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Abstract

AIM: To investigate the performance of magnifying endoscopy with narrow-band imaging (ME-NBI) in the diagnosis of early gastric cancer (EGC).

METHODS: Systematic literature searches were con​ducted until February 2014 in PubMed, Embase, Web of Science, Ovid, Scopus and the Cochrane Library databases by two independent reviewers. Meta-analysis was performed to calculate the pooled sensitivity, specificity and diagnostic odds ratio and to construct a summary receiver operating characteristic (ROC) curve. Subgroup analyses were performed based on the morphology type of lesions, diagnostic standard, the size of lesions, type of assessment, country and sample size to explore possible sources of heterogeneity. A Deeks’ asymmetry test was used to evaluate the publication bias.

RESULTS: Fourteen studies enrolling 2171 patients were included. The pooled sensitivity, specificity and diagnostic odds ratio for ME-NBI diagnosis of EGC were 0.86 (95%CI: 0.83-0.89), 0.96 (95%CI: 0.95-0.97) and 102.75 (95%CI: 48.14-219.32), respectively, with the area under ROC curve being 0.9623. Among the 14 studies, six also evaluated the diagnostic value of conventional white-light imaging, with a sensitivity of 0.57 (95%CI: 0.50-0.64) and a specificity of 0.79 (95%CI: 0.76-0.81). When using “VS” (vessel plus surface) ME-NBI diagnostic systems in gastric lesions of depressed macroscopic type, the pooled sensitivity and specificity were 0.64 (95%CI: 0.52-0.75) and 0.96 (95%CI: 0.95-0.98). For the lesions with a diameter less than 10 mm, the sensitivity and specificity were 0.74 (95%CI: 0.65-0.82) and 0.98 (95%CI: 0.97-0.98).

CONCLUSION: ME-NBI is a promising endoscopic tool in the diagnosis of early gastric cancer and might be helpful in further target biopsy.
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Core tip: This is the first meta-analysis to systematically evaluate the diagnostic performance of magnifying endoscopy with narrow-band imaging (ME-NBI) for early gastric cancer (EGC) and the pooled results showed that ME-NBI was an effective endoscopic tool in EGC diagnosis, which has a better performance than conventional white-light imaging. Moreover, the morphology type of lesions, diagnostic standard and the size of lesions might influence the diagnostic value of ME-NBI. 
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INTRODUCTION

Gastric cancer remains the second leading cause of cancer-associated death worldwide[1]. Early detection and therapy for gastric cancer can improve 5 year survival rates to 96%, compared to the high mortality of advanced gastric cancer[2]. Therefore, it is a top priority to make a diagnosis at an early stage in the management of gastric cancer.

Conventional white-light imaging (C-WLI) has been applied as the standard endoscopic examination for the identification of suspicious lesions but it is difficult to make an accurate diagnosis of early neoplastic lesions in most cases[3]. Several studies have indicated that the sensitivity of C-WLI for diagnosing early gastric cancer varied from 33% to 75% and specificity from 57.0% to 93.8%[3-8]. The ultimate goal of endoscopists is to make a reliable diagnosis under microscopic view, with a decreased number of biopsies[3]. To this end, C-WLI would not be entitled and it is urgent to find a novel endoscopic imaging technology with high diagnostic accuracy.

Magnifying endoscopy with narrow-band imaging (ME-NBI) is an advanced endoscopic imaging tech​nology launched recently, in which spectral bandwidth filters in a red-green-blue (R/G/B) sequential illumi​nation system are used to improve the accuracy of diagnosis[9]. It has been developed to enhance the visualization of the superficial mucosal structure and vascular architecture[10]. So far, ME-NBI has been applied in the diagnoses of various diseases, such as Barrett’s esophagus[11,12], esophageal carcinoma[13], Helicobacter pylori-associated chronic gastritis[14], intestinal metaplasia[15], colonic polyps[10] and so forth. Moreover, it has also been applied to evaluate the histological type of early gastric cancer (EGC)[16] and to measure the horizontal extent and invasion depth of the tumor before endoscopic submucosal dissection[17,18]. 

