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Abstract
BACKGROUND
Lymph node metastasis (LNM) affects the application and outcomes of endoscopic resection in T1 esophageal squamous cell carcinoma (ESCC). However, reports of the risk factors for LNM have been controversial.

AIM
To evaluate risk factors for LNM in T1 ESCC. 

METHODS
We searched Embase, PubMed and Cochrane Library to select studies related to LNM in patients with T1 ESCC. Included studies were divided into LNM and non-LNM groups. We performed a meta-analysis to examine the relationship between LNM and clinicopathologic features. Odds ratio (OR), mean differences and 95% confidence interval (CI) were assessed using a fixed-effects or random-effects model.

RESULTS
Seventeen studies involving a total of 3775 patients with T1 ESCC met the inclusion criteria. After excluding studies with heterogeneity based on influence analysis, tumor size (OR = 1.93, 95%CI = 1.49-2.50, P < 0.001), tumor location (OR = 1.46, 95%CI = 1.17-1.82, P < 0.001), macroscopic type (OR = 3.17, 95%CI = 2.33-4.31, P < 0.001), T1 substage (OR = 6.28, 95%CI = 4.93-8.00, P < 0.001), differentiation (OR = 2.11, 95%CI = 1.64-2.72, P < 0.001) and lymphovascular invasion (OR = 5.86, 95%CI = 4.60-7.48, P < 0.001) were found to be significantly associated with LNM. Conversely, sex, age and infiltrative growth pattern were not identified as risk factors for LNM.

CONCLUSION
A tumor size > 2 cm, lower location, nonflat macroscopic type, T1b stage, poor differentiation and lymphovascular invasion were associated with LNM in patients with T1 ESCC.
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Core Tip: No consensus is available in the literature about risk factors for lymph node metastasis (LNM) in T1 esophageal squamous cell carcinoma. This meta-analysis is the first to comprehensively evaluate LNM only in esophageal squamous cell carcinoma patients with T1 stage. We investigated the relationship between LNM and the factors of demographic and clinicopathological characteristics. The results showed that risk factors associated with LNM were tumor size, tumor location, T1 substage, tumor differentiation, lymphovascular invasion and macroscopic type.

INTRODUCTION
The morbidity and mortality of esophageal cancer (EC) rank 7th and 6th among cancers globally[1]. In the last few decades, there has been great progress in the early diagnosis, surgical techniques and comprehensive treatment of EC. However, long-term efficacy remains poor, and the 5-yr survival rate is only 10%-30%[2]. In general, the opportunity for a cure in cancer is determined by early screening and intervention.
Esophageal squamous cell carcinoma (ESCC) is the most common histological type of EC in Asia[3]. T1 EC are stratified into T1a (mucosal layer) and T1b (submucosal layer) based on the 8th edition EC tumor, node, metastasis staging. For patients with T1a or T1b tumors, the 5-yr survival rate can be higher than 85%[4]. Although radical esophagectomy with lymphadenectomy is still the gold standard, endoscopic imaging with resection offers a new model for the treatment of early ESCC. In addition, evaluation of the clinical stage, disease extent, tumor grade and risk of lymph node metastasis (LNM) is critical when determining eligibility for endoscopic treatment of T1 ESCC[5]. LNM rates in T1a and T1b are reportedly 7.0%-16.0% and 16.0%-41.1%, respectively[6-8], and thus endoscopic resection (ER) for the treatment of T1 ESCC should be considered carefully[9]. Furthermore, LNM may be regarded as the most important prognostic factor in ESCC[10], and accurate assessment of the risk of LNM in T1 ESCC is particularly important.
Risk factors for LNM in T1 ESCC have been reported without consensus. We previously demonstrated that clinicopathological and hematological parameters can predict the risk of LNM in T1 ESCC, though some features were not included and the sample size in that study was limited. Herein, we present a meta-analysis to evaluate risk factors of LNM alone in stage T1 ESCC.

MATERIALS AND METHODS
This meta-analysis was performed in accordance with the guidelines proposed by the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement (http://www.prisma-statement.org/)[11].

Literature search strategy
To select relevant studies for the meta-analysis, we searched the following electronic databases: PubMed, EMBASE, and the Cochrane Library. The last search was performed on July 1, 2020. The search terms were “T1,” “early,” “mucosal,” “submucosal,” “superficial,” “intramucosal,” “esophageal,” “esophagus,” “squamous,” “cancer” and “carcinoma.” Two authors (Tian D and Jiang KY) independently performed the selection and evaluation of references. When necessary, a third author (Huang H) independently resolved any discrepancies between the two review authors. The full text of studies meeting the inclusion criteria were reviewed to identify whether they contained useful information.

Inclusion and exclusion criteria
The criteria for inclusion in this meta-analysis were as follows: (1) a case-control study of risk factors for LNM in stage T1 ESCC; (2) all patients underwent 2- or 3-field lymphadenectomy; (3) published in English; (4) contained original data, odds ratio (OR), mean difference and 95% confidence intervals (CI); (5) the definition and classification standard of tumors were basically the same; and (6) when overlapping data resources were presented in several articles, only the study with the highest quality and largest sample size was selected. Studies were excluded from the meta-analysis for the following reasons: (1) references were abstracts, comments, reviews and editorials; (2) patients with esophagogastric junction adenocarcinoma or esophageal adenocarcinoma; or (3) low reliability and poor quality Newcastle-Ottawa Scale score ≤ 5).

