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Clinical significance of detecting circulating
tumor cells in patients with esophageal squamous
cell carcinoma by EpCAM-independent enrichment and
immunostaining-fluorescence in situ hybridization
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Abstract. Circulating tumor cells (CTCs) are tumor cells
present in the bloodstream, which originate from tumor sites,
and are ultimately responsible for metastasis or relapse in
several types of cancer. However, to the best of our knowl-
edge, only a few studies have investigated these extremely
rare cells in esophageal squamous cell carcinoma (ESCC).
In the present study, 63 patients with ESCC and 50 healthy
donors were recruited, and the potential clinical significance
of CTCs was assessed using subtraction enrichment and
immunostaining-fluorescence in situ hybridization. Blood
samples were collected at the following times: At first diag-
nosis, following neoadjuvant chemoradiotherapy, 24 h and
13 days post-surgery, and every 3 months during follow-up.
Cytokeratin (CK)-positive and clustered CTCs only accounted
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for 1% of total CTCs detected, whereas most CTCs were
CK-negative aneuploid cells. Patients with ESCC (n=63) had
higher CTC counts compared with healthy donors (control
group; n=50) (area under curve=0.807, median CTC count,
2 vs. 0). However, there was no statistical association between
CTC counts and sex, age, pathological stage, tumor loca-
tion, tumor depth or lymph node involvement (P>0.05). The
association of tumor development with CTC status and other
circulating biomarkers was monitored in patients for a further
2 years. The results revealed that a change in CTC counts
between first diagnosis and 13 days post-surgery (ACTC) of
>2/7.5 ml peripheral blood could be applied for predicting
progression-free survival (hazard ratio, 3.922; 95% confidence
interval, 0.907-16.951; P<0.05) in patients with ESCC. In
conclusion, ACTC evaluation may be a promising indicator for
predicting tumor prognosis and the clinical efficacy of treat-
ment in patients with ESCC.

Introduction

Esophageal carcinoma is a malignant tumor originating from
esophageal epithelium, which is characterized by strong
invasiveness and a high mortality rate (1). The incidence of
esophageal cancer ranks eighth among all types of cancer
worldwide (2). A total of 80-85% of esophageal cancer cases
occur in developing countries, including China (3). Esophageal
squamous cell carcinoma (ESCC) is the major histopatho-
logical subtype of esophageal cancer (4,5), and accounts for
the majority of esophageal cancer cases in China (6,7). Despite
great advances in medical and surgical treatments, the prog-
nosis of patients remains poor, with an overall 5-year survival
rate of 15-25% (8.,9).
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Currently, the clinical diagnosis of ESCC is mainly
based on serum protein tumor markers, endoscopy and
histopathological methods (10). The application of serological
tumor markers in clinical diagnosis, including SCC antigen
and carcinoembryonic antigen (CEA), is limited due to low
specificity and accuracy (11). As well as reduced sensitivity
for small-diameter tumor lesions, endoscopy causes patients a
certain degree of pain (10,12,13). In addition, although histo-
pathology remains the gold standard for tumor diagnosis, it
cannot be used to dynamically monitor treatment response,
since patients who have undergone surgery are unable to
provide diseased tissue during this process (14). Therefore, an
effective adjuvant diagnostic method is required to detect early
esophageal cancer, monitor treatment response and predict
prognosis.

Circulating tumor cells (CTCs) are tumor cells that have
moved from the primary tumor site into the circulatory
system, which usually have a strong invasive and metastatic
capacity (15-17). The enumeration of CTCs and their pheno-
types may provide useful information for the diagnosis,
treatment and prognosis of malignant tumors (15,18-20).
The CellSearch® system was previously the only instrument
approved by the US Food and Drug Administration for evalu-
ating CTCs in patients with breast cancer (21), and is based on
epithelial cell adhesion molecule (EpCAM) and cytokeratin
(CK) expression in the tumor cell itself (22). However, EpCAM
is highly heterogeneous and dynamically expressed in various
epithelial tumor cells, and epithelial-mesenchymal transition
may reduce EpCAM and CK expression, resulting in failure
of CTC detection (23). Furthermore, the system cannot detect
tumor cells that are hyperdiploid and tumor marker-negative.

