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ABSTRACT early gastric cancer (EGC), referred to as non-curative
Background. When a lesion does not meet the curative  resection or curability C-2 in the guidelines, an additional
criteria of endoscopic submucosal dissection (ESD) for  surgery is the standard therapy because of the risk of lymph
node metastasis (LNM).
Objective. This study aimed to identify high-risk patients

for recurrence after additional surgery for curability C-2

Electronic supplementary material The online version of this ESD of EGC.
article (https://doi.org/10.1245/s10434-019-07579-2) contains
supplementary material, which is available to authorized users.

Methods. This multicenter retrospective cohort study
enrolled 1064 patients who underwent additional surgery
after curability C-2 ESD for EGC. We evaluated the
recurrence rate and the risk factors for recurrence after
additional surgery in these patients.

Results. The 5-year recurrence rate after additional sur-
gery was 1.3%. Multivariate Cox analysis revealed that the
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independent risk factors for recurrence after additional
surgery were LNM (hazard ratio [HR] 32.47; p < 0.001)
and vascular invasion (HR 4.75; p = 0.014). Moreover,
patients with both LNM and vascular invasion had a high
rate of recurrence after additional surgery (24.6% in
5 years), with a high HR (119.32) compared with those
with neither LNM nor vascular invasion. Among patients
with no vascular invasion, a high rate of recurrence was
observed in those with N2/N3 disease according to the
American Joint Committee on Cancer TNM staging system
(27.3% in 5 years), in contrast with no recurrence in those
with N1 disease.

Conclusions. Patients with both LNM (N1-N3) and vas-
cular invasion, as well as those with N2/N3 disease but no
vascular invasion, would be candidates for adjuvant
chemotherapy after additional surgery for curability C-2
ESD of EGC.

Endoscopic resection is a well-established treatment
strategy for early gastric cancer (EGC), with almost no risk
for lymph node metastasis (LNM). According to the Euro-
pean and Japanese guidelines,'™ when a lesion does not meet
the curative criteria for endoscopic resection of EGC, the
lesion is referred to as a ‘non-curative resection’. In the recent
update of the Japanese guidelines,® non-curative resection
without merely positive for horizontal margin or piecemeal
resection is referred to as curability C-2, in which additional
gastrectomy with lymph node dissection is the standard
therapy. Many studies have attempted to identify high-risk
patients for LNM after endoscopic resection with curability
C-2 for EGC,'° however no studies have focused on
recurrence after additional surgery in such patients.

We recently conducted a large-scale, multicenter, retro-
spective cohort study involving endoscopic submucosal
dissection (ESD) with curability C-2 for EGC."'~"* In this
study, we revealed that additional surgery after curability C-2
ESD for EGC reduced cancer-specific mortality to approxi-
mately one-third and the 5-year cancer-specific survival in
patients who underwent additional surgery was 98.8%.'"!2
However, we also found that some patients died from gastric
cancer even after additional surgery.'? Although the small
number of recurrences has made it challenging to evaluate the
risk for recurrence after additional surgery, this large cohort
may clarify the risk factors for recurrence. Thus, the present
study aimed to identify high-risk patients for recurrence after
additional surgery for curability C-2 ESD of EGC.

MATERIALS AND METHODS
Participants

This multicenter, retrospective cohort study included 19
institutions in Japan, all of which were members of the

Establishment of Accommodation of Early Stomach Can-
cer Treatment (EAST) study group. The present study was
conducted in accordance with the Declaration of Helsinki,
and ethical approval was obtained from the Institutional
Review Boards of all the institutions before patients were
recruited.

The initial inclusion and exclusion criteria have been
published elsewhere.'? Briefly, among the 15,785 consec-
utive patients who underwent ESD for EGC between
January 2000 and August 2011, 1969 patients with cur-
ability C-2 ESD for EGC with a follow-up period
of > 3 years, except those who died, were initially enrol-
led. After excluding those without additional treatment, we
finally analyzed 1064 patients who underwent additional
surgery after curability C-2 ESD for EGC. All patients
underwent curative gastrectomy with lymph node dissec-
tion, which was performed within 3 months after ESD in
most cases.