A randomized and controlled trial reported that ME-NBI was more accurate than C-WLI endoscopy in identifying small, depressed gastric mucosal cancers[3]. However, the accuracy of ME-NBI for the diagnosis of EGC was variable, with the sensitivity ranging from 60% to 100% and the specificity ranging from 84% to 100%[3-8,19-26]. The aim of this meta-analysis was to systematically assess the diagnostic performance of ME-NBI in EGC.

MATERIALS AND METHODS

Search strategy 

We systematically searched in PubMed, Embase, Web of Science, Ovid, Scopus and the Cochrane Library databases up to February 2014 to identify relevant articles. The search terms were as follows: (“narrow band” OR “narrow band imaging” OR “NBI” OR “electronic chromoendoscopy” OR “digital chromoendoscopy” OR “optical chromoendoscopy”) AND (“gastric cancer” OR “gastric carcinoma” OR “gastric neoplasm” OR “stomach cancer” OR “stomach carcinoma” OR “stomach neoplasm”). To avoid missing studies, we also read through the reference lists of relevant articles and reviews. The retrieved studies were carefully examined to exclude duplicate data. After scanning titles and abstracts of articles selected from the initial search, we reviewed the full text of potential eligible studies. This meta-analysis was designed, conducted and reported according to the PRISMA statement.

Selection criteria 

Articles were included if they met all the following inclusion criteria: (1) ME-NBI was used for the diagnosis of EGC; (2) numbers of true-positive (TP), false-positive (FP), true-negative (TN) and false-negative (FN) cases were reported or could be calculated; (3) histopathology was applied as a reference standard; and (4) published as full articles in English. Articles that met any of the following exclusion criteria were excluded: (1) combined examinations for EGC diagnosis, such as ME-NBI combined with trimodal imaging endoscopy or AFI; (2) previous known gastric cancer lesions; (3) only high-grade intraepithelial neoplasia; (4) hereditary diffuse gastric cancer or gastric remnant carcinoma; and (5) review articles, case reports, editorials, comments, letters to the editor, meeting abstracts. 

Data extraction and quality assessment

Data were extracted independently by 2 reviewers and the following information was obtained from each study: the first author, year of publication, age and gender, morphology type of lesions, diagnostic standard, lesion size, type of assessment, endoscopic system and number of endoscopists. Numbers of TP, FP, TN and FN were also extracted. Discrepancies were resolved by a third investigator. The quality of the included studies was estimated using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS). A total of 14 items were assessed, with each item assessed as “yes”, “no” or “unclear”. 

Statistical analysis

Meta-analysis was carried out to evaluate the accu​racy of ME-NBI in differentiating malignant from benign early gastric lesions. The pooled sensitivity, specificity, positive LR, negative LR and diagnostic OR (with corresponding 95%CI) were estimated by a fixed-effect model (Mantel-Haenszel method) when significant heterogeneity was absent or a random effect model (DerSimonian-Laird method) when there was significant heterogeneity. Heterogeneity among the included studies was tested by the Cochrane Q test. Inconsistency (I2) was used to express the percentage variability attributable to heterogeneity. I2 greater than 50% was considered significant for heterogeneity. A summary receiver operating characteristic (SROC) curve was constructed. The area under the curve (AUC) was an overall summary measure index of the diagnosis and a perfect test would have an AUC close to 1. To explore possible sources of heterogeneity among the studies, subgroup analyses were performed with the following covariates such as the morphology type of lesions (depressed vs not depressed), diagnostic standard (an irregular microvascular (MV) pattern or/and an irregular microsurface (MS) pattern with a demarcation line vs others), lesion size (the diameter more than 10 mm vs less than 10 mm), type of assessment (real-time vs post-procedure), country (China vs Japan) and sample size (< 100 patients vs ≥ 100 patients). Spearman coefficient was assessed to assess threshold effect. A strongly positive correlation between the log of sensitivity and the log of 1-specificity indicates the presence of threshold effect.

