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ABSTRACT
Esophageal endoscopic submucosal dissection (ESD) can be attempted in 

superficial esophageal squamous cell carcinoma (SESCC) invading the upper 
submucosal layer (SM1: invasion < 200 μm). This study aimed to determine endoscopic 
predictive features associated with beyond SM1 invasion in SESCC and establish a 
predictive model using the identified features. This study retrospectively analyzed 203 
esophageal ESD for SESCC. Endoscopic images were reviewed by two endoscopists. 
Tumors were evaluated for main shape, sizes, and surface characteristics. The 
association between each endoscopic feature and beyond SM1 invasion was evaluated. 
Using the significant endoscopic features in multivariate analysis, a predictive model 
for beyond SM1 invasion in SESCC was established. Among 203 SESCCs, 40 (19.7%) 
invaded beyond SM1. Multivariate analysis revealed that surface nodularity [odds 
ratio (OR) 41.340, 95% confidence interval (CI) 8.492–201.252, p < 0.001], surface 
granularity (OR 18.682, 95% CI 4.818–72.440, p < 0.001), surface unevenness, (OR 
4.107, 95% CI 1.160–14.543, p = 0.029), deep depression (OR 27.490, 95% CI 
2.897–260.853, p = 0.004), and thick notch (OR 41.701, 95% CI 6.646–261.672,  
p < 0.001) were independently associated with beyond SM1 invasion. An established 
model showed an area under the curve of 0.921 with 95% CI 0.881–0.960. The 
best cut-off value showed the following: sensitivity, 0.85; specificity, 0.83; positive 
predictive value, 0.55; and negative predictive value, 0.96. In conclusion, endoscopic 
features can predict beyond SM1 invasion in SESCC. Our prediction model is potentially 
useful for screening ESD candidates in SESCC.

INTRODUCTION

Esophageal cancer cases have increased due to aging 
and the increasing population [1]. Superficial esophageal 
squamous cell carcinoma (SESCC) is frequently detected 
with screening endoscopy, and the development of 
endoscopic imaging techniques facilitates early diagnosis 
[2–6]. Endoscopic resection has been used for SESCC 
when a negligible risk of lymph node metastasis (LNM) 

exists [7, 8]. The risk of LNM increases according to the 
depth of SESCC [9–11]. Thus, guidelines state that cancers 
confined to the mucosa or lamina propria are indicated for 
esophageal endoscopic resection, preferably endoscopic 
submucosal dissection (ESD) [12–15]. However, clinical 
determination of depth of tumor invasion is often difficult 
[16, 17]. In addition, the presence of lymphovascular 
invasion (LVI), which is a strong risk factor for LNM, 
cannot be investigated prior to endoscopic resection. 
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Given the low sensitivity of current imaging 
modalities for LNM [18], ESD for SESCC has a role 
not only for local treatment but also for exact LNM risk 
stratification. As esophagectomy carries a considerable 
morbidity and mortality [19–21], SESCC invading less 
than submucosal invasion < 200 μm (SM1) could be 
treated using ESD with favorable long-term outcomes [13, 
22–24]. Thus, ESD should be tried unless there is obvious 
evidence of deep SM invasion. However, if we could 
differentiate within SM1 invasion from SM2 invasion, 
unnecessary procedure either esophagectomy or ESD 
would be minimized. 

Endoscopic appearance is associated with depth 
of SESCC invasion [25]. A recent study has shown a 
comparable accuracy for predicting depth of invasion 
between conventional endoscopy and magnifying 
endoscopy (ME) with narrow-band imaging (NBI) [17]. 
However, calculating the sum of objective risks for 
deep invasion from several endoscopic tumor features 
is difficult. If calculated, endoscopic prediction for 
depth of tumor invasion could be better and easier than 
before.

Thus, in this study, we aimed to investigate 
endoscopic predictive features associated with SESCC 
invading beyond SM1 and establish a mathematic 
prediction model for beyond SM1 invasion in SESCC.

