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Abstract

Background We have established a risk-scoring system,
termed the “eCura system,” for the risk stratification of
lymph node metastasis in patients who have received non-
curative endoscopic submucosal dissection (ESD) for early
gastric cancer (EGC). We aimed to clarify whether this sys-
tem contributes to the selection of patients requiring radical
surgery after ESD.

Methods Between 2000 and 2011, 1,969 patients with
noncurative ESD for EGC were included in this multicenter
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study. Depending on the treatment strategy after ESD, we
had patients with no additional treatment (n = 905) and
those with radical surgery after ESD (n = 1,064). After the
application of the eCura system to these patients, cancer
recurrence and cancer-specific mortality in each risk cat-
egory of the system were compared between the two patient
groups.

Results Multivariate Cox analysis revealed that in the
high-risk category, cancer recurrence was significantly
higher (hazard ratio = 3.13, p = 0.024) and cancer-specific
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mortality tended to be higher (hazard ratio = 2.66,
p = 0.063) in patients with no additional treatment than in
those with radical surgery after ESD, whereas no signifi-
cant differences were observed in the intermediate-risk and
low-risk categories. In addition, cancer-specific survival in
the low-risk category was high in both patient groups (99.6
and 99.7%). A limitation of this study is that it included a
small number of cases with undifferentiated-type EGC (292
cases).

Conclusions The eCura system is a useful aid for selecting
the appropriate treatment strategy after noncurative ESD for
EGC. However, caution is needed when applying this system
to patients with undifferentiated-type EGC.

Keywords Endoscopic submucosal dissection - Early
gastric cancer - eCura system

Abbreviations

EGCs Early gastric cancers

LNM Lymph node metastasis

CSS Cancer-specific survival

ESD  Endoscopic submucosal dissection

EAST Establishment of accommodation of early stom-
ach cancer treatment

SM2  Tumor invasion into submucosa >500 pm from
the muscularis mucosa

EGD  Esophagogastroduodenoscopy

CT Computed tomography

HRs Hazard ratios
CI Confidence interval
Introduction

Previous reports have stated that 10.3-29.3% of early gastric
cancers (EGCs) that were treated with endoscopic resection
do not meet the current curative criteria [1-8]; this phe-
nomenon is termed “noncurative resection.” According to
the current treatment guidelines [9-11], gastrectomy with
lymph node dissection is recommended for all such patients
because of the potential risk of lymph node metastasis
(LNM). However, only 5-10% of these patients develop
LNM [3, 4,7, 8, 12-15], and the merits of radical surgery for
such patients remain unclear. Previous studies have revealed
that cancer-specific survival (CSS) does not significantly dif-
fer between patients who are followed up but receive no
additional treatment and those who undergo radical surgery
after noncurative endoscopic submucosal dissection (ESD)
[7, 14, 16]. However, these findings were only described in
single-institution studies or studies with a relatively small
number of patients.

We recently conducted a large-scale multicenter ret-
rospective cohort study of patients who did not meet the
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current curative criteria for ESD in EGC and demonstrated
that CSS in patients who underwent radical surgery after
ESD was significantly higher in those patients than in
patients who were followed up but received no additional
treatment after ESD, although both CSS values were high
(98.7 vs 97.5% for 5-year CSS), and the discrepancy was
rather small [17]. Furthermore, to stratify these patients, we
developed a seven-point risk-scoring system (the eCura sys-
tem), with three risk categories based on five clinicopatho-
logical factors that predicted LNM in patients undergoing
radical surgery after noncurative ESD [18]. This system was
internally validated through a survival analysis performed
in another set of patients who were followed up but received
no additional treatment after ESD for EGC [18]. However,
because this system did not directly compare the prognoses
of patients with radical surgery after ESD to the prognoses
of those with no additional treatment after ESD, it remains
unclear whether this system contributes to the selection of
patients requiring radical surgery after noncurative ESD. In
this study, we hypothesized that the contribution of radical
surgery after noncurative ESD to cancer-specific mortality
and cancer recurrence differs among the three risk catego-
ries of the eCura system. To confirm this hypothesis, we
performed a comparative study between patients with radical
surgery and those with no additional treatment after noncu-
rative ESD for EGC.

