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Abstract

Background Endoscopic resection is widely accepted as
the primary treatment for early gastric cancer (EGC)
without lymph node metastasis. A new and refined tech-
nique, endoscopic submucosal dissection (ESD), may
prove to be more effective; however, incomplete resection
and local recurrence present ongoing concerns. We sought
to determine the clinicopathological features associated
with local recurrence in patients with EGC following
endoscopic resection.

Methods We enrolled in this study 239 EGC patients
treated by endoscopic resection between January 2002 and
January 2008.

Results Fifty EGC lesions were treated by conventional
endoscopic mucosal resection (EMR group) and 189 EGC
lesions were treated by ESD (ESD group). During the
follow-up period (mean = 30.3 months), the rates for en
bloc resection and complete resection (defined as en bloc
resection with negative resection margin) were 64% (32/
50) and 60% (30/50), respectively, in the EMR group, and
86.8% (164/189) and 79.9% (151/189), respectively, in
the ESD group. We observed seven local recurrences in
the ESD group, though only one with complete resection
by ESD had a local recurrence. The EMR group showed a
significantly higher recurrence rate than did the ESD group
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(18% vs. 3.7%, respectively, p < 0.001). Incomplete resec-
tion significantly increased local recurrence risk, and larger
tumor size and use of EMR increased the risk for incom-
plete resection. Most lesions (3/4) treated with additional
argon plasma coagulation for an initial recurrence had
recurred again.

Conclusions Despite the potential advantages in treating
EGC with ESD, a risk for local recurrence remains. All
patients treated with EMR, even with curative resection,
and those with incomplete resection after ESD require
conscientious surveillance for local recurrence. Further-
more, a large prospective study will be required to deter-
mine the best treatment modality for local recurrence.

Keywords Early gastric cancer -
Endoscopic submucosal dissection - Local recurrence

Gastric cancer presents a common malignancy and cause of
cancer-related death in many countries. Advances in
diagnostic technology and the increasing prevalence of
screening programs have increased the rate of early gastric
cancer (EGC) detection. EGC is defined as a neoplasm con-
fined to the mucosa or submucosa, regardless of regional
lymph node metastasis [1]. Currently, EGC without evi-
dence of nodal metastasis is first treated by endoscopic
resection, either endoscopic mucosal resection (EMR) or
endoscopic submucosal dissection (ESD). This method is
widely accepted because it is less invasive and less costly
and requires a shorter hospital stay than surgical resection.
Patients who undergo endoscopic resection have an
excellent prognosis, with a 5-year survival rate of over 90%
[2—4]. The conventional technique, EMR, however, may
fail to remove the whole lesion, especially one that is large,
which must then be removed in pieces. In this fragmented
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specimen, critical histological features, including depth of
invasion, resection margin, lymphovascular involvement,
and extent of resection, may be obscured. Piecemeal
resection also results in a higher local recurrence rate
(range = 2-35%) [5-9] than that of complete resection. In
fact, of the lesions smaller than 20 mm, EMR may achieve
en bloc resection of only 76%. In this respect, ESD shows
distinct advantages. ESD may achieve the complete
resection, not only of larger lesions but also of ulcerated
lesions, regardless of the location. Thus, ESD allows for a
precise histological assessment of resected specimens and
may reduce the risk for residual disease and local recur-
rence [10-12].

Nevertheless, as with EMR, local recurrence remains a
prominent concern with ESD. Few studies to date have fully
evaluated long-term clinical outcomes regarding local
recurrences after endoscopic resection or the risk factors for
local recurrence following use of either ESD procedure. This
information will be useful for treatment planning as well as to
aid in the detection of high-risk groups. We therefore con-
ducted this study to evaluate long-term outcome of endo-
scopic resection and clinicopathological features of patients
with local recurrence of EGC after endoscopic resection.

Patients and methods

From January 2002 to January 2008, 422 patients with 427
early gastric cancers were treated by endoscopic resection
at Severance Hospital, Yonsei University College of
Medicine, Seoul, Korea. A diagnosis of EGC was based on
findings from endoscopy, endoscopic ultrasonography,
computed tomography, and histopathological examination
of biopsy specimens.