RESULTS

Baseline characteristics of subjects and tumors

The baseline characteristics of the study subjects 
and endoscopic findings are summarized in Table 1. 
Among 203 SESCCs, 163 (80.3%) were within SM1 and 
40 (19.7%) invaded beyond SM1. The beyond SM1 group 
had a higher age than the within SM1 group (67.6 ± 7.3 
years vs. 64.2 ± 8.0 years, p = 0.016), but no differences 
were found regarding sex and body mass index. IIb 
(a flat lesion) or IIc (slightly depressed lesion) main 
shape was more frequently observed in the within SM1 
group, and Is (a sessile lesion) or IIa (a slightly elevated 
lesion) main shape was more frequently observed in the 
beyond SM1 group. All three tumor sizes were larger in 
the beyond SM1 group than in the within SM1 group. 
Surface nodularity (gross protuberance size > 5 mm) and 
granularity (gross protuberance size between 2 and 5 
mm), multiple elevated foci (more than 3 foci of surface 
nodularity or granularity), deep depression (deeper than 
IIc), and thick notch (V-shaped notch with surrounding 
thickened margin) were more frequently observed in 
the beyond SM1 group than in the within SM1 group. 
Surface unevenness (gross protuberance size < 2 mm) 
was similarly observed between the two groups. Well-
differentiated histology was more frequently observed in 
the within SM1 group than in the beyond SM1 group, 

whereas poor differentiation was only observed in the 
beyond SM1 group. The most common depth of tumor 
invasion in the within SM1 group was M2 (limited to 
the lamina propria, 46.6%), followed by M3 (limited 
to the muscularis mucosa, 33.1%), M1 (limited to the 
intraepithelium, 15.3%), and SM1 (4.9%). LVI was more 
frequently observed in the beyond SM1 group than in the 
within SM1 group (40.0% vs. 5.5%, p < 0.001). 

Endoscopic appearances associated with beyond 
SM1 invasion

Multivariate analysis revealed that surface 
nodularity [Odds ratio (OR) 41.340, 95% Confidence 
interval (CI) 8.492–201.252, p < 0.001], surface 
granularity (OR 18.682, 95% CI 4.818–72.440, p < 0.001), 
surface unevenness, (OR 4.107, 95% CI 1.160–14.543,  
p = 0.029), deep depression (OR 27.490, 95% CI 2.897–
260.853, p = 0.004), and thick notch (OR 41.701, 95% CI 
6.646–261.672, p < 0.001) were independently associated 
with beyond SM1 invasion (Table 2). Main shape was also 
associated with beyond SM1 invasion with a marginal 
statistical significance (p = 0.070).

Prediction model for beyond SM1 invasion

Risk points of each endoscopic characteristic for 
beyond SM invasion were calculated. The risk points 
attributed to each risk factor were weighted according to 
respective coefficients in multivariate logistic regression 
(Table 2). The risk points were used to establish a 
mathematical prediction model for beyond SM1 invasion. 
The equation of prediction model is as follows:

Total risk points of beyond SM1 invasion = (83 × 
Is) + (47 × IIa) + (6 × IIb) + (0 × IIc) + (100 × surface 
nodularity) + (78 × surface granularity) + (38 × surface 
unevenness) + (89 × deep depression) + (100 × thick 
notch) with 0 when each factor (no) and 1 (yes). This 
prediction model showed an Area under the curve (AUC) 
of 0.921 with 95% CI 0.881–0.960 (Figure 1). The best 
cut-off risk point was 84 and showed a sensitivity of 0.85; 
specificity, 0.83; positive predictive value, 0.55; negative 
predictive value, 0.96; and accuracy, 0.83 (Table 3). 
Three representative examples with images are shown in  
Figure 2.

Validation of the prediction model for beyond 
SM1 invasion

The AUC of 10-fold cross validation was 0.889 
(95% CI 0.840–0.938). In calibration plots, the apparent 
line computed with the nomogram and the bias-corrected 
line computed using 1000 bootstrapping were identical 
and almost coincided with the ideal line; thus, the 
prediction power of the nomogram was good (Figure 3).
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Nomogram of prediction for beyond SM1 
invasion

The nomogram for bedside use was developed 
using the prediction model (Figure 4). In the nomogram, 

the assigned risk points of each endoscopic characteristic 
were expressed in the upper straightedge. The probability 
of beyond SM1 invasion corresponding to each total point 
was represented by a straightedge at the bottom of the 
nomogram. 