To promote further research and clinical applications
of CTC detection, other platforms, including immunos-
taining-fluorescence in situ hybridization (iFISH) have been
introduced. Compared with CellSearch®, iFISH can effectively
detect chromosome ploidy, and tumor markers in the cyto-
plasm or on the cell surface (24,25). Furthermore, numerous
studies have indicated that iFISH has a high CTC detection
rate (15,19,24,25). Therefore, iIFISH may be considered a more
promising method for detecting CTCs in patients with ESCC.

In the present study, subtraction enrichment (SE) and iFISH
were used to detect CTCs from the peripheral blood (PB) of
patients with ESCC. SE was used to acquire the CTCs, whereas
iFISH was performed to identify them. The association between
CTC status and the clinicopathological features or prognosis of
patients with ESCC was subsequently evaluated.

Materials and methods

Patients and sample collection. The present study was
performed at Anyang Cancer Hospital. A total of 63 patients
with confirmed esophageal cancer (stage 0 and I, 11; stage I1,27;
stage III, 25) and 50 healthy donors (age, 40-72; male:female,
35:15) were enrolled in the present study between November
2015 and July 2017. A blood (7.5 ml) CTC test was performed
on patients with ESCC at the time of first diagnosis, after
neoadjuvant chemoradiotherapy (NCRT), 24 h and 13 days
post-surgery, and every 3 months during the follow-up period.

This study was approved by the Ethics Committee of
Anyang Cancer Hospital. Written informed consent was
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obtained from all subjects. Clinical data were collected with
regards to sex, age, primary tumor site, tumor size, lymph node
metastasis (LNM), histological type, CEA and SCC antigen
levels, and progressive disease. Tumor-node-metastasis
(TNM) staging was performed according to the American
Joint Committee on Cancer 2010 staging system (26). Patients
were subjected to endoscopic ultrasound along-with chest and
abdominal enhanced computerized tomography (CT) scans
to carry out pre-operative assessments of the clinical stage
of ESCC and the status of distant metastasis. To evaluate
tumor responses, an endoscopic biopsy and chest CT were
carried out one month following the completion of therapy. A
follow-up CT and an esophagography were carried out every
3 months for the first 2 years, and every 6 months thereafter.
Serial PB samples (7.5 ml) were collected from each subject.
The samples were tested within 48 h of collection.

SE analysis. CTC enrichment was performed using the Human
Circulating Rare Cell Subtraction Enrichment kit (Cytelligen,
Inc.), according to the manufacturer's protocol. PB samples
(7.5 ml) were centrifuged at 800 x g for 8 min at room temper-
ature, and the supernatant above the red blood cell layer was
discarded. hCTC Separation Matrix (3 ml) was mixed with
the remaining components, and the mixture was centrifuged
at 450 x g for 8 min at room temperature. After centrifugation,
the white buffy coat was collected and incubated with 150 ul
anti-CD45 monoclonal antibody-conjugated immunomagnetic
particles at room temperature for 20 min with gentle shaking,
which then underwent magnetic separation to remove leuko-
cytes. The solution without beads was transferred to a clean
centrifuge tube and centrifuged at 450 x g for 8§ min at room
temperature, and then washed twice. The resulting cell pellet
was mixed with cell fixative and applied to coated CTC slides.
After drying at 32°C for 4 h, the slides were identified using
iFISH.

Immunofluorescence staining of CTCs. CTC identification
was performed according to the instructions of the Cytelligen
CTC Enrichment kit (cat. no. SEH-003; Cytelligen, Inc.). The
slides were immersed in 2X saline-sodium citrate buffer for
10 min and dehydrated in ethanol for 2 min. Centromere
Probe 8 (CEPS8) Spectrum Orange (Abbott Laboratories)
was added to the slides, denatured at 76°C for 5 min and
hybridized for 90 min at 37°C. Subsequently, the slides
were incubated with Antibody Preparation Solution-1, Alexa
Fluor® 594-conjugated anti-CD45 immunoglobulin G (IgG)
and Alexa Fluor® 488-conjugated anti-CK18 IgG (1:200).
After incubation at room temperature for 2 h in the dark,
the slides were washed and mounted with DAPI (Vector
Laboratories, Inc.) containing mounting medium. Finally, the
CTCs were detected under a fluorescence microscope with a
x100 oil immersion objective (Olympus Corporation).