Literature selection and data extraction
According to the above criteria, qualified literature was selected by reading the title, abstract and full text. The following data were extracted: first author, publication year, location, research period, study design, case number, operation protocol, lymph node status (LNM/non-LNM), age, sex, tumor size, tumor location, macroscopic type, T1 substage, tumor differentiation, lymphovascular invasion (LVI) and infiltrative growth pattern (INF). A structured table was employed to help extract relevant data from the included studies. We used the Newcastle-Ottawa Scale for evaluating the quality of references. The scale includes three aspects (selection, comparability and outcome) ranging from 0 to 9 stars, and studies with a score of 6 were considered to have adequate methodologic quality for inclusion[12].

Definitions
Patients in the literature included underwent open esophagectomy or thoracoscopy-assisted esophagectomy or ER and 2- or 3-field lymph node dissection. Postoperative pathological results confirmed that the tumor invaded the mucosa or submucosa. T1 ESCC was stratified as T1a, which included T1a-carcinoma in situ, T1a-lamina propria mucosa, T1a-MM (muscularis mucosa), and T1b, which include SM1 (the upper third of the submucosal layer), SM2 (the middle third of the submucosal layer) and SM3 (the lower third of the submucosal layer). Tumor locations were classified as upper, middle and lower. Tumor differentiation was stratified into well differentiated, moderately differentiated and poorly differentiated. Macroscopic type was divided into flat and nonflat types based on visual observation. LVI (absent/present) and INF (a/b/c) were determined by postoperative immunohistochemistry or hematoxylin-eosin staining. The INF division was as follows: INF-a (expansive growth of tumor nests with a well-demarcated border from the surrounding tissue), INF-b (growth pattern intermediate between that of INF-a and INF-c) and INF-c (infiltrative growth of tumor nests with an ill-defined border from the surrounding tissue).

Statistical analysis
Statistical software Review Manager 5.3 and Stata 15.0 were used for data analyses. Dichotomous data were analyzed using the OR with 95%CI. For continuous data, the mean difference and 95%CI were calculated. The Mantel-Haenszel method and inverse variance method were applied for dichotomous and continuous data, respectively. Heterogeneity among the included studies was preliminarily examined by a Galbraith plot. If heterogeneity was detected, influence analysis was performed to explore individual studies with heterogeneity. After excluding studies with heterogeneity, data were graphically plotted using forest plots to evaluate the treatment effects and heterogeneity of the trials. Heterogeneity was quantified with the χ2 (Cochrane Q) test and the I2 statistic, whereby low, moderate and high degrees of heterogeneity corresponded to I2 values of 25%, 50% and 75%, respectively. When P > 0.1 and I2 < 50%, a fixed-effects model was utilized; otherwise, a random-effects model was applied. After the heterogeneity test of outcome indicators, the P value, OR value and 95%CI of the combined statistics were then calculated. Funnel plots were used to evaluate the presence of publication bias.

RESULTS
Study selection
A flow chart of the selection process for the studies included in this meta-analysis is presented in Figure 1. The search strategy identified 1527 records from all sources (Embase, n = 911; PubMed, n = 562; and Cochrane, n = 54). Of these, 537 duplicate records, 21 non-English articles and 226 non-full texts were excluded. In addition, 666 studies were excluded after scanning the article types, titles and abstracts, including 79 case reports/reviews and 587 title/abstract clearly irrelevant articles; thus, 80 studies remained for full-text assessment. Thereafter, 33 studies were included for qualitative synthesis. Seven studies had duplicate data sources, eight studies included patients with esophagogastric junction adenocarcinoma or esophageal adenocarcinoma, and one study included some patients without lymphadenectomy. Ultimately, 17 studies meeting all inclusion criteria were selected for the meta-analysis.

Study characteristics and quality assessment
Table 1 shows the baseline characteristics and quality assessment scores of the 17 included retrospective studies. Three[13-15] were multicenter studies, and fourteen[16-29] were single-center studies. All studies were conducted in Asian countries, including seven in China[14,15,20,21,23,26,29], seven in Japan[16,18,19,22,24,27,28] and three in South Korea[13,17,25]. All patients underwent open esophagectomy/thoracoscopy-assisted esophagectomy/ER and 2- or 3-field lymphadenectomy. Moreover, postoperative pathological results confirmed T1 ESCC in all cases. A total of 3775 patients were enrolled, of whom 914 had LNM and 2861 were non-LNM, with a metastasis rate of 24.2%. In terms of the assessment of the Newcastle-Ottawa Scale, 11 studies[8,13,16-22,25,27] scored 6, and 6 studies[14,15,23,24,26,28] scored 7.

Risk factors for LNM
The results for the relationship between LNM and clinicopathological factors in T1 ESCC patients after excluding studies with heterogeneity in all analyses are provided in Table 2. Galbraith plots are depicted in Supplementary Figures 1-3, plots of influence analyses in Supplementary Figure 4, forest plots in Figures 2-4, and funnel plots in Supplementary Figures 5-7.

