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Background: Angiolymphatic invasion (ALI) plays an important role in lymph node metastasis. The
presence of an ALI predicts a high risk for lymph node metastasis and a poor prognosis in patients with
lymph node negative esophageal carcinoma. The independent prognostic value of ALI in node-negative
patients remains controversial. A meta-analysis was conducted to investigate the relationship between ALI
and prognosis in cases of lymph node negative esophageal carcinoma.

Methods: We searched the PubMed, EMBASE, Web of Science, and Cochrane Library databases for
studies on the relationship between ALI and the prognosis of patients with esophageal carcinoma. Studies
with NO patients’ survival data related to ALI were included. The effect size (ES) was the hazard ratio (HR)
with 95% confidence intervals (CI) for cancer-specific survival (CSS), overall survival (OS) and recurrence-
free survival (RFS).

Results: A total of 9 studies with 2,154 patients were included after applying the inclusion and exclusion
criteria. The pooled HR showed that patients with ALI have a poor cancer specific survival (HR =2.54; 95%
CI, 1.84-3.51; P<0.001), a poor overall survival (HR =2.84; 95% CI, 2.17-3.72; P<0.001) and a short disease
free survival (HR =2.84; 95% CI: 1.85-4.37; P<0.001).

Conclusions: ALI could be used as an indicator for identifying high-risk patients with lymph node-

negative esophageal carcinoma and can be used as an indicator for sub-stages in further stage classification.
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Introduction endoscopic resection, and preoperative and/or postoperative

adjuvant therapy are in practice (2,3). Most patients who

Esophageal carcinoma is the 9th most common cancer undergo curative surgery will relapse and die due to this

worldwide with an obviously increasing incidence over cancer. The prognostic factors of esophageal carcinoma

the past few decades. The incidence and mortality rate of
esophageal carcinoma continues to rise (1). The overall
S-year survival rate of these patients ranges from 15% to
34% because most are only diagnosed in an advanced stage,
although multimodality therapy such as surgical resection,
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include histology type, grade category, lymphovascular
invasion, differentiation, tumour size, depth of invasion,
lymph node metastasis and distant metastasis (4).
Angiolymphatic invasion (ALI) is usually defined as
the presence of tumour cells within lymph-vessels and/or
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blood-vessels. ALI plays a key role in lymph node metastasis
and cancer cell spread and it is thought to increase the
possibility of micro-metastatic risks in local-regional
cancer (5). Our previous meta-analysis proved that ALI was
an indicator of a poor prognosis in esophageal carcinoma.
This conclusion was more convincing when more studies
with a high proportion of early-stage patients were
included (6). The possibility of lymph node metastasis is
relatively low in early-stage esophageal carcinoma. The
independent prognostic effect of ALI in node-negative
esophageal carcinoma (NO-EC) could only be demonstrated
based on the surgical pathological results of esophagectomy
plus adequate lymph node dissection. Herein, we conducted
a meta-analysis to add to the evidence on the prognostic
significance of ALI in NO-EC.

Methods
Search strategy

We searched the PubMed, EMBASE, Web of Science and
Cochrane Library databases for relevant articles. The terms
we used are: “lymphovascular invasion”, “lymph vessel

» o«

invasion”, “angiolymphatic invasion”, “lymphatic invasion”,

» o«

“vascular invasion”, “blood vessel invasion”, “esophageal
cancer”, “esophageal carcinoma”, “node negative”, “N0”,
“survival”, “prognosis”. A manual search was used for
potentially eligible studies if necessary. Initial screening
was implemented by browsing titles and abstracts. Full-text
review was an essential step in identifying eligible studies.
In our study, ALI included lymphatic invasion (LI), vascular
invasion (VI) and angiolymphatic invasion/lymphovascular

invasion.

Exclusion and inclusion criteria

Eligible studies included in this review are based on the
following inclusion criteria: (I) a study of patients diagnosed
with esophageal cancer; (II) reported sufficient survival data
such as hazard ratio (HR) with 95% confidence intervals
(CI) or the ability to calculate these measures from the
presented data; (III) papers published in English; (IV)
reported prognostic information about ALI; (V) patients
were negative for lymph node metastasis; (VI) the survival
data was from multivariable analysis. If multiple studies
were carried out by the same authors or group, the newest
or the most informative study was selected.

Exclusion criteria included: (I) duplicate report, letter,
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abstract, conference paper, molecular biology research or
review; (II) studies concerning animal models, treatment
methods and other types of cancer; (III) survival data were
not available; (IV) studies not published in English; (V)
included patients with gastric or esophagogastric junction
cancer (EJC); (VI) the survival data reported were from
univariate analysis.

