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Introduction
!

Endoscopic submucosal dissection (ESD) is widely
used in Japan as an initial treatment for early gas-
tric cancer (EGC) with a negligible risk of lymph
node (LN) metastasis, even for cases that involve
large and ulcerative lesions [1–3]. The therapeu-
tic outcomes of gastric ESD are excellent; however,
some cases of incomplete resection still occur be-
cause of not only technical problems, but alsomis-
diagnosis [4–10]. From the perspective of ESD
procedural techniques, the resectability of gastric
ESD has improved with the technical stabilization
of gastric ESD [11]. In contrast, although several
reports have roughly estimated the factors asso-
ciated with incomplete gastric ESD on the basis of
univariate or subgroup analyses, only a few have
thoroughly evaluated the various factors associat-
edwith incomplete gastric ESD due tomisdiagno-
sis using multivariable analysis [4,10,12–15]. In
particular, no published reports have demonstrat-
ed these factors using multivariable analysis by

dividing incomplete gastric ESD cases intopositive
for either lateral margins (LM) or vertical margins
(VM) [3,16]. Therefore, we attempted to identify
these factors in accordancewith the actual clinical
setting.

Patients and methods
!

Patients
After excluding patients with synchronous EGCs,
patients with metachronous EGCs, EGCs in the
remnant stomach, and EGCs in the gastric tube, a
total of 2,268 patients with solitary EGC lesions at
initial onset underwent ESD with curative intent
at our hospital from 1999 to 2008 [1–3]. Before
treatment, an upper endoscopy with indigo car-
mine dye was performed to evaluate the tumor
margins and depth of invasion [17]. Biopsies
were obtained from the lesion in all cases. At the
endoscopist’s discretion, biopsies were also ob-
tained outside the lesion to confirm the lateral
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Background and study aims: Endoscopic submu-
cosal dissection (ESD) is widely accepted for treat-
ing early gastric cancer (EGC); however, there can
be cases of incomplete resection due to not only
technical problems, but also misdiagnosis. Our
aim was to identify factors associated with in-
complete gastric ESD due to misdiagnosis.
Patients and methods: A total of 2,268 patients
with solitary EGCs at initial onset underwent
ESD with curative intent at our hospital from
1999 to 2008. We retrospectively assessed the
clinicopathological factors by comparing the two
groups of incomplete ESD cases due to misdiag-
nosis (cases with a positive lateral margins [LM]
[Group A] or those with a positive vertical mar-
gins [VM] [Group B]) with complete ESD cases
using multivariable analysis.
Results: Complete ESD was achieved in 2,097 pa-
tients. The 171 patients with incomplete ESDs

were divided into 109 with a positive LM and 80
with a positive VM (overlapped). Except 49 cases
with apositive LMdue to technical problems, a po-
sitive LM due to misdiagnosis was identified in 60
cases (Group A). Excluding 32 caseswith a positive
VM due to technical problems, a positive VM due
to misdiagnosis was found in 48 cases (Group B).
Significant independent factors (odds ratios [OR];
95% confidence intervals [CI]) for each groupwere
as follows: Group A: size >20mm (5.4; 3.0–9.9),
undifferentiated-type (4.1; 1.8–9.0), submucosal
invasion (2.0; 1.1–3.4) and location of upper/mid-
dle (1.9; 1.0–3.6); Group B: size >20mm (3.0;
1.6–5.5), undifferentiated-type (3.0; 1.1–8.0)
and location of upper/middle (2.4; 1.2–4.8).
Conclusions: Endoscopists must be aware of these
factors associatedwith incomplete gastric ESDdue
to misdiagnosis to further decrease their inci-
dence.
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margins. As for the narrow band imaging (NBI) andmagnification
endoscopy (ME), our hospital had minimal experience with such
endoscopic modalities for the diagnosis of lateral extent of EGC
lesions between 1999 and 2008, because this period was prior
to the clinical application of NBI and ME for gastric lesions [18].
In addition, endoscopic ultrasonography (EUS) was performed if
deemed necessary, particularly for lesions that were strongly
suspected of having submucosal invasion [19].
A flowchart for the therapeutic outcomes of gastric ESD is shown
in●" Fig.1. An en-bloc resectionwas defined as a one-piece resec-
tion and a complete (R0) resection was defined as an en-bloc re-
section with tumor-free LM and VM irrespective of curability [3,
16]. A resection that did not satisfy any of these criteria was con-
sidered an incomplete resection. Incomplete resection cases
were divided into those with positive LM and those with positive
VM. An inconclusive resection margin was regarded as a positive
resection margin.
From both the perspective of endoscopic diagnosis and ESD pro-
cedural techniques, cases with a positive LM were subdivided
into cases with a positive LM due to misdiagnosis (Group A) and
cases with a positive LM due to technical problems. Positive LM
due to misdiagnosis was defined as an incomplete ESD with a
positive LM because EGC lesion was extended pathologically
beyond the ESD marking dots. Positive LM due to technical prob-
lems was defined as an incomplete ESD with a positive LM be-
cause of a burning effect on lesions, inadvertent intralesional in-
cisions, and/or piecemeal resections. Furthermore, cases with a
positive VM were subdivided into cases with a positive VM due
to misdiagnosis (Group B) and cases with a positive VM due to
technical problems. Positive VM due to misdiagnosis was defined
as an incomplete ESD with a positive VM because EGC lesions in-
volved a submucosa (SM) deep layer (SM2 layer of ≥500µm from
the muscularis mucosae) [3,16]. Positive VM due to technical
problems was defined as an incomplete ESD performed for EGC
lesions confined to the mucosa (M) or the SM1 layer (<500µm