Deeks’ asymmetry was employed to evaluate the publication bias by constructing a funnel plot of diagnostic log odds ratio vs 1/sqrt (effective sample size). The pooled sensitivity, specificity, positive LR, negative LR, diagnostic OR, SROC curve, Spearman coefficient and subgroup analysis were performed using Meta-Disc version 1.4 (Ramony Cajal Hospital, Madrid, Spain). Meta-regression and publication bias were analyzed using STATA version 12.0 (Stata Corporation, College Station, Tex). P < 0.05 was considered statistically significant.

RESULTS

Included studies 

After searching PubMed, Embase, Web of Science, Ovid, Scopus and the Cochrane Library databases, 515 articles were identified. On the basis of titles and abstracts, 343 articles were excluded, leaving 172 studies for further selection. The selection process and reasons for exclusion are summarized in Figure 1. Fourteen studies comprising 2171 participants were eligible for final analysis.

Study characteristics and quality assessment

The characteristics of the 14 studies are presented in Table 1. Among them, 6 studies[3-8] compared the diagnostic values between ME-NBI and C-WLI. Eleven studies were performed in Japan[3,5-8,20-22,24-26] and three in China[4,19,23]. Seven studies used “an irregular micro​vascular (MV) pattern and/or an irregular microsurface (MS) pattern with a demarcation line” as a diagnostic standard[3-7,20,24] and others used less defined criteria of fine mucosal structure, white opaque substance[26] or crypt openings[21]. Real-time assessment was conducted in eight studies[3,7,8,19,20,23,25,26] and post-procedure assessment in the remaining ones[4-6,21,22,24]. The macroscopic appearance of lesions was limited to depressed type in three studies[3,7,20], with “VS” (vessel plus surface) diagnostic systems applied, and the rest of the studies recruited non-depressed lesions[4-6,8,19,21-26]. The overall quality of the selected studies was excellent according to the QUADAS questionnaires and the details are listed in Table 2.

Diagnostic performance of ME-NBI

Calculated by a random effect model, the pooled sensitivity and specificity of ME-NBI for diagnosing early gastric cancer were 0.86 (95%CI: 0.83-0.89) and 0.96 (95%CI: 0.95-0.97), respectively (Figure 2). Significant heterogeneities were found in sensitivity (I2 = 75.4%) and specificity (I2 = 86.9%). The AUC was 0.9623 (E = 0.0127) (Figure 3), indicating an excellent performance of ME-NBI in the diagnosis of EGC. For C-WLI, the sensitivity, specificity and AUC for diagnosing EGC were 0.57 (95%CI: 0.50-0.64), 0.79 (95%CI: 0.76-0.81) and 0.6634, respectively, indicating a limited diagnostic performance of C-WLI compared with ME-NBI. Moreover, for the depressed-type lesions, C-WLI has a low sensitivity of 0.30 (95%CI: 0.18-0.45) and specificity of 0.68 (95%CI: 0.10-0.24). The overall positive LR, negative LR and diagnostic OR for diagnosing EGC by ME-NBI were 13.49 (95%CI: 8.14-22.37), 0.16 (95%CI: 0.10-0.24) and 102.75 (95%CI: 48.14-219.32), respectively (Figures 4 and 5). Significant heterogeneities were found in positive LR (I2 =79.0%), negative LR (I2 = 73.6%) and diagnostic OR (I2 =69.3%). 

The Spearman correlation coefficient was 0.367 (p = 0.196), suggesting no evidence of significant threshold effect. Meta-regression and subgroup analyses were performed in order to explore the potential sources of heterogeneity. The results indicated that the morphology type of lesions, diagnostic standard, lesion size and sample size might be the possible sources of heterogeneity (Table 3). Studies in which “VS classification system” was regarded as diagnostic standard revealed reduced benefits over those using other diagnostic standards in terms of sensitivity (81% vs 93%, p = 0.01) but not in the specificity (97% vs 93%, p = 0.36). When the “VS” was applied in the depressed lesions, the sensitivity and specificity were 0.64 (95%CI: 0.52-0.75) and 0.96 (95%CI: 0.95-0.98), while in the non-depressed lesions, the sensitivity and specificity were as high as 0.86 (95%CI: 0.81-0.91) and 0.98 (95%CI: 0.96-0.98). The diagnostic sensitivity of ME-NBI was strikingly lower in depressed lesions than that in non-depressed ones (64% vs 90%, p < 0.001). Nevertheless, the difference of the specificity between them was not significant (96% vs 96%, p = 0.75). ME-NBI had a significantly higher sensitivity when assessing lesions with a diameter more than 10 mm than those less than 10 mm (90% vs 74%, p = 0.04), while there was an opposite result in terms of specificity (88% vs 98%, p = 0.02). For the studies with a sample size less than 100 patients, the specificity of ME-NBI for EGC was higher than that of other studies (97% vs 87%, p = 0.04), while no marked difference of sensitivity between them was observed (84% vs 90%, p = 0.22). Meta-regression and subgroup analysis based on type of assessment and country did not show remarkable significance considering the values of sensitivity and specificity (Table 3).

