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Background: The aim of this meta-analysis was to assess the clinicopathological and prognostic 

significance of circulating tumor cells (CTCs) in patients with esophageal cancer (EC).

Methods: We searched PubMed, EMBASE, Science Citation Index Expanded, Cochrane library 

(from inception to July 2018) with the keywords “esophageal cancer”, “circulating tumor cells”, 

“prognosis”, and “peripheral blood”. HR, risk ratio (RR), OR, and their 95% CIs were set as 

effect measures. All analyses were performed by STATA 12.0.

Results: Eighteen studies were retrieved; CTC-positive patients were significantly associated 

with poor progression-free survival (PFS) (HR=2.61; 95% CI=2.08–3.28) and overall survival 

(OS) (HR=2.50; 95% CI=2.12–2.94). CTC-positive patients were also associated with high 

recurrence (OR=2.84; 95% CI=1.81–4.44) and poor response of chemoradiotherapy (RR=0.64; 

95% CI=0.43–0.96). For clinicopathological characteristics, CTC-positive patients were sig-

nificantly associated with TNM staging, depth of infiltration, regional lymph nodes metastasis, 

distant metastasis, lymphatic invasion, and venous invasion.

Conclusion: The meta-analysis has confirmed the significant clinicopathological and prognos-

tic value of CTC-positive patients for both PFS and OS in patients with EC.

Keywords: esophageal cancer, CTCs, prognosis, meta-analysis

Introduction
Esophageal carcinoma (EC) is a very most common cancer with the leading cause of 

death for cancer worldwide.1 Although significant progress has been made in diagnostic 

procedures and multimodality treatment approach of esophageal cancer, more than 

two-thirds of all patients with EC develop local recurrence or distant metastases.2 The 

recurrence and metastasis supposedly result from clinically occult, minimal residual 

disease caused by circulating tumor cells (CTCs), or disseminated tumor cells.3 CTCs 

may have the potential to be precursors of metastases and show clinical benefits in 

treatment and prognosis in patients with esophageal cancer.

CTCs are tumor cells that leave the primary tumor site and enter the bloodstream, 

where they can spread to other organs. CTCs have been used in many aspects of cancer 

management, such as monitoring tumor recurrence and treatment efficacy, determining 

drug-selection strategies, and predicting the survival of cancer patients.4 The prognostic 

value of CTC detection has been confirmed in patients with many cancers, such as 

lung,5 gastric,6 and colorectal7 cancer. For patients with esophageal cancer, although 

a previous meta-analysis has shown the clinicopathological and prognostic value of 

CTCs,8 there are some limitations. Most of the retrieved studies in that meta-analysis did 
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not show the survival effect, only seven data were available 

for overall survival (OS), and the prognostic value of CTCs 

was also unclear in the subanalysis. So there still remains 

controversy regarding the clinicopathological and prognostic 

value of CTCs in esophageal cancer.

With the controversies existed in the prognostic role of 

CTCs for esophageal cancer, here, we conducted the meta-

analysis of published literature on this topic to summarize the 

evidence of the potential clinicopathological and prognostic 

value of CTCs in esophageal cancer.

Methods
Search strategy
Two authors systematically searched the studies. With the 

keywords “esophageal cancer”, “circulating tumor cells”, 

“prognosis”, and “peripheral blood”, we searched PubMed, 

EMBASE, Science Citation Index Expanded, and Cochrane 

library (from inception to July 2018). An additional search 

through Google Scholar was conducted to identify other 

potentially relevant publications. Discrepancies were 

resolved by the third author.

inclusion and exclusion criteria
To keep our analysis accurate and reliable, the studies were 

selected according to the following inclusion and exclusion 

criteria. The inclusion criteria were 1) studies aiming at the 

association between the CTCs and either OS or progression-

free survival (PFS) of esophageal cancer; 2) sufficient data to 

calculate a HR, risk ratio (RR), or OR, and 95% CI being avail-

able; and 3) at least 20 patients were involved in the studies.

