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Abstract: In the age of precision medicine, some research on esophageal cancer (EC) has focused on the detection
of circulating tumor cells (CTCs), but the results are controversial. Therefore, we evaluated the clinicopathological
and prognostic significance of CTCs in EC in comprehensive meta-analyses. We conducted a systematic search of
the databases PubMed, Embase, and Cochrane as well as the Science Citation Index for relevant studies. The meta-
analyses were performed using a random-effects model with hazard ratio (HR), odds ratio (OR), and 95% confidence
intervals (Cls) as effect values. Sixteen studies with 1,256 EC patients were included in the meta-analyses of which
10 were suitable for prognostic analysis and 16 for clinicopathological analysis. CTC-positive EC patients were
found to be significantly associated with poor disease-free survival (DFS)/progression-free survival (PFS) (HR, 2.42;
95% Cl, 1.72-3.41) and overall survival (OS) (HR, 2.59; 95% ClI, 1.88-3.58). The incidence of CTCs was significantly
different for stage llI/IV vs I/l group (OR, 2.62; 95% CI, 1.80-3.83), lymphatic invasion-positive vs negative group
(OR, 2.23; 95% Cl, 1.44-3.46), and venous invasion-positive vs negative group (OR, 2.46; 95% Cl, 1.50-4.05). In
contrast, CTC incidence was not significant in histological type (poorly differentiated vs well and moderately differ-
entiated groups: OR, 1.25; 95% Cl, 0.87-1.78) and tumor site (upper and middle groups vs lower group: OR, 1.17;
95% Cl, 0.80-1.70). Our meta-analyses exhibited that CTC positivity in the peripheral blood indicated poor prognosis
and had clinicopathological significance in EC patients.
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Introduction

Esophageal cancer (EC) is the eighth most com-
monly diagnosed aggressive cancer and the
sixth most common cause of death globally [1]
with an estimated 455,800 new cases and
400,200 deaths in 2012 worldwide [2]. Al-
though a series of advances has been made in
EC diagnosis and systematic therapies in the
past decades, prognosis and 5-year survival
rate (15-25%) are still not promising [3]. Despite
complete surgical resection, local recurrence
and distant metastases still present the main
causes for EC-related deaths [4]. The limita-
tions of traditional imaging techniques are dif-
ficulties in finding occult, minimal residual
lesions and the lack of specific tumor markers
to indicate the poor prognosis, which present
the main causes for poor prognosis of EC.
Therefore, it is imperative to find a marker for

detecting micrometastatic lesions, which may
enable a better evaluation of EC patients’ pro-
gnosis.

In recent years, much attention has been
focused on research about circulating tumor
cells (CTCs). CTCs are shed from primary
tumors, recurrent tumors, or metastases into
the bloodstream and possess genetic and anti-
genic specific features of the relevant tumor,
which has been first reported by Ashworth in
1869 [5]. Extensive studies on breast, pros-
tate, colorectal, and esophageal cancer have
demonstrated that CTCs have a potential asso-
ciation with tumor metastasis and relapse
[6-8]. Currently, detection methods for rare
CTCs are becoming more and more precise
(high sensitivity and specificity), mainly due to
the two approaches reverse transcriptase poly-
merase chain reaction (RT-PCR) and immunocy-
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tochemistry (ICC) [9]. Among the CTC detection
methods, CellSearch® is the only system cur-
rently approved by the United States Food and
Drug Administration (FDA) for clinical use. It
uses antibodies covered with immunomagnetic
beads against the tumor-related antigen [10].

Many studies have demonstrated that CTC
presence is a poor prognostic factor in breast,
prostate, colorectal, gastric, ovarian, and mela-
noma cancer, which has been further verified
by previous relevant meta-analyses [11-16].
However, the association between CTC pres-
ence and cancer prognosis in EC patients are
controversial, as some studies reported non-
significant results [17]. Therefore, we per-
formed comprehensive meta-analyses to eval-
uate the clinicopathological and prognostic
significance of CTCs in EC patients.

Materials and methods
Search strategy

A comprehensive search of the databases
PubMed, Ovid (resource selected: Embase),
and Cochrane as well as the Science Citation
Index was performed without time and region
restrictions in February 2016. The search strat-
egy included the following, variably combined
main keywords and MeSH terms: “Neoplastic
Cells”, “Circulating [MeSH]”, “circulating tumor
cell(s)”, “isolated tumor cell”, “disseminated tu-
mor cell”, “circulating tumor microemboli”, “cir-
culating tumor cell cluster”, “micrometastasis”,
“minimal residual disease”, “esophageal neo-
plasms [MeSH]", “esophageal carcinoma”, and
“esophageal cancer”. We combined the options
subject word and random word for a wider
search of relevant articles. Furthermore, we
searched the reference lists of retrieved arti-
cles and review articles manually to check for
potentially relevant articles.