Initial review of studies and quality assessment

All articles were independently reviewed by two authors
(A.W. and YL. T.) to determine the exclusion and inclusion
criteria. A third author (SH. W.) was introduced to resolve
any discrepancies between the initial review authors. The
Newcastle-Ottawa scale (NOS) was used to evaluate the
quality of the included articles (7). All articles included
scored at least 5 points on the NOS.

Data extraction

Data from the included studies were collected independently
by 2 authors (D.X. and YC. E). The following information
was extracted: first author surname, patient follow-up time,
study region, study sample size, patient characteristics,
histology type, staining methods adopted for detecting ALI,
number of patients with ALIL and survival information. All
collected information is shown in Table 1. Disagreements
were discussed and resolved by a third author (SH. W).

Statistical analysis

We investigated the association between ALI and prognostic
outcomes including overall survival (OS), disease-free
survival (DFS) and cancer-specific survival (CSS) after
surgery. The effect size used in this meta-analysis was the
HR with 95% confidence intervals (CI) from multivariate
analysis. A HR >1 indicates a poor prognosis. We used
the HR with 95% CI if the article provided it. If the value
of the HR with 95% CI was not provided, we calculated
the HR and 95% CI from the Kaplan-Meier survival
curves using the software Engauge Digitizer Version 4.1
(http://markummitchell.github.io/engauge-digitizer/). The
HR could be estimated by the method proposed by Tierney
et al. (16). If the study provided a HR and p value, we could
calculate the 95% CI. The heterogeneity of the pooled HR
with 95% CI was tested by Cochrane’s Q test (Chi-squared
test; Chi’) and I' metric (I' <25% means no heterogeneity;
I’ =25-50% indicates moderate heterogeneity; I’ =50
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Table 1 Detailed information of the included studies

Wang et al. ALI in NO-EC

Author Years Included  Country No. Patient characteristics Histology Staining Indicator [No.] Sury “./al
method statistics

Wang 2002-2014 Japan 214 RO resection and no SCC H&E/IHC LI [26] DFS
[2016] (8) preoperative adjuvant

chemoradiotherapy
Wang 2001-2010 China 627 RO resection and no SCC H&E ALI [107] 0s
[2018] (9) preoperative adjuvant

chemoradiotherapy
Imamura 1996-2007 Japan 83 RO resection and no SCC IHC LI [18] CSS
[2012] (10) preoperative adjuvant

chemoradiotherapy
Huang 1999-2006 China 349 RO resection and no SCC H&E ALI [75] DFS/CSS
[2016] (5) preoperative adjuvant

chemoradiotherapy
Chen 2004-2007 China 206 RO resection and no SCC IHC ALl [71] OS/DFS
[2014] (11) preoperative adjuvant

chemoradiotherapy
Kunisaki 1992-2005 Japan 92 RO resection and no SCC NM LI[19] 0s
[2010] (12) preoperative adjuvant

chemoradiotherapy
Tachezy 1996-2001 Germany 280 RO resection and no SCC/AD H&E/IHC LI [32] (O]
[2014] (13) preoperative adjuvant

chemoradiotherapy
Zhu 2000-2007 China 113 RO resection and no SCC H&E VI [27] OS/DFS
[2014] (14) preoperative adjuvant

chemoradiotherapy
Jeon 2001-2015 Korea 190 RO resection and no SCC H&E VI [6] DFS
[2016] (15) preoperative adjuvant

chemoradiotherapy

H&E, hematoxylin and eosin; IHC, immunohistochemical; ALI, angiolymphatic invasion; LI, lymphatic invasion; VI, vascular invasion; SCC,
squamous cell carcinoma; AD, adenocarcinoma; NM, not mentioned; CSS, cancer-specific survival; DFS, disease-free survival; OS, overall

survival.

75% indicates medium heterogeneity; I’ >75% indicates
extreme heterogeneity). If I <50% with P>0.05, a fixed-
effect model (Mantel Haenszel method) was appropriate.
Otherwise, a random-effects model was adopted for the
analysis. Subgroup analysis was used to explore and explain
the heterogeneity when necessary (17). Any publication
bias was detected by Begg’s test. All P values were based
on two-sided tests, and P<0.05 was considered statistically
significant. Stata/SE 12.0 for Windows (Stata Corporation,
College Station, TX, USA) was used to perform the
statistical analysis. All data processing was verified by a

statistician (YY. Z).
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Results
Characteristics of the studies