Methods

This retrospective cohort study involved patients who
underwent noncurative ESD for EGC at 19 institutions
in Japan; all institutions were members of the Establish-
ment of Accommodation of Early Stomach Cancer Treat-
ment (EAST) study group [17]. This study protocol was
approved by the institutional review boards of each center
before the recruitment of patients. Written informed consent
was obtained from each patient before ESD. All authors had
access to the study data and reviewed and approved the final
version of the manuscript.

Study participants

Details regarding the study design and characteristics of
the study participants have been published elsewhere [17].
Briefly, the original study population consisted of 1,969
patients from a multicenter retrospective study who did not
meet the current curative criteria for ESD in EGC [17]. All
the included patients, except for those who died, were fol-
lowed up for >3 years [17]. Although the guidelines [9, 10]
state that radical surgery is indicated for any patient who
does not meet the current curative criteria for ESD in EGC,
we had two patient groups: those who underwent radical
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surgery after ESD, and those who were followed up but
received no additional treatment after ESD [17].

eCura system and comparison of the two patient groups

The eCura system consists of five clinicopathological fac-
tors, which are scored as follows: 1 point each for tumor
size >30 mm, positive vertical margin, venous invasion,
and SM2 (depth of tumor invasion into the submucosa
was >500 um from the muscularis mucosa), and 3 points
for lymphatic invasion [18]. The total risk score, which
ranged from O to 7 points, was then categorized as either
low risk (0—1 point), intermediate risk (2—4 points), and high
risk (5—7 points) [18]. In this study, the eCura system was
applied to both patients with no additional treatment and
those with radical surgery after ESD, and the cancer-specific
mortality and cancer recurrence in each risk category were
compared between the two patient groups.

Tumor histopathology was evaluated according to the
Japanese classification of gastric carcinoma, third English
edition [19]. In this study, lymphatic and venous invasions
were examined basically using hematoxylin—eosin stain-
ing, and in cases with pathologically difficult judgement,
pathologists decided to add immunohistochemical staining.

Follow-ups and definition of cancer recurrence

According to the guidelines [9], patients with radical surgery
after ESD were usually followed up using annual esoph-
agogastroduodenoscopy (EGD) and computed tomogra-
phy (CT). Patients with no additional treatment underwent
scheduled surveillance using EGD and CT (usually at fol-
low-up intervals of 6-12 months) in addition to CT before
follow-up. In this study, cancer recurrence was defined as
radiologically or pathologically proven cancer relapse in the
lymph nodes and/or other organs after a series of treatments
for EGC (i.e., ESD and radical surgical resection in patients
with radical surgery, and only ESD in those with no addi-
tional treatment).

Statistical analysis

The Shapiro—Wilk test was used to investigate the normal
distribution of continuous variables, and non-normally
distributed continuous variables are expressed here as the
median with the interquartile range. The Mann—Whitney U
test was used to compare the two groups. Categorical vari-
ables are expressed as number (percentage). Comparisons
among categorical variables were performed using the chi-
square test, or, if appropriate, Fisher’s exact test.

CSS and cancer recurrence were estimated using the
Kaplan—Meier method, and the differences in CSS and can-
cer recurrence between patients with no additional treatment

and those with radical surgery after ESD in each risk cat-
egory were assessed using the log-rank test. Furthermore,
Cox proportional hazards regression analysis was used to
assess the performance of the scoring system for predict-
ing cancer-specific mortality and cancer recurrence, and the
hazard ratios (HRs) were calculated.

Data were analyzed using the SPSS version 23.0 for Win-
dows software (IBM Corp., Armonk, NY, USA). A p value
of < 0.05 was considered statistically significant. Data pro-
cessing and statistical analyses were conducted by an inde-
pendent statistician (TN).

