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Size discrepancy between endoscopic size and pathologic size
is not negligible in endoscopic resection for early gastric cancer
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Abstract

Background Accurate tumor size measurement is critical
for selecting proper candidates for endoscopic resection
(ER) of early gastric cancer (EGC). However, size dis-
crepancy between endoscopic size and pathologic size
often occurs during ER for EGC.

Objective The purposes of this study were to investigate
the clinicopathological characteristics related to size dis-
crepancy and the clinical implications of size discrepancies
in terms of therapeutic outcomes.

Methods Between April 2006 and June 2013, a total of
820 patients with 826 EGCs underwent ER. Enrolled
lesions were categorized into the following three groups
based on size discrepancy between endoscopic size and
pathologic size: well-estimated (N = 308), underestimated
(N = 215), or overestimated (N = 303) lesions. The well-
estimated group was defined as lesions with a ratio of
endoscopic size to pathologic size from 0.7 to 1.3.
Results The overall median size discrepancy was 5.0 mm
(interquartile range 2.0-9.0). Size, location, macroscopic
type, primary tumor stage, and histology differed significantly
between the three groups. Larger size [odds ratio (OR) 5.07,
95 % confidence interval (CI) 3.38-7.59, p < 0.001], flat/
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depressed type (OR 1.71, 95 % CI 1.15-2.55, p = 0.008),
and undifferentiated histology (OR 2.24, 95 % CI 1.31-3.83,
p = 0.003) were independent risk factors for endoscopic size
underestimation in multivariate analysis. Smaller size (OR
10.95, 95 % CI 4.64-25.87, p < 0.001) was the only inde-
pendent predictor for endoscopic overestimation of size.
Significantly lower complete resection and curative resection
rates were detected in the underestimated group compared
with the well-estimated group, while the complete resection
rate in the overestimated group tended to be higher than in the
well-estimated group. There was no significant difference of
curative resection rate between the overestimated and the
well-estimated groups.

Conclusions Larger size, flat/depressed type, and undif-
ferentiated histology of EGC carry a significant risk for
endoscopic underestimation of lesion size, which results in
the lower rates of complete and curative resections for EGC.
Further studies to reduce size discrepancy are warranted.
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List of abbreviations
EGC Early gastric cancer
ER Endoscopic resection

EMR Endoscopic mucosal resection

ESD Endoscopic submucosal dissection

ME-NBI Magnifying endoscopy with narrow-band
imaging

EUS Endoscopic ultrasound

IQR Interquartile range

Early gastric cancer (EGC) is defined as gastric cancer that is
confined to the mucosa or submucosa, irrespective of the
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presence of regional lymph node metastasis [1]. In eastern
countries with a high prevalence of gastric cancer [2, 3],
endoscopic resection (ER), including endoscopic mucosal
resection (EMR) and endoscopic submucosal dissection
(ESD), is a curative treatment option for some EGC cases [4,
5]. Recently, considerable data have also been reported from
the western world as ER is gaining wide acceptance [6, 7].
The standard indications for ER of EGC include a size of
2 cm or smaller in diameter [8]. Furthermore, the expanded
indications include a size of 3 cm or smaller if the lesion
with differentiated histology shows ulcerative findings in
mucosal cancer or SM1 depth of invasion without ulcera-
tion. In undifferentiated EGCs, the lesion must be a size of
2 cm or smaller and intramucosal, with no evidence of ulcer
findings [8, 9]. Therefore, accurate tumor size measurement
is critical for deciding proper candidates for ER of EGC.

Paradoxically, the size criteria for ER are mainly based
on histopathologic findings of excised formalin-fixed
specimens after surgery [9]. In contrast, endoscopists
should estimate the lesion size based on endoscopic
imaging. Thus, size discrepancy between endoscopic size
and pathologic size often occurs during ER. Despite the
importance of size measurement in ER for EGC, only a few
studies so far have investigated the size discrepancy [10].
Therefore, the purposes of this study were to assess the
clinicopathological characteristics related to size discrep-
ancy in EGC and to evaluate the clinical implications of
size discrepancies in terms of therapeutic outcomes.