A total of 425 articles were retrieved after the elimination
of duplications. After initial review of the title and abstract,
articles were excluded for the following reasons: 304 due to
their irrelevance for ALI and prognosis: 87 articles due to
their irrelevance for EC; 75 articles were in the form of a
review; 31 articles were in the form of a meeting abstract;
63 articles were not published in English; and 48 articles
were in the form of a case report. Thus, 121 potential
articles were retained after the initial review. Then, after
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Figure 1 Flow chart of the literature search.

further review, 105 articles were excluded for the reasons
given below: 20 articles were on esophagogastric junction
cancer (EJC); 25 articles did not provide detailed survival
information; and 60 articles included patients with lymph
node metastasis. Thus, a total of 16 articles were subjected
to the full-text review. However, 6 articles failed to
provide survival information about ALI, and 1 article was
excluded because of the use of univariate analysis. Then,
the 9 remaining articles involving 2,154 patients (median:
206, range: 83-627) were selected for our meta-analysis
(Figure I). The detailed information of the selected studies
is displayed in Table 1. All studies included in this meta-
analysis scored at least five points on the NOS.

The effect of ALI on DFS, OS and CSS

The heterogeneity in the data for both CSS and OS were
0% (CSS: P=0.333; OS: P=0.858). The heterogeneity in
the DFS was 53.3% (P=0.073). For CSS, the pooled HR
(HR =2.54; 95% CI: 1.84-3.51; P<0.001) showed that
patients with ALI have a poor cancer specific survival

(Figure 2A4). For OS, the pooled HR (HR =2.84; 95% CI:
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Documents excluded (N=304)

Not about EC (N=87)
Review (N=75)

Meeting abstract (N=31)
Non-English (N=63)
Case report (N=48)

Documents excluded (N=105)

Gastric or EJC (N=20)
Not NO (N=60)
No prognosis information (N=25)

Documents excluded (N=7)

No ALI on prognosis (N=6)
Not multiple analysis (N=1)

2.17-3.72; P<0.001) showed that ALI was an indicator of
a poor prognosis for OS (Figure 2B). In DFS, the pooled
HR was 2.84 (95% CI: 1.85-4.37; P<0.001), which showed
that patients with ALI have a shorter disease-free survival

(Figure 2C).

Subgroup analysis for DFS

Two subgroup analyses were carried out on DFS according
to the study region and median age of the patients in the
study. The heterogeneity slightly decreased in subgroup
analysis based on the median age <65 (HR =2.35, P=0.024;
I’=50.7%, P=0.154, Figure 3A). For the subgroup analysis
by study region, with the only non-China study eliminated,
the heterogeneity disappeared in the Chinese subgroup (HR
=2.51, P<0.001; ’=0.0%, P=0.454, Figure 3B).

Publication bias of the included studies

Begg’s test showed no evidence of publication bias for CSS
(P=0.317, Figure 44), OS (P=0.624, Figure 4B) or DFS
(P=0.327, Figure 4C).
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Figure 2 Forrest plot showing prognosis in angiolymphatic invasion (ALI) patients. (A) Forrest plot showing the pooled hazard ratio (HR)

for cancer-specific survival (CSS) in patients with ALI with a fixed model; (B) Forrest plot showing the pooled HR for overall survival (OS) in

patients with a fixed model; (C) Forrest plot showing the pooled HR for recurrence-free survival (RFS) in patients with ALI in a random model.
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Figure 3 Subgroup analysis to solve heterogeneity. (A) Subgroup analysis based on the median age for disease-free survival (DFES); (B)

subgroup analysis based on study region.

Discussion

Our previous meta-analysis proved that ALI was an
indicator of a poor prognosis in esophageal carcinoma.
This conclusion was more convincing in early-stage EC
patients (6). Therefore, we conducted this meta-analysis to
evaluate the significance of ALI for predicting the survival
of patients with NO EC. In the current study, a total of 9
studies with 2,154 patients were included. At present, our
work is believed to be the first systematic review on the
connection between ALI and the prognosis of patients with
NO-EC. The pooled HR showed that patients with ALI
have a poor CSS (HR =2.54; 95% CI: 1.84-3.51; P<0.001),
a poor OS (HR =2.84; 95% CI: 2.17-3.72; P<0.001) and
a shorter DFS (HR =2.84; 95% CI: 1.85-4.37; P<0.001).
The heterogeneity in the DFS could be explained in the
subgroup analysis by the region the study was conducted in.