Results

The enrolled patients comprised 905 patients with no addi-
tional treatment and 1,064 patients with radical surgery
after ESD for EGC. Among the patients with no additional
treatment, 549, 248, and 108 patients were assigned to the
low-, intermediate-, and high-risk categories of the eCura
system, respectively. Moreover, 386, 455, and 223 patients
with radical surgery after ESD were assigned to the three
risk categories. The detailed characteristics of patients with
no additional treatment and those with radical surgery after
ESD in each risk category are shown in Table 1.

Cancer-specific mortality and cancer recurrence
in patients with no additional treatment and in those
with radical surgery after ESD

In the low-risk category, CSS in patients with no additional
treatment and in those with radical surgery after ESD was
high (99.6 vs. 99.7% for 5-year CSS), but was not signifi-
cantly different for the two groups (p = 0.46; Fig. 1a and
Table 2). In the intermediate-risk and high-risk categories,
CSS in patients with no additional treatment was signifi-
cantly lower than in patients with radical surgery (p = 0.003
and p = 0.007, respectively; Fig. 1b, c¢). Multivariate Cox
proportional hazard regression analysis revealed that in the
high-risk category, cancer-specific mortality in patients
with no additional treatment tended to be higher than that
in patients with radical surgery {HR [95% confidence inter-
val (CI)] = 2.66 (0.95-7.48); p = 0.063}. However, no sig-
nificant differences of this kind were noted in the low- and
intermediate-risk categories (Table 3).

Regarding cancer recurrence, the Kaplan—Meier method
and log-rank test revealed similar results for CSS (Fig. 2a—c).
Multivariate Cox analysis demonstrated that in the high-risk
category, cancer recurrence in patients with no additional
treatment was significantly higher than in patients with radi-
cal surgery [3.13 (1.16-8.46); p = 0.024]. However, no such
significant differences in cancer recurrence were noted for
the low- and intermediate-risk categories (Table 3).
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Table 1 Clinicopathological characteristics of patients who were followed up but received no additional treatment and those who underwent
radical surgery after noncurative ESD for EGC, with both groups categorized according to the risk categories of the eCura system

Low risk (n = 935) Intermediate risk (n = 703)

High risk (n = 331)

No Radical sur- p value No additional  Radical sur- p value No additional  Radical sur- p value
additional  gery treatment gery treatment gery
treatment
Age (years), 74 (67-80) 65 (59-71) < 0.001 78.5(74-82) 70 (62-75) <0.001 80(73.5-84) 72(65.5-77) < 0.001
median
(IQR)
Sex, n (%) 0.58 0.039 1
Male 432 (78.7) 296 (76.7) 180 (72.6) 362 (79.6) 85 (78.7) 178 (79.8)
Female 117 (21.3) 90 (23.3) 68 (27.4) 93 (20.4) 23 (21.3) 45 (20.2)
Location, n (%) 0.50 0.32 0.13
Upper third 161 (29.3) 106 (27.5) 75 (30.2) 126 (27.7) 38 (35.2) 58 (26.0)
Middle third 226 (41.2) 174 (45.1) 91 (36.7) 193 (42.4) 40 (37.0) 83 (37.2)
Lower third 162 (29.5) 106 (27.5) 82 (33.1) 136 (29.9) 30 (27.8) 82 (36.8)
Tumor size 30 (19-40) 26 (18-38) 0.10 30 (19-41) 27 (18.5-39) 0.31 32 (22-45) 35(22.5-455) 0.66
(mm),
median
(IQR)
Follow-up 68 (51-95) 68 (59-91) 0.18 59 (40-85) 66 (54-85) < 0.001 54.5(23-78) 66 (54.5-82.5) < 0.001
duration
(months),
median
(IQR)
Invasion depth, < 0.001 0.18 0.37
n (%)
M 219 (39.9) 114(29.5) 27 (10.9) 56 (12.3) 0(0.0) 4(2.3)
SM1 170 (31.0) 110 (28.5) 69 (27.8) 97 (21.3) 4(1.6) 7(3.1)
SM2 160 (29.1) 162 (42.0) 152 (61.3) 302 (66.4) 104 (96.3) 212 (95.1)
Histopatho- 0.63 1 1
logical type,
n (%)
Differentiated 433 (78.9) 299 (77.5) 227 (91.5) 415 (91.2) 99 (91.7) 204 (91.5)
Undifferenti- 116 (21.1) 87 (22.5) 21 (8.5) 40 (8.8) 9(8.3) 19 (8.5)
ated
Lymphatic - 0.53 -
invasion, n
(%)
Negative 549 (100) 386 (100) 128 (51.6) 246 (54.1) 0(0.0) 0(0.0)
Positive 0(0.0) 0(0.0) 120 (48.4) 209 (45.9) 108 (100) 223 (100)
Vascular inva- 0.002 0.069 0.025
sion, n (%)
Negative 543 (98.9) 369 (95.6) 204 (82.3) 348 (76.5) 38 (35.2) 107 (48.0)
Positive 6(1.1) 17 (7.1) 44 (17.7) 107 (23.5) 70 (64.8) 116 (52.0)
Ulceration 0.066 0.27 0.57
(scar), n (%)
Absence 323 (58.8) 250 (64.8) 206 (83.1) 361 (79.3) 88 (81.5) 176 (78.9)
Presence 226 (41.2) 136 (35.2) 42 (16.9) 94 (20.7) 20 (6.9) 47 (21.1)
Vertical mar- 0.87 0.064 0.089
gin, n (%)
Negative 533(97.1) 376(97.4) 214 (86.3) 356 (78.2) 76 (70.4) 136 (61.0)
Positive 14 (2.6) 8(2.1) 34 (13.7) 98 (21.5) 32 (29.6) 87 (39.0)
Unclear 2(0.4) 2(0.5) 0 (0.0) 1(0.2) 0(0.0) 0(0.0)
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Table 1 (continued)