from the muscularis mucosae), with a positive VM because of a
burning effect on lesions, inadvertent intralesional incisions,
and/or piecemeal resections.
The risks and benefits of ESD were thoroughly explained to each
patient andwritten informed consent was obtained from them in
accordance with our institutional protocols prior to treatment.

Assessments of factors associated with incomplete ESD
To determine the factors associated with an incomplete gastric
ESD due to misdiagnosis, we retrospectively assessed the follow-
ing clinicopathological factors by comparing the two groups of
incomplete ESD cases due to misdiagnosis (cases with a positive
LM [Group A] or those with a positive VM [Group B]) with com-
plete ESD cases: age, gender, lesion location (upper/middle vs
lower third of the stomach), macroscopic type (elevated type vs
flat/depressed type), tumor size (≤20mm vs >20mm), depth of
invasion (M vs SM), presence/absence of ulceration and major
histological type (differentiated-type vs undifferentiated-type).
Macroscopic lesions were divided into elevated (0-I, 0-IIa, 0-I+
IIa, 0-I+ IIb, 0-I+ IIc, 0-IIa+ IIb, 0-IIa+ IIc) or flat/depressed types
(0-IIb, 0-IIc, 0-IIc+ I, 0-IIc+ III) on the basis of their major macro-
scopic features. The definitions for the characteristics of EGC
lesions, such as lesion location, macroscopic type, tumor size,
depth of invasion, presence of ulcerations, and histologic type,
were based on Japanese classification of gastric carcinoma and
Japanese gastric cancer treatment guidelines [3,16].
The cut-off value of a tumor size of 20mmwas determined using
the receiver operating characteristic (ROC) curve for the risk of a
positive LM because of misdiagnosis (●" Fig.2). The area-under-
the curve (AUC) value for the risk of a positive LM because of mis-
diagnosis was 0.77. The sensitivity and specificity for risk of a
positive LM because of misdiagnosis using a threshold tumor
size of 20mm were 76.7% and 61.2%, respectively. In addition,
the cut-off value of a tumor size of 20mmwas determined using
the ROC curve for the risk of a positive VM because of misdiagno-

2,268 patients with solitary EGC lesions at initial onset underwent ESD 
with curative intent from 1999 to 2008

Complete resection

Positive Lateral Margin (LM)

Group A
Positive LM due  to

Misdiagnosis

Positive LM due to
Technical Problems 

Group B
Positive VM due to 

Misdiagnosis

Positive VM due to
Technical Problems 

Positive Vertical Margin (VM)

