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Introduction

Esophageal cancer is the eighth most common malignant 
tumors and the sixth most common cause of death from 
cancer worldwide (1). Despite advances in treating 
esophageal cancer, overall survival of patients with 
esophageal cancer remains poor, with a 5-year survival rate 
of 15–34% (2). In order to plan an optimal stage-specific 

treatment for esophageal cancer patients, endoscopic 
ultrasonography (EUS) is widely applied to accurately assess 
the primary tumor infiltration (T stage) and lymph node 
status (N stage) of esophageal cancer before treatment (3,4). 
However, approximately 30% of esophageal cancer patients 
could not complete the EUS evaluation due to failure to 
cross esophageal tumors by EUS during examination, which 
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is also commonly defined as cancerous esophageal stenosis 
(5,6). Since the pT stage in TNM classification measures 
only the depth of infiltration (lamina propria, submucosa, 
etc.), but not growth to esophagus, it is interesting to know 
whether tumor growth into the esophagus (and eventual 
stenosis) is of added value in prognostic assessment. 
Previously, some studies reported that esophageal stenosis 
was significantly correlated to poor prognosis of esophageal 
cancer patients (6-8) while other studies found that 
esophageal stenosis has no impact on the overall survival of 
those patients (5,9). Given the very limited sample size, it is 
reasonable that previous studies have drawn controversial 
conclusions. Therefore, in this study, we aimed to conduct a 
meta-analysis to figure out the role of cancerous esophageal 
stenosis before treatment in the survival of esophageal 
cancer patients by pooling all those available evidence 
together. To our knowledge, this is the first meta-analysis 
focusing on current topic.   

Methods

Search strategies

Systematic computerized searches of the PubMed and 
EMBASE for reports dated up to March 14, 2018, were 
performed with the following search terms and strategies: 
(((((((esophageal[Title/Abstract]) OR oesophageal[Title/
A b s t r a c t ] )  O R  e s o p h a g u s [ T i t l e / A b s t r a c t ] )  O R 
oesophagus[Title/Abstract])) AND (((cancer[Title/
Abstract]) OR carcinoma[Title/Abstract]) OR tumor[Title/
Abstract ] ) )  AND (( (survival [Tit le/Abstract ] )  OR 
prognosis[Title/Abstract]) OR prognostic[Title/Abstract])) 
AND ((stricture[All Fields]) OR stenosis[All Fields]). 
All reference lists from the trials selected by electronic 
searching were scanned to further identify relevant studies.

Study selections

The following criteria were used for study inclusion: (I) 
either randomized controlled trials (RCTs) or observational 
studies evaluated the impact of cancerous esophageal 
stenosis before treatment on the survival of esophageal 
cancer patients; (II) sufficient data could be obtained for 
5-year overall survival (OS); (III) the most recent one was 
chosen if the studies were based on overlapping patients. 
The exclusion criteria were as follows: (I) paper that was not 
published in English; (II) case reports, abstracts, conference 
reports, reviews and experiments; (III) paper without any 

relevant data that could be extracted for analysis.

Data extraction and quality assessment

Two authors (Han-Yu Deng & Guha Alai) independently 
extracted data from included studies and compared results. 
In order to avoid bias, discrepancies were resolved by 
third author (Jun Luo) adjudication. Data were carefully 
retrieved from full articles by using a standardized data 
collection form. The following data were collected from 
each study: first author, year of publication, number of 
the patients, age, study design and follow-up as well as the 
outcome (5-year OS). The Jadad scale (10) was used for the 
quality assessment of RCTs. The quality assessment and 
risk-of-bias analysis of observational studies was evaluated 
by The Newcastle-Ottawa Scale (NOS) as we previously  
described (11), which consists of three factors: patient 
selection, comparability of the study groups, and assessment 
of outcome. A score of 0–9 (allocated as stars) was assigned 
to each study, and the high-quality study was defined as a 
study with quality scores≥7 (Table 1). The name of the first 
author and the year of publication of the article were used 
for identification. 

Statistical analysis

All analyses were performed in accordance to PRISMA 
guidelines (12) by using the STATA 12.0 package (StataCorp, 
College Station, TX, USA). Data of 5-year OS rate was 
extracted directly from text or Kaplan-Meier curve reported 
in the individual studies and for the comparison, risk ratio 
(RR) with 95% CI were used. For each study, the between-
study heterogeneity was assessed using χ2-based Q statistics 
and the I2 test. Random effects models would be used if high 
heterogeneity of the studies (P<0.1 or I2>50%) was observed. 
Otherwise, fixed effects models were used. Sensitivity analysis 
was performed by sequential removal of each study. A funnel 
plot was used to estimate potential publication bias, and 
asymmetry of the plot was tested by Begg’s test and Egger’s 
test (13). Statistical significance was set at P<0.05.