Deeks’ funnel plot did not display significant asym​metry (p = 0.967), indicating that no striking publication bias was present in this study (Figure 6).

DISCUSSION

Nowadays, ME-NBI has been applied in the diagnostic workup of gastrointestinal tumors, especially in the differentiation of colonic lesions[10], while its diagnostic accuracy for EGC is unclear. In this meta-analysis, we demonstrated that ME-NBI is a highly specific diagnostic tool for EGC, with a high sensitivity (86%), specificity (96%) and diagnostic odds ratio (102.75), which were higher than those of C-WLI (57%, 79% and 3.46), indicating that ME-NBI had a better diagnostic performance for EGC. 

This meta-analysis also demonstrated that the diagnostic performance of ME-NBI was influenced by the type and size of gastric lesions, especially the depressed type and in lesions less than 10 mm. Since the depressed mucosa type is the predominant morphology among gastric cancers, early detection and diagnosis of depressed type cancer are an effective way to decrease the mortality of gastric cancer[27-29]. However, we observed that ME-NBI had a relatively lower sensitivity of 64% for lesions of a depressed type than those of a non-depressed type (90%), while the specificity was similar as 96% for both of them. These results indicated that ME-NBI was more reliable in identifying non-depressed EGC lesions. Interestingly, the size of most depressed lesions was less than 10 mm in enrolled studies and thus the diagnostic performance for depressed type lesions is representative of lesions with a diameter less than 10 mm. As for the depressed type lesions with a diameter over 10 mm, we failed to find relevant studies and further research might be required in the future. In addition, our results showed that the diagnostic sensitivity was as low as 74% in gastric lesions with a diameter less than 10 mm, but the sensitivity for lesions with a diameter over 10 mm was 90%. Although the sensitivity was low in the lesions with a diameter less than 10 mm, the specificity for these lesions was as high as 98%, while for the lesions with a diameter over 10 mm, the specificity was only 88%. Accordingly, depressed lesions and lesions with a diameter less than 10 mm might limit the application of ME-NBI in the diagnosis of EGC. When identifying depressed gastric lesions with a diameter less than 10 mm, it would be better to combine ME-NBI with other examinations to improve the diagnosis of EGC.

Although ME-NBI was far from enough to identify depressed type lesions, it was a better option than C-WLI. Ezoe et al[7] reported that ME-NBI was more accurate than C-WLI in identifying small, depressed gastric mucosal cancers, with a higher sensitivity (70% vs 33%) and specificity (89% vs 67%). Kaise et al[30] discovered that in the differential diagnosis of superficial depressed gastric lesions, ME-NBI showed a superior specificity (85%) than C-WLI (65%), but the sensitivities for both of them were comparably moderate. In our meta-analysis, two studies[3,7] reported the role of C-WLI in the diagnosis of depressed type EGC, with a sensitivity of 30% and a specificity of 68%, both of which were lower than those of ME-NBI (sensitivity: 64%; specificity: 96%). Our study also demonstrated a higher diagnostic performance of ME-NBI than C-WLI in depressed EGC diagnosis.