Statistical analysis. Data were analyzed using SPSS
23.0 (IBM Corp.). Differences in CTC numbers between
the healthy controls and patients were compared using
nonparametric Mann-Whitney U test. One-way ANOVA
and Bonferroni multiple comparisons test were performed
to analyze differences in CTC counts among tumor stages.
Graphical plots were generated using GraphPad Prism 6.0
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(GraphPad Software, Inc.) and OriginPro8.1 (OriginLab
Corporation). Receiver operating characteristic (ROC) curves
were plotted to analyze the sensitivity and specificity of CTCs
between patients with ESCC and healthy controls. Spearman's
correlation analysis was applied to analyze the correlation
between CTC and serological tumor markers. Kaplan-Meier
survival curves and log-rank test were used to compare the
differences in progression-free survival (PFS) rate between
two groups. > was used to determine the relationship between
CTCs and clinicopathological characteristics of esophageal
SCC. Univariate and multivariate Cox proportional hazards
regression analyses were carried out to identify independent
risk factors for clinical outcomes. A two-sided P<0.05 was
considered to indicate a statistically significant difference.

Results

Identification of CTCs from patients with ESCC. The cells
obtained through SE were identified based on chromosome
ploidy, existence of a nucleus, a hematopoietic white blood
cell (WBC) marker and an epithelial marker, using CEPS,
DAPI, CD45 and CK, respectively. CTCs were characterized
as hyperdiploid cells without detectable CD45 expression. In
particular, CTCs in the present study were defined as follows:
DAPI*/CD45/CK*/CEP8 >2 spots, DAPI*/CD45/CK*/CEP8=2
spots, or DAPI*/CD45/CK/CEP8 >2 spots. WBCs were
defined as CK/CD45*/DAPI*/CEP8=2 spots, and indetermi-
nate cells were defined as CK/CD45/DAPI*/CEP8=2 spots
(Fig. 1A-E). Only FISH signals with homogeneous light and
size were counted as a spot as previously described (27,28).

According to the current criteria, a total of 292 CTCs were
detected from the 63 patients with ESCC. CK* CTCs have been
reported to account for a relatively small proportion of CTCs
in breast and colorectal cancer (28,29). As expected, only
two CTCs were found to be CK*, occurring in two patients
(Fig. 1E). The majority of CTCs were CK/CD45/DAPI*/CEPS
>2, which accounted for 99.3% (290/292) of all CTCs in the
first diagnosis group. Among them, 50 CTCs (n=22 patients)
were triploid (Fig. 1A), 50 CTCs (n=25 patients) were tetra-
ploid (Fig. 1B), 37 CTCs (n=14 patients) were pentaploid
and 153 CTCs (n=37 patients) were multiploid (>5 copies of
chromosome 8; Fig. 1C and F). In addition, two CTC clusters
were identified in two patients at first diagnosis (Fig. 1D). CTC
clusters are recognized as oligoclonal precursors of breast
cancer metastasis (30); however, to the best of our knowledge,
they have not yet been studied in ESCC. Although no direct
association was observed in the present study, due to limited
sample size, further studies with a larger sample size are
required, in order to provide further insight into the effects of
CTCs on ESCC prognosis.

CTCs in patients and controls. The distribution of CTCs in
patients with ESCC and healthy controls was subsequently
examined. There was a significant difference between the CTC
status of patients and that of controls (P=0.0003; Fig. 2A). To
evaluate the validity of CTC detection in discriminating between
patients and healthy controls, ROC curves were used. The cut-off
value of 1 CTC/7.5 ml yielded 74.6% sensitivity and 74.0%
specificity. The area under the ROC curve (AUC) was 0.807
[95% confidence interval (CI), 0.727-0.887], which is similar to
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that of CEA and SCC antigen (Fig. 2B). Taking into consider-
ation the actual cut-off value of CEA (5 ug/l) and SCC (2.5 pug/1)
in terms of clinical application, the sensitivity of CTCs with a
cut-off value of 1 CTC/7.5 ml was much higher (SCC, 22.2%;
CEA, 4.8%). In addition, using a logistic regression model, it was
predicted that the optimal AUC could be further improved to
0.941 by combining all three biomarkers; suggesting that CTC
may serve as a better biomarker when combined with traditional
serum biomarkers. The association between CTC counts and
several ESCC clinicopathological variables was also compared.
The median CTC count per 7.5 ml PB in stage 0-1, stage II and
stage III disease was six (range, 0-12), five (range, 0-10), and
nine (range, 0-18), respectively; however, the difference was not
significant (P>0.05; Fig. 2C). The median CTC count per 7.5 ml
PB in patients with positive and negative LNM was nine (range,
0-18) and six (range, 0-12), respectively, and the difference was
not significant (P=0.693; Fig. 2D). Similarly, CTC status was not
significantly associated with sex, age, pathological stage, tumor
location, tumor depth or lymph node involvement (P>0.05;
Table I). In addition, the correlation between CTC counts and
the commonly used protein tumor markers, CEA and SSC, was
investigated in patients, and it was suggested to be a relatively
independent factor (Fig. 3).