Table 1: Baseline characteristics and endoscopic findings of study subjects according to the depth 
of tumor invasion

Variable Within SM1 
(n = 163)

Beyond SM1
 (n = 40) p value

Age (years) 64.2 ± 8.0 67.6 ± 7.3 0.016

Male 151 (92.6) 38 (95.0) 0.857

BMI (kg/m2) 23.8 ± 3.4 24.3 ± 3.0 0.411

Main shape < 0.001

Is 1 (0.6) 8 (20.0)

IIa 11 (6.7) 8 (20.0)

IIb 120 (73.6) 19 (47.5)

IIc 31 (19.0) 5 (12.5)

Long tumor size (mm) 17.5 ± 12.1 22.4 ± 14.7 0.029

Short tumor size (mm) 12.8 ± 8.0 16.8 ± 8.3 0.006

2-dimensional tumor size (mm2) 297.3 ± 417.8 460.2 ± 510.4 0.036

Surface nodularity 6 (3.7) 9 (22.5) < 0.001

Surface granularity 18 (11.0) 13 (32.5) 0.002

Surface unevenness  40 (24.5) 12 (30.0) 0.612

Multiple elevated foci 9 (5.5) 10 (25.0) < 0.001

Deep depression 2 (1.2) 7 (17.5) < 0.001

Thick notch 2 (1.2) 12 (30.0) < 0.001

Tumor differentiation 0.004

Well differentiation 48 (29.4) 6 (15.0)

Moderate differentiation 115 (70.6) 32 (80.0)

Poor differentiation 0 (0.0) 2 (5.0)

Tumor depth < 0.001

M1 25 (15.3) 0 (0.0)

M2 76 (46.6) 0 (0.0)

M3 54 (33.1) 0 (0.0)

SM1 8 (4.9) 0 (0.0)

Beyond SM1 0 (0.0) 40 (100.0)

LVI 9 (5.5) 16 (40.0) < 0.001

Data are shown as the mean ± SD or number (%) of patients. SM1, submucosal invasion < 200 μm; BMI, body mass index; 
M1, intraepithelium; M2, lamina propria; M3, muscularis mucosa; LVI, lymphovascular invasion.
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Inter-observer agreement for endoscopic 
characteristics

Agreement for assessing endoscopic characteristics 
which are included in the prediction model was moderate 
or substantial. Agreement was moderate for thick notch 
(κ = 0.521) and substantial for main shape, surface 
nodularity, surface granularity, surface unevenness, and 
deep depression (κ = 0.794, 0.640, 0.772, 0.693, and 
0.605, respectively).

DISCUSSION

Esophageal ESD is widely performed to treat 
SESCC because it is less invasive and can preserve 
organs, unlike surgery [7]. However, due to the risk of 
LNM, esophageal ESD could be applied as a relative 
indication in the treatment of SESCC between M3 and 
SM1 invasion [13]. Therefore, differentiating within 
SM1 invasion from SM2 invasion is necessary to select 
proper ESD candidates. Similar to endoscopic ultrasound 

Table 2: Multivariate selection analysis of the association between endoscopic characteristics and 
beyond SM1 invasion in superficial esophageal squamous cell carcinomas
Variable Estimate OR (95% CI) p value
Main shape 0.070

Is 2.8778 17.776 (0.708–446.406)
IIa 1.5506 4.714 (1.104–20.137)
IIb - -
IIc -0.2174 0.805 (0.182–3.558)

Surface nodularity 3.7218 41.340 (8.492–201.252) < 0.001
Surface granularity 2.9276 18.682 (4.818–72.440) < 0.001
Surface unevenness 1.4126 4.107 (1.160–14.543) 0.029
Deep depression 3.3138 27.490 (2.897–260.853) 0.004
Thick notch 3.7305 41.701 (6.646–261.672) < 0.001
SM1, submucosal invasion < 200 μm; OR, odds ratio; CI, confidence interval.

