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Abstract
AIM
To assess the accuracy of a new magnifying endoscopic (ME) classification for predicting depth of invasion of superficial esophageal squamous cell carcinoma (SESCC).

METHODS
This study included a total of 70 lesions in 69 patients with SESCC who underwent ME with narrow-band imaging (ME-NBI) before resection from August 2010 to July 2016. Accuracy of ME-NBI for predicting depth of invasion of SESCC was analyzed by using a new ME classification proposed by the Japan Esophageal Society (JES), and interobserver agreement was assessed.

RESULTS
Overall accuracy of ME-NBI for estimating depth of invasion of SESCC was 78.6%. Sensitivity and specificity of type B1 for tumors limited to the epithelial layer (m1) or invading into the lamina propria (m2) were 71.4% and 100%, respectively. Sensitivity and specificity of type B2 for tumors invading into the muscularis mucosa (m3) or superficial submucosa (≤ 200 μm, sm1) were 94.4% and 73.1%, respectively, while those of type B3 for tumors invading into the deep submucosa (> 200 μm, sm2) were 75.0% and 97.8%, respectively. Interobserver agreement was excellent (κ = 0.86; 95%CI: 0.76–0.95).

CONCLUSION
The recently developed JES ME classification is useful for predicting depth of invasion of SESCC, with reliable interobserver agreement.
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Core tip: Recently, the Japan Esophageal Society proposed a new magnifying endoscopic classification for superficial esophageal squamous cell carcinoma (SESCC) based on two previous classifications. This classification is simple and useful for predicting depth of invasion of SESCC, with reliable interobserver agreement.
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INTRODUCTION
Depth of invasion of superficial esophageal squamous cell carcinoma (SESCC) is the most important factor in selecting therapeutic options. Risk of lymph node (LN) metastasis is mainly determined by depth of tumor invasion[1-3]. Because tumors limited to the epithelial layer (m1) or invading into the lamina propria (m2) have very low risk of LN metastasis, endoscopic resection of such tumors is appropriate. However, incidence of LN metastasis increases to 26.5% for tumors invading into but not through the muscularis mucosa (m3) or invading into the superficial submucosa (≤ 200 μm, sm1), and to 30.4% to 41.9% for tumors invading into the deep submucosa (> 200 μm, sm2). Therefore, for these tumors, surgical resection with LN dissection or chemoradiation therapy is recommended[4-6]. Because endoscopic resection has many advantages over esophagectomy, such as preservation of the esophagus, maintenance of quality of life, and low post-treatment morbidity and mortality, Japanese guidelines for treatment of esophageal cancer suggest that m3 to sm1 cancers are a relative indication of endoscopic resection[7,8].
Accuracy of endoscopic diagnosis with white-light imaging (WLI) is limited because of lack of standardized diagnostic criteria for depth of invasion of SESCC. Recent advancements in magnifying endoscopy (ME) have enabled visualization of mucosal details that cannot be seen with standard endoscopy[9,10]. The combination of ME with narrow-band imaging (ME-NBI) can further enhance detailed observation of microcapillary patterns of the mucosa[11]. ME-NBI enables examination of intrapapillary capillary loops (IPCLs) of the esophageal mucosa, which works as an indicator of tissue atypia in the squamous epithelium[12,13]. To date, two different ME classifications, established by Inoue and Arima, have been reported to be useful for predicting depth of invasion of SESCC[14,15]. However, in the clinical setting, both classifications are difficult to apply because of their complicated criteria. Recently, the Japan Esophageal Society (JES) proposed a new ME classification based on these two classifications, and performed a prospective multicenter study[16]. It was demonstrated that the new ME classification is simple and useful for estimating depth of invasion of SESCC[16]. However, interobserver agreement of this new classification was not evaluated in this previous study. Therefore, we aimed to investigate the accuracy of the new ME classification for predicting depth of invasion of SESCC, and to assess the interobserver agreement of this classification.

MATERIALS AND METHODS
Patient characteristics
We retrospectively analyzed a database of all patients with endoscopically suspected SESCC who underwent ME-NBI for pretreatment staging at Pusan National University Hospital (Busan, Korea) or Pusan National University Yangsan Hospital (Yangsan, Korea) from August 2010 to July 2016. Patients who previously received chemotherapy or radiotherapy or did not undergo endoscopic or surgical resection were excluded. A total of 70 lesions in 69 patients with pathologically confirmed SESCC were included in this study. This study was conducted in accordance with the Declaration of Helsinki, and the study protocol was reviewed and approved by the Institutional Review Board of Pusan National University Hospital.