Methods
Patients

This was a retrospective cohort study that analyzed the
EGC database, which was maintained prospectively.
Between April 2006 and June 2013 at a high-volume ter-
tiary referral center, a total of 820 patients with 826 EGCs
were enrolled in the present study. Enrolled patients
underwent ER for EGC according to the standard and
expanded indications [8]. Patients with lesions with
piecemeal resection (N = 69), patients with lesions from
remnant stomach (N = 2), and patients with Barrett-asso-
ciated cancers (N = 2) were excluded.

Enrolled lesions were categorized into the following
three groups based on size discrepancy between endoscopic
size and pathologic size: well-estimated (N = 308),
underestimated (N = 215), or overestimated (N = 303)
lesions. The well-estimated group was defined as lesions
with a ratio of endoscopic size to pathologic size from 0.7
to 1.3. The underestimated and overestimated groups were
defined as lesions with ratios of endoscopic size to patho-
logic size less than 0.7 and more than 1.3, respectively.
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Demographic data for the enrolled patients and clini-
copathologic characteristics and outcomes of the three
groups were analyzed. Written informed consents
explaining possible procedure-related risks, complications,
and alternative surgical options were obtained from all
patients before ER. This study was approved by the Insti-
tutional Review Board of Yonsei University College of
Medicine, Korea.

Size measurement

Size was measured prospectively by endoscopy and
pathology. Endoscopic size was estimated in the longest
diameter of lesion, by five gastroenterology attending
physicians using standard upper gastrointestinal endo-
scopes (GIF Q260 and H260, Olympus, Japan) as follows.
First was the visual estimation method, whereby the tip of
the endoscope was withdrawn about 3—4 c¢m from the EGC
and the largest diameter was visually estimated. Second
was the open biopsy forceps method, whereby a biopsy
forceps (FB-21K-1, Olympus, Japan), with a diameter of
6 mm when opened fully, was used. The forceps was
withdrawn in the open position toward the endoscope tip as
far as possible until both cups were fully visualized. The
open forceps was then advanced until it was aligned against
the largest diameter of the lesion, with the tip of the
endoscope still placed at approximately 3—4 cm from the
lesion [11]. Chromoendoscopy with indigo carmine (0.2 %
solution) was routinely performed to define the horizontal
extent of tumor infiltration. Magnifying endoscopy with
narrow-band imaging (ME-NBI) was carried out in selec-
ted cases for delineation of ill-defined margins by chro-
moendoscopy [12, 13].

Pathologic size was based on the longest diameter of the
lesion in the ER specimen. After resection, ER specimens
were only minimally stretched to avoid overextension,
pinned on a styrofoam board, and immediately immersed in
formalin fixative for 4 h. Fixed specimens were sectioned
serially at 2-mm intervals, and entirely embedded in par-
affin. Size was measured using the map template, which
was considered the reference standard.

Clinicopathologic characteristics

The size was based on pathologic size, with classification
of no larger than 20 mm and larger than 20 mm. The
location of lesions was divided into three sections by cat-
egorization of the longitudinal axis of the stomach (upper
third containing the fundus, cardia, and upper body; mid-
third containing the mid-body, lower body, and angle; and
lower third containing the antrum and pylorus) and four
sections by categorization of the cross-sectional circum-
ference of the stomach (anterior wall, posterior wall,
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greater curvature, and lesser curvature). Macroscopic type
was classified according to the macroscopic classification
of EGC by the Japanese Gastric Cancer Association [14].
Additionally, the macroscopic types were grouped as ele-
vated or flat/depressed types [10]. Submucosal invasion
was evaluated by endoscopic ultrasound (EUS) in a select
group of patients (476/820, 58.0 %) and was confirmed by
histologic diagnosis. Histologic diagnoses and grade of
differentiation were performed based on the World Health
Organization classification of gastrointestinal tumors [15,
16]. The histologic diagnoses were classified into two
categories based on the Japanese classification of gastric
carcinoma, as either differentiated or undifferentiated his-
tologic type [14].

Endoscopic resection

The ER methods included consisted of EMR (including the
injection-and-cut technique, EMR with the cap technique,
and EMR by a snare after circumferential precutting with a
knife) and ESD. The details of ER were described previ-
ously [17].