The Mann—Whitney U test, chi-square test, or Fisher’s exact test was performed

ESD endoscopic submucosal dissection, EGC early gastric cancer, /QR interquartile range, M confined to mucosa, SM1 depth of invasion from
the muscularis mucosa was <500 pm, SM2 depth of invasion from the muscularis mucosa was >500 pm
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Fig. 1 Comparison of cancer-specific survival between patients with ESD was high, but was not significantly different between the groups

no additional treatment and those with radical surgery after ESD for (p = 0.46), whereas cancer-specific survival in patients with no addi-
EGC, categorized according to the risk categories of the eCura sys- tional treatment was significantly lower than in patients with radical
tem. a Low-risk patients. b Intermediate-risk patients. ¢ High-risk surgery in the intermediate-risk and high-risk categories (p = 0.003
patients. In the low-risk category, cancer-specific survival in patients and p = 0.007, respectively). ESD endoscopic submucosal dissection,

with no additional treatment and in those with radical surgery after EGC early gastric cancer

Table 2 Cancer-specific

. Risk category Patients with no additional treatment after Patients with radical surgery after ESD
survival (CSS) at 3 and 5 years ESD
among patients with no
additional treatment and those No. (%) CSS at CSS at No. (%) CSS at CSS at
with radical surgery after ESD 3years (%) 5 years (%) 3 years (%) 5 years
for EGC, where the patients (%)
are categorized according to
the three risk categories of the Low 547 (60.4) 99.8 99.6 385 (36.2) 100 99.7
eCura system Intermediate 250 (27.6) 98.1 96.0 453 (42.6) 99.8 99.2

High 108 (11.9) 93.4 90.1 226 (21.2) 97.7 96.1

ESD endoscopic submucosal dissection, EGC early gastric cancer
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Table 3 Cox proportional hazards model for cancer-specific mor-
tality and cancer recurrence in patients who were followed up but
received no additional treatment after ESD for EGC and in those who

underwent radical surgery after ESD, categorized according to the
risk categories of the eCura system