Incomplete resection

ESD marking dots muscularis mucosa

A lesion extending 
pathologically beyond 

ESD marking dots

Burning effect on 
lesions, and/or 

inadvertent intra-
lesional incisions

A lesion involving 
SM deep invasion 
≥500 μm from the 
muscularis mucosa

Burning effect on 
lesions, and/or 

inadvertent intra-
lesional incisions

Piecemeal resections Piecemeal resections

SM deep invasion
(≥ 500 μm)

M-SM slight invasion
(< 500 μm)

Fig.1 Flowchart for the therapeutic outcomes of
gastric ESD. EGC, early gastric cancer; ESD, endo-
scopic submucosal dissection; M, mucosa; SM, sub-
mucosa
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sis (●" Fig.3). The AUC value for risk of a positive VM because of
misdiagnosis was 0.70. The sensitivity and specificity for risk of
a positive VM because of misdiagnosis using a threshold tumor
size of 20mmwere 66.7% and 61.2%, respectively.

Statistical analysis
The Fisher exact test or chi-square test was used for univariate
analysis. We then performed a multivariable binary logistic re-
gression analysis (backward, stepwise) for factors with P values
of less than 0.2 in the univariate analyses to identify factors that
were independently associatedwith incomplete resection. All the
statistical analyses were performed using the statistical analysis
software SPSS, version 20 (SPSS Japan Inc., Tokyo, Japan). A P val-
ue <0.05 was considered statistically significant.

Results
!

Complete resection was achieved in 2,097 cases (92.5%). In 171
cases (7.5%), resection was incomplete, of which a positive LM
was found in 109 cases (4.8% of all cases) and a positive VM in
80 cases (3.5%), including both positive LM and VM in 18. From
both the perspective of endoscopic diagnosis and ESD procedural
techniques, 109 cases with a positive LMwere subdivided into 60
cases (2.6%) with a positive LM due to misdiagnosis (Group A)
and 49 cases (2.2%) with a positive LM due to technical problems.
Furthermore, 80 cases with a positive VM were subdivided into
48 cases (2.1%) with a positive VM due to misdiagnosis (Group
B) and 32 cases (1.4%) with a positive VM due to technical prob-
lems.

In the 60 cases with a positive LM due to misdiagnosis (Group A),
lesion location of upper/middle, tumor size >20mm, SM inva-
sion, and undifferentiated-type were factors that were signifi-
cantly associated with a positive LM based on univariate analyses
(●" Table1). Using multivariable analysis, tumor size >20mm
(OR=5.4; 95% CI: 3.0–9.9; P<0.0001), undifferentiated-type
(OR=4.1; 95% CI: 1.8–9.0; P=0.001), SM invasion (OR=2.0; 95%
CI: 1.1–3.4; P=0.015), and lesion location of upper/middle
(OR=1.9; 95% CI: 1.0–3.6; P=0.048) were significantly asso-
ciated with a positive LM due to a misdiagnosis.
For the48caseswith apositiveVMdue tothemisdiagnosis (Group
B), lesion location of upper/middle and tumor size >20mmwere
factors that were significantly associated with a positive VM
due to a misdiagnosis based on univariate analyses (●" Table2).
Based on multivariable analysis, tumor size >20mm (OR=3.0;
95% CI: 1.6–5.5; P<0.0001), undifferentiated-type (OR=3.0;
95% CI: 1.1–8.0; P=0.028) and lesion location of upper/middle
(OR=2.4; 95% CI: 1.2–4.8; P=0.018) were significantly asso-
ciated with a positive VM due to a misdiagnosis.

Discussion
!