ME-NBI
ME assessment was performed using a magnifying video endoscope (GIF-H260Z; Olympus, Tokyo, Japan) combined with NBI. A soft black hood (2-mm depth, MB-46; Olympus) was attached to the distal tip of the scope to maintain the distance from the lesion. ME-NBI was performed by two endoscopists (Kim GH and Kim SJ) who had experience with ME-NBI of the esophagus. Examinations were performed under intravenous conscious sedation (2-5 mg midazolam). After routine examination using WLI, ME-NBI assessment of the target area was performed to evaluate the microvessels.
Diagnostic criteria of the new JES classification are based on changes in IPCLs observed by ME-NBI[16]. Type A tumors consist of normal or abnormal microvessels without severe irregularity that have three or fewer IPCL changes: meandering, dilation, caliber change, and various shapes; type A suggests normality, inflammation, and low-grade dysplasia. Type B tumors consist of abnormal microvessels with severe irregularity that have all four IPCL changes; type B suggests SCC and is classified into three subtypes[16]. Type B1 tumors consist of abnormal microvessels with four characteristic findings and a conserved loop-like formation; type B1 is considered to correspond to m1 or m2 SESCC (Figure 1A). Type B2 tumors consist of stretched and markedly elongated transformations without a loop-like formation; type B2 is considered to correspond to m3 or sm1 SESCC (Figure 1B). Type B3 tumors consist of highly dilated irregular vessels with a caliber that appears to be more than three times that of type B2 vessels; type B3 is considered to correspond to sm2 or deeper SESCC (Figure 1C).
Two endoscopists reviewed the recorded series of ME-NBI images independently without any pathologic information. In discordant cases, microvessel types were adjudicated according to the agreement of the two endoscopists.

Clinicopathologic review
We performed endoscopic resection or esophagectomy within 2 to 4 wk following ME-NBI. Resected specimens were cut serially into 2-mm slices in parallel and embedded in paraffin, and then sectioned and stained with hematoxylin and eosin. Tumor location, macroscopic shape, tumor size, tumor differentiation, and depth of invasion were reviewed according to recommendations of the World Health Organization[17]. Depth of invasion was classified as m1 to m2, m3 to sm1, or sm2 according to Japanese criteria[7].

Statistical analyses
The χ2 test or Fisher’s exact test was used to assess the accuracy of ME-NBI in relation to clinicopathologic characteristics. The Student’s t test was used for non-categorical variables. Interobserver agreement was assessed by kappa statistics using a weighted method. Kappa values were interpreted as follows: fair, 0.21 to 0.40; moderate, 0.41 to 0.60; good, 0.61 to 0.80; and excellent, > 0.81. Statistical analyses were performed using SPSS version 21.0 for Windows (SPSS, Inc., Chicago, IL, United States), with P values of < 0.05 considered statistically significant.

RESULTS
Clinicopathologic characteristics of patients with SESCC
Clinicopathologic characteristics of patients with SESCC are summarized in Table 1. Patients comprised 62 men and 7 women with a mean age of 66 years (range, 47-81 years). Of the 70 tumors, 52 occurred in the mid-esophagus, 15 in the lower esophagus, and 3 in the upper esophagus. Macroscopically, 24 tumors were classified as elevated, 27 as flat, and 19 as depressed. Mean tumor size was 25 mm (range, 4-70 mm). Histopathologically, there were 43 mucosal cancers (m1 in 8, m2 in 20, m3 in 15) and 27 submucosal cancers (sm1 in 3, sm2 in 24). Thirty-two lesions were treated with endoscopic resection, while 38 were treated surgically. Characteristics of the lesions are summarized in Table 1.

Accuracy of ME-NBI to estimate the invasion depth
Overall accuracy of ME-NBI for estimating depth of invasion of SESCC was 78.6% (55 of 70 tumors), as listed in Table 2. Type B1 tumors, corresponding to m1 to m2 cancer, showed an accuracy of 88.6% (95%CI: 78.2%-94.6%) with a sensitivity and specificity of 71.4% (95%CI: 51.1%-86.0%) and 100% (95%CI: 89.6%-100%), respectively (Table 3). Type B2 tumors, corresponding to m3 to sm1 cancer, showed an accuracy of 78.6% (95%CI: 66.8%-87.1%) with a sensitivity and specificity of 94.4% (95%CI: 70.6%-99.7%) and 54.8% (95%CI: 36.3%-72.2%), respectively. Type B3 tumors, corresponding to sm2 cancer, showed an accuracy of 90.0% (95%CI: 79.9%-95.5%) with a sensitivity and specificity of 75.0% (95%CI: 52.9%-89.4%) and 97.8% (95%CI: 87.0%-99.9%), respectively. Depth of invasion was overestimated in 8 type B2 tumors (11.4%), underestimated in 6 type B2 tumors (8.6%), and underestimated in 1 type B3 tumor (5.3%).
Of 48 lesions < 3 cm in size, 20 were classified as B1 tumors, 19 as B2 tumors, and 10 as B3 tumors. Of 21 lesions ≥ 3 cm in size, 12 were classified as B2 tumors and 9 as B3 tumors. The accuracy of ME-NBI for estimating depth of invasion of SESCC was lower in lesions ≥ 3 cm than in lesions < 3 cm, but the difference was not statistically significant (61.9% vs 85.7%, P = 0.053).