Risk category Cancer-specific mortality Cancer recurrence
Person time at No. of cases HR  95% CI p value Person time at No. of cases HR  95% CI p value
risk (month) risk (month)
Low
Radical surgery 29013 1 1 Reference 28966 2 1 Reference
No additional treatment 39923 3 1.44 0.12-17.2 0.78 39910 3 0.74 0.10-5.63 0.78
Intermediate
Radical surgery 32497 4 1 Reference 32401 4 1 Reference
No additional treatment 16150 9 1.66 0.43-6.40 0.46 15899 12 2.00 0.54-7.36 0.30
High
Radical surgery 15826 8 1 Reference 15722 8 1 Reference
No additional treatment 6128 10 2.66 0.95-748 0.063 5917 12 3.13 1.16-8.46 0.024

Adjusted for age, sex, location, histopathological type, and ulceration (scar)

ESD endoscopic submucosal dissection, EGC early gastric cancer, HR hazard ratio, CI confidence interval

Discussion

In this comparative study between patients with no addi-
tional treatment and those with radical surgery after ESD,
we clarified that the contribution of radical surgery after
noncurative ESD for EGC to prognosis and cancer recur-
rence was different for each risk category in the eCura
system.

According to the guidelines [9—11], radical surgery is
recommended for all patients after ESD that does not meet
the current curative criteria for EGC. However, no signifi-
cant difference in CSS has been observed between patients
with no additional treatment and those with radical surgery
after ESD in any previous study [7, 14, 16]. Although our
previous study revealed a statistically significant difference
between the patient groups, this discrepancy was rather
small [17]. We had performed the risk stratification of such
patients using the eCura system [18]. In the present study,
we directly compared patients with no additional treatment
to those with radical surgery after ESD. Results indicated
that in the low-risk category, CSS in patients with no addi-
tional treatment and in those with radical surgery after non-
curative ESD for EGC was extremely high and was similar
for both groups (99.6 vs 99.7% for 5-year CSS). In addition,
multivariate Cox analysis revealed that there were no sig-
nificant differences in cancer recurrence and cancer-specific
mortality between the groups. Thus, radical surgery after
noncurative ESD may lead to only a limited improvement in
the prognosis among those in the low-risk category. Mean-
while, compared with surgery for EGC, ESD for EGC is
reported to be associated with a better quality of life, owing
to the preservation of the entire stomach and the mainte-
nance of physiologic gastric motility [20]. Moreover, the
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disadvantage of radical surgery after noncurative ESD was
the rate of adverse events associated with surgery and opera-
tive mortality (e.g., 2.3% for total gastrectomy in a Japanese
web-based nationwide registry [21], and 10 and 4% for gas-
trectomy with D2 and D1 lymphadenectomy, respectively,
in a Dutch trial [22]). Although stomach preservation may
provoke cancer recurrence worries [23], these findings and
the results of the present study support our suggestion that
follow-up with no additional treatment is an acceptable
option for patients in the low-risk category of the eCura
system.

By contrast, in the high-risk category, cancer recurrence
was significantly higher and cancer-specific mortality tended
to be higher in patients with no additional treatment than in
those with radical surgery. These results suggest that radi-
cal surgery after ESD is effective for improving the prog-
noses of patients in the high-risk category. Meanwhile, in
the intermediate-risk category, multivariate Cox analysis
revealed no significant differences in cancer recurrence and
cancer-specific mortality between patients with no addi-
tional treatment and those with radical surgery after ESD.
However, we cannot ignore the higher HR among patients
with no additional treatment in this risk category (1.66 for
cancer-specific mortality and 2.00 for cancer recurrence).
Thus, from our data, it is difficult to conclusively determine
a treatment strategy after ESD for patients in the intermedi-
ate risk category. However, these data not only aid clinical
decision-making after ESD but also provide an opportunity
to discuss risks with patients; this could lead to better treat-
ment acceptance and compliance.