Data Collection

The clinical and pathological data of the enrolled
patients were collected from the medical records of each
institution. Based on the Japanese classification of gastric
carcinoma,'” pathological examinations were performed by
expert pathologists at each institution.

Surveillance After Additional Surgery

After additional surgery in patients who underwent
curability C-2 ESD for EGC, surveillance was usually
performed by annual esophagogastroduodenoscopy and
computed tomography scan, according to the guidelines.**
Recurrence was diagnosed based on imaging studies or
histopathological analysis.

Variable Evaluation

First, we evaluated the recurrence rate in patients who
underwent additional surgery after curability C-2 ESD for
EGC. Second, we evaluated the risk factors for recurrence
in such patients. Based on previous reports about gastrec-
tomy as the initial treatment for EGC,'*!'® we evaluated
the following factors: age, tumor size > 30 mm, undiffer-
entiated type, lymphatic invasion, vascular invasion, and
LNM. Sex (male) and location (lower third compared with
the upper/middle thirds) were also evaluated. In addition,

tumor depth (tumor invasion into the submu-
cosa > 500 um from the muscularis mucosa [SM2]
compared with tumor invasion into the submu-

cosa < 500 um from the muscularis mucosa or mucosa),
ulceration (scar), and positive vertical margin (VM) were
evaluated because these factors are associated with
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curability C-2 ESD for EGC. We also evaluated the rela-
tionship between recurrence after additional surgery and
the combination of the presence/absence of LNM and
vascular invasion or lymphatic invasion. Furthermore, in
the subgroup analysis, LNM status was subdivided into NO,
N1, and N2/N3, according to the 8th edition of the
American Joint Committee on Cancer (AJCC) TNM stag-
ing system for gastric cancer.

Statistical Analysis

Data are presented as numbers and proportions for cat-
egorical variables, and median and interquartile range
(IQR) for continuous but non-normally distributed vari-
ables. Recurrence after additional surgery was evaluated
using the Kaplan—Meier method, and the difference in
recurrence among patient groups was analyzed using the
log-rank test. To account for multiple comparisons, p val-
ues in the log-rank test results were presented as those
corrected using the Holm method. The Cox proportional
hazards regression analysis was used to calculate univari-
ate- and multivariate-adjusted hazard ratios (HRs) and 95%
confidence intervals (CIs) for the development of recur-
rence after additional surgery. The assumption of the
proportionality of hazards was checked using log-minus-
log plots, which involved all evaluated factors as the
covariates. Statistical significance was set at p < 0.05. All
statistical analyses were performed by an independent
statistician (NN) using SPSS version 23.0 for Windows
(IBM Corporation, Armonk, NY, USA) and JMP Pro
software version 14.1 for Windows (SAS Institute, Inc.,
Cary, NC, USA).

RESULTS

Clinical and Histopathological Characteristics
and Recurrence Pattern

Among the 1064 patients who underwent additional
surgery after curability C-2 ESD for EGC, 14 experienced
recurrence, with a median follow-up period of 5.6 years
(IQR 4.6-7.3). The detailed clinical and histopathological
characteristics of the enrolled patients, divided into those
with and without recurrence, are shown in Table 1. In
patients with LNMs, the median was 1 (IQR 1-2). The
5-year recurrence rate after additional surgery was 1.3%
(electronic supplementary Fig. S1), and the median time to
recurrence was 1.8 years (IQR 1.2-2.2). The most frequent
recurrent site at the time of initial diagnosis was the lymph
nodes, all of which were distant lymph nodes, followed by
the liver (electronic supplementary Table S1). No local
recurrence occurred in the enrolled patients.

Risk Factors for Recurrence After Additional Surgery

In the multivariate Cox analysis, LNM (HR 32.47;
p < 0.001) was the highest risk factor for recurrence after
additional surgery (Table 2). In addition, vascular invasion
(HR 4.75; p = 0.014) was also an independent risk factor
for recurrence; however, lymphatic invasion was not sig-
nificantly associated with recurrence (p = 0.885).