The exclusion criteria were 1) studies based on overlap-

ping patients; 2) meta-analysis, review, single test, case 

report, conference reports, and experiments, reporting of the 

expert experience; 3) outcome is not clear or the apparent 

paradox exists.

Data extraction and outcomes
Data retrieved from the studies included first author’s name, 

year of publication, number of patients, detection rate, country, 

methods and markers for CTC detection, sample, prognostic 

value (OS or PFS), HR, etc. Primary outcomes were OS and 

PFS. Secondary outcomes were overall response rate (ORR), 

recurrence, and clinicopathological characteristics with 

CTCs. For studies with multiple markers in CTC detection 

(each marker within the study can define the positivity of 

CTCs), each marker was considered an independent data set. 

If the HR and its 95% CI for OS or PFS were not reported 

directly in the original study, available reported data were 

calculated for the approximated HR using software designed 

by Tierney et al.9 All data were extracted independently 

by two investigators, and disagreements were resolved by 

discussion.

Statistical analysis
We used the STATA 12.0 package (StataCorp, College 

Station, TX, USA) to analyze the data in our meta-analysis. 

The estimated HR was used to evaluate the prognostic effect 

(OS and PFS) as demonstrated by Parmar et al,10 and HR .1 

reflects worse prognosis in the CTC-positive arm. The esti-

mated RR was used to evaluate the response of chemoradio-

therapy (ORR), and the estimated OR was used to evaluate 

the recurrence and summarize the association between CTC 

detection and clinicopathological characteristics. All statis-

tical values (pooled HR, RR, and OR) were reported with 

95% CIs, and the two-sided P-value threshold for statistical 

significance was set at 0.05. Heterogeneity was assessed by 

I2 inconsistency test and chi-squared-based Cochran’s Q 

statistic test; I2.50% or P,0.1 indicated significant hetero-

geneity. When I2,50% and P.0.1, the fixed effect model 

was used, or the random-effects model was used conversely.11 

Publication bias for survival effects was detected by Begg’s 

test and Egger’s test; P,0.05 was considered of significant 

publication bias.12 The Newcastle–Ottawa scale was used 

to assess the quality of the retrieved studies, and score 5–9 

was of high quality and score 1–4 was of low quality.13 

Furthermore, subgroup analyses were made according to 

variables such as country, methodology, number of patients, 

patients’ positive rate, and sample. This article follows the 

Quality Of Reporting Of Metaanalyses (QUORUM) and the 

Cochrane Collaboration guidelines (http://www.cochrane.de) 

for reporting meta-analysis (PRISMA statement).14

Results
Baseline study characteristics
According to the above-mentioned retrieval method, we 

identified 431 studies in this systematic literature search. 

Detailed steps of the search were shown in Figure 1. Finally, 

18 cohort studies met the inclusion and exclusion criteria 

and were included in our meta-analysis.15–32 The basic char-

acteristics of these studies were showed in Table 1. A total 

of 1,719 patients were involved in these studies, the median 

number of patients was 95, and the median CTC-positive 

patients rate of the patients was 44.3% (range from 13.9% 

to 69.4%). These studies were from five countries (China, 

Japan, Germany, United Kingdom, and United States) with 

different detection methods (nine studies used RT-PCT, 
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Figure 1 Selection of the included studies.

Table 1 Baseline characteristics and quality assessment by the Newcastle–Ottawa scale of retrieved studies

Study N Positive 
rate (%)

Country Detection 
methods

Markers Treatment Outcome Star

Pernot et al, 201730 106 46 France CellSearch EpCAM, CK CD45 Nonsurgery PFS, OS 7

Qiao et al, 201632 59 79.7 China Immunofluorescence CK8/18/19 CD45 DAPi Surgery PFS, OS 7

Su et al, 201631 57 50.8 China Flow cytometry EpCAM, CK CD45 Nonsurgery PFS, OS 6