Eligibility criteria

(1) Only articles published in a peer-reviewed
journal were eligible, whereas data from letters
and conference abstracts were considered not
eligible. (2) All patients needed to be diagnosed
with esophageal cancer, but adenocarcinomas
of the esophagogastric junction were excluded.
(3) Only peripheral blood was eligible as sample
site, whereas bone marrow and lymph node
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were excluded. (4) At least one result that pres-
ents measures of interest about the prognostic
or clinicopathological significance of CTCs in EC
patients was reported in the study or calculat-
ed from published data. (5) Only studies with
more than 20 patients enrolled were eligible.
(6) Only English language articles were in-
cluded.

Data extraction and quality assessment

Two independent reviewers have screened eli-
gible studies by the sequence of title, abstract,
and full text. The following information were
extracted from included articles: First author’s
names, year of publication, patient characteris-
tics (sample size, age, male/female ratio), clini-
copathological features of patients (tumor site,
TNM stage, lymphatic invasion, venous inva-
sion, tumor histology), volume and time of
blood withdrawal, CTC detection method, target
gene/antigen, cutoff value for defining CTC pos-
itivity, duration of follow-ups, and number of
CTC-positive and CTC-negative patients in each
clinicopathological subgroup. We also recorded
hazard ratios (HRs) and confidence intervals
(Cls, if available) for overall survival (0S), dis-
ease-free survival (DFS), and progression-free
survival (PFS). When not directly acquired from
the original articles, we calculated these values
by the method of Tierney et al. [18]. If the
reported HR referred to CTC-negative instead
of CTC-positive patients, we calculated the
HR’s reciprocal to be consistent with other arti-
cles. When more than one blood sample per
patient was acquired at different sampling
times for, e.g., baseline, mid-therapy, or post-
therapy, we recorded the results of each time
point as independent data for prognostic analy-
ses; However, for the analyses of clinicopatho-
logical characteristics, we only extracted CTC
baseline data. The quality of the eligible studies
was evaluated based on the Newcastle-Ottawa
scale (NOS) criteria [19]. In case of any dis-
agreements on data extraction and quality
evaluation of the included articles, we solved it
by comprehensive discussion.

Statistical analysis

We estimated pooled HRs and 95% Cls for
DFS/PFS and OS using the Stata v. 12.0 soft-
ware, and used the pooled OR to summarize
the association between CTC detection and EC
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885 studies retrieved through
database searching

Title reading

667 publications excluded
133 duplicates

4

218 remaining studies
for detailed evaluation

Abstract reading

h 4

534 no association with CTC or EC

202 publications excluded
74 not article (including conference
abstract, letter, review)
41 irrelevantto CTC and EC
6 CTC characteristics
32 CTC methodologies

 J

16 relevant studies for detailed
evaluation of eligibility

Fulltext reading

15 tumor cells in bone marrow

24 tumor cells in lymph node

2 adenocarcinoma of the
esophago-gastric junction

7 circulating tumor DNA

1 no available resource of full text

2 publications excluded

» 1 small sample size
1 multiple publications

2: search for the references of
included studies and relevant

h 4

16 studies eligible for meat-analysis
finally

10/16 suitable for meta-analysis

of prognostic value

16/16 suitable for meta-analysis of
clinicopathological significance

clinicopathological features. In order to take
the heterogeneity among studies (such as the
different CTC detection methods based on dif-
ferent target genes/antigens) into account, we
applied a random-effect model in all meta-
analyses below, as this model acquires more
conservative results than the fixed-effect mo-
del by creating a wider Cl around the pooled HR
and OR. The heterogeneity among studies was
evaluated applying Cochran’s Q test and I?
index. Potential sources of heterogeneity were
explored in meta-regression analyses. To en-
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reviews

Figure 1. Selection of studies. Flowchart of the strat-
egy applied for the selection ofstudies used in our
analyses (CTCs, circulating tumor cells).

sure addressing the different causes of hetero-
geneity, we also performed subgroup analysis
by sample size, detection methods, sampling
time, and stage. Publication bias was evaluated
using Begg’'s and Egger’s test when more than
ten studies were included [20]. When publica-
tion bias was statistically significant, we per-
formed a trim-and-fill analysis to further esti-
mate the adjusted HR. To corroborate the re-
sults, we evaluated the influence of single stud-
ies on the pooled HR by estimating the average
HR in the absence of the respective study in a
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Table 1. Main characteristics of included studies in our meta-analyses