Interobserver agreement
Kappa value of the JES classification for estimating depth of invasion of SESCC was excellent at 0.87 (95%CI: 0.77-0.97). Kappa values of the JES classification were 0.75 (95%CI: 0.48-1.02) for m1 to m2 cancer, 0.64 (95%CI: 0.05-1.33) for m3 to sm1 cancer, and 0.80 (95% CI, 0.53-1.07) for sm2 cancer.

DISCUSSION
Pretreatment prediction of depth of invasion of SESCC is very important in deciding treatment modalities. In the present study, we used the new ME-NBI classification recently developed by the JES for predicting depth of invasion of SESCC. As a result, overall accuracy was 78.6%, and interobserver agreement was excellent.
Because the JES classification is simplified compared with two previous classifications (developed by Inoue and Arima, respectively), there is a possibility that the accuracy for predicting depth of invasion will decrease. However, in the present study, accuracy of the JES classification was 78.6%, which is similar to the results of our previous study using Inoue’s classification[18]. Recently, a prospective multicenter study using the JES classification in Japan also demonstrated a high overall accuracy rate (90.5%) for type B vessels[16]. Although the accuracy rate in that study was higher than in our present results, there were limitations including high proportion of m1 to m2 cancers (77.3%), and changes in IPCLs were analyzed by participating endoscopists without a central review. In the present study, proportions of m1 to m2, m3 to sm1, and sm2 cancers were evenly distributed (40.0%, 25.7%, and 34.3%, respectively), and changes in IPCLs were adjudicated according to the agreement of two endoscopists in discordant cases.
Although the sensitivities of type B1 and type B3 tumors were suboptimal (71.4% and 75.0%, respectively), the specificities were 100% and 97.8%, respectively. Because the recommended treatment modalities for type B1 and type B3 tumors are endoscopic resection and surgical resection, respectively, type B1 or type B3 tumors can guide the physician to decide the optimal treatment. However, the specificity of type B2 tumor was 73.1%; 8 m1 to m2 cancers were overestimated to m3 to sm1 cancers, and 6 sm2 cancers were underestimated to m3 to sm1 cancers. Therefore, compared with type B1 and type B3 tumors, type B2 tumors showed an insufficiency for estimating depth of invasion. It has been reported that m3 to sm1 cancers without lymphovascular invasion have very low risk of LN metastasis[3,19], and, as such, are potential candidates for curative treatment by endoscopic resection. Thus, because it is important to detect underestimated sm2 cancers in type B2 tumors, additional use of endoscopic ultrasonography or another diagnostic modality to estimate depth of invasion may be helpful[18].
In the present study, interobserver agreement was excellent at 0.87, which is slightly high compared with that in a previous study using Inoue’s classification (k = 0.61, 0.64, and 0.71)[14]. This result suggests that this simplified classification is reliable among observers. However, the kappa value was lowest (κ = 0.64) for type B2 tumors. Therefore, efforts to improve interobserver agreement via modification of the definition of type B2 or use of computer-aided analysis should be considered.
This study had several limitations. First, this was a retrospective study that analyzed ME-NBI images using the JES classification. Thus, there might have been potential bias when reviewing the ME-NBI images. During ME-NBI, we tried to take at least 4 images to show the characteristic features associated with depth of invasion, with hopes that this would compensate, to some degree, the limitation of this retrospective study. Second, both endoscopists involved in this study are experts. A further study including non-experts is needed to apply our results to general practice.
In conclusion, the recently developed JES classification is useful for predicting depth of invasion of SESCC, with reliable results between observers. However, its accuracy decreases for type B2 tumors. Therefore, establishment of a revised classification including modification of the definition of type B2 will be considered, and prospective multi-center studies are needed to validate our results.