Figure 1: Receiver operating characteristic curve of the prediction model for beyond SM1 invasion in SESCC. The area 
under receiver operating characteristics curve was 0.921 (95% CI, 0.881–0.960). SM1, submucosal invasion < 200 μm; SESCC, superficial 
esophageal squamous cell carcinoma; CI, confidence interval.
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(EUS) and ME with NBI, white light endoscopy can 
predict depth of tumor invasion [16, 17, 26–30]. However, 
the risk estimation from endoscopic findings needs 
objectivity and should be summed to increase accuracy. 
We analyzed esophageal ESD cases for SESCC to 
investigate endoscopic characteristics related to beyond 
SM1 invasion and create a prediction model differentiating 
SM1 invasion and beyond in SESCC. Finally, we found 
endoscopic characteristics associated with beyond SM1 
invasion and established a prediction model with excellent 
discrimination performance.

Protruding lesions or excavated lesions in 
esophageal neoplastic lesions are associated with SM 

invasion [25]. However, endoscopic features associated 
with middle or deeper SM invasion have not been 
investigated. In the present study, we found certain 
elevated features and definitely depressed lesions are 
associated with beyond SM1 invasion. On the other hand, 
simple IIa and IIc tumor shapes, which have only a slight 
morphologic change, were not independently associated 
with beyond SM1 invasion. In addition, one- or two-
dimensional tumor sizes were not an independent risk 
factor for beyond SM1 invasion. Thus, esophageal ESD 
should be considered with a possible relative indication 
even when the tumor has a slight morphologic change 
or a large size to avoid unnecessary surgery. Instead, 

Table 3: Diagnostic values of the prediction model for beyond SM1 invasion
Cutoff Accuracy Sensitivity Specificity Positive predictive 

value
Negative 

predictive value
Positive by prediction model, n 

(%)
183 0.85 0.23 1.00 1.00 0.84 9 (22.5)
147 0.86 0.30 0.99 0.92 0.85 12 (30.0)
138 0.88 0.43 0.99 0.89 0.88 17 (42.5)
126 0.89 0.53 0.98 0.84 0.89 19 (47.5)
122 0.88 0.53 0.97 0.81 0.89 21 (52.5)
106 0.88 0.55 0.96 0.79 0.90 26 (65.0)
89 0.88 0.68 0.93 0.69 0.92 27 (67.5) 
84 0.83 0.85 0.83 0.55 0.96 34 (85.0)
78 0.81 0.88 0.80 0.51 0.96 35 (87.5)
47 0.80 0.90 0.77 0.49 0.97 36 (90.0)
44 0.67 0.98 0.60 0.37 0.99 39 (97.5)
38 0.66 1.00 0.58 0.37 1.00 40 (100.0)

SM1, submucosal invasion < 200 μm.

Figure 2: Representative examples of the prediction model. (A) A 1.5 cm-sized flat elevated lesion with nodular protuberances 
of more than 5 mm and granular protuberances of between 2 mm and 5 mm on the surface. This lesion corresponds to IIa of 47 risk points, 
surface nodularity of 100 risk points, and surface granularity of 78 risk points. Since the total point (225) is more than 84, the depth of 
tumor is expected to be beyond SM1. The pathologic depth of tumor was 2000 μm below the muscularis mucosa. (B) A 2.5cm-sized flat 
lesion with granular protuberances of between 2 mm and 5 mm on the surface. This lesion corresponds to IIb of 6 risk points and surface 
granularity of 78 risk points. Since the total point is 84, the depth of tumor is expected to be between SM1 and SM2. The pathologic depth 
of tumor was 200 μm below the muscularis mucosa. (C) A 1 cm-sized flat lesion with uneven surface. This lesion corresponds to IIb of 6 
risk points and surface unevenness of 38 risk points. Since the total point (44) is less than 84, the depth of tumor is expected to be within 
SM1. Pathologic depth of tumor was muscularis mucosa. SM1, submucosal invasion < 200 μm; SM2, beyond SM1 (submucosal invasion 
≥ 200 μm).
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calculation of the sum of the total risks is important, not 
the presence or absence of each risk factor. Our prediction 
model evaluates endoscopic findings objectively and 
calculates the overall risk of beyond SM1 invasion. 

A simple algorithm to determine the treatment 
direction in patients with SESCC could be suggested 
using our prediction model. If a patient with SESCC has 
a total point within 84, esophageal ESD can be performed 

due to its high negative predictive value to predict beyond 
SM1 invasion. Following ESD, a precise pathologic 
examination of the resected specimen can evaluate the 
curativity, and the necessity and direction of further 
management considering the patient condition can be 
determined.