Age and sex
Six studies[16,17,19,20,23,28] reporting continuous age of patients were analyzed in this meta-analysis. The mean age in the LNM and non-LNM groups ranged from 57.5-67.3 and 58.0-63.7 years, respectively. Thirteen studies[13-17,19-21,23-25,28,29] recorded the rate of LNM in males vs females (14.4%-39.6% vs 0%-66.7%). The Galbraith plot and influence analysis indicated no heterogeneity in the studies including age analysis, though one study (Chiba et al[24]) with sex analysis exhibited strong heterogeneity (Supplementary Figures 1 and 4A). No significant difference between LNM and age was observed (OR = -0.81, 95%CI = -1.75-0.14, P = 0.10; heterogeneity: I2 = 22%, P = 0.27) (Figure 2A). After excluding the study by Chiba et al[24], the results indicated that the rate of LNM according to sex was not significantly different (OR = 1.16, 95%CI = 0.91-1.48, P = 0.23; heterogeneity: I2 = 0%, P = 0.78) (Figure 2B).

Tumor size, location and macroscopic type
Six studies[13-15,17,21,26] including 1482 patients, twelve studies[13-16,19-23,25,26,29] including 2751 patients, and six studies[13,18,21,22,25,27] including 1213 patients analyzed the relationship between LNM and tumor size, location and macroscopic type, respectively. The rates of LNM for tumor size ≤ 2 cm vs tumor size > 2 cm, upper-middle ESCC vs lower ESCC and nonflat type vs flat type were 8.9%-28.4% vs 17.5%-42.6%, 6.9%-41.5% vs 15.6%-36.8% and 23.5%-68.2% vs 8.2%-25.0%, respectively. Although no heterogeneity regarding tumor size analysis or macroscopic type analysis (Supplementary Figures 2A and C) was detected, influence analysis suggested heterogeneities for tumor location in the studies of Wang et al[29] and Wu et al[20] (Supplementary Figures 2B and 4B). Moreover, the rate of LNM in patients with tumor size ≤ 2 cm was 1.93 times higher than that in patients with tumor size ≤ 2 cm (OR = 1.93, 95%CI = 1.49-2.50, P < 0.001; heterogeneity: I2 = 0%, P = 0.74) (Figure 3A). Additionally, the rate of LNM differed significantly with respect to tumor location (OR = 1.46, 95%CI = 1.17-1.82, P < 0.001; heterogeneity: I2 = 0%, P = 0.57) (Figure 3B) and macroscopic type (OR = 3.17, 95%CI = 2.33-4.31, P < 0.001; heterogeneity: I2 = 35%, P = 0.17, Figure 3C).

T1 substage, differentiation, LVI and INF
The relationship between T1 substage and LNM was analyzed in 17 studies[13-29], involving 3775 patients, and the relationship between differentiation and LNM was analyzed in 13 studies[13-15,18-21,23-26,28,29], involving 2599 patients. The rates of LNM in T1a vs T1b and well differentiated/moderately differentiated vs poorly differentiated were 1.5%-23.5% vs 20.9%-57.3% and 12.6%-43.3% vs 23.8%-63.6%, respectively. Based on heterogeneity and influence analyses, studies with heterogeneity by Aoyama et al[16] and Ozawa et al[19] were excluded from the T1 substage analysis, and those of Shen et al[14] and Zhou et al[23] were excluded from the differentiation analysis (Supplementary Figures 3A, 3B, 4C and 4D). Nonetheless, pooled analysis suggested that the rate of LNM differed significantly for T1 substage (OR = 6.28, 95%CI = 4.93-8.00, P < 0.001; heterogeneity: I2 = 0%, P = 0.87, Figure 4A) and differentiation (OR = 2.11, 95%CI = 1.64-2.72, P < 0.001; heterogeneity: I2 = 0%, P = 0.49, Figure 4B).
Fourteen studies[13,14,16-19,21-26,28,29] involving 3112 patients reported rates of LNM in LVI present and LVI absent cases, at 35.3%-86.5% and 8.8%-32.2%, respectively. Three studies[18,19,22] involving 1213 patients reported rates of LNM in INF-c and INF-a/b cases, at 28.6%-60.0% and 28.1%-32.4%, respectively. Studies by Huh et al[25], Min et al[17] and Mitobe et al[18] with heterogeneity were excluded from the LVI analysis due to the results of heterogeneity and influence analyses (Supplementary Figures 3C and 4E). However, no heterogeneity in the analysis of INF was found (Supplementary Figure 3D). Additionally, pooled analysis showed that the rate of LNM was significantly different in LVI (OR = 5.86, 95%CI = 4.60-7.48, P < 0.001; heterogeneity: I2 = 40%, P = 0.08, Figure 4C), with no difference for INF (OR = 1.82, 95%CI = 0.89-3.73, P = 0.010; heterogeneity: I2 = 0%, P = 0.66, Figure 4D).

Assessment of publication bias
Funnel plots of the studies were used in the meta-analysis for age, sex, tumor size, tumor location, macroscopic type, T1 substage, differentiation, LVI and INF. According to the results, the distribution of each study was concentrated and symmetrical (Supplementary Figures 5-7). There was no evidence of publication bias.