Standard indications for EMR included (1) differentiated
adenocarcinoma, (2) intramucosal cancer, (3) lesion smaller
than 20 mm, and (4) no endoscopic evidence of ulceration
[13]. On the other hand, ESD was performed for EGC patients
who met the following extended criteria [14]: (1) differenti-
ated adenocarcinoma (well- to moderately differentiated
tubular adenocarcinoma and papillary adenocarcinoma)
confirmed histologically by biopsy, (2) depth of invasion
limited to the mucosa or sm1 (<500 pm penetration into the
submucosa) as determined by endoscopic ultrasound (EUS),
(3) lesions without ulceration, regardless of size, or 30 mm or
less in size with ulceration, or sm1 invasion.

We excluded from the study those patients with follow-up
periods of less than 1 year, patients lost to follow-up, and those
who underwent gastrectomy after endoscopic treatment due to
complications or incomplete resection (n = 111). We excluded
an additional 77 patients treated with ESD because their char-
acteristics exceeded those of the “extended criteria” (Fig. 1).
Ultimately, 239 cases were included.

Endoscopic resection methods

All patients were hospitalized. The endoscopic resection
procedure was performed with the patient under sedation
with midazolam hydrochloride plus Demerol, administered
intravenously just before the procedure.

After endoscopic evaluation of gastric lesions with
indigocarmine spraying, the surrounding lesion was marked
by electrocautery (ICC 200 or VIO 300D; ERBE, Tiibingen,
Germany) using a needle knife (Olympus, Tokyo, Japan).

For EMRL [15] and EMRC [16], the lesion was elevated
by an injection of epinephrine-containing hypertonic saline
solution. Thereafter, the lesion was aspirated, tightened
using a ligating device (EMRL) or a cap-fitted panendo-
scope (EMRC), and resected. The EMRP [17] technique
was circumferential precutting followed by snare resection.

For ESD, after confirming the lesion, the border
between the lesion and normal mucosa was electrosurgi-
cally marked approximately 1-2 mm from the Iesion.
Marking facilitated the determination of resection com-
pleteness and the orientation of resected specimens [2,
18]. After fully marking the border, an epinephrine-con-
taining hypertonic saline solution was injected into the
submucosa to create a submucosal cushion. The lesion
was incised using a needle knife along the outer border of
the marked lesion. The lesion was then dissected with an
insulation-tipped (IT) diathermic knife (Olympus) and
electrosurgical units.

Histological evaluation and assessment of resection
efficacy

The histopathological diagnoses were based on the Japa-
nese Classification of Gastric Carcinoma [1]. Resected
specimens were systematically sectioned at 2-mm inter-
vals, centered on the part of the lesion closest to the margin
and the site of deepest invasion. Lesions that remained
within the mucosa were classified as mucosal cancers, and
those invading the submucosa as submucosal cancers. The
submucosal layer was categorized into three layers: sml,
upper third; sm2, middle third; and sm3, lower third.

Resection was judged to be complete if the tumor was
removed en bloc and the horizontal and vertical margins
were histologically free of malignant cells and lymph-
vascular infiltration. Tumors resected in multiple fragments
or tumors with histologically confirmed positive resection
margins were defined as incomplete resections, even with
an endoscopic confirmation of complete removal.

If gross examination after endoscopic resection sug-
gested a high probability of residual tumor at the resection
site, argon plasma coagulation was applied at the residual
resection margin at the operator’s discretion.
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Follow-up examinations and local recurrence

After resection, an upper GI endoscopic examination was
conducted at 2—4-month intervals within the first year and
annually thereafter. Biopsy specimens were taken during
each procedure to detect the presence of a local recurrence.
Patients with local recurrence underwent further treat-
ments, which included repeat ESD, argon plasma coagu-
lation (APC), and gastrectomy.

Statistical analyses

To analyze cumulative local recurrences we used the
Kaplan—Meier method, with a log-rank test for the initial
comparison. Multivariate analysis was performed using
univariate predictors, entered stepwise into a multivariate
Cox proportional hazard model (forward selection). Factors
affecting incomplete resection and technical components in
local recurrence in patients with incomplete resection were
analyzed using logistic regression. Odds ratios (OR) and
95% CI (confidence intervals) were calculated to estimate
the relative risks of incomplete resection.

Results

Patient characteristics and clinical outcomes
of endoscopic resection

Of the 422 patients with 427 early gastric cancers treated by
endoscopy, 239 were deemed eligible for this study (Fig. 1).

@ Springer

The mean age of the patients was 63.05 & 9.07 years, and
the mean tumor size was 13.92 + 8.73 mm (EMR: 11.5 +
3.68 mm, ESD: 14.56 + 9.54 mm) (Table 1). Fifty lesions
were treated with EMR and 189 lesions with ESD. Rates of
en bloc resection and complete resection for the EMR group
were significantly lower than for the ESD group (64% vs.
86.8%, and 60% vs. 79.9%, respectively) (Table 2).