Several diagnostic criteria have been developed to guide endoscopists in optical diagnosis EGC by ME-NBI. Yao et al[9] firstly proposed a simple classification system called the “VS (vessel plus surface) classification system”, in which an irregular microsurface pattern and/or an irregular microvascular pattern with a demarcation line are significant markers of EGC. This diagnostic reference has been used in several studies with variable diagnostic performance. This author also demonstrated that in cases of gastric neoplasia of 0-Ⅱa type, a white opaque substance (WOS) obscured the subepithelial capillaries of the lesion and 83% of EGC showed an irregular distribution[26]. In another study, Kato et al[8] used a triad-based diagnosis of disappearance of fine mucosal structure, microvascular dilation and heterogeneity to identify superficial gastric lesions. In our study, when the “VS (vessel plus surface) classification system” was applied as the diagnostic criteria, the sensitivity was 81%, which was lower than that using other diagnostic criteria. For the lesions of depressed type, the sensitivity and specificity were 64% and 96% with the “VS classification system” diagnostic criteria and there were no other diagnostic criteria applied in these lesions in our enrolled studies. In contrast, when the diagnostic criteria of “VS” was used in non-depressed lesions, it had a higher sensitivity of 86% and the specificity was 98%. This indicates that the “VS classification system” was limited in depressed EGC. However, it has been reported that when only microvascular irregularity was used as the diagnostic standard for depressed gastric cancers, the mean sensitivity was as high as 86.7%[31]. These variable results suggest that further research is still required to evaluate the “VS classification system” in the differential diagnosis of depressed gastric lesions. There were other diagnostic standards in depressed gastric cancer but the results were not entirely optimistic. It was reported that when the triad of FMS disappearance, microvascular dilation and heterogeneity was used as the diagnostic standard for superficial depressed gastric cancer, the sensitivity was only 69.1%[30]. Thus, it is urgent to improve the sensitivity of ME-NBI, especially for depressed gastric lesions.

The variability of observers in the diagnostic performance of ME-NBI has increasingly caught our attention. Mochizuki et al[32] reported that among the experts, the interobserver  value was 0.85, with 88.0% consensus of diagnoses in the differential diagnosis of gastric adenoma and carcinoma, while with the two inexperienced endoscopists, the interobserver  value was 0.44, with 68.0% consensus of diagnoses, implying that the diagnostic performance of ME-NBI might be improved through specific training. Kaise et al[30] evaluated the interobserver concordance among 11 endoscopists, concerning the triad of FMS disappearance, microvascular dilation and heterogeneity, and the  values from 0.34 to 0.54 showed low-to-modest reliability. Yoo et al[33] discovered that the  value for interobserver agreement of experts and trainees were similar as 0.49 and 0.40 when using the “VS classification system” for the gastric mucosal surface. In view of these inconsistent results, further studies are still required to find how to improve diagnostic performance of ME-NBI in a multiple-observer setting.

This meta-analysis has several limitations. First, we could not make a clear distinction between expert and non-expert. In some studies, an endoscopist was regarded as an expert after a specific training but in others, only those who have done a specific number of ME-NBI had this honor. Second, the cost-effectiveness of ME-NBI was not reported as well as the comparison with that of histopathology. Recently, Takeuchi et al[34] proposed that “a new resect and discard strategy” with ME-NBI in colorectal cancer screening might reduce the costs of histopathology. Third, the heterogeneity of this study was relatively high. We showed that the morphology type of lesions, diagnostic standard, lesion size and sample size were the possible sources. In addition, the inequality of expertise, the absence of a validated training, different disease spectrum and pathological type might reduce the generalizability of the overall performance and increase the heterogeneity of this study. Fourth, all the selected articles were conducted in China and Japan so the overall performance of ME-NBI for early gastric cancer may not represent other populations. Finally, only articles written in English were selected.

In conclusion, ME-NBI is a reliable technique for EGC diagnosis and has a better diagnostic performance than C-WLI. Further research should be focused on establishing a standard classification system and specific training of ME-NBI to reduce various biases and improve its diagnostic accuracy.
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COMMENTS

Background

Early detection and therapy of gastric cancer can improve 5 year survival rates of gastric cancer and therefore the diagnosis of early gastric cancer is significant in clinical work. Magnifying endoscopy with narrow-band imaging (ME-NBI) is a recently advanced endoscopic imaging technology which can enhance visualization of the superficial mucosal structure and vascular architecture. However, the diagnostic performance of ME-NBI in early gastric cancer (EGC) remains unclear.