Li et al, 201615 140 44.3 China iHC CK19 Surgery PFS, OS 5

Reeh et al, 201516 100 18 Germany CellSearch EpCAM, CK, CD45 Surgery PFS, OS 7

Matsushita et al, 201517 90 27.8 Japan CellSearch EpCAM, CK CD45 Nonsurgery OS 6

Kubisch et al, 201518 62 69.4 USA immunomagnetic 
enrichment

MUC1, EPCAM Nonsurgery PFS, OS 5

Sclafani et al, 201419 18 44.4 UK CellSearch EpCAM, CK CD45 Nonsurgery OS 6

Ling et al, 201220 209 36.8 China PCR MSH2 Surgery PFS 5

Yin et al, 201221 72 69.4 China RT-PCR CeA, CK19 Nonsurgery PFS 5

Song et al, 201222 85 37.6 China RT-PCR STC-1 Surgery PFS 5

Hoffmann et al, 201023 77 62 Germany PCR Survivin Surgery OS 6

Tanaka et al, 201024 244 13.9 Japan RT-PCR SCC, CeA Surgery PFS, OS 5

Hoffmann et al, 200925 59 61.0 Germany RT-PCR Survivin Surgery OS 5

Cao et al, 200926 108 47.2 China RT-PCR Survivin Surgery PFS, OS 6

Hiraiwa et al, 200827 38 15.1 Japan CellSearch EpCAM, CK CD45 Nonsurgery OS 5

Setoyama et al, 200728 125 61.6 Japan RT-PCR CeA Surgery PFS, OS 7

Kaganoi et al, 200429 70 32.9 Japan RT-PCR SCCA Surgery PFS, OS 6

Abbreviations: IHC, immunohistochemistry; OS, overall survival; PFS, progression-free survival.

while the others used cytological methods). All of the studies 

provided at least one data for survival effect. For the quality 

assessment shown in Table 1, all the retrieved studies were 

of high quality (score 5–7).

OS
Seventeen studies provided the data for OS with 1,353 

esophageal cancer patients. When pooling the HR for OS, 

no significant heterogeneity between these studies was found 
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(I2=18.9%, P=0.233), and a fixed effect model was used. The 

estimated HR for OS was 2.50 (95% CI=2.12–2.94), and a 

poor OS was found in CTC-positive patients compared with 

the CTC-negative patients. As to the difference of the detec-

tion methods, the studies were divided into two subgroups 

(the PCR group and the non-PCR group). The results were 

shown in Figure 2. A significant difference in OS between 

CTC-positive and CTC-negative patients was found in 

both PCR and non-PCR subgroups. The estimated HR was 

2.41 (95% CI=1.83–3.18) in the PCR subgroup and 2.54 

(95% CI=2.08–3.11) in the non-PCR subgroup.

PFS
Fifteen studies with 1,437 patients were available for PFS. 

As showed in Figure 3, there was a significant heterogene-

ity in PFS between these studies (I2=50.2%, P=0.014). The 

random effects model was used, and the pooled HR for 

PFS was 2.61 (95% CI=2.08–3.28) (Figure 3). More tumor 

progression was found in CTC-positive patients than the 

CTC-negative patients. As to the subanalysis, the heterogene-

ity in PCR subgroup decreased to no significance (I2=43.5%, 

P=0.101), and the pooled HR was 2.35 (95% CI=1.76–3.15) 

in PCR subgroup and 2.92 (95% CI=2.02–4.23) in non-PCR 

subgroup. A poor PFS was found in both subgroups.

Subgroup analyses on survival effects
Besides detection methods, we made other subgroup analyses 

according to the difference in the variables (country, number 

of patients, positive rate of the patients). The results were 

showed in Table 2. The median patient number per study for 

OS and PFS was 90 and 108, respectively. And the median 

positive rate for OS and PFS was 44.4% and 44.3%, respec-

tively. The results showed a significant prognostic effect 

for OS and PFS and demonstrated a higher risk of deaths 

or progression in the CTC-positive patients than the CTC-

negative patients for all subgroups. The pooled HRs of OS 

Figure 2 HR for overall survival (OS) of the included studies.
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Figure 3 HR for progression-free survival (PFS) of the included studies.
Note: Weights are from random-effects analysis.