DISCUSSION
In some institutions, ER is the preferred treatment for patients with stage T1 ESCC because of its minimally invasive nature[30,31]. However, ER can only remove local lesions, and the lymph nodes cannot be dissected. A portion of early ESCC cases with noncurative resection after ER treatment has been identified, and additional radical esophagectomy with lymph node dissection is usually recommended[32]. Wang et al[33] reported no statistical significance in recurrence-free survival and overall survival of T1 EC patients in ER + esophagectomy and esophagectomy groups; thus, ER can be accepted for patients with stage T1 cancer even if esophagectomy is eventually warranted due to LNM. Overall, lymph node status plays an important role in surgical strategy selection and prognosis[34]. The LNM rate of T1 ESCC has been reported to be 12.9%-45.0%, with a large deviation[18,28,35]. The results of this meta-analysis showed an LNM rate of 24.2%, and risk factors associated with LNM were tumor size, tumor location, T1 substage, tumor differentiation, LVI and macroscopic type.
T1 substage, tumor differentiation and tumor size have been indicated as predictors of LNM in several studies, and our study verified these results. Previous studies reported LNM rates in MM1, MM2, MM3, SM1, SM2 and SM3 of 0%, 1.5%-3.7%, 5.3%-30.8%, 8.7%-42.1%, 12.7%-40.7% and 28.4%-66.7%, respectively[14,16-18,21-23,35]. Submucosal tumors have a high risk of LNM, and there is no safe area for ER of T1b tumors[6]. Because T1a substage (MM1, MM2 and MM3) and T1b substage (SM1, SM2 and SM3) are difficult to distinguish during surgery, further staging of T1a and T1b is not necessary. In this meta-analysis, the rates of LNM in T1a and T1b were 5.4% and 33.7%, respectively. Moreover, the LNM rate increased significantly when the tumor infiltrated the submucosa, and the risk of LNM was 2.11 times higher in patients with poorly differentiated tumors than in patients with well differentiated/moderately differentiated tumors. Furthermore, well-differentiated tumor cells were closer to the mature form of the tissue, where the tumor grows slowly and has a lower risk of metastasis; poorly differentiated tumor cells were closer to the immature form of the tissue, where the tumor grows fast and is highly malignant. In the case of the lymphatic drainage network, poorly differentiated cancer cells are prone to LNM[36,37].
Tumor size > 2 cm is helpful for predicting LNM in superficial ESCC. Friedland et al[38] suggested that lesions with a size > 2 cm can be resected using endoscopic mucosal resection and if larger, by expanded endoscopic submucosal dissection. We found that the risk of metastasis was still high in larger tumors and that endoscopic submucosal dissection should be carefully selected. In addition, although tumor size is used in the tumor, node, metastasis staging system of breast, lung, and liver cancers, among others, the EC staging system does not consider the pathological features of tumor size. We believe that it is necessary to identify the cut-off value of tumor size and incorporate it into the staging system for more accurate preoperative and postoperative assessment.
In contrast to a previous meta-analysis that included both ESCC and adenocarcinoma of the esophagogastric junction, we found that tumors at a lower location had a higher risk of LNM in ESCC[39]. The relationship between tumor location and LNM mainly manifests by lymphatic drainage. Because of the network of longitudinal and transverse lymphatic vessels of the esophagus, lymphatic drainage is extensive, presenting as adjacent LNM and skip metastasis[40]. Thus, tumors in the upper esophagus mainly metastasize to the superior mediastinal lymph nodes, especially the recurrent laryngeal nerve and the superior parietal esophagus lymph nodes[30]. In contrast, LNM of middle ESCC and lower ESCC mainly occurs in the mediastinal lymph nodes and celiac lymph nodes, respectively[31]. Most studies have shown that tumor location is not a risk factor for LNM[22,25,26]. Nevertheless, Ozawa et al[19] and Wu et al[20] reported that lower ESCC had a higher risk of LNM. The middle and lower part of the esophagus stretches as the lymphatic networks develop in the submucosal layer during embryonal growth[41], which provides anatomical conditions for skip metastasis of the lymph nodes in lower esophageal carcinoma. Furthermore, the incidence of metastasis of upper mediastinal nodes can be as high as that of lower mediastinal nodes in lower ESCC[42,43]. Therefore, skip metastasis of lower ESCC is not negligible.
Macroscopic tumor type is divided into I (protruded type), II (flat type) and III (excavated type) by visual observation. Because the protruded type and excavated type have similar outcomes and prognoses, previous studies further classified the macroscopic type as a flat type (II) and nonflat type (I and III)[13,18,22,35,44,45]. It has been reported that macroscopic type correlates with invasion depth and LNM[22,27]. Additionally, tumors of type II have lower rates of LNM, malignancy and postoperative recurrence[46]. According to the present meta-analysis, the rates of LNM in nonflat ESCC and flat ESCC were 33.0% and 16.4%, respectively. Although esophagectomy is the preferred choice for tumors of macroscopic type I or III, ER is the first treatment for flat-type tumors, and excised specimens can be evaluated to decide whether esophagectomy should be performed[18].
LVI has been proven to be an independent risk factor for LNM in patients with ESCC[6,14,17,21,22,44]. Tumor cells become isolated from the tumor assembly at the primary lesion and then spread through the lymphatic or blood vessels, possibly invading lymphatic or blood vessels in the process[47], which is considered the initial step of LNM and distant metastasis[48]. Endoscopic ultrasonography and other imaging technologies can partially predict the depth of invasion and regional distribution of LNM, but LVI can only be detected after ER or surgery. If LVI is detected in a resected specimen after ER, additional surgical therapy with lymph node dissection should be considered[25,49]. Hsu et al[50] reported 5-yr overall survival rates of 28.2% and 61.1% in a positive LVI group and negative LVI group, respectively. This suggests that for patients with LVI, postoperative treatment should be the focus for improving prognosis. Additionally, hematoxylin-eosin staining and immunohistochemistry for the detection of LVI may provide a more reliable result[18].
In this meta-analysis, sex, age and INF were not risk factors for LNM in T1 ESCC patients. Nevertheless, due to the limited number of studies included (only three studies), more studies are needed to evaluate the relationship of INF with LNM. Xu et al[39] analyzed the risk factors for LNM in superficial EC with similar results. Their study included a small number of patients with esophageal adenocarcinoma, whereas all the patients in our study had ESCC. Furthermore, our inclusion criteria were stricter, and the quality of the studies was higher. For each analysis of clinicopathological features, we performed influence analysis to exclude studies with heterogeneity for more reliable results. In general, heterogeneity may be due to the number of included cases, surgical procedures, lymph node dissection and other factors.
There were some limitations in the present meta-analysis that should be considered. First, as all+ the included studies were retrospective, selection bias was inevitable. Second, the guidelines of EC staging in the included literature differed slightly and were revised several times during the study period, which may lead to inconsistent tumor staging. Third, all included studies were performed in Asian countries (China, Japan and South Korea), and the results may therefore be influenced by ethnicity.