COMMENTS
Background
In order to choose the appropriate management strategy for superficial esophageal squamous cell carcinoma (SESCC), accurate assessment of depth of tumor invasion is important. Recently, the Japan Esophageal Society (JES) proposed a new magnifying endoscopic (ME) classification for estimating depth of tumor invasion based on two previous classifications developed by Inoue and Arima.

Research frontiers
Since the new ME classification was recently proposed by the JES, there have been few studies to evaluate its utility. Furthermore, interobserver agreement of this classification has not been evaluated.

Innovations and breakthroughs
In this study, the JES classification was useful for estimating depth of invasion of SESCC. Overall accuracy was 78.6%, and interobserver agreement was excellent at 0.87. Type B1 tumors showed an accuracy of 88.6% with a sensitivity and specificity of 71.4% and 100%, respectively. Type B2 tumors showed an accuracy of 78.6% with a sensitivity and specificity of 94.4% and 54.8%, respectively. Type B3 tumors showed an accuracy of 90.0% with a sensitivity and specificity of 75.0% and 97.8%, respectively.

Applications
The JES classification is useful for predicting depth of invasion of SESCC, with reliable results between observers. This classification was particularly useful for selecting optimal treatment for type B1 and type B3 tumors.

Terminology
Diagnostic criteria of the new JES classification are based on changes in intrapapillary capillary loops (IPCLs) of the esophageal mucosa observed by ME with narrow-band imaging. Type B tumors consist of abnormal microvessels with severe irregularity that have all four IPCL changes (meandering, dilation, caliber change, and various shapes).
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Table 1 Baseline characteristics of patients with superficial esophageal squamous cell carcinoma n (%)
	Characteristics
	

	Male/female
	62/7

	Mean age, yr (range)
	66 (47-81)

	Location
	

	Upper esophagus
	3 (4.3)

	Mid-esophagus
	52 (74.3)

	Lower esophagus
	15 (21.4)

	Macroscopic shape
	

	Elevated 
	24 (34.3)

	Flat
	27 (38.6)

	Depressed
	19 (27.1)

	Mean tumor size, mm (range)
	25 (4-70)

	Differentiation
	

	Well differentiated
	34 (48.6)

	Moderately differentiated
	31 (44.3)

	Poorly differentiated
	5 (7.1)

	Depth of invasion
	

	Mucosa
	43 (61.4)

	m1
	8

	m2
	20

	m3
	15

	Submucosa
	27 (38.6)

	sm1
	3

	sm2
	24

	Resection method
	

	Endoscopic resection
	32 (45.7)

	Surgical resection
	38 (54.3)



Table 2 Comparison of pretreatment diagnosis by magnifying endoscopy with narrow-band imaging and histopathology of superficial esophageal squamous cell carcinoma
	ME-NBI
	No. of cases
	Histopathology, n

	
	
	m1-m2
	m3-sm1
	sm2

	B1
	20
	20
	0
	0

	B2
	31
	8
	17
	6

	B3
	19
	0
	1
	18


ME-NBI: Magnifying endoscopy with narrow-band imaging.



Table 3 Accuracy, sensitivity, specificity, and positive and negative predictive values of magnifying endoscopy with narrow-band imaging for predicting depth of invasion of superficial esophageal squamous cell carcinoma (%)
	ME-NBI
	Accuracy (95%CI)
	Sensitivity (95%CI)
	Specificity (95%CI)
	PPV (95%CI)
	NPV (95%CI)

	B1
	88.6 (78.2-94.6)
	71.4 (51.1-86.0)
	100 (89.6-100)
	100 (80.0-100)
	84.0 (70.3-92.4)

	B2
	78.6 (66.8-87.1)
	94.4 (70.6-99.7)
	73.1 (58.7-84.0)
	54.8 (36.3-72.2)
	97.4 (84.9-99.9)

	B3
	90.0 (79.9-95.5)
	75.0 (52.9-89.4)
	97.8 (87.0-99.9)
	94.7 (71.9-99.7)
	88.2 (75.4-95.1)


ME-NBI: Magnifying endoscopy with narrow-band imaging; PPV: Positive predictive value; NPV: Negative predictive value.


A                        B                        C 
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Figure 1 Magnifying endoscopic classification for esophageal squamous cell carcinoma. A: Type B1, abnormal microvessels with four characteristic findings (meandering, dilation, caliber change, and various shapes) and a conserved loop-like formation. B: Type B2, stretched and markedly elongated transformations without a loop-like formation. C: Type B3, highly dilated irregular vessels with a caliber that appears to be more than three times that of type B2 vessels.
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