This is the first report to identify factors associated with incom-
plete ESD for EGC usingmultivariable analysis by dividing incom-
plete ESD cases into positive for LM or positive for VM from the
perspective of endoscopic diagnosis. ESD for EGC is performed
with excellent complete resection rates ranging from 80.4% to
97.8%; however, there still are cases of incomplete resection [4–
10]. Only a few published reports have thoroughly evaluated the
various factors associated with incomplete gastric ESD due to a
misdiagnosis using multivariable analysis [4,10,12–15]. Kaku-
shima N. et al. reported that tumor diameter, recurrent-type can-
cer, submucosal cancer, and undifferentiated-type cancer were
identified by multivariate analysis as factors that were signifi-
cantly associated with incomplete resection with a positive LM
due to misdiagnosis [12]. From the perspective of a positive LM
due to a misdiagnosis, their results were nearly comparable to
our results. Both reports identified undifferentiated-type cancer
as a significant independent factor. Accurate evaluation of the lat-
eral extent of a tumor is more challenging with undifferentiated-
type cancer [17,18,20,21]. Abe S.et al. and Okada K. et al. report-
ed that complete resection rates for patients with undifferenti-
ated EGC undergoing ESD were 90.7% and 95.1%, respectively
[17,20]. In addition, Hanaoka N. et al. evaluated the pathological
findings of SM-invasive EGC and then reported that tumor size
and width of submucosal invasion were greatest in undifferenti-
ated-type-predominant mixed type and differed significantly
from the respective values in differentiated type tumors [21].
Therefore, we must acknowledge the distinct possibility that be-
fore ESD, inaccurate evaluations of the lateral extent of undiffer-
entiated-type EGCs occur even more frequently.
However, the report by Kakushima N. et al. only focused on in-
complete resection with a positive LM due to misdiagnosis and
EGC lesions outside of ESD indications (such as recurrent-type
cancer), and clinically diagnosed SM invasive cancer alsowere in-
cluded. Takenaka R. et al., using multivariate analysis, reported
that tumors >3cm in diameter, tumors located in the upper and
middle third of the stomach, and the presence of ulcers were
significantly associated with incomplete resection [10]. In their
report, only differentiated-type EGC lesions were eligible for
these evaluations and clinically diagnosed undifferentiated-type
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mucosal cancers <2cm and without ulceration were not includ-
ed. In addition, Asada-Hirayama I. et al. reported factors that
were predictive of inaccurate determinations of the lateral extent
of differentiated-type EGCs during ESD irrespective of the LM
positivity of ESD specimens [13]. Based on multivariate analysis,
they found that the presence of a flat component, large size, and
predominant histologic findings of moderately-differentiated
adenocarcinoma were significant independent factors that con-
tributed to an inaccurate endoscopic evaluation of lateral tumor
extent. Their report investigated the misdiagnosis of the lateral
extent of EGC lesions during ESD in detail, although it only
focused on differentiated-type EGCs that fulfilled the indications
for ESD. More recently, Numata N. et al. reported that a tumor
location in the upper third of the stomach and a lesion not meet-
ing the absolute indication were identified as risk factors for a
positive LM in EGC resected by en bloc ESD, although this report
focused on not only incomplete gastric ESD because of misdiag-
nosis, but also incomplete gastric ESD because of technical prob-
lems [15].
There have been no previous reports on factors associated with a
positive VM due to a misdiagnosis. Our results showed that
tumor size >20mm, undifferentiated-type cancer, and lesion in
upper/middle third were significant independent factors asso-
ciated with a positive VM due to a misdiagnosis. These findings
are nearly the same as those in previous reports regarding incor-
rect endoscopic diagnoses for EGC invasion depth [19,22].
According to Japanese gastric cancer treatment guidelines, for
cases of incomplete ESD for differentiated-type adenocarcinoma
with positive VM or undifferentiated-type adenocarcinoma with
positive LM or VM, the standard treatment is gastrectomy with

LN dissection, even if these are the only non-curative factors [3].
In contrast, these guidelines describe that nonsurgical manage-
ment (close observation or immediate additional endoscopic
treatment) can be performed instead of gastrectomy for patients
with differentiated-type adenocarcinoma for whom the only
non-curative factor is a cancer-positive LM [3,23]. Under these
circumstances, more careful attention is needed to avoid incom-
plete ESD for differentiated-type adenocarcinoma with positive
VM and those for undifferentiated-type adenocarcinoma with
positive LM or VM because surgical resections would be necessi-
tated. Therefore, the results of the current study are significant
because they identify both factors associated with incomplete
ESD with positive LM and those with positive VM from the per-
spective of endoscopic diagnosis based on the data for both histo-
logic types of EGCs that fulfill the indications for ESD.
Our study had a few limitations. First, we did not directly deter-
mine the factors associated with a misdiagnosis of the lateral and
vertical extent of EGC lesions. Asada-Hirayama I. et al. reported
that LM will be negative even if the lesion size is underestimated
and the tumor extends beyond the marking dots [13]. Similarly,
the cases with complete resections in our study included EGC
lesions with inaccurate endoscopic evaluations of demarcation
or invasion depth. Thus, to determine those factors associated
with a misdiagnosis of the lateral or vertical extent of EGC le-
sions, a study that only focuses on the diagnosis of the lateral or
vertical extent of EGC lesions irrespective of cut endmargin posi-
tivity of ESD specimens will be necessary. Second, we evaluated
incomplete gastric ESD due to misdiagnosis mainly using by con-
ventional endoscopy so we did not assess whether use of several
endoscopic modalities, such as NBI, ME, and EUS, decreased the