CTCs and other circulating biomarkers for tumor monitoring.
The presence of CTCs may provide important information
for evaluating the clinical response to treatment, including
surgery, chemotherapy and NCRT. To evaluate the differences
in CTC counts, the CTCs of patients with ESCC were detected
at numerous time points pre- or post-surgery (Fig. S1). The
CTC counts of patients receiving NCRT (n=12) were decreased
compared with at first diagnosis (n=63), suggesting that NCRT
may exert effects on tumor regression. CTCs were detected
in 51 out of 63 patients 24 h post-surgery and the counts were
even higher compared with at first diagnosis. Further analysis
of CTCs from 43 patients at the two time points is presented
in Fig. S2. CTCs were detected in 43 patients prior to surgery
and 24 h post-surgery. In accordance with the aforementioned
results, CTC counts increased following surgery in >50% of
patients (22/43), whereas only 17 patients exhibited reduced
CTC counts, and four had consistent CTC counts. No signifi-
cant association with disease progression was observed. This
finding may be explained by dislodged cells from surgery,
which may affect the accuracy of the prognostic prediction.
In addition, CTC counts gradually stabilized on day 13,
and remained relatively stable between 3 and 12 months
post-surgery.

To identify patients likely to suffer from recurrence
following surgical intervention, serial plasma samples from
six of the 63 patients with relapsed ESCC were collected and
CTC counts were periodically detected across =2 time points
during 18 months of follow-up. The alterations in CTCs and
other biomarkers, including SCC antigen and CEA, were
compared alongside the results of clinical CT scans, which is
the gold standard for measurement of disease status, as defined
by the Response Evaluation Criteria in Solid Tumors 1.0
(RECIST 1.0) (31). CTCs were detected and exhibited serial
alterations, alongside fluctuations associated with treatment
response observed by CT. During follow-up, recurrence
was detected by CT in several patients with increased CTC
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Figure 1.1dentification of CTCs in ESCC by subtraction enrichment and immunostaining-fluorescence in situ hybridization assay. (A) CK'/CD45/DAPI*/CEP8=3
spots (white arrow), (B) CK/CD45 /DAPI*/CEP8=4 spots (white arrow), (C) CK/CD45/DAPI*/CEPS8 >5 spots (white arrow), (D) CTC cluster (white arrow),
defined as >2 CTCs adhered together. (E) CK*/CD45/DAPI*/CEPS8 >2 spots (white arrow). CK, green staining; CEPS8, orange staining; DAPI, blue staining;
CDA45, red staining. Magnification, x400. (F) Distribution of CK expression and ploidy in the 292 CTCs from 63 patients with ESCC at first diagnosis. CEPS,
Centromere Probe 8; CTC, circulating tumor cells; CK, cytokeratin; ESCC, esophageal squamous cell carcinoma; WBC, white blood cell.
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Figure 2. CTC counts in patients with ESCC and healthy controls. (A) Distribution of CTCs in diagnosed patients with ESCC and healthy controls. The
existence of CTCs in 63 patients with ESCC and 50 healthy controls was examined. (B) Receiver operating characteristic curves for CTC counts, CEA, SCC
antigen and the three combined markers (logistic regression model), were used to discriminate between patients with ESCC and healthy controls. The cut-off
value was defined as 1 CTC/7.5 ml. (C) Distribution of CTCs in patients with ESCC according to pathological staging (TNM). (D) Distribution of CTCs in
patients with ESCC according to lymph node metastasis. AUC, area under curve; CEA, carcinoembryonic antigen; CTCs, circulating tumor cells; ESCC,
esophageal SCC; SCC, squamous cell carcinoma; TNM, Tumor-Node-Metastasis.