Therapeutic outcomes

The therapeutic outcomes of ER were classified as com-
plete resection and curative resection. Complete resection
was defined as en bloc resection with no cancer cell
exposure to any cut end [18]. Incomplete resection was
defined as resection that did not meet the complete resec-
tion criteria. Different definitions of curative resection were
applied for differentiated and undifferentiated histologic
type cancers, respectively, because they have different
profiles regarding the risk of metastasis [9]. Curative
resection in differentiated EGC was defined as complete
resection with no lymphovascular invasion and no sub-
mucosal invasion deeper than 500 um from the muscularis
mucosa [19]. Curative resection in undifferentiated EGC
was defined as complete resection with intramucosal
invasion, no lymphovascular invasion, no ulceration, and
no larger than 2 cm in diameter [20]. Non-curative resec-
tions were defined as resections that did not meet the
respective curative resection criteria.

Statistical analysis

The »* test or Fisher’s exact test was used to test
categorical data. The Student’s ¢ test or Wilcoxon
signed rank test or one-way analysis of variance was
used for noncategorical data. Multinomial logistic
regression analysis was performed to assess the

relationship of clinicopathological characteristics and
size discrepancy towards underestimation and overesti-
mation from well-estimation, respectively. Characteris-
tics with a univariate significance of p < 0.05 were
candidates for multivariate analysis. p < 0.05 was con-
sidered statistically significant. Statistical analysis was
performed using the SAS program (version 9.2, SAS
Institute, Cary, NC, USA).

Results
Size discrepancy and baseline characteristics of patients

A total of 820 patients with 826 EGCs (598 men and 222
women; mean age 65.3 £ 10.6 years) underwent ER.
Specifically, ten EMRs and 816 ESDs were performed. The
overall median sizes of lesions were 12.0 mm [interquartile
range (IQR) 10.0-15.0] and 12.0 mm (IQR 7.0-20.0) by
endoscopy and pathology, respectively. This was not sig-
nificantly different (p = 0.369). The overall median abso-
lute size discrepancy between endoscopic size and
pathologic size was 5.0 mm (IQR 2.0-9.0), and the overall
median ratio of endoscopic size to pathologic size was 1.0
(IQR 1.0-2.0). The median ratios of endoscopic size to
pathologic size in the well-estimated, underestimated, and
overestimated groups were 1.0 (IQR 0.8-1.1), 0.50 (IQR
0.4-0.6), and 1.9 (IQR 1.5-2.7), respectively. The median
absolute size discrepancies as well as median ratios of
endoscopic size to pathologic size among five endoscopists
were not statistically different. The overall intraclass cor-
relation coefficient (ICC) between endoscopic size and
pathologic size was 0.61 [95 % confidence interval (CI)
0.54-0.67]. The ICCs between endoscopic size and path-
ologic size among involved endoscopists were not signifi-
cantly different.

The baseline characteristics of enrolled patients are
shown in Table 1. No significant differences in baseline
characteristics, including age, sex, alcohol, smoking,
comorbidities, use of antiplatelets, use of anticoagula-
tion, and Helicobacter pylori infection were detected
between patients with endoscopically well-estimated,
underestimated, and overestimated lesions.

Clinicopathological characteristics related to size
discrepancy

The comparison of clinicopathological characteristics
between the three groups is listed in Table 2. Size
(p < 0.001), location (p = 0.001), macroscopic type
(p = 0.020), primary tumor (pT) stage (p = 0.001), and
histology (p = 0.006) were significantly different
between the three groups. T stage on EUS tended to
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Table 1 Baseline characteristics of 826 early gastric cancers from 820 patients treated with endoscopic resection