CONCLUSION
This meta-analysis is the first to comprehensively evaluate LNM only in ESCC patients with T1 stage. We identified that patients with tumor size > 2 cm, lower tumor location, nonflat macroscopic type, T1b stage, poor differentiation and LVI had a significant risk of LNM. For these patients, radical esophagectomy may be a better choice than ER.

ARTICLE HIGHLIGHTS
Research background
Endoscopic resection has been increasingly used in patients with T1 esophageal squamous cell carcinoma (ESCC). However, lymph node metastasis (LNM) has been widely reported in patients with T1 ESCC, and some studies have even found higher rates of metastasis. Endoscopic resection for T1 ESCC should be carefully considered.

Research motivation
Endoscopic resection is not appropriate for patients with a potential risk of LNM and the risk of metastasis must be assessed in advance to make the right decision. In addition, reports of the risk factors for LNM have been controversial.

Research objectives
The purpose of this meta-analysis was to assess risk factors of LNM for patients with T1 ESCC.

Research methods
We conducted a comprehensive search of multiple electronic databases including PubMed, EMBASE and the Cochrane Library to select studies related to the topics. Statistical analysis was conducted via comprehensive meta-analysis software.

Research results
A total of 3775 patients with T1 ESCC from 17 studies were included. The rates of LNM in T1a and T1b were 5.4% and 33.7%, respectively. Tumor size > 2 cm, lower tumor location, nonflat macroscopic type, T1b stage, poor differentiation and lymphovascular invasion were found to be significantly associated with LNM. Conversely, sex, age and infiltrative growth pattern were not identified as risk factors for LNM.

Research conclusions
This meta-analysis is the first to comprehensively evaluate LNM only in ESCC patients with T1 stage. For patients with a potential high risk of LNM, radical esophagectomy is superior to endoscopic resection, and potential metastatic lymph nodes can be dissected.

Research perspectives
All included studies were performed in Asian countries (China, Japan and South Korea), and the results may therefore be influenced by ethnicity. There is still a need to include data from other continents.
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Figure Legends
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Figure 1 The flow chart of the selection process for the studies included in this meta-analysis. In total, 1527 records were identified from all sources (Embase, PubMed, and Cochrane Library). Only 17 studies involving 3775 patients met all inclusion criteria and were selected for the meta-analysis.
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Figure 2 Forest plot. A: Forest plot evaluating the association between age (> 60/≤ 60) and lymph node metastasis (LNM); B: Forest plot evaluating the association between sex (male/female) and LNM. CI: Confidence interval; IV: Inverse-Variance; M-H: Mantel-Haenszel.
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Figure 3 Forest plot. A: Forest plot evaluating the association between tumor size (> 2/≤ 2) and lymph node metastasis (LNM); B: Forest plot evaluating the association between tumor location (lower/upper-middle) and LNM; C: Forest plot evaluating the association between macroscopic type (nonflat/flat) and LNM. CI: Confidence interval; M-H: Mantel-Haenszel.
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Figure 4 Forest plot. A: Forest plot evaluating the association between T1 substage (T1a/T1b) and lymph node metastasis (LNM); B: Forest plot evaluating the association between differentiation (poorly differentiated/well differentiated-moderately differentiated) and LNM; C: Forest plot evaluating the association between lymphovascular invasion (present/absent) and LNM; D: Forest plot evaluating the association between infiltrative growth pattern (c/a-b) and LNM. CI: Confidence interval; G1/2: Well differentiated/moderately differentiated; G3: Poorly differentiated; M-H: Mantel-Haenszel.
Table 1 Baseline characteristics of included studies
	Reference
	Location
	Period
	Design
	Case
	Operation protocol
	Lymphadenectomy strategy
	LNM/non-LNM
	Quality assessment

	Aoyama et al[16] (2019)
	Japan
	2012-2016
	SR
	50
	Esophagectomy
	2- or 3-field lymphadenectomy
	13/37
	6