counts as early as 13 days post-surgery (Fig. 4A-C, E and F),
suggesting that CTC counts on day 13 post-surgery may serve
as a better indicator for prognosis. In the case of Patient 12,
although the level of CTC on day 13 post-surgery was missing,
the CTC counts appeared higher at day 1-180 and then gradu-
ally reduced. In addition, a marked increase in CTCs was
observed at day 360 compared with day 270 post-surgery in
Patient 12 (Fig. 4D), who had progressive disease according
to a CT scan performed 90 days later. Reduced CEA/SCC
antigen levels and a smaller dynamic range neither predicted
nor reflected the presence of progressive disease in these
patients. These data suggested that alterations in CTC counts
may be a highly specific approach for the early detection of
residual or recurrent disease following surgical resection.

Survival analysis. The median follow-up time of the 63 patients
with ESCC was 21 months (range, 0-32 months). A total of
15 patients with ESCC had died or exhibited disease progres-
sion at the end point of PFS analysis (follow up time: median,
10 months; range 0-18 months). The median follow-up time of the
remaining ESCC patients without progression was 24 months
(range, 12-32 months). PFS survival curves were plotted to

evaluate the risk of CTC counts at first diagnosis, and the alter-
ations in CTC counts 13 days post-surgery (CTC,;) compared
with at first diagnosis (CTCpp) (ACTC=CTC, ;-CTCpp), using
Kaplan-Meier analysis and the log-rank test. The results indi-
cated that ACTC =2/7.5 ml was an independent risk factor for
reduced PFS in patients with ESCC (P<0.05; Fig. 5).

CTC enumeration and other clinical factors, including
sex, age, TNM staging, LNM and CEA levels were subjected
to univariate Cox proportional hazards regression analysis
to evaluate the potential association with PFS. Only factors
with P<0.1 were included in the multivariate Cox regression
analysis (Table IT). As a result, ACTC =2, TNM staging, LNM,
smoking and drinking qualified for further analysis. Consistent
with the Kaplan-Meier analysis, ACTC =2/7.5 ml remained a
strong predictor of poor prognosis [hazard ratio, (HR), 3.922;
95% CI: 0.907-16.951; P=0.047] in the multivariate Cox
proportional hazards regression analysis.

Discussion

CTCs are tumor cells that enter the bloodstream from primary
or metastatic lesions, which form at the early stage of cancer
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Table I. Relationship between CTCs and clinicopathological characteristics of esophageal SCC.

Characteristics N CTC >0 (%) CTC=0 (%) P-value®

Sex
Male 46 32 14 0.131
Female 17 15 2

Age (years)
=65 26 21 5 0.346
<65 37 26 11

Smoking history
Yes 34 25 9 0.832
No 29 22 7

Pathologic stage
0-1 11 8 3 0.53
I 27 22 5
I 25 17 8

Tumor location
Upper 9 8 1 0.257
Middle 45 34 11
Lower 9 5

Tumor depth
Tis+T1 10 8 2 0.669
T2+T3+T4 53 39 14

Lymph nodes
Negative 41 32 9 0.391
Positive 22 15 7

Serum CEA (ng/ml)
=5.09 3 1 2 0.114
<5.09 56 42 14
Missing 4 4 0

Serum SCC antigen (ng/ml)
=25 13 11 2 0.468
<25 44 33 11
Missing 6 3

“P-values were determined by y? test. CEA, carcinoembryonic antigen; CTCs, circulating tumor cells; SCC, squamous cell carcinoma.

occurrence and metastasis (32). CTCs in the peripheral circu-
lation exist independently or as cell clumps (30). Compared
with tissue biopsy, CTC detection, the gold standard for cancer
detection, is relatively noninvasive, easy to perform and can
be performed repeatedly (33). CTC detection has been evalu-
ated as a novel prognostic method and as a tumor marker for
patients with various types of solid tumors, including esopha-
geal cancer (25).