Table 2 Results of subgroup analyses on PFS and OS

Variables OS PFS

N HR (95% CI) I2 (%) P-valuea N HR (95% CI) I2 (%) P-valuea

Country

east Asia 10 2.44 (2.01–2.98) 27.0 0.196 11 2.31 (1.88–2.85) 22.7 0.228

Non-east Asia 7 2.61 (1.96–3.48) 17.5 0.297 4 3.62 (1.77–7.40) 78.2 0.003

Patient no. $ medianb

Yes 9 2.31 (1.91–2.80) 31.8 0.164 8 2.37 (1.74–3.22) 59.7 0.015

No 8 3.06 (2.24–4.17) 0 0.572 7 3.00 (2.23–4.03) 12.5 0.335

Positive rate $ medianc

Yes 9 3.50 (2.63–4.64) 0.0 0.877 8 3.55 (2.71–4.65) 0 0.575

No 8 2.11 (1.73–2.58) 10.4 0.349 7 2.01 (1.58–2.55) 35.3 0.159

Detection methods

PCR 6 2.41 (1.83–3.18) 52.9 0.060 7 2.35 (1.76–3.15) 43.5 0.101

Non-PCR 11 2.54 (2.08–3.11) 0 0.529 8 2.92 (2.02–4.23) 57.2 0.022

Overall 17 2.50 (2.12–2.94) 18.9 0.233 15 2.61 (2.08–3.28) 50.2 0.014

Notes: aTwo-tailed P-value of tests for heterogeneity. bThe median patient no. per study for OS and PFS was 90 and 108, respectively. cThe median positive rate of the 
patients per study for OS and PFS was 44.4% and 44.3%, respectively.
Abbreviations: OS, overall survival; PFS, progression-free survival.
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and PFS in non-East Asia, non-PCR, high patients’ positive 

rate subgroups were more conspicuous compared with that 

of their paired subgroups. Besides, for the heterogeneity on 

OS, it was of no significance in the overall analysis. The 

heterogeneity in PFS decreased to no significant difference 

by exclusion of studies in the non-PCR or low patients’ 

positive rate groups, and the obvious heterogeneity in PFS 

was disappeared in both subgroups when subgroup analyses 

were made according to the difference in country. This may 

indicate that country was an important source of inconsis-

tency in PFS.

Recurrence and response 
of chemoradiotherapy
Three studies provided the data for the association between 

tumor recurrence and CTCs. With no significant heterogene-

ity (I2=4.5%, P=0.370), a fixed effect model was used and 

the pooled OR was 2.84 (95% CI=1.81–4.44) (Figure 4A). 

The pooled OR showed that more tumor recurrence after sur-

gery was found in CTC-positive patients than CTC-negative 

patients. Tumor recurrence after surgery treatments was more 

frequently observed in the CTC-positive patients.

For patients who received chemoradiotherapy, the ORR 

was used to evaluate the response of chemoradiotherapy, and 

three studies were available. When pooling the estimated 

RR, a random effects model was used (I2=73.6%, P=0.002); 

the pooled RR was 0.64 (95% CI=0.43–0.96) (Figure 4B). 

A poor response of chemoradiotherapy was found in CTC-

positive patients.

Clinicopathological characteristics
For the clinicopathological characteristics, we extracted the 

clinical variables from the included studies, when they were 

mentioned at least in four studies. Then the pooled OR was 

used to assess the potential correlation between detection 

of CTCs and clinical variables, and the results were shown 

in Table 3. Nine clinicopathological characteristics were 

extracted and analyzed in our meta-analysis. There were no 

significant differences of CTCs detection results in gender, 

degree of tumor differentiation, and tumor location (the 

pooled OR and 95% CI was 0.98 [0.70–1.37], 1.20 [0.79–

1.82], and 0.82 [0.60–1.11], respectively). However, for other 

clinicopathological characteristics, 10 studies mentioned the 

association between pathological stage and CTC detection; 

the pooled OR indicated a significantly higher incidence of 

CTCs in the stage III/IV group compared to the stage I/II 

group, and the OR was 2.51 (1.68–3.76). A same result was 

also found for the association between CTCs detection and 

depth of infiltration, regional lymph nodes metastasis, and 

distant metastasis. Higher incidence of CTCs was found in 

T3/T4, regional lymph nodes metastasis positive, and distant 

metastasis positive patients compared with its paired group. 