In a recent study, WLI without a mathematical 
model could distinguish beyond M3 invasion in SESCC 

Figure 3: Calibration plot of predicted probabilities and observed probabilities of beyond SM1 invasion in SESCC. 
The C-index was 0.920 (95% CI, 0.874–0.956). SM1, submucosal invasion < 200 μm; SESCC, superficial esophageal squamous cell 
carcinoma; CI, confidence interval.

Figure 4: Nomogram of prediction model for beyond SM1 invasion in SESCC. Risk points of each endoscopic characteristic 
in SESCC were identified, and all points were added to calculate total point. A vertical line was drawn at the total point to find the 
corresponding probability of beyond SM1 invasion. SM1, submucosal invasion < 200 μm; SESCC, superficial esophageal squamous cell 
carcinoma.
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with a sensitivity of 0.61 and specificity of 0.77 [17]. 
However, prediction for beyond SM1 invasion was not 
evaluated. Only a few studies have predicted beyond 
SM1 invasion using ME with NBI and EUS [30, 31]. In a 
prospective study, type B microvessel morphology showed 
the diagnostic role in predicting depth of tumor invasion of 
SESCC [30]. Type B1/2 was observed in 9 SESCC beyond 
SM1 invasions (4.5%, 9/200) although all type B3 was 
observed in 11 SESCC beyond SM1 invasions (11/11). 
However, ME requires special equipment and training. 
Furthermore, the real diagnostic power of ME with NBI 
remains unclear. ME with NBI showed no additional 
benefit to WLI for diagnosis of invasion depth of SESCC 
in a recent study. Thus, ME with NBI could be applied as 
an additional evaluation after WLE when available [17]. 
EUS can also predict depth of tumor invasion in SESCC 
[16, 31]. However, objectively differentiating SM1 
invasion from beyond SM1 invasion is difficult. 

The current study has some limitations. First, this is 
a retrospective study in a single center. Thus, a validation 
in other populations is necessary for generalization. 
However, ESD is not widely applied for SESCC with a 
relative indication in Korea, which made it difficult to 
perform an external validation. Second, an inter- or intra-
observer variation may exist in determining endoscopic 
features. To overcome this, we developed objective 
criteria, such as classification of nodularity, granularity, 

and unevenness as protruding lesions of 5 mm or more, 
2–5 mm or less, 2 mm or less. Even though some cases 
cannot be distinguished with respect to deep depression 
and thick notch, their risk points are similar, and the 
effects of misclassification on the risk of beyond SM1 
invasion may not be profound. Nevertheless, evaluation of 
inter- or intra-observer agreements in future studies would 
be desirable. Lastly, we included only ESD cases due to 
different histologic evaluations in surgical specimen. Our 
results from the analysis of only ESD specimens may be 
helpful for endoscopists from a point view of practice. In 
conclusion, endoscopic features can predict beyond SM1 
invasion in SESCC. A mathematical prediction model 
calculating the sum is a simple, accurate modality to 
predict beyond SM1 invasion in SESCC. 

MATERIALS AND METHODS

Study design and population

This retrospective study included 221 esophageal 
ESD cases performed at Samsung Medical Center between 
April 2007 and December 2016 (Figure 5). Eighteen cases 
(3 adenocarcinomas, 14 dysplasias, and 1 no remnant 
tumor after ESD) were excluded from the study. Finally, 
a total of 203 SESCCs were included in the analysis. In 
our institution, esophageal ESD was performed when 

Figure 5: Flow chart of case selection. Among 221 cases of esophageal ESDs, which were performed between April 2007 and 
December 2016, we excluded 18 cases, which were not squamous cell carcinoma. Finally, a total of 203 cases of esophageal ESD were 
included in this study. Among the 203 cases, 163 were within SM1 invasion and 40 invaded beyond SM1. ESD, endoscopic submucosal 
dissection; SESCC, superficial esophageal squamous cell carcinoma; SM1, submucosal invasion < 200 μm.
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SESCC could be a mucosal cancer or at least SM1 cancer 
without distant or LNM excluding those with obvious SM 
invasion. This study protocol was conducted in accordance 
with the Declaration of Helsinki and was approved by the 
Institutional Review Board of Samsung Medical Center 
(No. 2016-11-113-002).

