
Page 1/15

Relationship of lymphovascular invasion with lymph
node metastasis and prognosis in super�cial
esophageal carcinoma: Systematic review and
meta-analysis
Jinxin Yang 

Sichuan Cancer Hospital and Research Institute
Zhouyi Lu 

Huashan Hospital Fudan University
An Wang 

Huashan Hospital Fudan University
Yulong Tan 

Huashan Hospital Fudan University
Dekang Zhang  (  zhangdkscch@126.com )

Research article

Keywords: Lymphovascular invasion; lymph node metastasis; prognosis; super�cial esophageal
carcinoma

Posted Date: September 10th, 2019

DOI: https://doi.org/10.21203/rs.2.14184/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published on March 4th, 2020. See the published version
at https://doi.org/10.1186/s12885-020-6656-3.

https://doi.org/10.21203/rs.2.14184/v1
mailto:zhangdkscch@126.com
https://doi.org/10.21203/rs.2.14184/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s12885-020-6656-3


Page 2/15

Abstract
Background:The development of tumor cells inside the lymphatics or blood vessels is known as
lymphovascular invasion (LVI). The correlation between LVI, lymph node metastasis (LNM), and the
diagnosis of super�cial esophageal carcinoma (SEC) remains unclear.Methods:We searched Embase,
PubMed, Web of Science, and Cochrane Library databases for prospective articles to better understand
the relationship between LVI, LNM, and SEC diagnosis.Results:We included 28 articles containing data for
5041 patients (range: 29-498) in our meta-analysis. The hazard ratio between LVI and overall survival
(OS) was 1.62 with 95% con�dence interval (CI) (1.17-2.26; p = 0.004) and the odds ratio between LVI and
LNM was 5.7 with 95% CI (4.43-7.33; p < 0.0001). LVI in patients diagnosed with SEC results in a poor OS
rate and a higher rate of LNM.Conclusions:The results indicate that LVI plays a dominant role in the
prognosis of LNM in SEC and in the prognostic prediction for SEC.Keywords: Lymphovascular invasion;
lymph node metastasis; prognosis; super�cial esophageal carcinoma

Background
Super�cial esophageal carcinoma (SEC) can be classi�ed as submucosal (T1b), mucosal (T1a), or
intraepithelial (Tis) irrespective of lymph node metastasis (LNM). [1] Patients suffering from SEC have a
better chance of survival after esophagectomy compared to those with advanced esophageal carcinoma
(EC). According to the Japanese criteria, the depth of tumor invasion is subclassi�ed into six layers. The
mucosa is subdivided into the intraepithelial (m1) region, lamina propria (m2), and muscularis mucosa
(m3) while the submucosa is homogeneously classi�ed into three sections: inner (sm1), middle (sm2),
and deep submucosa (sm3). [1] The prognostic factors for EC include the histology type, tumor size,
grade category, invasion depth, blood vessels, and lymphatic permeation, as well as LNM and distant
metastasis. [2] OC patients with LNM frequently have an adverse prognosis. Therefore, the impact of LVI
on LNM and prognosis requires attention.

The development of tumor cells inside the lymphatics or blood vessels is known as lymphovascular
invasion (LVI). Lymphatic vessels are believed to play a crucial role in LNM and their presence increases
the micro-metastatic risk in locoregional malignancy. [3] Though lymph node metastasis via LVI or
lymphatic vessels has not been con�rmed, [4] lymphatic vessels are known to provide entry for the
penetration of tumor cells. [5] Some studies have provided evidence of an association between LVI and
LNM in SEC. Nonetheless, the impact of LVI on OS and LNM in SEC requires investigation. Thus, we
conducted a meta-analysis to obtain additional insight into the correlation between LVI, LNM, and
prognosis in SEC.

Methods
Search strategy
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We searched the Embase, PubMed, Web of Science, and Cochrane Library databases for prospective
articles. The search terms used were (lymphovascular invasion (LVI) OR lymph vessel invasion OR
angiolymphatic invasion OR lymphatic invasion) AND (super�cial esophageal cancer (SEC) OR
submucosal esophageal carcinoma OR mucosal esophageal cancer OR T1 esophageal carcinoma). We
conducted a manual search of the results to identify the prospective studies relevant to our investigation.
We then performed preliminary screening by checking the titles followed by the abstracts. Relevant
studies were con�rmed after reviewing the full text. In the present study, we regarded lymphatic invasion
as LVI.

Exclusion and inclusion criteria

Studies were considered eligible based on the following criteria: (1) SEC; (2) hazard ratio (HR) for
prognosis and odds ratio (OR) for LNM; (3) papers published in English; (4) the latest or most relevant
articles published by the same group/author.