No. of

. Sampling- Target gene Rate Follow-ups Out-
Reference patients Age . pling Method g .g / Stage P NOS
time antigen (+) (months) come
(M/F)
Tanaka 2015 [29] 38(30/8) 63(43-87) Baselme Cellsearch EpCAM, CK8, CK19 M , M, 19/38 19 (Mean) 0s 6
Mid-therapy 15/38
Reeh 2015 [27] 100 (77/23) 66(32-85)  Baseline Cellsearch EpCAM, CK M, M, 18/100; 37.5(Mean) O0S,DFS 7
14/86°
Matsushita 2015 [28] 90 (78/12) 65 (46-98) Baseline  Cellsearch EpCAM, CK8, CK19 M, M, 25/90 10.3(0.3-36.4) 0s 7
Yin 2012 [26] 72 (54/18) 63 (46-83) Baseline RT-PCR  CEA, CK19, survivin M, 50/72 24 (Max) PFS
Post-therapy 39/72
Song 2012 [25] 85(54/31) 62 (44-83) Baseline RT-PCR STC-1 M, M, 32/85 24 (Max) PFS
244 (212/32) NR Baseline RT-PCR CEA, SCC M, M, 34/244  24.3 (Mean) OS,DFS 7
Tanaka 2010 [17] Post-therapy 41/244
Cao 2000 [24] 108 (85/23) 58.9(36-82) Baseline  RT-PCR Survivin M, M, 51/108;  19.5(1-33) DFS 7
27/48°
Setoyama 2007 [23] 125 (114/11) 65.4 (38-87) Post-therapy RT-PCR CEA M, M, 77/125 25.1(1-73.7) DFS 7
Liu 2007 [35] 53 (38/15) 58.1 (Mean) Baseline RT-PCR CEA M, 15/53 NR NR 6
. 70 (64/16) NR Baseline RT-PCR SCC M, M, 23/70 60 (Max) DFS 7
Kaganoi 2004 [21] Mid-therapy 24/70
Ito 2004 [32] 28(26/2) 66.5(51-83) Baseline  RT-PCR CEA My, M, 7/28 NR NR 5
Honma 2006 [22] 46 (41/5) NR Baseline RT-PCR SCC M, M, 14/46 34 (Mean) OS,DFS 6
Koike 2002 [30] 33(25/8) NR Baseline RT-PCR ANp63 M, M, 17/33 NR NR 6
49 (42/7 2.1 -7/ B li RT-PCR EA M, M, 14¢/4 11 (M NR
Hashimoto 2008 [33] 9(42/7) 6 (39-76) aseline Cl C o M, /49 (Mean) 6
Post-therapy
Li 2015 [34] 61(54/7) 62.1(49-78) Baseline M, M, 20/61 NR NR 6
Nakashima 2003 [31] 54 (52/2) 65.3(38-83) Baseline  RT-PCR CEA M, M, 31/54 30 (2-60) NR 7

20nly the 86 patients that the stage all are MO are included in survival analysis. ®Only the 48 patients are included in survival analysis. The 14 patients are CTC positivity in
baseline or post-therapy. Abbreviations: Rate (+), Rate of CTC positive patients; NOS, Newcastle-Ottawa Scale; OS, overall survival; DFS, disease-free survival; PFS, progression-
free survival; NR: Not reported; RT-PCR: Reverse-transcriptase polymerase chain reaction; ISET, isolation by size of tumor; EpCAM, epithelial cellular adhesion molecule; CK,
cytokeratin; CEA, carcinoembryonic antigen; STC-1, stanniocalcin-1; SCC, squamous cell carcinoma; Max: Maximum.

sensitivity analysis. The two-side P-value thre-
shold for statistical significance was set at
0.05.

Results
Baseline study characteristics

We identified 887 records by the primary sys-
tematic computerized literature search. How-
ever, after screening of titles and abstracts,
869 studies were excluded (the reasons are
detailed in Figure 1). Furthermore, two studies
were excluded due to small sample size, multi-
ple publications, or after reading the full text.
Among multiple similar publications, we only
extracted the publication with the largest num-
ber of patients. After application of all eligibility
criteria, 16 studies were found eligible for the
meta-analyses (Figure 1). Among these 16 arti-
cles, only ten studies were suitable for progno-
sis analyses, whereas all the included 16 arti-
cles were suitable for clinicopathological ana-
lyses. The ten studies suitable for prognosis
analyses encompassed 904 EC patients (sam-
ple size: Median, 79 [38-244]; Mean, 90) and
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were published between 2004 and 2015. The
16 studies suitable for clinicopathological anal-
yses contained 1,256 EC patients (sample size
median: 66 [28-1256], mean: 79) and were
published between 2002 and 2015. The main
characteristics of the eligible studies are sum-
marized in Table 1.