When follow-up with no additional treatment is selected
after noncurative ESD, the follow-up schedule is an
important issue. However, there are no data regarding an
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Fig. 2a-¢ Comparison of cancer recurrence between patients with
no additional treatment and those with radical surgery after ESD for
EGC, according to the risk categories of the eCura system. a Low-
risk patients. b Intermediate-risk patients. ¢ High-risk patients. In
the low-risk category, cancer recurrence did not significantly differ
between patients with no additional treatment and those with radical

appropriate follow-up schedule in patients who are followed
up with no additional treatment after noncurative ESD. In
addition, our previous study revealed that cancer recur-
rence limited to regional LNM in CT could be detected in
only 21.4% of patients with cancer recurrence who were
followed up with no additional treatment after noncurative
ESD (usually at a follow-up interval of 6-12 months), and
cancer recurrence was found in distant LNM or organs in
78.6% of them [17]. Thus, the detection of cancer recurrence
at a stage that is eligible for curative treatment by salvage
surgery may be difficult in the majority of such patients.
Clinicians should provide this information for patients when
those patients desire follow-up with no additional treatment
after noncurative ESD for EGC. Meanwhile, previous stud-
ies have examined CT at a follow-up interval of 6-12 months
in patients with no additional treatment after noncurative

surgery after ESD (p = 0.88), whereas cancer recurrence in patients
with no additional treatment was significantly lower than that in
patients with radical surgery in the intermediate-risk and high-risk
categories (p < 0.001 and p = 0.002, respectively). ESD endoscopic
submucosal dissection, EGC early gastric cancer

ESD [4, 7, 14, 16, 24]. Although further study is needed to
establish an appropriate follow-up interval in such patients,
scheduled surveillance at intervals of at least 6 months by
CT may be needed.

The present study has two strengths. First, we used the
largest cohort of patients so far. The number of enrolled
patients in the present study was more than three times that
of the largest study (n = 569 patients) conducted until now
[7]. Second, we compared patients with no additional treat-
ment to those with radical surgery after ESD in each risk
category of the eCura system by multivariate analysis, and
we revealed the role of radical surgery after noncurative
ESD for EGC.

However, this study has several limitations. First, this
study employed a retrospective design, which has a poten-
tial for bias. Second, the number of cases was small, with
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relatively few patients in the low-risk category. Still, this
study sample is the largest reported so far, with extremely
high CSS and low cancer recurrence in the low-risk cat-
egory, which led to a small number of cases for both
treatment strategies after ESD. However, based on these
results, we can conclude that follow-up with no additional
treatment is an acceptable option for patients in the low-
risk category. Third, this study did not include all patients
with EGCs because some patients underwent surgery as
the first treatment strategy, leading to selection bias. In
particular, patients with undifferentiated-type EGC com-
prised only 14.8% of the patients included in this study,
which differs from the prevalence of undifferentiated-type
EGC reported in previous studies of surgery for EGC
(35.9-40.4%) [3, 25, 26]. This indicates that many patients
with undifferentiated-type EGC underwent surgery as the
first treatment. Thus, caution in the use of this scoring sys-
tem is needed for patients with undifferentiated-type EGC,
and we recommend that the application of the eCura sys-
tem should be limited to differentiated-type EGC. Fourth,
the use of immunohistochemical staining, in addition to
hematoxylin—eosin staining, for assessing lymphatic and
venous invasions varied from case to case in this study.
Lastly, the eCura system, which was the result of LNM
analysis in patients with noncurative EGC, was established
in the same cohort. Therefore, although the present study
yielded significant results for a comparison of cancer
recurrence and cancer-specific mortality between patients
with no additional treatment and those with radical surgery
after ESD for each risk category, this study is the internal
validation of the eCura system.

In conclusion, we revealed that in the high-risk category
of the eCura system, radical surgery after noncurative ESD
for EGC is effective at reducing cancer recurrence. By
contrast, in the low-risk category of the eCura system, this
treatment method may lead to only a limited improvement
in the prognosis because both treatment methods achieve
extremely low cancer recurrence and cancer-specific mortal-
ity. These results may provide clinicians and patients with
important information that can aid decision-making after
noncurative ESD. However, the next step—the external vali-
dation of this system—is now warranted.
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