The exclusion criteria were as follows: (1) duplicate conference papers, reviews, reports, abstracts, and
letters; (2) studies about other cancer types, animal models, esophageal cancer cell lines, and treatment
methods; (3) lack of data on prognosis or LNM; (4) studies published in languages other than English; (5)
esophagogastric junction cancer (EJC).

Preliminary review of studies and quality assessment

Each selected article was reviewed by two independent authors based on the exclusion and inclusion
criteria above. When a discrepancy arose, a third author (SH. W.) was involved to resolve the differences.
Quality assessment was performed using the Newcastle-Ottawa Scale (NOS) [6] and all articles included
scored a minimum of �ve points on the NOS.

Data extraction

Two independent authors (A.W. and X. G.) collected data from the studies. The following information was
extracted: surname of the �rst author, follow-up years, region, sample size for the research, treatment
characteristics, histology type, depth of invasion, staining methods, the percentage of patients with LVI,
information about OS, and LNM and NOS scores. All of the collected information is listed in Table 1.
Discrepancies among authors were resolved.

Statistical analysis

We investigated the correlation between LVI, prognosis, and LNM in SEC patients. HR and OR were
effective for the prognosis and LNM with 95% CI individually. Worse prognosis for SEC was indicated by
an HR value > 1. Cochrane’s Q test (Chi-squared test; Chi2) and the I2 metric were used to test the
heterogeneity of the pooled results. I2 < 25% indicated no heterogeneity; I2 = 25%-50%, moderate
heterogeneity; I2 = 50%-75%, medium heterogeneity; and I2>75%, extreme heterogeneity. We used a �xed-
effect model (the Mantele Haenszel method) for I2 < 50% with p > 0.05 in this meta-analysis. If not, a



Page 4/15

random-effect model was appropriate for our analysis. We used meta regression and subgroup analysis
to explore heterogeneity when necessary. [7] Begg’s test was used to assess publication bias. Two-tailed
tests were used to calculate the p value and p ≤ 0.05 was considered statistically signi�cant. Statistical
analysis was performed using the Stata/SE version 12.0 for Windows (Stata Corporation, College Station,
TX, USA).

Results
Characteristics of studies

We retrieved 601 articles after removing duplicates but excluded 487 articles that were either case reports
or only abstracts. A few of the excluded articles were review articles and others contained information
about other cancer conditions. Articles published in languages other than English were also excluded. We
identi�ed 114 potential articles for full-text review. We excluded 86 articles for the following reasons: 22
were about EJC; 58 lacked data relevant to LVI, prognosis, or LNM; and retrieval of the full text was not
possible for six articles. The remaining 28 articles, which included information for 5041 patients (range:
29-498), were included in the meta-analysis (Figure 1). Table 1 shows detailed information about the
studies. All studies included in this meta-analysis were rated with a minimum of �ve stars based on the
NOS.

Two studies reported the association between LVI and prognosis, determined using univariate analysis.
[8, 9] One of these studies suggested that LVI was not a potential prognostic indicator for OS in
esophageal squamous cell carcinoma (ESCC) patients. [9] However, the other study did not reach the
same conclusion. [8] Five reports have been published on the effect of LVI on the prognosis, determined
using multivariate analysis. Two of these reports stated that LVI was not a potential prognostic indicator
for OS. [10, 11] Again, there was no such indication from the other three studies. [12-14]

Twenty studies provided information on LVI from multivariate analysis of LNM cases. Among these 20
studies, one suggested that there was no association between LVI and LNM. [15] Another two reported a p
value of 0.049 [16, 17] and the remaining nine studies provided information on LVI from univariate
analysis.

LVI impact on OS

We included �ve eligible studies containing 1020 patients from multivariate analysis in our meta-
analysis. The pooled HR was 1.62 with 95% CI (1.17-2.26, p = 0.004) and the pooled OS showed no
heterogeneity (I2 = 0%, p = 0.517, Figure 2).

Association between LVI and LNM

The pooled results showed that patients in the LNM-positive group had an advanced LVI detection rate
(OR = 5.26, 95% CI: 4-6.91, p < 0.0001, Figure 3) in univariate analysis. The combined results exhibited
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moderate heterogeneity (I2 = 30.2%, p = 0.0177). The pooled results from 20 studies in multivariate
analysis suggested that LVI signi�cantly increased the risk for LNM (OR = 5.7, 95% CI: 4.43-7.33, p <
0.0001, Figure 3) with no heterogeneity (I2 = 16%, p = 0.254).

Publication bias of included studies

There was no evidence of publication bias for OS as demonstrated by Begg’s test (p = 1) or for LNM
(multivariate: p = 0.97; univariate: p = 0.677).