Local recurrence after endoscopic resection

During the follow-up period (mean = 30.3 months, range
= 12-79.7 months), we observed nine (18%) and seven
(3.7%) local recurrences in the EMR (n = 50) and ESD
(n = 189) groups, respectively. In overall subjects, 181 early
gastric cancers were completely resected and 7 of these
experienced local recurrences. Among patients with com-
plete resection using ESD, only one patient (0.66%) expe-
rienced local recurrence; however, among those who
achieved complete resection in the EMR group, local
recurrences affected six patients.

Factors without measurable effect on local recurrence
included gender, treatment year, tumor size, endoscopic
finding of EGC, and presence of ulcer (Table 3) . En bloc
resection and complete resection (defined as en bloc
resection with negative resection margin), however, sig-
nificantly decreased local recurrence rate. In addition,
treatment of EGC by ESD produced a significantly lower
cumulative recurrence rate than did treatment by EMR
(Fig. 2). On multivariate analysis, incomplete resection
(p = 0.013, hazards ratio [HR] = 5.592) and EMR
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Table 1 Clinicopathologic features of the 239 early gastric cancers
treated by endoscopic resection

No. (%) (n = 239)

Age?* 63.05 £ 9.07
Sex

Male 178 (74.5)

Female 61 (25.5)
Location

Upper 14 (5.9)

Middle 16 (6.7)

Lower 209 (87.4)
Tumor size® 13.92 + 8.73

<20 mm 196 (82.0)

20 < size < 30 mm 34 (14.2)

>30 mm 9 (3.8)
EGC type

Elevated 50 (20.9)

Flat 62 (25.9)

Depressed 127 (53.1)
Ulcer finding

Yes 17 (7.1)

No 222 (92.9)
Histology

Well-differentiated 171 (71.5)

Moderately differentiated 68 (28.5)
Depth

Mucosa 224 (93.7)

Submucosa 15 (6.3)

EGC early gastric cancer

* Value expressed as mean =+ standard deviation (SD)

Table 2 Clinical outcome of endoscopic resection

En bloc
resection rate

Complete
resection rate

64% (32/50) 60% (30/50)
86.8% (164/189) 79.9% (151/189)

Endoscopic mucosal resection
Endoscopic submucosal
dissection

Total 82% (196/239) 75.7% (181/239)

(p = 0.009, HR = 4.005) were proved to be significantly
relevant to local recurrence (Table 3).

Factors affecting incomplete resection

Assuming the critical importance of complete resection as
a determinant of local recurrence, we further analyzed
factors that determine complete resection (Table 4). Larger
tumor size (p = 0.048), and EMR method (p = 0.005)
increased incomplete resection significantly, which was
confirmed in multivariate analysis with an odds ratio

(OR) =2.65 (p =0.004) and OR = 3.52 (p = 0.001),
respectively. We also tested technical components of the
procedure for their effects on local recurrence in the
incomplete resection group, but found none (Table 5).

Clinical course after local recurrence

In the EMR and ESD groups combined, 16 patients
experienced local recurrence, and all 16 received addi-
tional treatment. Eight patients underwent gastrectomy,
four patients repeated ESD, and four patients were treated
with APC. In surgical resection, one lesion was identified
as submucosal (sm2) cancer without lymph node metas-
tasis and the other seven as mucosal cancer without
lymph node metastasis. One repeated endoscopic resec-
tion revealed a submucosal (sm1) cancer. There were no
additional recurrences in the 12 patients who were treated
with gastrectomy and repeated ESD during follow-up.
However, all three of the four patients whose initial
recurrence was treated with additional APC had another
recurrence at the same location within 2 years after APC
(9.3, 12.8, and 17.9 months, respectively). In addition, six
patients developed metachronous cancers after initial
endoscopic resection; four underwent gastrectomy and
two were treated with ESD (Fig. 1). After treatment, there
was no recurrence or newly developed lesion at the last
follow-up.

Discussion

Planning for extended treatment of EGC and follow-up of
patients at high risk for recurrence requires knowledge of
the major determinants of treatment outcome. In this study
we showed the long-term clinical outcome of EGC fol-
lowing endoscopic resection. The ESD technique with
complete resection significantly reduced the risk of local
recurrence. With EMR, however, a significant risk for
recurrence remains, even with curative resection.