Table 1 Factors associated with incomplete ESD with a positive LM due to a misdiagnosis (Group A).

Clinicopathological feature Univariate analysis Multivariable analysis,

odds ratio (95% CI), P value
Positive LM due to

misdiagnosis (n=60)

Complete resection

(n=2097)

Odds ratio (95% CI),

P value

Age

1.3 (0.8–2.2), 0.28 –> 65 30 (50%) 1194 (56.9%)

≤65 30 (50%) 903 (43.1%)

Gender

1.1 (0.6–1.9), 0.87 –Male 47 (78.3%) 1624 (77.4%)

Female 13 (21.7%) 473 (22.6%)

Location

2.6 (1.4–4.8), 0.002 1.9 (1.0–3.6), 0.048Upper/middle 47 (78.3%) 1221 (58.2%)

Lower 13 (21.7%) 876 (41.8%)

Macroscopic type

1.1 (0.7–1.9), 0.68 –Elevated 22 (36.7%) 824 (39.3%)

Flat/depressed 38 (63.3%) 1273 (60.7%)

Size (mm)

5.8 (3.2–10.3), < 0.0001 5.4 (3.0–9.9), < 0.0001≤20 15 (25%) 1379 (65.8%)

> 20 45 (75%) 718 (34.2%)

Depth

2.9 (1.7–5.0), < 0.0001 2.0 (1.1–3.4), 0.015Mucosa 36 (60%) 1709 (81.5%)

Submucosa 24 (40%) 388 (18.5%)

Ulceration

1.5 (0.9–2.8), 0.15 1.2 (0.7–2.3), 0.52Present 15 (25%) 374 (17.8%)

Absent 45 (75%) 1723 (82.2%)

Histological type

3.7 (1.8–7.6), 0.0002 4.1 (1.8–9.0), 0.001Differentiated 51 (85%) 2001 (95.4%)

Undifferentiated 9 (15%) 96 (4.6%)

ESD, endoscopic submucosal dissection; LM, lateral margin
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incidence of incomplete resection with a positive LM or VM be-
cause of misdiagnosis. To reduce the incidence of incomplete
ESD because of misdiagnosis, further improvement in endoscopic
diagnostic modalities is necessary. Third, in some cases, it was
difficult to divide incomplete ESD cases into 2 groups consisting
of technical problems and misdiagnosis because the 2 causes of
incomplete resection partially overlapped, although these 2 cau-
ses were defined as mentioned above in this study. Fourth, multi-
variable analysis used in this study (multivariable analysis for fac-
tors with P values less than 0.2 in the univariate analyses) may
lead to exclusion of variables that are important to include in
order to avoid residual confounding and to inclusion of variables
that generate over-adjustment bias or collider stratification bias.
However, the OR from multivariable analysis for all factors (data
not shown) are almost the same as that from multivariable anal-
ysis used in this study, so we considered that bias for selection of
variables would be minimized. Finally, the results of the current
study were based on a retrospective assessment conducted at a
single center, although the data were based on a large consecu-
tive series of gastric ESDs. Thus, a prospective multicenter study
is required for a more precise evaluation of these factors. Several
multicenter prospective studies on gastric ESD are currently un-
der way [24–26].
In conclusion, further advances in endoscopic diagnosis are need-
ed to improve the rate of incomplete gastric ESD due to misdiag-
nosis because there still are caseswith a positive LM or VM due to
several factors associated with misdiagnosis. Furthermore,
endoscopists must be aware of the factors associatedwith incom-
plete gastric ESD due tomisdiagnosis to further decrease their in-
cidence.

Competing interests: None
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