Discussion
Our study demonstrated that SEC patients with LVI have a poor OS (HR = 1.62, 95% CI: 1.17-2.26, p =
0.004, I2 = 0.0%). LVI signi�cantly reduces OS in patients with SEC. Additionally, LVI and LNM are strongly
correlated (univariate: OR = 5.26, 95% CI: 4-6.91, p < 0.0001, I2 = 30.2%; multivariate: OR = 5.7, 95% CI:
4.43-7.33, p < 0.0001; I2 = 16%) in patients suffering from SEC. These results suggest that LVI is an
important prognostic factor for patients with SEC with regard to predicting LNM and survival.

SEC is similar to the esophageal tumors, which are limited to the mucosal layer (T1, T0) and include high-
grade dysplasia, intramucosal cancer (T1a), and tumors in�ltrating the submucosa (T1b). [18] Reports
state that patients with T0 (0% chance) or T1a (1 – 2% chance) esophageal cancer have a minimal risk
of local LNM. [19] There is no speci�c standard available for the detection of LVI. However, the
identi�cation of tumor cells in the lymphatic vessels, arteries, or veins during pathological evaluation of
specimens indicates LVI. The condition is an independent prognostic factor of LNM in malignant tumors
causing lung, prostate, breast, and esophageal cancer. However, the role of LVI in SEC has not been
clari�ed to date. Additionally, the impact of LVI in SEC on OS and LNM has not been assessed using
meta-analysis in the past. Therefore, we conducted this study by analyzing data for 5041 patients
reported in 28 eligible articles retrieved from PubMed and other relevant sources. We demonstrated LVI
relevance in LNM and the prognosis for patients with SEC. According to a literature review, our work is the
�rst systematic review and meta-analysis on LVI relevance in LNM and prognosis in patients with SEC.

During the early stage of esophageal cancer, LVI is regarded as a potential prognostic factor in predicting
LNM. Current research has demonstrated that patients with T1b esophageal cancers without LVI have a
signi�cantly higher survival rate up to 5 years higher those with LVI. [11] A larger cohort study revealed
that LVI has a signi�cant effect on the prognosis after resection for ESCC. [20] Our study shows that SEC
patients with LVI have a poor OS (HR = 1.62, 95% CI: 1.17-2.26, p = 0.004, I2= 0.0%), and LVI signi�cantly
increases the risk of LNM in SEC (univariate: OR = 5.26, 95% CI: 4-6.91, p < 0.0001, I2 = 30.2%;
multivariate: OR = 5.7, 95% CI:4.43-7.33, p < 0.0001; I2 = 16%). Reports describing the relationship
between LVI, LNM, and OS in SEC indicate that LVI raises the possibility of LNM, leading to a poor OS.

Esophagectomy and other non-surgical options including chemotherapy and radiotherapy are the
mainstream treatments for esophageal cancer. However, endoscopic resection (ER) is the diagnostic and
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radical choice for the treatment of SEC with a low possibility of LNM. The Japan Esophageal Society
published a guideline in 2014 recommending ER as the best treatment option for T0 and T1a lesions
located within the limits of the mucosal layer and not associated with LNM. The treatment can still be
applied for lesions that in�ltrate the muscularis mucosae or the inner submucosa (T1b-SM1) but the risk
of LNM exists for these cases. Hence, other classi�cations for super�cial carcinomas (T1b-SM2 and T1b-
SM3) should not be treated with endoscopy alone due to the high rates of metastasis. [21] ER can be
classi�ed as endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD). All
visible neoplasms are removed by EMR for de�nitive histopathological staging. However, EMR is
ineffective compared to ESD in terms of en bloc resection of large lesions. The largest lesion amenable to
en bloc resection with the EMR device is approximately 15 mm [22, 23] whereas en bloc resection can be
achieved with ESD regardless of the size of neoplastic lesions. [23] Furthermore, several studies have
reported that ESD has a higher R0 resection rate and a lower local recurrence rate compared to EMR.
Therefore, ESD is considered the standard for ER treatment of ESCC. [24-26] Esophagectomy, the main
surgical treatment for EC, was compared with ER treatment and the results revealed that T1b lesions were
managed endoscopically with no impact on survival. [27-29] Therefore, ER is preferable to surgery and
also appears to be an optimal �rst-line treatment for early esophageal cancer.

Conclusions
This study does have some limitations. First, we used only studies published in English for our meta-
analysis. Consequently, studies reporting negative results may have been overlooked. Next, the stages,
treatment, staining method, and neoadjuvant therapy differed for each study. In addition, we did not
obtain all the HR and 95% CI directly from the studies. Few studies provided Kaplan-Meier curves and we
calculated the HR and 95% CI where necessary. Therefore, we strongly recommend interpreting the results
with caution.
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Figure 1

Flow chart showing the literature collection procedure for included studies.
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Figure 2

Forrest plot showing pooled HR for OS in patients with LVI
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Figure 3

Forrest plot showing pooled OR for LNM in patients with LVI from univariate analysis.
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Figure 4

Forrest plot showing pooled OR for LNM in patients with LVI from multivariate analysis.