	Chiba et al[24] (2010)
	Japan
	1992-2008
	SR
	110
	Esophagectomy
	Lymphadenectomy
	33/77
	7

	Huh et al[25] (2018)
	South Korea
	1996-2015
	SR
	275
	Esophagectomy
	Lymphadenectomy
	40/235
	6

	Li et al[26] (2013)
	China
	2006-2011
	SR
	189
	Esophagectomy
	Lymphadenectomy
	47/95
	7

	Makuuchi et al[27] (1997)
	Japan
	1974-1995
	SR
	133
	Esophagectomy
	Lymphadenectomy
	35/98
	6

	Min et al[17] (2020)
	South Korea
	2001-2014
	SR
	501
	Esophagectomy
	[bookmark: _Hlk42590843][bookmark: _Hlk42591073]2-field lymphadenectomy: 462; 3-field lymphadenectomy: 39
	140/361
	6

	Mitobe et al[18] (2013)
	Japan
	1990-2009
	SR
	110
	[bookmark: _Hlk39517949]Esophagectomy: 106; ER + esophagectomy: 4
	Lymphadenectomy
	37/73
	6

	Moon et al[13] (2014)
	South Korea
	2009-2012
	MR
	104
	Esophagectomy
	Lymphadenectomy
	15/89
	6

	Ozawa et al[19] (2016)
	Japan
	1986-2013
	SR
	167
	Esophagectomy; VATS
	2- or 3-field lymphadenectomy
	46/121
	6

	Shen et al[14] (2018)
	China
	2014-2016
	MR
	221
	Esophagectomy
	Lymphadenectomy
	53/168
	7

	Tian et al[15] (2020)
	China
	2013-2019
	MR
	243
	Esophagectomy
	3-field lymphadenectomy
	46/197
	7

	Tomita et al[28] (2008)
	Japan
	1998-2006
	SR
	115
	Esophagectomy
	2- or 3-field lymphadenectomy
	52/63
	7

	Wang et al[29] (2016)
	China
	2002-2014
	SR
	228
	Esophagectomy
	2- or 3-field lymphadenectomy
	90/138
	6

	Wu et al[20] (2018)
	China
	2002-2010
	SR
	240
	Esophagectomy
	2-field lymphadenectomy
	39/201
	6

	Xue et al[21] (2012)
	China
	1990-2004
	SR
	271
	Esophagectomy
	Lymphadenectomy
	53/218
	6

	Yachida et al[22] (2020)
	Japan
	1986-2010
	SR
	320
	Esophagectomy
	3-field lymphadenectomy
	93/227
	6

	Zhou et al[23] (2016)
	China
	2008-2015
	SR
	498
	Esophagectomy
	Lymphadenectomy
	87/411
	7


ER: Endoscopic resection; LNM: Lymph node metastasis; MR: Multicenter retrospective; SR: Single-center retrospective; VATS: Video-assisted thoracoscopic surgery.

Table 2 Meta-analysis results for the relationship between lymph node metastasis and clinicopathological factors in T1 esophageal squamous cell carcinoma patients
	Factors
	Studies
	Patients
	Heterogeneity I2 (P value)
	[bookmark: _Hlk39495169]Pooled OR (95%CI)
	P value

	Age (continuous) (yr)
	6
	1571
	22% (0.27)
	-0.81 (-1.75-0.14)
	0.10

	Sex (male/female)
	12
	2913
	0% (0.78)
	1.16 (0.91-1.48)
	0.23

	Tumor size (> 2/≤ 2) (cm)
	6
	1482
	0% (0.74)
	1.93 (1.49-2.50)
	< 0.001a

	Tumor location (L/U-M)
	10
	2291
	0% (0.57)
	1.46 (1.17-1.82)
	< 0.001a

	T1 substage (T1b/T1a)
	15
	3558
	0% (0.87)
	6.28 (4.93-8.00)
	< 0.001a

	Differentiation (G3/G1-2)
	11
	1966
	0% (0.49)
	2.11 (1.64-2.72)
	< 0.001a

	LVI (present/absent)
	11
	2226
	40% (0.08)
	5.86 (4.60-7.48)
	< 0.001a

	[bookmark: _Hlk43927435]Macroscopic type (nonflat/flat)
	6
	1213
	35% (0.17)
	3.17 (2.33-4.31)
	< 0.001a

	INF (present/absent)
	3
	591
	0% (0.66)
	1.82 (0.89-3.73)
	0.10


aP < 0.05. CI: Confidence interval; ESCC: Esophageal squamous cell carcinoma; G1-2: Well differentiated-moderately differentiated; G3: Poorly differentiated; INF: Infiltrative growth pattern; L: Lower; LNM: Lymph node metastasis; LVI: Lymphovascular invasion; OR: Odds ratio; U-M: Upper-middle.
image4.png
ATI sub stage