Characteristic Total Well-estimated Underestimated Overestimated p value
(N = 826) (N = 308) (N = 215) (N = 303)
Age (year) 65.3 £ 10.6 65.6 £ 10.9 64.7 + 10.6 654 £ 10.3 0.564
Male sex 598 (72.4) 220 (71.4) 154 (71.6) 224 (73.9) 0.763
Alcohol 422 (51.1) 149 (48.4) 108 (50.2) 165 (54.5) 0.268
Smoking 416 (50.4) 151 (49.0) 104 (48.4) 161 (53.1) 0.781
Comorbidity 0.988
Diabetes mellitus 130 (15.7) 52 (16.9) 32 (14.9) 46 (15.2)
Hypertension 317 (38.4) 126 (40.9) 82 (38.1) 109 (36.0)
Chronic liver disease 23 (2.8) 10 (3.2) 5@2.3) 8 (2.6)
Cardiac disease 62 (7.5) 25 (8.1) 13 (6.0) 24 (7.9)
Use of antiplatelets 138 (16.7) 60 (19.5) 32 (14.9) 46 (15.2) 0.271
Use of anticoagulation 7 (0.8) 4 (1.3) 1(0.5) 2 (0.7) 0.708
Helicobacter pylori infection® 292/580 (50.3) 112/209 (53.6) 69/149 (46.3) 111/222 (50.0) 0.394
Data are expressed as mean with standard deviation or N (%)
* Data were evaluated among the patients with rapid urease test or histology for Helicobacter pylori infection (N = 580)
Table 2 Clinicopathologic Characteristic Well-estimated Underestimated Overestimated p value
characteristics of early gastric (N = 308) (N = 215) (N = 303)
cancer with size discrepancy
Size <0.001
<20 249 (80.8) 101 (47.0) 297 (98.0)
>20 59 (19.2) 114 (53.0) 6 (2.0)
Location 0.001
Upper third 26 (8.4) 20 (9.3) 14 (4.6)
Mid-third 95 (30.8) 86 (40.0) 83 (27.4)
Lower third 187 (60.7) 109 (20.7) 206 (68.0)
Circumference 0.306
Anterior wall 55 (17.9) 47 (21.9) 57 (18.8)
Posterior wall 67 (21.8) 35 (16.3) 72 (23.8)
Greater curvature 82 (26.6) 48 (22.3) 70 (23.1)
Lesser curvature 104 (33.8) 85 (39.5) 104 (34.3)
Macroscopic type 0.020
Elevated 208 (67.5) 121 (56.3) 201 (66.3)
Flat/depressed 100 (32.5) 94 (43.7) 102 (33.7)
Macroscopic feature
Erythema 64 (20.8) 52 (24.2) 74 (24.4) 0.507
Ulcer 14 (4.5) 12 (5.6) 15 (5.0) 0.862
T stage on EUS 0.207
Mucosa 158 (84.0) 84 (76.4) 149 (83.7)
Submucosa 30 (16.0) 26 (23.6) 29 (16.3)
pT stage 0.001
Mucosa 245 (79.5) 159 (74.0) 262 (86.5)
Submucosa 63 (20.5) 56 (26.0) 41 (13.5)
Histology 0.006
Differentiated 276 (89.6) 171 (79.5) 262 (86.5)
Data are expressed as N (%) . .
Undifferentiated 32 (10.4) 44 (20.5) 41 (13.5)

EUS endoscopic ultrasound
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Table 3 Multivariate analysis of risk factors related to endoscopic underestimation and overestimation of sizes
Characteristic Underestimation Overestimation
OR (95 % CI) p value OR (95 % CI) p value
Size (mm) <0.001 <0.001
<20 1.00 (reference) 10.95 (4.64-25.87)
>20 5.07 (3.38-7.59) 1.00 (reference)
Location
Upper third 1.03 (0.52-2.05) 0.937 1.00 (reference)
Mid-third 1.27 (0.84-1.91) 0.255 1.56 (0.75-3.24) 0.235
Lower third 1.00 (reference) 1.90 (0.94-3.82) 0.073
Macroscopic type 0.008 0.944
Elevated 1.00 (reference) 1.01 (0.71-1.44)
Flat/depressed 1.71 (1.15-2.55) 1.00 (reference)
pT stage 0.194 0.070
Mucosa 1.00 (reference) 1.52 (0.97-2.38)
Submucosa 1.35 (0.86-2.14) 1.00 (reference)
Histology 0.003 0.250
Differentiated 1.00 (reference) 1.00 (reference)
Undifferentiated 2.24 (1.31-3.83) 1.35 (0.81-2.24)