Analysis of CTC effects on prognosis

CTCs and DFS/PFS. HR for DFS/PFS were avail-
able in eight articles [17, 21-27]. More than one
HR for DFS/PFS was extracted in two studies
[17, 26] due to the detection of CTCs in multi-
time points and the presence of independent
HR. The pooled HR for the included studies
exhibited a significantly increased risk of pro-
gression in CTC-positive patients (HR, 2.42;
95% Cl, 1.72-3.41; Figure 2A). Heterogeneity
among studies was statistically significant (P =
0.003, 17 = 64.3%) and publication bias was
present (Begg’s test: P = 0.210; Egger’s test: P
= 0.008; Figure 4A). Trim-and-fill analysis sh-
owed that five studies might be missing and
that if these were published, the adjusted HR
would be 1.615 (95% Cl, 1.12-2.33; P = 0.01;
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% CTC presence was a strong
prognostic factor in all sub-
groups. Given that only one
study used the CellSearch®
detection method [27] among
all included studies, whereas
all others applied the RT-PCR
detection method, we did not
perform subgroup analyses
stratified by the detection me-
thod. However, after omitting
this study, the remaining
RT-PCR subgroup was still sta-
tistically significant (HR, 2.23;
95% Cl, 1.60-3.11; I? = 59.5%,

P =0.011).

CTCs and 0OS. HR for OS was

A Study
ID HR (95% CI) Weight
Reeh 2015 -é—*— 5.06 (2.23, 11.48) 8.69
Yin 2012 ——:0— 2.52(0.88,7.23) 6.54
Yin 2012 —é—‘— 3.68(1.38,9.84) 7.12
Song 2012 _ 2.37(1.24,4.53) 10.68
Tanaka 2010 ——v—é- 1.51(0.87,2.62) 11.93
Tanaka 2010 —t—i 1.65(1.03,2.63) 13.07
Cao 2009 E"—*— 5.18(2.42,8.93) 10.61
Setoyama 2007 = é 1.32(0.99, 1.82) 15.21
Kaganoi 2004 —E—‘— 2.73(1.30,5.72) 9.55
Honma 2006 —é—'— 3.00(1.05,8.54) 6.60
Overall (l-squared = 64.3%, p = 0.003) <> 2.42(1.72,3.41) 100.00
Note: Weights are from random effects analysis i

0!81 2.:12 1I2

B study %

ID HR (95% CI) Weight

Tanaka 2015 _—
Reeh 2015

Matsushita 2015

Tanaka 2010 -1
Tanaka 2010 —
Cao 2009

Kaganoi 2004

Honma 2006

Overall (l-squared = 19.0%, p = 0.279)

Note: Weights are from random effects analysis|

444 (140,14.04) 6.98

313(149,656)  14.67
2.56(1.15,568)  13.02
1.68(0.85,330) 16.77
147(0.77,2.80)  18.04
517 (230, 11.65) 1269
2.68(1.09,6.58)  10.72

3.47(1.11,10.84) 7.1

available in seven articles [17,
21, 22, 24, 27-29]. More than
one HR for OS was extracted in
one study [17] for the same
reason as mentioned above.
The pooled HRs for the includ-
ed studies showed a signifi-
cantly increased risk of death
in CTC-positive patients (HR,
2.59; 95% ClI, 1.88-3.58;
Figure 2B). Heterogeneity am-
ong studies was not statisti-

2.59 (1.88, 3.58) 100.00

Figure 2. Summary of estimates of hazard ratio (HR) for DFS/PFS (A) and OS
(B). (A) The estimated HR is summarized for DFS/PFS with CTC detection. (B)
The estimated HR is summarized for OS with CTC detection.

Df = 15; Random effects). Furthermore, sensi-
tivity analysis confirmed the stability of our
results (data not shown).

To explore potential sources of heterogeneity,
we conducted a meta-regression analysis ba-
sed on the following covariates: Publication
year, sample size, sampling time, detection
method, and tumor stage (M, vs M, M,).
Univariate analysis revealed tumor stage (P =
0.006) and sample size (P = 0.055) as poten-
tial sources of heterogeneity.

Subgroup analyses. To further explore the
causes of heterogeneity, we performed sub-
group analyses by sample size (=80, <80),
sampling time, and tumor stage. As shown in
Table 2, the pooled HRs for all subgroups were
statistically significant, which confirmed that
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t
07 1 2.59 14.5

cally significant (P=0.279; I> =
19%) and publication bias was
not examined because less
than ten studies were includ-
ed, which was not sufficient for
the funnel plot and Begg's and
Egger's tests. Sensitivity analysis confirmed
the stability of our results (data not shown).

Although heterogeneity among studies was not
statistically significant, to corroborate our re-
sults, we conducted a meta-regression analy-
sis considering the following covariates: Pu-
blication year, sample size, sampling time,
detection method, and tumor stage (M, vs M,
M,). Univariate analysis revealed that only the
sample size was statistically significant (P =
0.035).