Research frontiers

Although ME-NBI has been applied in EGC diagnosis, the accuracy of ME-NBI for the diagnosis of EGC was variable. Therefore, the authors performed a meta-analysis to analyze the diagnostic performance of ME-NBI in EGC.

Innovations and breakthroughs

In this study, the authors found that ME-NBI was a promising technique for EGC diagnosis, with a better diagnostic performance than conventional white-light imaging (C-WLI). To the best of our knowledge, this is the first meta-analysis to systematically calculate the diagnostic performance of ME-NBI in EGC diagnosis, which will provide valuable information for clinical work.

Applications

ME-NBI may be a clinically useful tool to diagnose EGC and it can improve the diagnostic performance of EGC, compared with C-WLI. 

Terminology

Generally speaking, EGC is defined as gastric cancer which invades, limited to the mucosa or submucosa layer, regardless of lymphatic metastasis.

Peer-review

The article is a complete, systematic literature review investigating the utility of ME-NBI in the diagnosis of EGC. The results indicate that ME-NBI is a reliable technique for EGC diagnosis and has a better diagnostic performance than C-WLI in EGC diagnosis, which could be used for effective clinical work.
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Figure 1  Literature search flow diagram. EGC: Early gastric cancer.
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Figure 2  Forest plot showing pooled sensitivity and specificity of magnifying endoscopy with narrow-band imaging for early gastric cancer.
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Figure 3  Summary receiver operating characteristic curve showing the diagnostic performance of magnifying endoscopy with narrow-band imaging for early gastric cancer.
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Figure 4  Forest plot showing the positive likelihood ratio and negative likelihood ratio of magnifying endoscopy with narrow-band imaging for early gastric cancer.
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Figure 5  Forest plot showing diagnostic odds ratios of magnifying endoscopy with narrow-band imaging for early gastric cancer.
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Figure 6  Deeks’ funnel plot for publication bias. ESS: Effective sample size.
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Table 3  Subgroup analysis on diagnostic performance of magnifying endoscopy with narrow-band imaging for differentiating early gastric cancer from non-cancer


�
Number of studies (lesions examined) 


�
Sensitivity (95%CI)


�
Specificity (95%CI)


�
AUC


�
I2


�
�
�
�
�
�
�
Sensitivity


�
Specificity


�
�
Overall 


�
14 (2433) 


�
0.86 (0.83-0.89) 


�
0.96 (0.95-0.97) 


�
0.9623


�
75.4%


�
86.9%


�
�
Type of lesion


�
�
�
�
�
�
�
�
   Depressed 


�
3 (605) 


�
0.64 (0.52-0.75) 


�
0.96 (0.95-0.98) 


�
0.7877


�
  0.0%


�
74.1%


�
�
   Not depressed 


�
10 (1828) 


�
0.90 (0.86-0.92) 


�
0.96 (0.95-0.97) 


�
0.9694


�
64.9%


�
90.1%


�
�
Diagnosis standard


�
�
�
�
�
�
�
�
   Diagnosis (IMVP/IMSP + DL) 


�
  7 (1613) 


�
0.81 (0.76-0.85) 


�
0.97 (0.96-0.98) 


�
0.9407


�
78.0%


�
88.8%


�
�
   Diagnosis (others) 


�
7 (820) 


�
0.93 (0.89-0.96) 


�
0.93 (0.91-0.95) 


�
0.9719


�
36.6%


�
80.5%


�
�
Lesion size


�
�
�
�
�
�
�
�
   Diameter (> 10 mm) 


�
8 (777) 


�
0.90 (0.86-0.93) 


�
0.88 (0.85-0.91) 


�
0.9585


�
71.2%


�
44.7%


�
�
   Diameter (≤ 10 mm) 


�
  5 (1449) 


�
0.74 (0.65-0.82) 


�
0.98 (0.97-0.98) 