CI confidence interval, OR odds ratio

differ between the groups (p = 0.207). In particular,
larger size (p < 0.001), flat/depressed type (p = 0.016),
and undifferentiated histology (p = 0.002) were signifi-
cant characteristics of the underestimated group com-
pared with the well-estimated group. The underestimated
group tended to exhibit mid-third location (p = 0.082),
submucosal invasion on EUS (p = 0.124), and submu-
cosal invasion determined by histopathology (p = 0.139)
compared with the well-estimated group. In addition,
smaller size (p <0.001) and intramucosal invasion
determined by histopathology (p = 0.024) were signifi-
cant features of the overestimated group compared with
the well-estimated group. The overestimated group ten-
ded to locate in the lower-third of the stomach
(p = 0.076).

In multivariate analysis, larger size [odds ratio (OR)
5.07, 95 % CI 3.38-7.59, p < 0.001], flat/depressed mac-
roscopic type (OR 1.71, 95 % CI 1.15-2.55, p = 0.008),
and undifferentiated histology (OR 2.24, 95 % CI
1.31-3.83, p = 0.003) were independent risk factors for
endoscopic size underestimation. Submucosal invasion
determined by histopathology showed a tendency toward
being associated with endoscopic underestimation of size
(OR 1.35, 95 % CI 0.86-2.14, p = 0.194). In contrast,
smaller size (OR 10.95, 95 % CI 4.64-25.87, p < 0.001)
was the only significant predictive factor for endoscopic
size overestimation. Location in the lower third of the
stomach (OR 1.90, 95 % CI 0.94-3.82, p = 0.073) and
intramucosal invasion determined by histopathology (OR
1.52, 95 % CI 0.97-2.38, p = 0.070) revealed a tendency

toward being related to endoscopic overestimation of
lesion size (Table 3).

Characteristics of the endoscopic procedure, including
procedure time during ER and complications of ER, were
assessed. The overall median ER time was 44.0 min (IQR
30.0-65.0). The overall complication rates for bleeding and
perforation were 4.5 % (37/826) and 2.9 % (24/826),
respectively. There were no significant differences between
the three groups in terms of the ER procedure time and
bleeding and perforation rates.

Therapeutic outcomes according to size discrepancy

The therapeutic outcomes of three groups are summarized
in Table 4. The overall complete resection and curative
resection rates were 90.3 % (746/826) and 80.8 % (667/
826), respectively. Complete resection and curative resec-
tion were not statistically different among five endoscopists
involved. Complete resection (p < 0.001) and curative
resection (p < 0.001) were significantly different among
the three groups. Significantly lower rates of complete
resection (p = 0.003) and curative resection (p < 0.001)
were detected in the underestimated group compared with
the well-estimated group, whereas the complete resection
rate in the overestimated group tended to be higher than in
the well-estimated group (p = 0.078). There was no sig-
nificant difference of curative resection rate between the
overestimated and the well-estimated groups.

Positive cancer invasion at the lateral cut end
(» <0.001) and lymphovascular invasion (p = 0.037)
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Table 4 Therapeutic outcomes
of early gastric cancer according
to size discrepancy

Outcome Well-estimated Underestimated Overestimated p value
(N = 308) (N = 215) (N = 303)
Complete resection 281 (91.2) 177 (82.3) 288 (95.0) <0.001
Incomplete resection 27 (8.8) 38 (17.7) 15 (5.0)
Lateral cut end-positive 14 (4.5) 31 (14.4) 9 (3.0) <0.001
Vertical cut end-positive 15 (4.9) 11 (5.1) 6 (2.0 0.083
Curative resection 257 (83.4) 146 (67.9) 264 (87.1) <0.001
Non-curative resection 51 (16.6) 69 (32.1) 39 (12.9)
Lymphovascular invasion 16 (5.2) 20 (9.3) 12 (4.0) 0.037

Data are expressed as N (%)

were also statistically different among the three groups.
The groups tended to have the different rate of positive
cancer invasion at the vertical cut end (p = 0.083). The
underestimated group showed the significantly higher rate
of positive cancer invasion at the lateral cut end
(p < 0.001) and tended to exhibit the higher rate of lym-
phovascular invasion (p = 0.080) compared with the well-
estimated group. There was no statistical difference of
positive cancer invasion at the vertical cut end between the
underestimated and the well-estimated groups. The over-
estimated group revealed the significantly lower rate of
positive cancer invasion at the vertical cut end (p = 0.042).
There were no statistical differences of positive cancer
invasion at the lateral cut end and lymphovascular invasion
between the overestimated and the well-estimated groups.