CTC detection involves the enrichment and discrimination
of CTCs (34). Conventional enrichment, depending on surface
antigens (35) and tumor cell size (36), can easily result in the
loss of a number of CTCs. In the present study, SE was used
to obtain CTCs. In this method, interfering components can
be removed effectively, including WBCs, red blood cells and
plasma proteins, through centrifugation and immunomagnetic
separation (28). All types of CTCs and circulating tumor

microemboli can be obtained, with the extraction having a
less detrimental effect (28,37). Therefore, SE is considered an
ideal method for CTC enrichment and provides a good basis
for further CTC analysis; Qiao et al (20) also applied this
method to evaluate the prognostic value of CTCs in the PB of
patients with ESCC. The SE-enriched CTCs were then stained
with anti-CK8/18/19 and anti-CD45 antibodies. Compared
with previous literature (20), the present study used a different
staining technique for the enriched CTCs.

Inthe presentstudy,iFISH wasusedtoidentify CTCs.Cells that
were CK*/DAPI'/CD45 /CEP8=2spots,CK*/DAPI*/CD45/CEPS
>2 spots, and CK/CD45/DAPI*/CEPS >2 spots were considered
CTCs, since they were hyperdiploid and/or tumor marker-
positive. Cells that were CK/DAPI*/CD45*/CEP8=2 spots
were considered to be WBCs (38,39), whereas cells that
were CK/CD45/DAPI*/CEP8=2 spots were recognized as
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Figure 4. Dynamic monitoring of CTC counts and serological tumor markers in six patients with esophageal cancer pre- and post-operative care. The six
patients were selected since they periodically underwent CTC detection and were identified as having relapsed ESCC during the follow-up period. Patient (A) 1,
(B) 3,(C) 11,(D) 12, (E) 18 and (F) 44 were selected. The dotted blue line indicates CEA cut-off level (5.09 ng/ml); the dotted red line indicates SCC antigen
cut-off level (2.5 ng/ml). CEA, carcinoembryonic antigen; CR, complete response; CTCs, circulating tumor cells; NCRT, neoadjuvant chemoradiotherapy; PD,

progressive disease; SCC, squamous cell carcinoma.

indeterminate cells, which could be either CK tumor cells or
WBCs with unstained CD45. In the present study, CK* CTCs
accounted for a very small proportion of identified CTCs; this
has also been reported by previous studies (28,29,40). Due to its
higher detection rate, iIFISH may be more clinically useful than
the CK staining method using anti-CK8/18/19 and anti-CD45
antibodies used in other studies (19,20).

CTCs are derived from primary or metastatic lesions,
and metastasis begins with epithelial-mesenchymal transi-
tion (EMT). Chen et al (41) and Han et al (42) demonstrated
the importance of the EMT process in tumor metastasis
and CTC production; however, CTC clusters, also known as

microemboli, were not detected in any of the cohorts enrolled
in these studies (41,42). Clustered cancer cells in the blood have
been reported to serve as an indicator of poor prognosis and
early recurrence in lung cancer (43,44), and high malignancy
in breast cancer (30,45); however, to the best of our knowledge,
they have not been studied in ESCC. In the present study, two
CTC clusters in two patients were identified separately prior
to surgery, and another three clustered CTCs were detected
in three patients following resection (data not shown). Among
these patients, CT detected recurrence in only one patient from
whom clustered CTCs were detected prior to pre-operative
chemoradiotherapy. No CTC clusters were detected in the
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Table II. Univariate and multivariate Cox proportional hazards regression analyses for prediction of progression-free survival.

Univariate analysis

Multivariate analysis

Risk factor P-value HR 95% CI P-value HR 95% CI
ACTC =2 0.073 3.184 0.898-11.294 0.047 3922 0.907-16.951
Advanced stage 0.072 2.583 0.919-7.265 0.101 12.001 0.613-234.850
LNM 0.093 2.387 0.865-6.588 0.206 0.128 0.005-3.101
Smoking 0.102 2.559 0.815-8.039 0.082 7447 0.775-71.595
Drinking 0.042 2.924 1.040-8.217 0.951 1.048 0.240-4.574