The Role of Lymph Node Metastasis and Vascular
Invasion for Recurrence After Additional Surgery

The 5-year recurrence rate in patients with both LNM
and vascular invasion was 24.6% (Fig. 1a). By contrast,
the 5-year recurrence rates in those with LNM but no
vascular invasion, those with vascular invasion but no
LNM, and those with neither LNM nor vascular invasion
were 5.7%, 0.5%, and 0.3%, respectively (Fig. 1a). The
site of first recurrence after additional surgery, according
to LNM status and vascular invasion, is shown in elec-
tronic supplementary Table S2. Unlike vascular invasion,
lymphatic invasion status did not affect the recurrence
rate in patients with/without LNM (electronic supple-
mentary Fig. S2).

Multivariate Cox analysis revealed that, considering
patients with neither LNM nor vascular invasion as a ref-
erence, those with both LNM and vascular invasion had a
high HR (119.32; p < 0.001) for recurrence after additional
surgery (Table 3). Patients with LNM but no vascular
invasion (HR 19.59; p = 0.002) also displayed a significant
risk for recurrence after additional surgery.

When LNM status was subdivided based on the 8th
edition of the AJCC TNM staging system for gastric can-
cer, no patients with N1 disease but no vascular invasion
(0/42) had recurrence during the follow-up duration
(Fig. 1b). On the other hand, those with both N1 disease
and vascular invasion, those with N2/N3 disease but no
vascular invasion, and those with both N2/N3 disease and
vascular invasion had 19.4%, 27.3%, and 42.9% recurrence
in 5 years, respectively (Fig. 1b). The high risk of recur-
rence after additional surgery in these three categories was
confirmed in multivariate Cox analysis (electronic supple-
mentary Table S3). There was a significant interaction
between the number of LNMs and vascular invasion for
recurrence in  the multivariate model (p for
interaction = 0.030).

DISCUSSION

In this study, we revealed that the 5-year recurrence rate
after additional surgery after curability C-2 ESD for EGC
was 1.3%, and that LNM and vascular invasion were the
independent risk factors for recurrence. In particular,
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TABLE 1 Baseline

characteristics of the enrolled No recurrence (n = 1050) Recurrence (n = 14)
patients Age, years [median (IQR)] 69 (61-75) 72.5 (71-76)

Sex

Male 826 (78.7) 10 (71.4)

Female 224 (21.3) 4 (28.6)
Location

Upper 283 (27.0) 7 (50.0)

Middle 447 (42.6) 3 (21.4)

Lower 320 (30.5) 4 (28.6)
Macroscopic type

Elevated/flat 260 (24.8) 9 (64.3)

Depressed 10 (1.0) 0 (0.0)

Mixed 780 (74.3) 5(35.7)
Tumor size, mm [median (IQR)] 28 (19-40) 31 (2142)
Invasive depth

M 174 (16.6) 0 (0.0)

SM1 210 (20.0) 4 (28.6)

SM2 666 (63.4) 10 (71.4)
Histopathological type

Differentiated 906 (86.3) 12 (85.7)

Undifferentiated 144 (13.7) 2 (14.3)
Lymphatic invasion

Positive 423 (40.3) 9 (64.3)

Negative 627 (59.7) 5(35.7)
Vascular invasion

Positive 231 (22.0) 9 (64.3)

Negative 819 (78.0) 5(35.7)
Ulceration [scar]

Presence 272 (25.9) 5 (35.7)

Absence 778 (74.1) 9 (64.3)
Vertical margin

Positive 186 (17.7) 7 (50.0)

Negative 861 (82.0) 7 (50.0)

Unclear 3(0.3) 0 (0.0)
LNM*

NO 975 (92.9) 3(21.4)

N1 63 (6.0) 5(35.7)

N2 10 (1.0) 6 (42.9)

N3a 2 (0.9) 0 (0.0

N3b 0 (0.0 0 (0.0)

Data are expressed as n (%) unless otherwise specified
“Based on the 8th edition of the AJCC TNM staging system