Discussion

This study focused on clinicopathological characteristics
and therapeutic outcomes of size discrepancy between
endoscopic size and pathologic size in EGCs treated by
ER.

Size discrepancy between endoscopic estimation and
pathologic measurement is inevitable during ER for EGC
since endoscopists can only estimate approximate tumor
size on the basis of endoscopic imaging. Along these lines,
only a few retrospective studies have so far been performed
on size discrepancy in EGC, and these had controversial
results [10, 21, 22]. A previous study showed that the mean
size discrepancy in EGCs, comprising 396 differentiated
and 60 undifferentiated lesions, was 7.3 + 9.1 mm [22].
Moreover, the mean size discrepancies in other studies
were 18.4 £ 22.0 mm in extremely well-differentiated
adenocarcinomas and 5.8 + 7.5 mm in EGCs consisting of
834 differentiated and 21 undifferentiated lesions, respec-
tively [21]. These findings were comparable to the mean
size discrepancy in our study revealing 6.8 £ 9.5 mm. In
contrast, an earlier study showed that the mean size dis-
crepancy of lesions with 438 differentiated and 70 undif-
ferentiated histologic types was 1.7 mm (95 % CI 1.4-2.0)
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and an absolute difference less than 4 mm was found for
80 % of enrolled cases [10]. However, the retrospective
approach using the endoscopic visual estimation method on
still images performed by only trained endoscopists is a
critical limitation to application of the results in a practical
setting. In the current study, an absolute difference of less
than 4 mm was found for 47.1 % (389/826) of enrolled
lesions. Moreover, the strength of overall ICC between
endoscopic size and pathologic size was moderate.
Although the heterogeneity in composition of endoscopists
as well as in endoscopic estimation methods may affect our
results [11, 23], the limited success of endoscopic size
estimation warranted further well-designed, multicenter,
prospective studies to reduce the size discrepancy. In
clinical grounds, to improve the size estimation before ER,
other endoscopic methods including EUS and ME-NBI
should be taken into account. EUS has the potential to
provide a more objective lesion size measurement. The
marginal demarcations of tumors could be better recog-
nized in ME-NBI [12, 13, 24]. Although the estimated size
via radial scanning echoendoscopes may not represent the
maximal diameter of the entire lesion, particularly with the
longest size in the longitudinal axis, we recommend the
combined evaluation of the lesion size to compensate for
the limited accuracy of endoscopic estimation. With
regards to a standard method in measuring lesion sizes,
there is no consensus for the standard method to determine
the size of EGC before ER. Therefore, we should investi-
gate the most precise method to estimate lesion sizes before
ER and standardize the method accompanied by the
development of a more appropriate technique in handling
the ER specimen to avoid inconsistency in pathologic
measurements. Additionally, the clinicopathologic features
predictive of endoscopic size underestimation should be
investigated as a potentially important factor of incomplete
ER of EGC.

In this study, larger size, flat/depressed type, and undif-
ferentiated histology were independent risk factors for
endoscopic size underestimation. Smaller size was the sole
independent predictor for endoscopic overestimation of size.
These findings were consistent with earlier studies showing
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that size discrepancy was proportional to tumor size and
increased for undifferentiated histology [10, 22]. Nonethe-
less, size discrepancies towards underestimation versus
overestimation were not differentiated in these studies.
Furthermore, other earlier studies revealed that larger size,
submucosal invasion, mid-third location, and an ill-defined
margin of tumor infiltration were features of undifferentiated
EGC [12, 22, 25-28]. Thus, the association of larger size
with endoscopically underestimated tumor may be due to
characteristics arising from the higher undifferentiated his-
tology in the underestimated group. In addition, an ill-
defined tumor margin and an intramucosal lateral spreading
pattern of undifferentiated EGCs may contribute to size
underestimation of EGC [12, 27].