Subgroup analyses. We also carried out sub-
group analyses by sample size (=80, <80), sam-
pling time, detection method, and tumor stage.
The pooled HR for all but the “mid-therapy/
post-therapy” subgroup were statistically sig-
nificant, as shown in Table 2. In the “baseline”
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A Sty % B Swdy %
D OR (85% CI) Wieight ) OR (95% Cl) Weight
Tanaka 2015 T 4.00(037,43.14) 227 Tanaka 2015 J— 1.20(0.16,9.01) 374
Reeh 2015 — 152(0.54,424) 853 Reeh 2015 3.09(0.83,10.30)  7.52
Li2015 S 186(0.52,667) 633 Matsushita 2015 1.17(0.22,6.22) 495
Song 2012 — 322(1.28,8.10) 968 Li2015 13.67 (0.76, 246.16) 2.05
f
Yin 2012 ——— 1.93(0.65,5.76)  7.86 Song 2012 1.28(0.53,3.13) 10.06
Tanaka 2010 —— 5 104(0.50,2.14) 1245 Tanaka 2010 1.25(0.60, 2.61) 11.58
Cao0 2009 —— 6.90(2.82, 16.86) 10.07 Cao 2009 2.32(1.07,5.02) 11.20
Setoyama 2007 + 299(1.42,6.32) 1213 Setoyama 2007 2.99(1.42,6.32) 11.47
Hashimoto 2008 —l 143(0.37,655) 581 Hashimoto 2008 —— 0.34(0.10, 1.23) 7.03
Kaganoi 2004 +———  758(245,2351) 751 Liu 2007 R 1.02(0.17,5.91) 459
Ito 2004 ot 141(0.13,1527) 227 Kaganoi 2004 11.95 (3.67,38.96) 7.68
Nakashima 2003 e 5.33(1.63,1748) 7.03 Nakashima 2003 3.18(1.02, 9.86) 8.04
Honma 2006 _— 3.24(0.76,1384) 522 Honma 2006 2.21(0.57, 8.52) 6.56
Koike 2002 — 1.07(0.13,867) 2886 Koike 2002 1.07 (0.13,8.67) 353
Overall (I-squared = 33.1%, p = 0.110) <> 262(1.80,383)  100.00 Overall (I-squared = 46 6%, p = 0.028) 1.99(1.28,3.09) 100.00
" i : H
Note: Weights are from random effecis analysis| : Note: Weights are from random effects analysis| &
T T T
01 262 432 0.1 11.99 247
Study %
c D OR (95% CI) Weight D
Reeh 2015 —— 1.02(0.36,2.90) 850 Study %
Matsushita 2015 x 1.19(0.05,30.08) 233 D OR (95% Cl) Weight
Li 2015 —_— 0.96(0.32,2.86)  8.28
H —_——
Yin 2012 = 280(1.00,7.87) 850 Reeh 2015 T 8.00(1.23, 52.02) 1265
Song 2012 +: = 6.39(233.17.53) &M Matsushita 2015 —Uﬂ—-: & 4.64(1.73,1243) 2501
Tanaka 2010 — 069(0.33, 1.44)  10.11 :
Cao 2000 —— 5902682, 1686) 930 Setoyama 2007 —1* 1.43(0.47,4.41) 2248
1 H
Setoyama 2007 — 534(241,11.82) 9.80 Kaganoi 2004 : 28.24(149,536.64) 630
Liu 2007 _— 140(0.38,5.10) 731 1
Kaganol 2004 —i— 351(1.17,1048) 828 Nakashima 2003 —p 1.25(0.35,4.49) 19.96
| H
Nakashima 2003 —— 455(1.36,15.24) 7.71 Honma 2006 — 0.80(0.15,531) 1350
Honma 2006 ——————————— 11.47(1.34.98.39) 426 !
Koike 2002 —_— 0.70(0.17, 2.85) 6.83 Overall (I-squared = 44.1%, p=0.111) @ 2.63(1.18,5.89) 100.00
Overall (I-squared = 67.3%, p = 0.000) 242(1.40,4.18) 100.00 !
Note: Weights are from random effects analysis Note: Weights are from random effects analysis !
T T T t T
0.05 1 98 0.1 1263 537
E
Study % Study %
D OR (95% CI) Weight D OR (95% CI) Weight
Reeh 2015 102(036.290)  16.80 Tanaka 2010 1.25(0.55,2.86) 2033
Tanaka 2010 197(0.89.4.37) 2827 Coo BRI 1843
Setoyama 2007 —_— 245(1.17,513) 2299
Setoyama 2007 ———=——— 3.84(1.76,8.38)  20.21
Kaganoi 2004 ————+——— 758(245,2351) 1368
Nakashima 2003 + 264(0.84,830) 14.14
: Nakashima 2003 1.35(0.44,4.13)  13.94
Honma 2008 —f——————— 195(055.695) 1158
' Honma 2006 3.57 (0.93,13.66) 1063
i = =0377]
Overall (I-squared = 5.1%, p = 0.377) @ 223(1.44,346)  100.00 Ghverai i aguared = 3555 p 61550 <> T
Note: Weights are from random effects analysis H Note: Weights are from random effects analysis
03 1 223 83 05 1 246 24