IQR interquartile range, M tumor confined to mucosa, SMI tumor invasion into the submucosa < 500 um
from the muscularis mucosa, SM2 tumor invasion into the submucosa > 500 pm from the muscularis
mucosa, LNM lymph node metastasis

patients with both LNM (N1-N3) and vascular invasion, as According to the guidelines,'™ additional surgery is the
well as those with N2/N3 disease but no vascular invasion,  standard therapy in patients with curability C-2 ESD for
had a high risk of recurrence. EGC. However, there are no arguments for further treat-

ment, such as adjuvant chemotherapy, after additional
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TABLE 2 Risk factors for recurrence after additional surgery for patients with curability C-2 ESD for EGC

Person-years No. of events Univariate Multivariate®
HR (95% CI) p Value HR (95% CI) p-Value
Age
Per 1 year 6424 14 1.08 (1.00-1.15) 0.040 1.04 (0.96-1.12) 0.331
Sex
Male 5066 10 0.69 (0.22-2.19) 0.687 0.64 (0.17-2.40) 0.508
Female 1358 4 1 (Reference) 1 (Reference)
Location
Lower 1998 4 0.92 (0.29-2.94) 0.891 0.72 (0.20-2.62) 0.613
Upper/middle 4426 10 1 (Reference) 1 (Reference)
Tumor size, mm
> 30 2777 7 1.29 (0.45-3.68) 0.635 1.02 (0.32-3.27) 0.980
<30 3647 7 1 (Reference) 1 (Reference)
Invasion depth
SM2 4070 10 1.46 (0.46-4.65) 0.525 0.41 (0.10-1.63) 0.205
M/SM1 2355 4 1 (Reference) 1 (Reference)
Histopathological type
Undifferentiated 892 2 1.06 (0.24-4.73) 0.940 0.71 (0.14-3.62) 0.681
Differentiated 5532 12 1 (Reference) 1 (Reference)
Lymphatic invasion
Positive 2549 2.69 (0.90-8.03) 0.076 0.92 (0.28-3.04) 0.885
Negative 3875 1 (Reference) 1 (Reference)
Vascular invasion
Positive 1360 6.31 (2.12-18.84) 0.001 4.75 (1.38-16.39) 0.014
Negative 5065 1 (Reference) 1 (Reference)
Ulceration (scar)
Presence 1698 1.56 (0.52-4.66) 0.424 2.04 (0.59-7.02) 0.260
Absence 4726 1 (Reference) 1 (Reference)
Vertical margin
Positive 1118 4.60 (1.61-13.11) 0.004 2.63 (0.77-9.01) 0.124
Other 5306 1 (Reference) 1 (Reference)
LNM
Presence 500 11 43.34 (12.09-155.39) < 0.001 32.47 (8.20-128.56) < 0.001
Absence 5924 3 1 (Reference) 1 (Reference)

“Adjusted for all factors shown in this table

ESD endoscopic submucosal dissection, EGC early gastric cancer, HR hazard ratio, CI confidence interval, SM2 tumor invasion into the
submucosa > 500 um from the muscularis mucosa, M tumor confined to mucosa, SM/ tumor invasion into the submucosa < 500 pm from the

muscularis mucosa, LNM lymph node metastasis

surgery because clinicians, particularly physicians, believe
that additional surgery is almost sufficient for preventing
recurrence in patients with curability C-2 ESD for EGC. In
fact, the S5-year CSS after additional surgery was
98.6-98.8% in such patients.*” However, some patients
experience recurrence even after additional surgery, and
which patients are at high-risk for recurrence after addi-
tional surgery has not yet been elucidated because of the
very small number of cases with recurrence. Since this

multicenter study included more than three times as many
patients as the largest study to date,” we attempted to
identify high-risk patients for recurrence after additional
surgery.