To date, the clinical implications of size discrepancy
with reference to therapeutic outcomes have not been
evaluated. The underestimated group showed therapeutic
outcomes of 82.3 % for complete resection and 67.9 % for
curative resection, which are comparable to the reported
therapeutic outcomes of ER for undifferentiated EGC of
55.0-90.7 % for complete resection rate and 31.1-82.5 %
for curative resection rate [17, 20, 22, 25, 29-31], and
much lower than the outcomes of ER for differentiated
EGC of 88.9-93.4 % for complete resection rate and
91.3-94.7 % for curative resection rate [19, 32-36]. In
addition, the outcomes of the underestimated group were
significantly lower than those of the well-estimated lesions.
We attributed this finding to the higher lateral margin
positivity due to size underestimation as well as the ten-
dency of more frequent lymphovascular invasion accom-
panied by larger tumor size in the underestimated group
[37]. Moreover, increased histologic diversity with higher
proportions of undifferentiated types in the underestimated
group can result in trend towards deeper invasion [38, 39].
In contrast, there was no definite benefit to curative
resection resulting from endoscopic overestimation of size
in our study, though the overestimated group tended to
have improved outcomes in complete resection compared
with the well-estimated group. Therefore, we should avoid
underestimating lesion size, as it leads to dissimilar ther-
apeutic outcomes, and should instead pay attention to the
possibility of underestimation if the lesion shows larger
size, flat/depressed type, and undifferentiated histology. In
contrast to deeper invasion, lymphovascular invasion, or
undifferentiated histology, the precise demarcation of
tumor margin relatively depends on endoscopists. None-
theless, endoscopists often encounter some lesions reveal-
ing an ill-defined margin on chromoendoscopy as well as
conventional white light endoscopy. In these cases, ME-
NBI can be useful to define the ill-defined horizontal extent
of tumor infiltration [12, 13, 24]. Circumferential biopsies
of the lesion may be another supportive method to exclude
the equivocal lateral tumor extension. Moreover, the real-

time in vivo histologic evaluation using confocal laser
endomicroscopy might be helpful to demarcate the tumor
margin [40].

Our study had some limitations. First, this was a retro-
spective study in a single center. As this is the first study
investigating the clinical implications of size discrepancy
between endoscopic size and pathologic size in ER for
EGC, the earlier data for cut-off value of well-estimated
lesions versus underestimated or overestimated lesions are
lacking. Although a recent study on the size variation of
colon polyps between endoscopic estimate and pathologic
measurement considered a variation of more than 33 % to
be significant, the relatively arbitrary definitions of the
three groups are a possible limitation. Additionally, endo-
scopic size estimation supported by ME-NBI was not dif-
ferentiated. Because EGC demarcations could be better
recognized in ME-NBI [12, 13, 24], the heterogeneity in
endoscopic visualization is also a limitation. Lastly, EUS
was evaluated in selected patients only. Thus, selection
bias may have affected the study results.

Despite these limitations, the present study has some
merits. This is the first comparative study composed of
EGCs with well-estimated, underestimated, and overesti-
mated endoscopic sizes. Moreover, this study suggests
several clinicopathologic characteristics predictive of
endoscopic size underestimation resulting in lower com-
plete and curative resection rates of ER.

In conclusion, larger size, flat/depressed type, and
undifferentiated histology of EGC carry a high risk for
endoscopic underestimation of size, whereas a smaller size
carries a significant risk for endoscopic overestimation of
size. EGC with endoscopically underestimated size alters
complete and curative resection rates, while there is no
definite benefit to curative resection resulting from the
endoscopic overestimation of size. Other supportive
imaging modalities including EUS and ME-NBI should be
considered to improve size measurement. Further multi-
center, prospective studies should be conducted for the
standardization of size estimation methods before ER in
addition to reducing size discrepancies.
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