Some meta-analyses have proven the prognostic role of
ALI in prostatic cancer, bladder cancer, and lung cancer
(18-20). Our previous meta-analysis has already suggested
an association between ALI and prognosis in esophageal
carcinoma (6). Lymphatic vessels play an important role
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in immune modulation, cancer stem cell survival, and
the promotion of tumour cell recruitment to lymph
nodes (21). Lymphatic vessels promote lymph node
metastasis by accumulating tumour cells (22). Lymph node
metastasis indicates a significant risk of a poor prognosis
in esophageal cancer patients. The role of ALI in lymph
node metastasis has been verified in breast cancer by a
meta-analysis (23). Some studies have already discussed the
relationship between ALI and lymph node metastasis in
esophageal carcinoma. There is a high probability of lymph
node metastasis in esophageal carcinoma patients with
ALI (24-26). Our previous study (8) demonstrated a more
significant risk of ALI in early Stage I and II patients. Cen
et al. (25) reported that T1bNOMO esophageal cancer
patients with ALI had a similar 5-year OS compared to
T1b patients who had lymph node metastasis. Moreover,
the 5-year survival rate of T'1b esophageal cancer patients
without ALI was similar to T'1a patients and was longer than
the survival rate of T1b cancer patients with ALI. Wang
et al. (9) drew a similar conclusion, namely, that patients
with ALI had an OS that was similar to N1 patients.
Therefore, the prognostic role of ALI independent of
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Figure 4 Publication bias of the included studies. (A) Cancer-specific survival (CSS); (B) overall survival (OS); (C) recurrence-free survival (RES).

lymph node metastasis is worthy of being studied.

ALI is usually defined as the presence of tumour cells
in arterial, venous, or lymphatic vessels evident on the
pathological evaluation of specimens. The evidence of blood
vessels invasion is an erythrocyte in an endothelium line and a
thick vessel wall. However, lymphatic invasion is characterized
by cancer cells wandering within the endothelium
line, which is not present in vascular invasion (10).
Many studies have not shown a good distinction of the
lymphatic vessels from the blood vessels (5,27-31). Therefore,
we attributed LI, VI and ALI/LVI to ALL

The current meta-analysis justified the significance of
ALI in the prognosis of patients with NO-EC. The presence
of ALI is an indicator for adjuvant therapy in endometrial
cancer (32). ALI has an adverse impact on patients with
NO-EC. Could ALI be an indicator for adjuvant therapy
in NO-EC patients? The role of postoperative adjuvant
chemotherapy in esophageal carcinoma with lymph node
metastasis has been established by the clinical trial of the
Japanese Clinical Oncological Group (JCOG) 9204 (33).
Approximately 30-60% of patients with NO-EC who
undergo surgery alone experienced a fatal recurrence
within 5 years (34). Patients with esophageal carcinoma
and positive LI can also benefit from postoperative
adjuvant chemotherapy with low-dose cisplatin (DDP) plus
5-fluorouracil (5-FU) (35). Additionally, ALI is an indicator
of an adverse prognosis in patients with NO-EC and has a
close connection with lymph node metastasis. Therefore,
we could assume that ALI is an indicator for adjuvant
therapy after surgery in patients with NO-EC.

Neoadjuvant chemoradiotherapy (nCRT) before
oesophagectomy improved survival significantly compared
with oesophagectomy alone for locally advanced esophageal
cancer patients in the CALGB 9781 trial (36). The benefit
of nCRT followed by surgery compared to surgery alone

© Journal of Thoracic Disease. All rights reserved.

has also been verified by the largest RCT (CROSS) (37).
Chen et al. (38) demonstrated that the existence of ALI
independently predicted a shorter OS in EC patients
receiving nCRT. Their results suggested that patients with
ALIT receiving nCRT should be taken into consideration
regardless of lymph node status. nCRT can downstage
tumours, reduce the volume of the mass and decrease the
risk of metastasis. ALI is believed to develop prior to LNM.
The presence of ALI may predict the necessity of nCRT.

There were also some limitations in this meta-analysis.
First, the studies included were restricted to papers
published in English. This may lead to some potential bias.
Second, tumour stage, study region and staining methods
were not completely the same across the studies. In
particular, study region was the main cause of heterogeneity.
Third, some studies only provided survival curves, so we
had to calculate the HR and 95% CI. This could lead to
inaccuracy of the HR. Fourth, only one of the studies
included patients with adenocarcinoma, so the proportion
of patients with adenocarcinoma vs. SCC could not be
reported in this paper. Therefore, the conclusion of this
paper cannot be applied to adenocarcinoma patients.

In summary, according to the results of our meta-
analysis, ALI is an indicator of a poor prognosis in patients
with NO-EC. ALI may be useful for identifying high-risk
patients that can benefit from multi-modality therapy to
further improve the survival of patients with NO-EC.
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