Figure 3. Meta-analyses of the correlation of CTCs with clinicopathological parameters. A. TNM stage; B. T factor; C. M factor; D. N factor; E. Lymphatic invasion; F.
Venous invasion.
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3.83; I = 33.1%; P = 0.110;
Figure 3A). No evidence for
the existence of publication
bias was found (Begg's test: P
= 0.913; Egger's test: P =
0.953; Figure 4B). Sensitivity

analysis confirmed the stabili-
ty of our results (data not
shown).

Moreover, we performed po-
oled analyses of included
studies of the T factor (depth

of tumor invasion), N factor
(lymph node metastasis), and
M factor (distant metastasis).
Altogether, we acquired 14
studies about the T factor [17,
21-25, 27-31, 33-35]. The
CTC incidence in the T3/T4
group was significantly differ-
entfromthe T1/T2 group (T3/
T4 versus T1/T2: OR, 1.99;
95% Cl, 1.28-3.09; 1> = 46.6%,
P = 0.028; Figure 3B). The
publication bias was not sta-
tistically significant (Begg's
test: P = 1; Egger’s test: P =

A2 Begg's funnel plot with pseudo 95% confidence limits
1 ;
£
=
07
i
0 02 s.e. of: Inhr 0.4 0.6
Ba- Begg's funnel plot with pseudo 95% confidence limits
24
S
[=))
o
0-
-2
0 0.5 s.e. of: logor 1

Figure 4. Funnel plot analyses. A. Funnel plot of the studies on disease-free
survival/progression free survival; B. Funnel plot of the studies on TNM

stage.

subgroup, the pooled HR was statistically sig-
nificant (HR, 2.84; 95% Cl, 1.93-4.19), whereas
it was not significant in the mid-therapy/post-
therapy subgroup (HR, 2.30; 95% CI, 0.79-
6.64). However, the latter subgroup only includ-
ed two studies.

Correlation of CTCs with clinicopathological
parameters

We calculated odds ratios (ORs) to assess the
association between CTCs and clinicopatholo-
gical parameters. We found an odds ratio of OR
>1, indicating that CTC is associated with clini-
copathological parameters.

CTC incidence in the TNM stage. Fourteen stud-
ies reported the incidence of CTCs in TNM
stage IlI/IV and I/Il [17, 2127, 29-34]. The
pooled OR indicated a significantly higher inci-
dence of CTCs in the stage lll/IV group relative
to the stage I/1l group (OR, 2.62; 95% Cl, 1.80-
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1.5 0.975; Figure 5A). Thirteen
articles were included in the N
factor group [17, 21-28, 30,
31, 34, 35]. The CTC inci-
dence was significantly differ-
ent between the factors N+
and N- (N+ vs N-: OR, 2.42; 95% Cl, 1.40-4.18;
I? = 67.3%, P =0.000; Figure 3C). The publica-
tion bias was also not statistically significant
(Begg's test: P=0.502; Egger’s test: P=0.893;
Figure 5B). Six studies about the M factor were
included [11, 21-23, 27, 28, 31]. Furthermore,
we detected a significant difference in CTC inci-
dence between the tumor stages M, and M,
(M, vs M_: OR, 2.63; 95% Cl, 1.18-5.89; I° =
44.1%, P = 0.111; Figure 3D). As the meta-
analyses only included six studies (and not
more than ten studies), we did not evaluate the
publication bias. Sensitivity analyses also con-
firmed the stability of our results above (data
not shown).

CTC incidence in histological type and tumor
site. Ten studies were included for analysis of
the tumor histology [17, 21-23, 25-27, 31, 33,
34] and nine studies were included for analysis
of the tumor site [17, 22, 24-26, 31, 33-35]
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Table 2. Results of subgroup analyses for values of CTC presence on DFS/PFS and 0S

DFS/PFS
Subgroup selection df HR (95% Cl; random effects) Test for heterogeneity (1?)
Sample size
<80 5 3.54 (2.43,5.17) 0.00%
>80 5 1.88 (1.28, 2.74) 62.40%
Samplingtime
Baseline 6 2.91(1.86, 4.56) 52.60%
Post-therapy 3 1.65 (1.09, 2.51) 50.80%
Baseline or mid-therapy 1 2.73(1.30, 5.73) -
Stage
M, 4 4.33 (2.85, 6.56) 0.00%
M., M, 6 1.70 (1.33, 2.19) 22.20%
All 10 2.42 (1.72,3.41) 64.30%
0S
Subgroup selection df HR (95% Cl; random effects) Test for heterogeneity (1?)
Sample size
<80 5 3.87 (2.39, 6.28) 0.00%
>80 5 2.02 (1.42, 2.88) 0.00%
Samplingtime
Mid-therapy/post-therapy 2 2.30(0.79, 6.64) 62.90%
Post-therapy 5 2.84(1.93, 4.19) 13.90%
Baseline or mid-therapy 1 2.68 (1.09, 6.58) -
Stage
M, 2 3.93(2.27,6.79) 0.00%
M., M, 6 2.15 (1.54, 3.01) 0.00%
Method
Cellsearch 3 3.09 (1.89, 5.05) 0.00%
RT-PCR 5 2.43(1.50, 3.92) 43.80%
All 8 2.59 (1.88, 3.58) 19.00%