�
0.9458


�
67.1%


�
86.6%


�
�
Sample size


�
�
�
�
�
�
�
�
   ≥ 100 patients


�
  8 (2035)


�
0.84 (0.79-0.88)


�
0.97 (0.96-0.97)


�
0.9663


�
79.1%


�
90.7%


�
�
   < 100 patients


�
6 (398)


�
0.90 (0.85-0.93)


�
0.87 (0.81-0.92)


�
0.9422


�
67.3%


�
  0.0%


�
�
Type of assessment


�
�
�
�
�
�
�
�
   Real-time


�
  8 (1310)


�
0.85 (0.81-0.90)


�
0.95 (0.94-0.96)


�
0.9617


�
81.6%


�
81.2%


�
�
   Post-procedure


�
  6 (1123)


�
0.87 (0.82-0.91)


�
0.97 (0.95-0.98)


�
0.9608


�
65.5%


�
91.6%


�
�
Country


�
�
�
�
�
�
�
�
   China


�
  3 (1014)


�
0.94 (0.88-0.97)


�
0.98 (0.97-0.99)


�
0.9864


�
62.5%


�
95.7%


�
�
   Japan


�
11 (1419)


�
0.84 (0.80-0.88)


�
0.94 (0.92-0.95)


�
0.9526


�
74.6%


�
71.2%


�
�
I2 > 50% was considered significant for heterogeneity. AUC: Area under the curve.








Table 2  Quality of articles using the quality assessment of diagnostic accuracy studies tool


Ref.


�
Item 1


�
Item 2 


�
Item 3 


�
Item 4 


�
Item 5 


�
Item 6 


�
Item 7 


�
Item 8 


�
Item 9 


�
Item 10 


�
Item 11 


�
Item 12 


�
Item 13 


�
Item 14 


�
Scores 


�
�
Liu et al[19]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
14


�
�
Yao et al[20]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
14


�
�
Kanesaka et al[21]


�
N


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
Y


�
Y


�
Y


�
Y


�
12


�
�
Tao et al[4]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
Y


�
Y


�
Y


�
13


�
�
Horiuchi et al[22]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
U


�
Y


�
Y


�
Y


�
12


�
�
Maki et al[5]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
U


�
Y


�
Y


�
Y


�
12


�
�
Miwa et al[6]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
U


�
Y


�
Y


�
Y


�
12


�
�
Tsuji et al[24]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
14


�
�
Li et al[23]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
14


�
�
Ezoe et al[3]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
Y


�
Y


�
N


�
12


�
�
Nonaka et al[25]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
14


�
�
Ezoe et al[7]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
Y


�
Y


�
Y


�
13


�
�
Kato et al[8]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
N


�
Y


�
Y


�
Y


�
13


�
�
Yao et al[26]


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
Y


�
U


�
Y


�
Y


�
13


�
�
Item 1: Was the spectrum of patients representative of the patients who will receive the test in practice? Item 2: Were selection criteria clearly described? Item 3: Is the reference standard likely to correctly classify the target condition? Item 4: Is the time period between reference standard and index test short enough to be reasonably sure that the target condition did not change between the two tests? Item 5: Did the whole sample or a random selection of the sample receive verification by using a reference standard of diagnosis? Item 6: Did patients receive the same reference standard regardless of the index test result? Item 7: Was the reference standard independent of the index test? Item 8: Was the execution of the index test described in sufficient detail to permit replication of the test? Item 9: Was the execution of the reference standard described in sufficient detail to permit its replication? Item 10: Were the index test results interpreted without knowledge of the results of the reference standard? Item 11: Were the reference standard results interpreted without knowledge of the results of the index test? Item 12: Were the same clinical data available when test results were interpreted as would be available when the test is used in practice? Item 13: Were uninterpretable/intermediate test results reported? Item 14: Were withdrawals from the study explained? Y: Yes; N: No; U: Unclear.








Table 1  Characteristics of the selected studies


Ref.