Four studies mentioned the association between lymphatic/

venous invasion and CTCs detection. For lymphatic invasion, 

the pooled OR was 1.73 (95% CI=1.17–2.57), and for venous 

invasion, the pooled OR was 2.07 (95% CI=1.40–3.08). 

Higher incidence of CTCs was found in either lymphatic 

invasion or venous invasion positive group.

A B
Study ID

Tanaka K 2010 43.73

16.58

34.33

5.35

100

1.85 (0.94, 3.64)

3.89 (1.29, 11.69)

3.64 (1.70, 7.82)

7.15 (1.25, 60.10)

Cao M 2009

2.84 (1.81, 4.44)

Setoyama 2007

Kaganoi 2004

Overall (I2=4.5%, P=0.370)

0.0166 60.11

RR (95% CI) %
Weight

Study ID

Pernot SB 2017 (B)

Pernot SB 2017 (A)

1.12 (0.80, 1.58)

0.80 (0.44, 1.47)

0.37 (0.16, 0.88)

0.38 (0.26, 0.57)

0.63 (0.22, 1.75)

0.68 (0.49, 0.96)

Matsu 2015

0.64 (0.43, 0.96)

Kubisch l 2015

Sclafani F 2014

Yin XD 2012

Overall (I2=73.6%, P=0.002)

0.159 6.31

RR (95% CI)

21.30

15.98

11.68

20.33

9.44

21.27

100

%
Weight

Figure 4 OR for recurrence (A) and risk ratio (RR) (B) for overall response rate.
Note: Weights are from random-effects analysis.

Table 3 Results of association between CTCs and clinico-
pathological characteristics

Clinical characteristics OR (95% CI) N P-value

Gender (female vs male) 0.98 (0.70–1.37) 11 0.889

Grade (G2/3 vs G1) 1.20 (0.79–1.82) 9 0.130

Location (upper/mid vs lower) 0.82 (0.60–1.11) 7 0.483

Pathological stage (III/IV vs I/II) 2.51 (1.68–3.76) 11 0.013

Depth of invasion (T3/T4 vs  
T1/T2)

2.14 (1.42–3.21) 10 0.030

Lymph node (N1/N2/N3 vs N0) 2.33 (1.43–3.79) 11 0.000

Distant metastasis (yes vs no) 4.77 (1.77–12.07) 7 0.001

Lymphatic invasion (yes vs no) 1.73 (1.17–2.57) 4 0.006

Venous invasion (yes vs no) 2.07 (1.40–3.08) 4 0.000

Abbreviation: CTCs, circulating tumor cells.
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Table 4 Results of meta-regression on OS and PFS

Variables OS PFS

Coef. SE P-value Adj R2 Coef. SE P-value Adj R2

Country -0.067 0.214 0.757 -50.21% -0.323 0.2784 0.265 -4.97%

Patient no. 0.281 0.201 0.059 100.00% 0.271 0.238 0.277 11.74%

Positive rate -0.505 0.012 0.177 100.00% -0.603 0.179 0.005 100.00%

Methodology -0.010 0.214 0.962 -59.95% -0.180 0.245 0.477 -7.64%

Treatment 0.001 0.210 0.996 -58.98% -0.178 0.267 0.496 -9.27%

Note: Adj R2, proportion of between-study variance explained.
Abbreviations: Coef., coefficient; OS, overall survival; PFS, progression-free survival; SE, standard error.