ACTC=CTC,;-CTCyp; where CTC,; refers to CTC counts 13 days post-surgery, and CTCg, refers to CTC counts at first diagnosis. CI, confi-
dence interval; CTC, circulating tumor cell; HR, hazard ratio; LNM, lymph node metastasis.
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Figure 5. Kaplan-Meier curve analysis of PFS in patients with different
cut-off values of CTCs. The cut-off value was defined as ACTC=2/7.5 ml
(ACTC=CTC,;-CTCp). CTCs, circulating tumor cells; CTC,;, CTC counts
13 days post-surgery; CTCgp, CTC counts at first diagnosis; PFS, progres-
sion-free survival.

enrolled patients 3 months post-surgery. A total of two clus-
tered CTCs were detected in patients 24 h following resection,
which suggested that surgery may dislodge cells, resulting
in their movement from the resection site to the circulation,
thus inducing the formation of clustered CTCs. Inflammatory
conditions generated by resection may also contribute to the
increased clusters (46); this may also explain why no clusters
were detected in any of the patients 3 months post-surgery
when inflammation was reduced. These clusters could be more
apoptosis-resistant and metastatic once they co-express epithe-
lial and mesenchymal markers (30). A more in-depth approach
would be to characterize these EMT markers during the entire
study, since it may help to explain why the three patients with
clusters following surgery had no recurrence, whereas one
patient with clustered CTCs prior to treatment exhibited recur-
rence. The significance of the present findings is limited by
the lack of EMT marker assessment and the small number of
patients with detected clusters; therefore, no significant associa-
tion between CTC clusters and prognosis or PFS was identified.
Nevertheless, further research is required in order to confirm
that pre-operative, instead of post-operative CTC clusters, are

associated with ESCC recurrence, as such insight may facilitate
the full understanding of clustered CTCs and ESCC prognosis.

Another clinical problem the present study aimed to solve
was the monitoring time points. To understand at which
stage CTCs are associated with treatment response, the detec-
tion of CTCs or other serum protein markers was performed at
multiple time points, during the pre-operative and post-opera-
tive period. Compared with SCC antigen, CEA or CT imaging,
CTC fluctuation in the patients reflected earlier recurrence of
esophageal cancer. CTC counts increased in >50% of patients
24 h post-surgery, which further verified the hypothesis that
the dislodged primary tumor cells from surgery may enter the
circulation and interfere with CTC enumeration. In this case,
the results of CTC detection cannot be applied for evaluating
therapeutic effect or prognosis. Compared to the other time
points, CTC counts 13 days post-resection were a more favor-
able indicator, since the dislodged tumor cells have probably
undergone apoptosis during this period; therefore, only the
resistant cells may survive and induce metastasis, which is
responsible for potential disease progression.

Taking this into consideration, Kaplan-Meier and Cox
analyses were performed to analyze the predictive effects of
CTC counts on PFS. Instead of considering a certain CTC
number prior to surgery the cut-off value to predict prognosis,
multivariate analysis revealed that ACTC counts =2/7.5 ml
PB may be a strong prognostic indicator of PFS (HR, 3.922;
95% CI,0.907-16.951; P<0.05) in patients with ESCC. Patients
with a change in CTC status from negative (0 CTC at first
diagnosis) to negative (0 CTC on day 13 post-surgery) had
the best prognosis [0% progressive disease (PD)], whereas
patients with positive CTCs at pre- and post-operative times
points had the worst prognosis (36% PD, data not shown).
Even patients with a variation in CTC counts from positive
to negative underwent metastasis or recurrence, which was
contradictory to the results of previous studies (19,20). This
finding is of great clinical significance, as the cut-off value for
predicting prognosis was established with variation of CTC
counts (ACTC=CTC;-CTCyp), instead of CTC number at a
certain time point.

In conclusion, the findings of the present study are limited
due to the small number of patients and the short follow-up
period. A prospective study with a larger sample size and a
longer follow-up period is necessary, in order to evaluate the
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clinical significance of the SE-iFISH system in CTC detec-
tion for patients with ESCC. In addition, the clusters of CTCs
need to be isolated and characterized for different cell types
present, and the results subsequently compared with patient
prognosis. In addition, the application of next-generation
sequencing and single-cell sequencing CTCs to monitor
genomic variations in disease progression, and decipher tumor
evolution during treatment, as well as the EMT mechanism,
has been reported in several types of cancer (47-49). These
aforementioned findings provide potential direction for future
studies. With further technical improvements in detection
and sequencing methods, CTC analyses may exhibit greater
potential as biomarkers for evaluating cancer prognosis and
treatment response.
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