The present study highlights two clinical implications:
the identification of independent risk factors for recurrence
after additional surgery, and that of high-risk patients for
recurrence by combining two risk factors. First, this study
revealed that the independent risk factors for recurrence
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FIG. 1 Recurrence after additional surgery in patients with curability
C-2 ESD for EGC, according to LNM status and vascular invasion.
a Presence/absence of LNM and vascular invasion. Recurrence after
additional surgery in patients with both LNM and vascular invasion
(24.6% in 5 years) was significantly higher than in patients with LNM
but no vascular invasion (5.7% in 5 years) [p = 0.025]. b LNM status,
based on the AJCC TNM staging system, and vascular invasion. The
5-year recurrence rates after additional surgery in those with both N1

disease and vascular invasion, those with N2/N3 disease but no
vascular invasion, and patients with both N2/N3 disease and vascular
invasion were 19.4%, 27.3%, and 42.9%, respectively, which were
significantly higher than in patients with N1 disease but no vascular
invasion (0.0%) [p = 0.024, p = 0.005, and p < 0.001, respectively].
AJCC American Joint Committee on Cancer, ESD endoscopic
submucosal dissection, EGC early gastric cancer, LNM lymph node
metastasis, V vascular invasion

TABLE 3 Risk for recurrence after additional surgery in patients with curability C-2 ESD for EGC, according to LNM status and vascular

invasion
Person-years No. of events  Univariate Multivariate®
HR (95% CI) p value  HR (95% CI) p value
LNM (4) and vascular invasion (4) 170 8 103.79 (22.03-489.06) < 0.001 119.32 (20.84-683.14) < 0.001
LNM (4) and vascular invasion (—) 330 3 21.90 (3.66-131.09) 0.001 19.59 (2.87-133.65) 0.002
LNM (—) and vascular invasion (+) 1190 1 1.88 (0.17-20.73) 0.606 2.25 (0.19-27.12) 0.524
LNM (—) and vascular invasion (—) 4735 2 1 (Reference) 1 (Reference)

4Adjusted for age, sex, location, tumor size, invasion depth, histopathological type, lymphatic invasion, ulceration (scar), and vertical margin

ESD endoscopic submucosal dissection, EGC early gastric cancer, LNM lymph node metastasis, HR hazard ratio, CI confidence interval

after additional surgery, which occurred at a rate of 1.3% in
5 years, were LNM and vascular invasion. According to
previous studies regarding gastrectomy as an initial treat-
ment for gastric cancer, the recurrence rate after surgery for
submucosal gastric cancers ranged from 1.1 to
4.8% 111719725 1y addition, LNM was reported as the most
important risk factor for recurrence after surgery for
EGC,'®!” while vascular invasion was an independent risk
factor for metachronous liver metastasis after surgery for
EGC.?* Our study results are consistent with these previous
studies, and we confirmed that LNM and vascular invasion

are important factors for recurrence when additional sur-
gery is performed in patients with curability C-2 ESD for
EGC.

Second, and more important, we found that patients with
both LNM and vascular invasion had a much higher risk
for recurrence after additional surgery in patients with
curability C-2 ESD compared with the other categories.
Although the 5-year recurrence rate in the enrolled patients
was only 1.3%, the recurrence rate in patients with both
LNM and vascular invasion was 24.6%. By contrast, only
0.5% of patients with vascular invasion but no LNM
developed recurrence in the 5 years following additional
surgery even though vascular invasion was an independent
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risk factor for recurrence after additional surgery. In a
further subgroup analysis, we found a difference in the
recurrence rate according to LNM status (NO, N1, N2/N3)
in patients with no vascular invasion. Interestingly, the
5-year recurrence rate was 27.3% in such cases with N2/N3
diseases, in contrast to the finding that no such cases with
N1 disease recurred during the follow-up duration. To our
knowledge, no studies, including those regarding gastrec-
tomy as an initial treatment for EGC, have demonstrated
these findings. Therefore, these study results provide new
proposals in selecting treatment strategies for patients who
undergo additional surgery after curability C-2 ESD for
EGC. One of these proposals is that patients with both
LNM (N1-N3) and vascular invasion, as well as those with
N2/N3 disease but no vascular invasion, would be candi-
dates for adjuvant chemotherapy, such as S-1 monotherapy
for 1 year,”® after additional surgery (Fig. 2). By contrast,
based on the very small risk of recurrence in those patients
without LNM, regardless of vascular invasion status, as
well as those with N1 disease but no vascular invasion,
these patients would be candidates for observation without
further treatment after additional surgery (Fig. 2).