Evaluation of heterogeneity 
and publication bias
For the significant heterogeneity in PFS, we conducted a 

meta-regression to explore the potential sources of hetero-

geneity, and the meta-regression was made according to the 

covariates of country, patient number, detection rate, and 

detection methods. The result was shown in Table 4. In a 

univariate analysis, the positive rate of the patients showed 

a significant explanatory variable that influenced the het-

erogeneity of estimated HR for PFS (coefficient=-0.603, 

P=0.005), and it explained almost 100% proportion of 

between-study variance. Besides, although with no sta-

tistical significance (P=0.277), number of patients also 

explained 11.74% proportion of between-study variance 

for the heterogeneity in PFS. For the meta-regression on the 

heterogeneity of OS, the positive rate of the patients con-

tributed to heterogeneity across studies on OS significantly 

(coefficient=-0.505, P=0.177), which explained almost 

100% variances among studies on OS. And country also 

explained part proportion of between-study variance for the 

heterogeneity in OS.

Publication bias was detected by Begg’s test and Egger’s 

test. Note that, P,0.05 meant the existence of publication 

bias. No publication bias was found in OS (Begg’s P=0.131, 

Egger’s P=0.062) and PFS (Begg’s P=0.174, Egger’s 

P=0.089).

Discussion
EC is a malignant tumor originating from the epithelium of 

the esophagus, and it is one of the most aggressive tumors, 

with a median survival of less than 2 years and the 5-year 

survival rates below 30%.2 CTCs are very important in the 

diagnosis, treatment, and prognosis of malignant tumors. 

Lots of studies have been designed to explore the prognostic 

value of CTCs in many tumors. The poor prognosis of CTC-

positive patients has been confirmed in many solid tumors. 

But for esophageal cancer, the prognostic value of CTCs 

was still unclear. This meta-analysis provided evidence to 

evaluate the clinicopathological and prognostic significance 

of CTCs in patients with esophageal cancer by summarizing 

all relevant studies.

In this meta-analysis, it has been demonstrated that CTCs 

in peripheral blood were significantly associated with poor 

PFS and OS of esophageal cancer patients. CTC-positive 

patients was a poor prognosis for patients with esophageal 

cancer. For OS, the risk of death in CTC-positive patients 

was 1.54 times higher than CTC-negative patients (pooled 

HR=2.50; 95% CI=2.12–2.94). For PFS, the risk of tumor 

progression for CTC-positive patients was 2.62 times 

higher than CTC-negative patients (pooled HR=2.61; 95% 

CI=2.08–3.28). More death and tumor progression was 

found in CTC-positive patients compared with CTC-negative 

patients.

Furthermore, in the subanalysis of the survival effects, 

our meta-analysis showed a significant prognostic effect 

for OS and PFS and demonstrated a higher risk of deaths 

or tumor progression in the CTC-positive patients than the 

CTC-negative patients in all subgroups. Then, we found 

that the increased risk of death and tumor progression for 

CTC-positive patients in non-PCR subgroup was more 

conspicuous compared with PCR subgroup. Compared 

with the CTC-negative patients, the increased risk of death 

and tumor progression for the CTC-positive patients in 

the two subgroups were 2.68 and 3.53 and 2.41 and 2.35, 

respectively. Compared with PCR (molecular) methods, 
non-PCR (cytological) methods could improve the detection 

specificity, as well as its ability to count CTCs number and 

recognize viable and functional CTCs.33 Taken together, 

non-PCR methods may provide a more accurate result, which 

was more conspicuous to detect the increased risk of death 

and tumor progression in CTC-positive patients. Besides, 

more conspicuous risk of death and tumor progression in 

CTC-positive patients was also found in high positive rate 

subgroup than low positive rate subgroup; this may be 

because more poor prognostic patients can be identified by 

using high CTC detection rate methods.
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For the heterogeneity of the pooled survival effects, a sig-