EMR was first introduced as a treatment for EGC in
1984, and variations of EMR, including EMR-ligation
(EMRL), EMR-cap (EMRC), and EMR-strip biopsy, have
since been developed [15, 16, 18, 19]. However, none of
these conventional EMR techniques can adequately resect
lesions greater than 20 mm in diameter [13]. EMR can
resect larger lesions in multiple fragments, but this piece-
meal removal may compromise the accuracy of histologi-
cal analyses and the technical assessment of treatment and
increase the risk for incomplete resection [2, 20]. In this
retrospective study, various techniques of EMR were used.
EMRP and EMRL were the most commonly used tech-
niques for lesions 15 mm or smaller. The less commonly
used technique was EMRC.

@ Springer
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Table 3 Predictors of local

recurrence NO: of Local p value
patients recurrence — —
Univariate Multivariate
Sex 0.937
Male 178 12
Female 61 4
Treatment year range 0.103
2002-2005 67
2006-2008 172
Location 0.313
Upper 15 2
Non-upper 224 14
Tumor size 0.836
<20 mm 196 13
20 < size < 30 mm 34 2
>30 mm 9
EGC type 0.406
Elevated 50
Flat 62
Depressed 127
Ulcer finding 0.254
Yes 17 0
No 222 16
En bloc resection 0.047 0.238
Yes 196 10
No 43 6
Curability 0.003 0.013
Complete resection 181 7
Incomplete resection 58 9
Margin involvement 0.104
Negative 220 13
Positive 19 3
EGC early gastric cancer, Method 0.001 0.009
EMR endoscopic mucosal EMR 50
resection, ESD endoscopic ESD 189

submucosal dissection

ESD was developed to facilitate en bloc resection,
regardless of tumor size [2, 10, 12, 21]; however, ESD does
not ensure complete resection or exclude the possibility of
local recurrence.

Few studies to date have specifically addressed long-
term clinical outcomes regarding local recurrences after
endoscopic resection or clinical and pathological predictors
of local recurrence following the use of either ESD pro-
cedure. Our study confirmed the superiority of ESD over
EMR, as determined by en bloc resection rates (86.8% vs.
64%, respectively) and complete resection rates (79.9% vs.
60%, respectively). These parameters of performance for
ESD continue to improve, with recent reports of en bloc
and complete resection rates near 90% [22, 23], in contrast
to previous reports [24, 25]. Our relatively low rates may
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stem from the involvement of six different endoscopists in
the treatment of patients with EGC at our institution.
Although all were highly trained specialists, their different
preferences for devices and methods might have affected
clinical outcome. Also, we enrolled all EGC patients from
the beginning of EMR or ESD from 2002 to 2008. Most
ESD techniques were performed after 2005.

Ryu et al. [8] reported recurrence rates of 9.6 and 3.5%
in patients treated with conventional EMR and ESD,
respectively, for gastric adenoma or EGC. Recent Japanese
studies found local recurrence rates of 10-15% after
incomplete resection by ESD, but 0-0.2% in patients with
complete resection [22, 26]. We observed local recurrence
in 18% of patients following EMR, 3.7% after ESD, and
only one (0.66%) after complete resection by ESD. There
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Fig. 2 Cumulative local recurrence rates after endoscopic resection

were still local recurrences after complete resection. It is
possible that remnant malignant cells might remain on the
“negative” resection margin since the coagulated portion
of the resection margin could not be assessed accurately.
We identified curability and endoscopic resection tech-
nique as predictors for local recurrence, i.e., incomplete
resection and use of EMR, even with complete resection,
significantly increased the cumulative local recurrence rate.

Table 5 Technical factors in local recurrence following incomplete
resection

No. Local p value
recurrence

En bloc resection 0.564
Yes 15 3
No 43

Margin involvement 0.570
Negative 40 7
Positive 18 2

Method 0.846
ESD 38
EMR 20 3

Additional treatment 0.923
APC 14
None 44 7

EMR endoscopic mucosal resection, ESD endoscopic submucosal
dissection, APC argon plasma coagulation

We may therefore assume that complete resection and use
of ESD critically influence long-term, disease-free survival.