These findings also confirmed the importance of addi-
tional surgery for patients with vascular invasion after ESD
for EGC, which is recommended in the guidelines.“‘ Our
previous study revealed that vascular invasion was one of
the significant risk factors for LNM in patients with C-2
ESD for EGC, although its significance was near border-
line."? However, since vascular invasion is considered to
have a hematogenous route for metastasis,”* chemotherapy
may have been more appropriate than additional surgery
for such patients. In the present study, the small risk of
recurrence in those with vascular invasion but no LNM
does not support this hypothesis. In addition, although
LNM status largely affects the recurrence rate in patients
with vascular invasion, it is impossible to identify LNM

N1# N2/N3?

Vascular

0,
invasion (+) 0%

42.9%

Vascular
invasion (-)

- No recommendation of no further treatment

I:l Recommendation of adjuvant chemotherapy

FIG. 2 Proposals for the recommendation of adjuvant chemotherapy
after additional surgery in patients with curability C-2 ESD for EGC,
based on the 5-year recurrence rate. Patients with both LNM (N1-N3)
and vascular invasion, as well as those with N2/N3 disease but no
vascular invasion, may be candidates for adjuvant chemotherapy after
additional surgery for curability C-2 ESD of EGC. “Based on the 8th
edition of the AJCC TNM staging system. AJCC American Joint
Committee on Cancer, ESD endoscopic submucosal dissection, EGC
early gastric cancer

status without a gastrectomy with lymph node dissec-
tion. Thus, additional surgery may have two aspects:
curative treatment, and the identification of high-risk
patients for recurrence. Although it is difficult to reach a
definitive conclusion because this study did not compare
additional surgery with chemotherapy, these findings sug-
gest that additional surgery and, if necessary, adjuvant
chemotherapy may be appropriate as a treatment for
patients with vascular invasion in ESD for EGC.

There is a discrepancy between the National Compre-
hensive Cancer Network (NCCN) guidelines and the
Japanese guidelines in the treatment strategy after surgery
for EGC (which corresponds to pT1 gastric cancer) with
LNM. In the Japanese guidelines,”* adjuvant chemother-
apy is recommended for gastric cancer with pStage II/I11,
except pT1 and pT3(SS)NO cases. However, there are no
recommendations for EGC with LNM in the Japanese
guidelines;** therefore, the management of such patients
after surgery depends on the clinicians and patients.
According to the NCCN guidelines,”” adjuvant
chemotherapy is recommended for EGC patients with
LNM who do not receive preoperative therapy. The results
of this study agree with the statement in the NCCN
guidelines in that patients with N2/N3 disease are candi-
dates for adjuvant chemotherapy. However, in patients
with N1 disease, vascular invasion status may be an indi-
cator for adjuvant chemotherapy.

Although the present study has the strength of including
the largest cohort to date, several limitations should be
noted. First, there is selection bias for determining the
treatment strategy after curability C-2 ESD for EGC.
However, it is difficult to overcome this limitation because
of the ethical issue of randomization of treatment methods
after curability C-2 ESD for EGC. Second, this study did
not investigate the residual cancer in the surgical specimen.
Third, the use of immunostaining for the evaluation of
lymphatic and vascular invasions depended on the indi-
vidual institutions. Lastly, the number of events
(recurrences) was small, which can cause a type I error in
the analysis. To overcome these limitations, a well-de-
signed, prospective, nationwide multicenter study is
required.

CONCLUSIONS

This multicenter study with the largest cohort to date
revealed that the 5-year recurrence rate after additional
surgery after curability C-2 ESD for EGC was 1.3% and
that the combination of LNM and vascular invasion led to a
high risk of recurrence. In addition, patients with N2/N3
disease but no vascular invasion had a high risk of recur-

rence. Thus, adjuvant chemotherapy may reduce
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recurrence and improve the prognosis in such patients.
However, further studies are warranted to validate our
results and the effect of adjuvant chemotherapy on these
patients.
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