
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2021 February 28; 27(8): 666-759

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I February 28, 2021 Volume 27 Issue 8

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 27 Number 8 February 28, 2021

OPINION REVIEW

New therapeutic options for persistent low-level viremia in patients with chronic hepatitis B virus 
infection: Increase of entecavir dosage

666

Yin GQ, Li J, Zhong B, Yang YF, Wang MR

REVIEW

G protein-coupled receptors as potential targets for nonalcoholic fatty liver disease treatment677

Yang M, Zhang CY

ORIGINAL ARTICLE

Basic Study

Fork head box M1 regulates vascular endothelial growth factor-A expression to promote the angiogenesis 
and tumor cell growth of gallbladder cancer

692

Wang RT, Miao RC, Zhang X, Yang GH, Mu YP, Zhang ZY, Qu K, Liu C

Effect of berberine on hyperglycaemia and gut microbiota composition in type 2 diabetic Goto-Kakizaki 
rats

708

Zhao JD, Li Y, Sun M, Yu CJ, Li JY, Wang SH, Yang D, Guo CL, Du X, Zhang WJ, Cheng RD, Diao XC, Fang ZH

Prospective Study

Endoscopic full-thickness resection using an over-the-scope device: A prospective study725

Guo JT, Zhang JJ, Wu YF, Liao Y, Wang YD, Zhang BZ, Wang S, Sun SY

META-ANALYSIS

Risk factors for lymph node metastasis in T1 esophageal squamous cell carcinoma: A systematic review 
and meta-analysis

737

Jiang KY, Huang H, Chen WY, Yan HJ, Wei ZT, Wang XW, Li HX, Zheng XY, Tian D

CASE REPORT

Septic shock due to Granulicatella adiacens after endoscopic ultrasound-guided biopsy of a splenic mass: A 
case report

751

Cho SY, Cho E, Park CH, Kim HJ, Koo JY



WJG https://www.wjgnet.com II February 28, 2021 Volume 27 Issue 8

World Journal of Gastroenterology
Contents

Weekly Volume 27 Number 8 February 28, 2021

ABOUT COVER

Marco Milone, MD, PhD, FACS, Professor, Surgeon, Department of Clinical Medicine and Surgery, University of 
Naples “Federico II”, Via Pansini 5, Naples 80131, Italy. milone.marco.md@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as 
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2020 
edition of Journal Citation Report® cites the 2019 impact factor (IF) for WJG as 3.665; IF without journal self cites: 
3.534; 5-year IF: 4.048; Ranking: 35 among 88 journals in gastroenterology and hepatology; and Quartile category: 
Q2. The WJG’s CiteScore for 2019 is 7.1 and Scopus CiteScore rank 2019: Gastroenterology is 17/137.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ji-Hong Liu; Production Department Director: Yun-Xiaojian Wu; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastroenterology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Weekly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski, Subrata Ghosh https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

February 28, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/1007-9327/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJG https://www.wjgnet.com 737 February 28, 2021 Volume 27 Issue 8

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2021 February 28; 27(8): 737-750

DOI: 10.3748/wjg.v27.i8.737 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

META-ANALYSIS

Risk factors for lymph node metastasis in T1 esophageal squamous 
cell carcinoma: A systematic review and meta-analysis

Kai-Yuan Jiang, Heng Huang, Wei-Yang Chen, Hao-Ji Yan, Zhen-Ting Wei, Xiao-Wen Wang, Hao-Xuan Li, 
Xiang-Yun Zheng, Dong Tian

ORCID number: Kai-Yuan Jiang 
0000-0002-4859-646X; Heng Huang 
0000-0003-1966-3763; Wei-Yang 
Chen 0000-0002-6665-0618; Hao-Ji 
Yan 0000-0003-4420-4657; Zhen-Ting 
Wei 0000-0001-7192-3951; Xiao-Wen 
Wang 0000-0001-5053-2708; Hao-
Xuan Li 0000-0003-2873-8085; 
Xiang-Yun Zheng 0000-0002-2175-
9257; Dong Tian 0000-0002-4145-
8638.

Author contributions: Jiang KY, 
Huang H and Tian D designed the 
research; Jiang KY and Huang H 
performed the research and 
drafted the article; Chen WY, Yan 
HJ and Wei ZT screened the 
literature and collected the data; 
Wang XW, Li HX and Zheng XY 
analyzed the data and interpreted 
the data; Tian D revised the article; 
All authors have read and 
approved the final manuscript; 
Jiang KY and Huang H contributed 
equally to this work.