nificant heterogeneity was found in PFS (I2=50.2%, P=0.014), 

we conducted the subgroup analyses and meta-regression to 

explore the sources of heterogeneity according to the covari-

ates of country, number of patients, patients’ positive rate and 

detection methods. We made subgroup analyses and found 

that the heterogeneity in PFS dropped to insignificant level 

when studies were stratified by country. Then in the meta-

regression, we found that the positive rate had positively 

contributed to heterogeneity in PFS, and it explained almost 

100.0% proportion of between-study variance. So we finally 

confirmed the positive rate as the origin of the heterogeneity 

in PFS. This may be explained by the difference of incidence, 

mortality, and prognosis of esophageal cancer in different 

countries. East Asia was the region with the highest incidence 

and mortality of esophageal cancer in the world.1 Besides, 

we found the patients’ number can also contribute to part 

of heterogeneity in PFS; it explained 11.74% proportion 

of between-study variance without statistical significance 

(P=0.277), so the patients’ number may be a potential source 

of heterogeneity in PFS. For the heterogeneity in OS, there 

was no significance between the studies; we might think that 

it was consistent for OS between the involved studies. How-

ever, the meta-regression shows that patients’ positive rate 

was of significance (P=0.049) and explained almost 100% 

proportion of between-study variance, and the country also 

explained part proportion of between-study variance in OS. 

We thought patients’ positive rate was potential source of 

heterogeneity in OS. Finally, we thought that the country and 

patients’ positive rate were potential sources of heterogeneity 

in our meta-analysis.

Moreover, we assessed correlation between detection of 

CTCs, tumor recurrence, response of chemoradiotherapy, and 

clinicopathological characteristics. The CTC-positive patients 

were easier to occur tumor recurrence after surgery treatments, 

and gained poor overall response rate of chemoradiotherapy. 

After escaped from primary tumor and shed into blood, CTCs 

could be activated due to the loss of biological control by 

primary tumor and the alteration of internal environment, then 

CTCs can form the new metastasis or recurrence and cause 

the resistance of chemoradiotherapy.34 The CTC detection can 

be used to monitor tumor recurrence and chemoradiotherapy 

efficacy for esophageal cancer, which have been confirmed in 

other cancers.5–7 In addition, our meta-analysis indicated that 

CTC-positive patients was significantly associated with TNM 

staging, depth of infiltration, regional lymph nodes metastasis, 

distant metastasis, lymphatic invasion, and venous invasion. 

As detection of CTCs is very convenient and comfortable for 

patients and is repeatable in a noninvasive manner, the pres-

ence of CTCs could be used as a monitoring tool for tumor 

status of esophageal cancer.

There were some limitations in our meta-analysis. First, 

the meta-analysis used the extracted data, not original data 

from the individual patients. For the HR and its 95% CI 

that we used in our meta-analysis, several data were not 

provided directly and were estimated from the published 

data. Second, multiple markers were used to identify CTCs, 

and the standard for CTC-positive patients in the studies was 

different. These may contribute to the heterogeneity in our 

meta-analysis. Third, for the significant heterogeneity in PFS, 

although the country was the main source of heterogeneity, 

heterogeneity could not be eliminated because of other factors 

such as patients’ number, patients’ positive rate, and detec-

tion methods. Therefore, large-scale multicenter studies in 

homogeneous patients were needed to explore the prognositic 

value of CTCs.

Conclusion
Our meta-analysis confirmed the prognostic value of CTCs in 

esophageal cancer and indicated that CTC-positive patients 

were associated with poor PFS and OS. CTC-positive patients 

were also associated with high recurrence and poor response 

of chemoradiotherapy. CTCs detection can be used to moni-

tor tumor recurrence and chemoradiotherapy efficacy and 

prognosis for esophageal cancer. For clinicopathological 

characteristics, CTC-positive patients were significantly 

associated with TNM staging, depth of infiltration, regional 

lymph nodes metastasis, distant metastasis, lymphatic inva-

sion, and venous invasion. In future, large-scale multicenter 

studies by using the same standardized detection platforms 

are needed to reduce the inconsistencies across studies.
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