Data collection

We investigated demographic factors (age, sex, body 
mass index), tumor characteristics, and final pathologic 
results of tumor. All endoscopic images were reviewed 
by two experienced endoscopists who were blinded to 
the pathologic results. We evaluated endoscopic tumor 
appearance regarding main shape, sizes (long and short 
diameter), and surface characteristics. Main shape of 
tumors was classified as Is, IIa, IIb, and IIc by endoscopic 
gross configuration (a sessile lesion, Is; a slightly elevated 
lesion, IIa; a flat lesion, IIb; a slightly depressed lesion, 
IIc) [25]. Deep depression (deeper than IIc) was defined 
when evident (Figure 6E). Three types of tumor sizes were 
measured. First, long tumor size was defined as maximal 
length of tumor. Second, short tumor size was defined as 
maximum vertical length of maximum tumor diameter. 
Lastly, two-dimensional size was obtained by multiplying 
long tumor size and short tumor size. The surface 

characteristics were divided into surface erosion, surface 
nodularity, surface granularity, and surface unevenness. 
We defined surface nodularity, granularity, and 
unevenness as gross protuberance size > 5 mm, between 
2 and 5 mm, and < 2 mm, respectively (Figure 6B–6D). 
Information regarding multiplicity of elevated foci and 
thick notch was collected as another tumor characteristic 
feature. Multiplicity of elevated foci was defined as more 
than 3 foci of surface nodularity or granularity. Thick 
notch was defined as V-shaped notch with surrounding 
thickened margin (Figure 6F). We obtained data on 
tumor differentiation, depth of invasion, and presence 
of LVI through the ESD specimen. Depth of invasion 
was classified as M1 (limited to the intraepithelium), 
M2 (limited to the lamina propria), M3 (limited to the 
muscularis mucosa), SM1 (submucosal invasion < 200 
μm), and beyond SM1 (submucosal invasion ≥ 200 μm). 

Statistical analyses

Statistical analyses were performed with SAS version 
9.4 (SAS Institute, Cary, NC, USA) and R version 3.3.3 
(Vienna, Austria; http://www.R-project.org). Categorical 
variables were compared using the chi-square test, and 
continuous data with a normal distribution were compared 
with the Student t test. Binary multivariate logistic 

Figure 6: Images of endoscopic tumor characteristics in SESCC. (A) Flat elevated lesion, type IIa, in the middle of the esophagus. 
(B) Surface nodularity, protuberances > 5 mm on the tumor surface. (C) Surface granularity, protuberances between 2 and 5 mm on the 
tumor surface. (D) Surface unevenness, protuberances < 2 mm on the tumor surface. (E) Deep depression, obviously deeper than IIc. (F) 
Thick notch, V-shaped notch with surrounding thickened margin. SESCC, superficial esophageal squamous cell carcinoma.
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regression analysis with stepwise selection with entry rule 
0.2 and stay rule 0.1 was used to identify factors associated 
with beyond SM1 invasion. All endoscopic characteristics 
were included in multivariate logistic analysis with 
stepwise selection to estimate the independent effect of 
each factor after adjusting for the contributions of other 
factors. Associations were summarized using ORs and 
associated 95% CIs for beyond SM1 invasion. Variance 
inflations of all variables which are included in the model 
were all less than two indicating that there was no co-
linearity between those variables. Models with a C-statistic 
near 1 demonstrate excellent predictive ability and those 
near 0.5 demonstrate poor predictive ability. Regression 
coefficients of multivariate logistic model were used to 
generate a nomogram predicting the probability of beyond 
SM1 invasion. Calibration plots were generated to assess 
the agreement between actual and predicted probabilities 
for a nomogram. The Bootstrap method was performed to 
penalize for overfitting of predicted probability. The ability 
of the prediction model to estimate the risk of beyond 
SM1 invasion was assessed using the C-statistic and the 
area under receiver operating characteristics curve value. 
Tenfold cross validation was used to validate the prediction 
model. Another endoscopist reviewed all images to assess 
the agreement using κ coefficient for each endoscopic 
characteristics which are included in the model. P values 
at the 0.05 level were considered statistically significant.
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