Conflict-of-interest statement: The 
authors have no conflicts of 
interest to declare.

PRISMA 2009 Checklist statement: 
The authors have read the PRISMA 
2009 Checklist, and the manuscript 
was prepared and revised 
according to the PRISMA 2009 
Checklist.

Open-Access: This article is an 

Kai-Yuan Jiang, Heng Huang, Wei-Yang Chen, Hao-Ji Yan, Zhen-Ting Wei, Xiao-Wen Wang, Hao-
Xuan Li, Xiang-Yun Zheng, College of Clinical Medicine, North Sichuan Medical College, 
Nanchong 637000, Sichuan Province, China

Kai-Yuan Jiang, Dong Tian, Department of Thoracic Surgery, Affiliated Hospital of North 
Sichuan Medical College, Nanchong 637000, Sichuan Province, China

Corresponding author: Dong Tian, MD, PhD, Doctor, Department of Thoracic Surgery, 
Affiliated Hospital of North Sichuan Medical College, No. 63 Wenhua Road, Shunqing 
District, Nanchong 637000, Sichuan Province, China. 22tiandong@163.com

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.

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v27.i8.737
http://orcid.org/0000-0002-4859-646X
http://orcid.org/0000-0002-4859-646X
http://orcid.org/0000-0003-1966-3763
http://orcid.org/0000-0003-1966-3763
http://orcid.org/0000-0002-6665-0618
http://orcid.org/0000-0002-6665-0618
http://orcid.org/0000-0003-4420-4657
http://orcid.org/0000-0003-4420-4657
http://orcid.org/0000-0001-7192-3951
http://orcid.org/0000-0001-7192-3951
http://orcid.org/0000-0001-5053-2708
http://orcid.org/0000-0001-5053-2708
http://orcid.org/0000-0003-2873-8085
http://orcid.org/0000-0003-2873-8085
http://orcid.org/0000-0002-2175-9257
http://orcid.org/0000-0002-2175-9257
http://orcid.org/0000-0002-4145-8638
http://orcid.org/0000-0002-4145-8638
mailto:22tiandong@163.com


Jiang KY et al. Risk factors for LNM: A meta-analysis

WJG https://www.wjgnet.com 738 February 28, 2021 Volume 27 Issue 8

open-access article that was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution 
NonCommercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/License
s/by-nc/4.0/

Manuscript source: Unsolicited 
manuscript

Specialty type: Gastroenterology 
and hepatology

Country/Territory of origin: China

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: November 28, 2020 
Peer-review started: November 28, 
2020 
First decision: January 17, 2021 
Revised: January 20, 2021 
Accepted: February 1, 2021 
Article in press: February 1, 2021 
Published online: February 28, 2021

P-Reviewer: Spartalis E 
S-Editor: Gao CC 
L-Editor: Filipodia 
P-Editor: Liu JH

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.

Key Words: Risk factors; Lymph node metastasis; T1; Esophageal squamous cell 
carcinoma; Meta-analysis; Review

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

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.

Citation: Jiang KY, Huang H, Chen WY, Yan HJ, Wei ZT, Wang XW, Li HX, Zheng XY, Tian 
D. Risk factors for lymph node metastasis in T1 esophageal squamous cell carcinoma: A 
systematic review and meta-analysis. World J Gastroenterol 2021; 27(8): 737-750
URL: https://www.wjgnet.com/1007-9327/full/v27/i8/737.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i8.737

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].

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v27/i8/737.htm
https://dx.doi.org/10.3748/wjg.v27.i8.737
http://www.prisma-statement.org/
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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 < 
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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 esoph-
agectomy/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 Figure 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 

https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
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https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
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https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
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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 2-field lymphadenectomy: 462; 3-
field lymphadenectomy: 39

140/361 6

Mitobe et al[18] 
(2013)

Japan 1990-
2009

SR 110 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.

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-

https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
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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) 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

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.

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.

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 = 

https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
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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.

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 

https://f6publishing.blob.core.windows.net/751c7589-fede-4306-93d4-59cfd47a6cbe/WJG-27-737-supplementary-material.pdf
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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.

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 adeno-
carcinoma of the esophagogastric junction, we found that tumors at a lower location 
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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 
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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.

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.
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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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