Abbreviations: CTCs, circulating tumor cells; RT-PCR, reverse transcriptase polymerase chain reaction; DFS, disease-free sur-

vival; PFS, progression-free survival; OS, overall survival.

regarding the CTC incidence. The pooled OR
exhibited that CTC incidence was neither in the
tumor histology group (poorly differentiated vs
well and moderately differentiated tumors: OR,
1.25; 95% Cl, 0.87-1.78; I = 0.0%, P = 0.587)
nor in the tumor site group (upper and middle
vs lower: OR, 1.17; 95% CI, 0.80-1.70; I = 0.0%,
P = 0.880) statistically significant.

CTC incidence in venous and lymphatic inva-
sion. We included five studies for the analysis
of lymphatic invasion [17, 22, 23, 27, 31] and
six studies for the analysis of venous invasion
[17, 21-24, 31] regarding CTC incidence. Higher
CTC incidences were observed in the lymphatic
invasion-positive and venous invasion-positive
groups compared with the corresponding nega-
tive groups (lymphatic invasion positive vs neg-
ative: OR, 2.23; 95% Cl, 1.44-3.46; > =5.1%, P
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= 0.377; Figure 3E; Venous invasion positive vs
negative: OR, 2.46; 95% Cl, 1.50-4.05; I? =
36.5%, P = 0.163; Figure 3F). Sensitivity analy-
ses confirmed the stability of our results above
(data not shown).

Discussion

The present meta-analyses exhibited that the
presence of CTCs in peripheral blood (PB) is
associated with poor DFS/PFS and OS and sig-
nificantly increases the risk of cancer progres-
sion and death. Subgroup and sensitivity analy-
ses further verified these results. Although a
certain degree of publication bias was detect-
ed, these results were still statistically signifi-
cant after adjusting for the publication bias by a
trim-and-fill analysis. Moreover, we evaluated
the correlations between CTCs and main clini-
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A 4 Begg's funnel plot with pseudo 95% confidence limits

ation during the EC patient
management, which was not
easily accepted. Therefore,
our meta-analyses did not in-
clude bone marrow and lymph
node samples. Moreover, de-
tecting CTCs in the PB was not
time- or cost-consuming and
could be easily repeated dur-
ing therapy and follow-up,
which was more favorable as
a monitoring tool during EC
patient management. Thus,

‘ an increasing number of stud-
ies have focused on the de-
tection of CTCs in PB in recent
years.

Our results excluded detec-
tion methods as a source for
heterogeneity. However, we
still consider them as a poten-

tial source due to the differ-
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ences in the detection meth-
ods and the targeted genes/
antigens. Therefore, we per-
formed subgroup analyses
based on the different detec-
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Figure 5. Funnel plot analyses. A. Funnel plot of the studies on the T factor;

B. Funnel plot of the studies on the N factor.

cal clinicopathological characteristics, reveal-
ing that CTCs are significantly associated with
the TNM stage, venous invasion, and lymphatic
invasion, but not with the histological type and
tumor site. Compared with a similar meta-anal-
ysis recently published by Qiao et al., our meta-
analyses were based on a more comprehensive
search strategy and a more reasonable statisti-
cal method, as our subgroup analyses were
based on the results of meta-regression analy-
ses [36]. However, despite of some differences,
our results were almost consistent with the
results of Qiao et al., which further confirms
that CTC positivity in PB indicates a poor prog-
nosis in EC patients with clinicopathological
significance.

Though a series of studies had demonstrated
that the presence of disseminated or isolated
tumor cells in bone marrow or lymph nodes
indicates poor prognosis [37-39], the respec-
tive samples were acquired in an invasive oper-
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5 tion methods. In the meta-
analysis of CTCs and 0S, the
pooled results were still sta-
tistically significantin the RT-
PCR and CellSearch® sub-
groups. However, in the meta-
analysis of CTCs and DFS/PFS, only one study
used CellSearch®, whereas the others used
RT-PCR. Due to this limited number of studies
using CellSearch®, we could not perform the
subgroup analysis and determine whether the
CellSearch® subgroup was still significant in
CTCs and DFS/PFS. Therefore, a larger number
of studies using CellSearch® are needed for
future analysis. However, omitting the single
study that used CellSearch®, the result of the
RT-PCR subgroup was still significant. Despite
the different targeted genes/antigens in the
RT-PCR subgroup, we could not perform any
subgroup analysis based on targeted genes/
antigens due to the limited number of included
studies. Therefore, it would be necessary to
use standardized detection methods in rele-
vant studies for the clinical utility of CTCs in the
future.