�
No. of patients


�
Sex, 


male/female�
Age, mean


�
Country


�
Diagnostic standard 


�
Morphology type of lesions (depressed/not depressed)


�
Lesion size (mm)


�
Type of assessment 


�
Endoscopic system (Lucera/Exera) 


�
Endoscopists number 


�
�
Liu et al[19]


�
  90


�
49/41


�
   57.5


�
China


�
Type1 A-E


�
47/160


�
NA


�
Real-time


�
NA


�
  2


�
�
Yao et al[20]


�
310


�
183/127


�
66


�
Japan


�
Irregular MV and/or irregular MS with a demarcation line


�
231/134


�
NA


�
Real-time


�
Lucera


�
20


�
�
Kanesaka et al[21]


�
  49


�
35/16


�
NA


�
Japan


�
Presence of dense-type crypt openings


�
0/51


�
NA


�
Post-procedure


�
Lucera


�
  4


�
�
Tao et al[4]


�
508


�
316/192


�
63


�
China


�
Irregular MV and/or irregular MS with a demarcation line 


�
192/451


�
7


�
Post-procedure


�
NA


�
NA


�
�
Horiuchi et al[22]


�
  51


�
31/20


�
65


�
Japan


�
Micrification of fine mucosal structure 


�
0/64


�
NA


�
Post-procedure


�
Lucera


�
NA


�
�
Maki et al[5]


�
  93


�
73/20


�
NA


�
Japan


�
Irregular MV and/or irregular MS with a demarcation line


�
0/93


�
NA


�
Post-procedure


�
Lucera


�
NA


�
�
Miwa et al[6]


�
135


�
77/58


�
70.1


�
Japan


�
Irregular MV and/or irregular MS with a demarcation line 


�
26/109


�
NA


�
Post-procedure


�
Lucera


�
NA


�
�
Tsuji et al[24]


�
137


�
101/36


�
NA


�
Japan


�
Irregular MV and/or irregular MS with a demarcation line 


�
19/118


�
NA


�
Post-procedure


�
Lucera


�
  4


�
�
Li et al[23]


�
146


�
88/58


�
   59.3


�
China


�
Type2 A-C  


�
52/112


�
21.9


�
Real-time


�
Lucera


�
  2


�
�
Ezoe et al[3]


�
353


�
278/75


�
69


�
Japan


�
Irregular MV with a demarcation 


line�
353/0


�
  5.6


�
Real-time


�
Lucera 


�
31


�
�
Nonaka et al[25]


�
  93


�
71/22


�
70


�
Japan


�
Type3 Ⅰ-Ⅴ


�
0/93


�
15.1


�
Real-time


�
NA


�
  4


�
�
Ezoe et al[7]


�
  53


�
NA


�
NA


�
Japan


�
Irregular MV with a demarcation line 


�
57/0


�
≤ 10


�
Real-time


�
Lucera 


�
  5


�
�
Kato et al[8]


�
111


�
98/13


�
   66.3


�
Japan


�
Disappearance of fine mucosal structure, microvascular dilation, heterogeneity


�
NA


�
  7.0


�
Real-time


�
Lucera


�
NA


�
�
Yao et al[26]


�
  42


�
NA


�
NA


�
Japan


�
Either WOS with a regular distribution or a regular MV 


�
0/46


�
NA


�
Real-time


�
Lucera 


�
  1


�
�
1Type A-E: Type A, short rod-like pits with regular microvasculature inside pits; Type B, elongated open branch-like pits with regular microvasculature; Type C, dilated pits and increased branching microvasculature; Type D, villus-like appearance or light blue crest sign; Type E, the appearance of new tumor vessels; 2Type A-C: Type A, clear regular surface patterns and microvascular architecture; Type B, obscure irregular surface patterns or microvascular architecture; Type C, no surface pattern and sparse microvessels or with avascular areas; 3Type Ⅰ-Ⅴ: Type Ⅰ, clear MS, unclear MV; type Ⅱ, clear MS, clear MV; type Ⅲ, clear MS, abnormal MV; type Ⅳ, slightly obscured MS, abnormal MV; type Ⅴ, markedly obscured MS, abnormal MV. NA: Not available; MV: The microvascular pattern; MS: The microsurface pattern; WOS: White opaque substance.