b Tia Risk Ratio
_Studyor Suboroup _Events Total_Events Total Weloht M-H.Fixed.95%Cl M. Fixg
Acyama 2019 9 m 4 1 Notestimatio
cnva 2010 w73 3% sow 42901411308
un 2017 B W0 2 135 24% 18326517445
Li2ors a7 w2 2 a1 3e% 77801963080
Makochi 1987 s s 2 29% 1059(265,4228]
Hin2019 2 W 15 2 2% 52029829
Moo 2013 B 1 % 16% 17511280, 12269
oo 2014 WS 1 4 1% 124701709142
Ozawa 2016 @ w8 40 Not estinatie
Shen 2018 w1 5 @ ssk 3715689
ian 2020 41 1 5 @ 7% 465191113
Tomta 2008 S8 1 26 18% 1490216, 10267
Wang 2016 85 e 5 6@ sen  635R01491
wu20te % 723 6 Si% 474[1511489)
Xuo 2012 51219 2 s 3m% e0s(isz20m
Yachda 2019 B om0 12 89N 58161080
Zhou2016 7w 6 0 o™ 584R2601313)
Tota (35% C) 253 120 1000%  6281493,800)
Tota vents 79 &
Hoterogenety: Ch = 8.35,df = 14 (=087 F
Tostoraveral afct 2 = 14.90 (P <0.00001)
B Differentiation
s 62 dcs Ratio
Crba 2010 6 % 17 72 G6%  295(101,547)
In I S % mome m mbress
Liz2o1s 9 @z 105 0% 2900134631
Micbe 2013 6 18 31 @ e 0903287
Moom 2014 3 9 2 95 1s% 3460761569
Ozava 2016 o % o 1w 114081250
Shen 2018 @ 1 2 e Not estimable
ian 2020 Won a2 oz 4% 7ines ey
Tomia 2008 7o 45 104 0% 229083,832
Wang 2016 a5 w45 14 195% 2540146402
Wu20ts 10 3% 2 201 8 205090464
Xuo 2012 8 25 15 tee% 159082312
zhouzoe M a7 12 a7 20 Not estimable.
Tota (35% Ol 93 1673 1000%  2410164,272)
Total ovenis 152 s
Heterogeneiy: Chi=9.41,df = 10 (P = 049) = 0%

Test or overal effect: Z = 584 (P <0,00001)

C Lymphovascular invasion

Absent
Aoyama 2019 0 2 3 2 2%
chiba 2010 2 a6 1 e 95w
Hun 2017 W ow% 21 2w
L2013 0 o2 ¥ 1w 2m
Min 2010 o s 79 40
Mitobe 2013 B s 19 5
Moom 2014 [ I SR TR
Ozawa 2016 27 s 19 108 1as%
shen 2018 B 3 w21
Tomita 2008 2 @ w7 35
Wang 2016 5 & a5 e 1%
X0 2012 19 s 3 20 teo%
Yachida 2010 s o8 4 22 7%
Znou 2016 ® s 7o e
Total (95% ) o T 100.0%
Total events 23 320

Hetorogoneity: Gh = 16.72, o = 10 (P = 0.08). = 40%.
Test or overal effect: 2 = 14.26 (P < 0.00001)

D Infiltrative growth pattern

< ab
Miobo 2013 3 s o 05 120%
Ozawa 2016 2 7 a4 18 266%
Yacnida 2019 o 21 e 2 1%
Total (95% ) E 558 1000%
Totalevents 162
Heterogenely: Ch = 084, d 66) 7= 0%

13
Test for overal afect: 2= 1.64 (P = 0.10)

Odds Ratio

694(161,2097)
4420185, 1050
Not estimable
1257 (263,60.12]
Notestimable

Not estimable
1210(327,44.85)
395194, 8.06]
2171598, 7877
18.56(6.36,54.15]
712370, 1370
325(1.65,6.38]
434258, 727]
595(281, 1257

586 (4.50,7.48]

Oads Ratio
313(050, 1963
1.00(0.19,5.35)
1920078,4.72)

182(089,373]

Risk Ratio

*
——
oo o1 T 0w

b Tia
Odds Ratio
.95%C

—
005 0z T »
o e
Odds Ratio

.9s%Ccl
*
—
oo o1
Prosent
Odds Ratio
oshel
P
-
e




image1.png
Records identified through database searching
(n=1527)
Embase =911, PubMed = 562, Cochrane = 54

Duplicates: n =534

Identification

Records after duplicaters removed

(n=993)
Records excluded (n = 247)
Not English: 21
Not full-text: 226

Records screened

Screening

(n="746)

Records excluded (n = 666)
Case report/ review: 79
Title/ abstract clearly irrelevant article: 587

Full-text articles assessed for eligibility
(n=280)

Records excluded (n=47)

Unmatched content/ outcomes

Eligibility

Studies included in qualitative synthesis
(n=33) Records excluded (n = 16)
Duplicated data source: 7
Study included patients with esophagogastric
junction cancer or esophageal
adenocarcinoma: 8

Studies included in qualitative synthesis Study included a part of patients without
(meta_a_nalysis) lymphadenectomy: 1