Results

Description of studies

A flow chart of our analyses is shown in Figure 1. A total 
of 1,624 papers were found after initial search. After initial 
evaluation, we found 8 papers for detailed evaluation. 
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Three studies (14-16) were excluded due to lacking of 
relevant data which could be obtained for analysis after 
detailed evaluation. Finally, no RCTs but 5 cohort studies 
(5-9) with a total of 1,282 patients (278 patients with 
cancerous esophageal stenosis before treatment and 1,004 
patients without) were included for analysis. The main data 

extracted from these included studies are listed in Table 1. 
Most of those studies defined cancerous esophageal stenosis 
as failure to cross the tumor by EUS. Patients in those 
studies received either surgery, or chemoradiotherapy, or 
palliative therapy with a relatively short follow-up time. 
The mean age between patients with cancerous esophageal 
stenosis and those without was comparable in most of those 
studies. However, as reported in only two studies (6,7), 
more patients with cancerous esophageal stenosis were at a 
relatively advanced disease stage compared to those without. 
Data of 5-year OS for analysis could be obtained from all 
those studies (5-9) (Table 2).

 

Quality assessment and risk of bias

The quality assessment and risk-of-bias analysis of the 
included studies were evaluated by NOS for those cohort 
studies (shown in Table 1). Three studies with NOS score of 
7 were ranked as studies with high quality while other two 
studies had a NOS score of 6, indicating potential risk of 
bias for comparability. 

Meta-analysis of the effects of esophageal stenosis before 
treatment on the survival of esophageal cancer patients

A total of five studies consisting of 1,282 patients reported 
5-year OS rate (shown in Table 2). There were 278 patients 
with cancerous esophageal stenosis before treatment while 

References excluded:

No relevant data for analysis (N=3)

Potentially relevant references identified 

from PubMed and Embase (N=1,624) 

Potentially appropriate studies for 

detailed evaluation (N=8)

Appropriate studies included in this 

meta-analysis (N=5)

References excluded:

Duplicate (N=478)

Not related to the main topic (N=1,012)

Not in English language (N=126)

Figure 1 A flow chart showed the progress of studies through the review. 

Table 2 Main outcomes extracted from the studies included in our 
meta-analysis

Author Comparisons Number 5-year OS
a

Morgan 2008 Patients with 
esophageal stenosis

12 3/9

Patients without 399 96/303

Clavier 2014 Patients with 
esophageal stenosis

40 7/33

Patients without 103 23/80

Cho 2017 Patients with 
esophageal stenosis

26 8/18

Patients without 63 31/32

Yang 2017 Patients with 
esophageal stenosis

139 39/100

Patients without 369 166/203

Okuno 2017 Patients with 
esophageal stenosis

61 5/56

Patients without 70 15/55
a
, expressed as no. alive/no. dead. OS, overall survival.
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there were 1,004 patients without. Patients with cancerous 
esophageal stenosis yielded a 5-year OS rate of 22.3% 
while patients without had a 5-year OS rate of 33.0%. 
Patients with esophageal stenosis had significantly lower 
5-year OS than those without (fixed effects: RR =1.21; 95% 
CI, 1.11–1.32; P<0.001; I2=27.1%) (Figure 2). No obvious 
heterogeneities were observed during the analysis.

Sensitivity analysis and publication bias

We conducted the sensitivity analysis by sequential removal 
of each study to evaluate the stability of our result, and 
it showed that sequential removal of each study did not 
change the survival outcome of primary analysis (Figure 3). 
Moreover, after removal of the two studies with a relatively 
low quality, the survival outcome of the primary analysis 
did not change either. Publication bias was tested and the 
funnel plot for the analysis of 5-year OS had a symmetrical 
appearance (Begg’s test: P=0.624; Egger’s test: P=0.682) 
(Figure 4), which indicated no publication bias.

Discussion

EUS has been widely applied in daily practice for evaluating 
the extent of local tumor infiltration and local lymph 
node status of esophageal cancer with excellent accuracy 
before treatment (17). However, it is reported that due 

to esophageal stenosis, EUS could not be performed 
successfully in about 30% of esophageal cancer patients 
before treatment (5,6). So far, only a small number of 
studies have been carried out evaluating the impact of 
endoscopic finding of cancerous esophageal stenosis before 
treatment on the survival of esophageal cancer patients 
but drawn controversial conclusions because of the limited 
sample size (5-9). Therefore, in this study, we conducted a 
meta-analysis to generate a relatively valid conclusion of the 
impact of cancerous esophageal stenosis before treatment 
on survival of esophageal cancer patients by pooling all 
those evidence available. To our knowledge, this is the first 
meta-analysis focusing on current topic.