In theory, given the intraoperative tumor cell
release, the rapid apoptosis or necrosis of the
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altered internal environment in the systemic cir-
culation after primary tumor resection [35], or
the function of systemic treatment (chemora-
diotherapy and/or biotherapy), the mid-thera-
py/post-therapy sampling time might better
reflect the most relevant CTC status than the
baseline. However, several studies confirmed
that the mid-therapy/post-therapy sampling
time reflects the CTC status better [40, 41].
Although our results of the univariate meta-
regression analysis were not statistically signifi-
cant on the sampling time, we performed sub-
group analyses due to the aforementioned
reasons. In the meta-analyses of CTCs and
DFS/PFS, the mid-therapy/post-therapy sub-
group (three studies included) and the baseline
subgroup (six studies included) were both sta-
tistically significant. In CTCs and OS, the pooled
HR was also significant in the baseline sub-
group, whereas it was not significant in the mid-
therapy/post-therapy subgroup, which only
included two studies. Because of the limited
number of included studies in the subgroup
analyses, we could not get any conclusive
result, especially in the mid-therapy/post-thera-
py subgroup. Therefore, a larger number of mul-
ticenter studies on baseline and mid-therapy/
post-therapy time for the same EC patients are
needed to determine whether the mid-therapy/
post-therapy sampling time reflects the prog-
nostic significance for CTCs better and to
assess the prognosis for CTCs.

As it is well known, the cancer stage is the main
factor resulting in different prognoses in EC
patients. Therefore, we performed a meta-
regression analysis on the cancer stage (M, vs
M, M,). In CTCs and DFS/PFS, the meta-regres-
sion analysis exhibited that the cancer stage
was the main source of heterogeneity. In con-
trast, this result was not statistically significant
in CTCs and OS. Therefore, we further per-
formed subgroup analyses, which showed that
all relevant subgroups proved the prognosis for
CTCs. However, the subgroup analysis had limi-
tations, as the M group only included two stud-
iesin CTCs and OS and the analyzed patients of
included studies could not be divided into M,
and M, stages. Therefore, in the future, a larger
number of multicenter studies with EC patients
separated into M, or M, stages are needed to
assess the prognosis for CTCs. Moreover, our
results indicated that the sample size of includ-
ed studies might be the source of heterogene-
ity in both CTCs and DFS/PFS or OS. However,
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subgroup analysis by sample size (=80, <80)
revealed that all relevant subgroups were still
statistically significant, which further confirmed
the prognosis of CTCs.

Regarding the association between CTCs and
clinicopathological features, our meta-analyses
showed a significant association with TNM
stage, venous invasion, and lymphatic invasion.
Hence, CTC detection in baseline may act as a
staging tool for EC patients, which was further
supported by the above results on OS and DFS/
PFS. The results remained significant in sensi-
tivity analysis and showed no statistically sig-
nificant publication bias, which was confirmed
by Begg’'s and Egger’s test. However, in order to
determine whether the CTCs in baseline can
act as a staging tool and how exactly they can
be applied as a staging tool, more relevant
studies with larger sample sizes and more com-
prehensive data are required.

Besides the aforementioned heterogeneity
among studies, our meta-analyses had addi-
tional limitations, such as different detection
methods, sampling times, and stage factors.
First, our meta-analysis was based on pub-
lished data from eligible studies, and we could
not get any detailed, individual patient data.
Second, no universal standard exists for the
optimal CTC cutoff in CellSearch® and the posi-
tivity standard in RT-PCR. Third, no consensus
exists on the optimal follow-up time to predict
the prognosis significance for CTCs, and some
included studies did not report follow-up data
and only reported the median follow-up time or
no follow-up time at all. Therefore, we could not
further analyze the prognosis significance
based on different follow-up times. Fourth, the
analyzed patients were not homogeneous, as
some studies only included squamous esopha-
geal cancer, whereas other studies included
polytypic esophageal carcinoma and also
applied different treatment regimens. More-
over, the TNM stage versions were different in
some studies.

In summary, the results of our meta-analysis
supported the notion of a strong prognosis
value of CTCs in PB and that CTCs could be
used as a staging tool. In future, well-designed,
large-scale multicenter studies based on homo-
geneous populations with more comprehensive
data are required to explore the CTCs’ prognos-
tic and clinicopathological value for EC patients.
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