=l
]
=]
2
)
=]
L

(n=17)





image2.png
A Age

LNM non-LNM Mean Difference Mean Difference
r I Mean SD Total Mean SD Total Weigh IV, Fix % Cl IV, Fixed, 95% Cl
Aoyama 2019 67.3 7.6 13 637 76 37  39% 3.60[-1.20, 8.40] -
Min 2019 616 82 140 632 81 361 353% -1.60[-3.19,-0.01] oy
Ozawa 2016 64.1 9.3 46 629 65 121 105% 1.20[-1.73,4.13] I
Tomita 2008 605 10 52 623 88 63 7.4% -1.80[-5.28, 1.68] e
Wu 2018 575 8.2 39 58 84 201 11.3% -0.50[-3.32,2.32] I
Zhou 2016 59.9 7.3 87 609 72 411 316% -1.00[-2.68, 0.68] —
Total (95% CI) 377 1194 100.0% -0.81[-1.75, 0.14] L 4
Heterogeneity: Chi? = 6.40, df = 5 (P = 0.27); I = 22% [10 5 5 5 10’
Test for overall effect: Z = 1.67 (P = 0.10) LNM non-LNM
B Sex
Male Female 0Odds Ratio 0Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed. 95% CI M-H. Fixed, 95% Cl
Aoyama 2019 13 40 0 10 0.4% 10.31[0.56, 189.40] -1 *
Chiba 2010 25 98 8 12 Not estimable
Huh 2017 37 255 3 20  3.9% 0.96 [0.27, 3.44]
Min 2019 131 462 9 39  97% 1.32[0.61, 2.85] I
Moom 2014 14 97 1 7 1.3% 1.01[0.11, 9.06]
I Ozawa 2016 I 41 148 5 19  53% 1.07 [0.36, 3.17] I
Shen 2018 37 164 16 57 15.1% 0.75[0.38, 1.48] I
M Tian 2020 | | 33 160 13 83 11.1% 1.40 [0.69, 2.83] T
Tomita 2008 | 47 103 5 12 4.0% 1.18 [0.35, 3.95] I
[ ] Wang 2016 [ | 80 202 10 26 8.8% 1.05 [0.45, 2.43] N
Wu 2018 || 30 197 9 43 10.3% 0.68 [0.30, 1.56] -
Xue 2012 | 43 197 10 74 9.3% 1.790.85, 3.77] 1o
-Zhou 2016 | 66 367 21 131 20.8% 1.15[0.67, 1.97] I
Total (95% Cl) 2392 521 100.0% 1.16 [0.91, 1.48] »
Total events 572 102
Heterogeneity: Chi = 7.20, df = 11 (P = 0.78); I = 0% 0.05 02 1 5 20

Test for overall effect: Z = 1.21 (P = 0.23) Male Female
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A Tumor size

<2cm Odds Ratio Odds Ratio
i -H, Fi % Cl -H, Ei % Cl
Li2013 20 47 27 95 122%  187(090,387) —
Min 2019 81 240 59 261 446%  1.74(1.18,259] L
Moom 2014 1163 4 41 48%  196[0.58,662 ]
Shen 2018 24 83 29 138 184%  153(0.82,286] T
Tian 2020 38 153 8 90 90%  339[1.50,7.64] —
Xue 2012 45 201 8 70 110%  224[1.00,501] .
Total (95% CI) 787 695 100.0%  1.93[1.49,2.50] >
Total events 219 135
Heterogeneity: 76,f =5 (P = 0.74); 1= 0%
Test for overall effect: Z = 4.97 (P < 0.00001) o1 ojzm 1 _ mf 5 1
B Tumor location
Lower  Upper-middie Odds Ratio Odds Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95%Cl M-H, Fixed, 95%Cl
Aoyama 2019 4 14 9 36 2.8% 1.20 [0.30, 4.79] 1
Huh 2017 l 27 173 13 102 10.9% 1.27 [0.62, 2.58] 1
Li 2013 13 38 34 104 9.5% 1.07 [0.49, 2.35] I
Moom 2014 1" 46 4 58 21% 4.24[1.25,14.38] I
Ozawa 2016 21 57 25 110 8.5% 1.98 [0.99, 3.99] [
Shen 2018 25 79 28 142 10.8% 1.88[1.00, 3.54] [
| Tian 2020 1 4“1 35 202 6.8% 1.75[0.80, 3.82] T
'Wang 2016 24 69 66 159 Not estimable
'Wu 2018 28 92 1" 148 Not estimable
Xue 2012 10 39 43 232 7.3% 1.52[0.69, 3.34] -
lVachlda 2019 l 25 88 68 232 21.2% 0.96 [0.56, 1.65] I
'Zhou 2016 31 144 56 354 20.1% 1.46 [0.89, 2.38] T
Total (95% CI) 719 1572 100.0% 1.46 [1.17, 1.82]
Total events 178 315
Heterogeneity: Chi? = 7.68, df = 9 (P = 0.57); I* = 0%
Test for overall effect: Z = 3.37 (P = 0.0008) 005 02 Lower 1 Upper—m\dd?e 20
C Macroscopic type
non-Flat Flat Odds Ratio 0Odds Ratio
-H, Fi % Cl M-H, Fixed, 95% CI
Huh 2017 21 72 19 203 157%  399(1.99,7.98] e
IMakuucm 1997 24 53 11 80 107% 5.19[225,1197] o
tobe 2013 15 22 22 88 62% 643(23217.80) .
Moom 2014 4 17 1" 87 6.1% 2.13(0.59, 7.70] R
Xue 2012 46 186 7 8 161%  3.66[1.58,850] -
Yachida 2019 37 95 56 225 452%  193[1.15321) -
Total (95% Cl) 445 768 100.0% 3.17 [2.33,4.31] L 4
Total events 147 126
Heterogeneity: Chi? = 7.75, df = 5 (P = 0.17); I = 35% Py Fa— + e

Test for overall effect: Z = 7.35 (P < 0.00001)
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