In our meta-analysis, we included five cohort studies 
with a total of 1,282 patients. Patients were divided into two 
groups by the status of cancerous esophageal stenosis before 
treatment. We found that the 5-year OS rate of esophageal 
cancer patients with stenosis was significantly lower 
than that of patients without stenosis (22.3% vs. 33.0%, 
respectively; P<0.001), suggesting that cancerous esophageal 
stenosis before treatment has a significantly unfavorable 
impact on the survival of esophageal cancer patients. 

In 1997, Hiele et al. (14) explored the relation between 
EUS findings and outcomes of patients with tumors of the 
esophagus or esophagogastric junction for the first time. 
They found that patients with esophageal stenosis which 
could not be passed by EUS yielded significantly shorter 

Figure 2 Forest plot of 5-year overall survival rate of patients with esophageal stenosis compared with those without. 
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median survival time than those whose stenosis could be 
passed (10 and 20 months, respectively; P=0.02), indicating 
that esophageal stenosis had a negative impact on the 
prognosis of esophageal cancer patients. Later, Mariette  
et al. (15) also found that the median survival time of 
patients with esophageal stenosis was significantly shorter 
than that of patients without stenosis (23 and 54 months, 
respectively; P=0.004). Thereafter, several similar studies 
(5-9) have been carried out but have drawn controversial 
conclusions. Therefore we conducted the first meta-

analysis by pooling the evidence from those studies (5-9). 
Our meta-analysis added to the evidence that patients with 
esophageal stenosis before treatment had significantly poor 
OS than those without. Moreover, du Rieu et al. (16) found 
that patients with esophageal stenosis had significantly 
lower 5-year recurrence free survival than patients without 
(31.8% and 77.9%, respectively; P<0.001). Clavier et al. (9)  
even found that esophageal stenosis was significantly 
correlated to poor recurrence free survival of esophageal 
cancer patients (HR =1.35; 95% CI, 1.05–1.75; P=0.021). 
Therefore, taken together, we believe that endoscopic 
finding of cancerous esophageal stenosis before treatment 
was significantly correlated to poor prognosis of esophageal 
cancer patients. The reasons why cancerous esophageal 
stenosis had unfavorable impact on prognosis of esophageal 
cancer patients may be explained by the facts that 
esophageal stenosis was associated with higher tumor stage, 
larger tumor burden and poorer tumor differentiation as 
well as poor nutrition status (6,7,16). Therefore, for patients 
with cancerous esophageal stenosis, neoadjuvant therapy 
may be more emphasized before surgical treatment.  

Our study has several limitations. First, lacking of well-
conducted RCTs, retrospective cohort studies with a 
relatively short follow-up time might reduce the statistical 
power. Second, even though this is the first meta-analysis, 
our study suffered from limited sample size. Third, due to 
limited number of study, we could only focus on 5-year 

Figure 3 Sensitivity analysis of the results of overall analysis conducted by omitting each study sequentially for 5-year survival rate.

Figure 4 Funnel plot of the included studies for the analysis of 
5-year overall survival rate. Begg’s test: P=0.624; Egger’s test: 
P=0.682.

Begg’s funnel plot with pseudo 95% confidence limits
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OS, but data of short-term outcomes and other long-
term outcomes such as recurrence free survival could not 
be obtained from those original studies and thus were 
omitted for analysis. Fourth, the baseline characteristics (for 
example, disease stage) between patients with cancerous 
esophageal stenosis and those without were not well 
balanced in some studies, which could influence the validity 
of our results. Moreover, the definition of stenosis by 
Okuno et al. (8) included both dysphagia and failure to cross 
the tumor by EUS, which is slightly different from other 
studies. Finally, even though no obvious heterogeneity 
was observed in our study, patients included in our meta-
analysis received various treatments including surgery, 
chemoradiotherapy, and palliative therapy, which could 
cause heterogeneity among studies. Therefore, more well 
conducted studies are needed to confirm and update our 
conclusions. 

Conclusions

This first meta-analysis on current topic suggests that 
patients with esophageal stenosis due to esophageal cancer 
might have poorer prognosis compared to those without 
stenosis. High-quality studies with appropriate adjustments 
for confounding are needed to confirm the findings. 
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