and for mortality. This discrepancy might have
been due to the difference in the clinical characteristics of
the patients included in each group and the difference in the
outcome variables. However, the risk stratification based on
these findings provided simple prediction that can be easily
applied in the clinical practice. In our analysis, age and ASA
class were also independent predictive factors of survival in
the follow-up group. It was previously shown that underly-
ing disease independently affected the overall survival of
patients who were followed up without surgery after non-
curative ER of differentiated-type EGC [12]. Thus, a simple
follow-up may be recommended for elderly patients with
ASA class III-1V if they have no or one risk factor because
they would not gain a large benefit from surgical treatment.
However, if they have two or more risk factors, surgery may
be carefully considered.

The strength of our study was the use of nationwide
large-scale data that represent patients with undifferenti-
ated-type EGC in Korea. The long-term follow-up duration
(median 5 years of surveillance and 7 years of survival)
allowed us to detect multiple risk factors for LN or distant
recurrence during the follow-up and those for mortality
despite small numbers of these events. The utilization of
health insurance status data was particularly important
because patients who refused surgery because of old age
or underlying illness were also less likely to undergo sur-
veillance examinations. This enabled us to uncover the
importance of a positive vertical margin for survival. The
detailed manual review of medical records by physicians
and independent validation of collected data may have
further strengthened the validity of our results. However,
several limitations also need to be mentioned. First, the
retrospective design and consequent lack of histopathology
review, including the lack of information on mixed histol-
ogy, precluded further elucidation of potential risk factors
for LN metastasis or mortality. Second, the retrospective
nature of our study might also have induced selection
biases during treatment selection between ER and surgery
before ER and between additional surgery and follow-up
after non-curative ER. Further prospective cohort study
with pre-specified protocol can reduce this bias. Third, the
curative ER rate was as low as 33.9% (381/1124) in our
study. This was because some cases were not diagnosed
as undifferentiated-type EGC before ER or were treated
with ER even they were out-of-indication in the evaluation
before ER. In addition, preoperative diagnosis for tumor
size or depth might have been inaccurate in our study.
Nevertheless, this low rate of curative ER might not have

@ Springer

affected our results because our findings were based on
the final pathology results after ER. Fourth, although the
sample size was large, the study power was not sufficient
because the number of LN or distant metastasis and mor-
tality were small, which might have led to a type II error.

In conclusion, in this nationwide multicenter cohort
study, we found that LVI, ulcer, submucosal invasion, and
positive vertical margin were independently associated
with LN or distant metastasis after non-curative ER of
undifferentiated-type EGC. The patients with two or more
risk factors had high risk of LN metastasis. Our results
emphasize the importance of a detailed pathological
assessment of these non-curative factors from the ER spec-
imen. Our study suggests that surgical resection should be
strongly recommended for patients with undifferentiated-
type EGC if they have two or more of the identified risk
factors after non-curative ER.
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