In the EMR group, there were more local recurrences in
the complete resection group (6/30, 20%) than in the
incomplete resection group (3/20, 15%) by simple numeric
comparison, where time was not taken into consideration.
However, since local recurrence was a time-dependent var-
iable, the univariate Kaplan—-Meier method and multivariate

Table 4 Comparison between

. Complete Incomplete Univariate Multivariate
complhete and incomplete resection resection
resection n (%) n (%) p value OR (95% CI) p value
Location 0.208
Upper 9 (5.0) 6 (10.3)
Non-upper 172 (95.6) 52 (89.7)
Tumor size 0.048 2.65 (1.358-5.193) 0.004
>15 mm 48 (26.5) 24 (41.4)
<15 mm 133 (73.5) 34 (58.6)
Method 0.005 3.52 (1.714-7.234) 0.001
EMR 30 (16.6) 20 (34.5)
ESD 151 (83.4) 38 (65.5)
EGC type 0.080
Elevated 30 (16.6) 20 (34.5)
Flat 51 (28.2) 11 (19.0)
Depressed 100 (55.2) 27 (46.6)
Ulcer finding 0.941
Yes 13 (7.2) 4 (6.9)
No 168 (92.8) 54 (93.1)
Mucosa invasion 0.690
EMR endoscopic mucosal Mucosa 169 (93.4) 55 (94.8)
resection, ESD endoscopic Submucosa 12 (6.6) 3(5.2)

submucosal dissection
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Cox proportional hazard model proved that complete
resection had a lower local recurrence rate. Therefore, it is
hard to conclude that the rate of local recurrence was really
higher with complete resection than with incomplete resec-
tion in the EMR group.

In subsequent analysis, we identified tumor size and
method of endoscopic resection as significant determinants
of incomplete resection (Table 4). Takenaka et al. [26]
reported tumor size and tumor location as independent risk
factors for local recurrence. However, we found these
factors to be more closely associated with complete
resection than with local recurrence. This discrepancy
between the two studies may be most likely due to direct
correlation of tumor size and location with complete
resectability. Therefore, we suggest that complete resection
has more influence on local recurrences than do tumor size
and location. Based upon the results of current study, we
think that once the tumor is completely resected using
ESD, the possibility of local recurrence might drop sub-
stantially and routine periodic follow-up might be suffi-
cient. However, in selecting a candidate for endoscopic
resection, the endoscopist should consider the feasibility of
ESD in terms of complete resectability according to tumor
size and endoscopic method in order to provide a longer
disease-free survival for the patient. We also analyzed the
clinical profiles of patients with incomplete resection
(Table 5). The role of argon plasma coagulation (APC) in
the extended treatment of incompletely resected EGC has
not been fully evaluated [27-30], although it is reported to
be effective. In the present study, immediate additional
APC at the residual resection margin which suggested a
high probability of residual tumor did not affect the local
recurrence rate in patients with incomplete resection.
However, most lesions treated with additional APC for an
initial recurrence had recurred again at the same location.
Therefore, physicians should be cautious about performing
additional APC for recurring cancer lesions after endo-
scopic resection. A large prospective study will be required
to determine whether and how APC should be used to treat
EGC in the future.

Eight patients with local recurrence underwent surgical
resection, while four were treated by further endoscopic
resection. Among them, tumor invasion to the sm2 layer
was found in one surgical specimen, and invasion to the
submucosal layer was observed in one endoscopic resec-
tion specimen. These results indicate that care is required
when deciding to perform surgery or repeated EMR/ESD
after local recurrence, as lesions invading beyond the
mucosal layer require additional treatments when resected
by endoscopy. Furthermore, fibrotic mucosal change might
impede the performance of a second endoscopic resection,
since severe fibrosis and artificial ulcer scarring may
develop around the recurrent lesion after the first resection.

@ Springer

Chung et al. [31] reported a significantly lower en bloc
resection rate for scar-positive lesions than for scar-nega-
tive lesions, probably because of the difficulty in lifting, by
submucosal injection, the fibrotic lesion at the recurrence
site and assessing histologically the depth of the resected
specimen.

The retrospective design and confinement to a single
institution limited the scope of this study. In addition, the
six different endoscopists involved may possibly have
developed preferences in their selection of knives and
modes of electrocoagulation, thus affecting clinical out-
comes. A prospective, multicenter study is necessary to
confirm our results.

In conclusion, incomplete resection and use of EMR
significantly increased local recurrence, while larger tumor
size and use of EMR predicted incomplete resection. En
bloc resection with a negative margin may be essential to
achieve an outcome comparable to surgical resection.
Therefore, patients treated with EMR, even those with
curative resection, and patients with incomplete resection
after ESD require vigilant follow-up. Furthermore, a large
prospective study will be required to determine the best
treatment modality for local recurrence.
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