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Background: Esophageal cancer (EC) is one of the most common malignancies worldwide, with high 
morbidity and mortality rates. Circulating tumor cell (CTC) detection has become a novel approach in 
clinical study of EC. In this study, the relationship between CTCs/c-Kit expression of CTCs and the 
prognosis of EC patients was analyzed in EC.
Methods: A total of 43 EC patients with R0 resection were recruited for this study. The CanPatrol method 
was used to detect the CTC number in the peripheral blood of patients before and after operations, and 
the epithelial/interstitial type was classified. Multiple RNA in situ hybridization (RNA-ISH) was used to 
observethe c-Kit expression of CTCs. Post-operation follow-up occurred over 3 years. Logistic regression or 
the Cox proportional risk regression model was applied to analyze the relationship between CTC number, 
CTCs and disease characteristics, pathological stages and prognosis of patients with EC, and changes in 
CTCs before and after operations. c-Kit expression in different CTCs and the relationship between c-Kit 
expression and prognosis were also studied.
Results: The detection rate of CTCswas 81% (35/43). The detection rates of epithelial-, mixed- and 
stromal-type CTCs were 53%, 63%, and 33%, respectively. The 3-year overall survival rate was 67%. 
A CTC level of >2 indicated an increased risk of recurrence, metastasis, and death (P=0.018, 0.002, 
respectively). Following the operations, the total number of CTCs decreased in 29 cases. Of these, 6 cases 
were unchanged, and 8 cases demonstrated elevated CTCs. There was a significant difference in the positive 
rate of mixed-type CTCs before and after the operations. The rate of c-Kit expression in CTCs of EC 
patients was 46% pre-operation. No statistically significant correlations were found between c-Kit expression 
and postoperative recurrence/metastasis/survival of EC patients.
Conclusions: Preoperative CTC numbers, especially interstitial CTCs, were used as an auxiliary index 
in the prognosis of EC patients. The mRNA expression of c-Kit was detected in CTCs preoperatively in 
patients with EC, but no significant correlation between the c-Kit expression and the prognosis of EC 
patients was found.
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Introduction

Esophageal cancer (EC) is one of the most common 
malignancies worldwide, with high morbidity and mortality 
rates (1). Although the management and treatment of 
patients with EC have improved over the preceding decades, 
the 5-year overall survival rate remains inadequate. Various 
risk factors may be associated with poor prognosis of EC 
patients, including demographics (age, gender, or race/
ethnicity), smoking, alcohol consumption, gastroesophageal 
reflux disease, diet, obesity and body composition, etc. This 
draws urgent attention to the need for effective detection 
and prediction approaches before the treatment of EC. The 
disease often goes undiagnosed until it reaches an advanced 
stage due to its atypical early clinical manifestations (2). 
Therefore, it is necessary to identify novel targets of early 
diagnosis, prognosis prediction, and therapeutic strategies 
for patients with EC.

Recently, circulating tumor cells (CTC)  regarded as the 
main cause of tumor metastasis or recurrence. Cancer cells 
that have shed from the primary tumor are able to invade 
into surrounding tissues, to intravasate into the bloodstream 
to become CTCs. At least one part of CTCs will be able 
to generate distant metastases. CTCs are the type of tumor 
cells shed from a primary or metastatic tumor and are 
detected in the peripheral blood. CTCs are genetically and 
phenotypically heterogeneous with the primary tumor, so 
the detection of CTCs in transit through the body by a 
simple blood draw may not only provide useful information 
for early tumor diagnosis and possible treatment strategy 
but may also help to update the understanding of tumor 
biology and eventually improve the life quality of patients 
with different cancers (3). Previous studies have confirmed 
a close correlation between high levels of CTCs and the 
progression of several tumors in cancers such as breast 
cancer (4), colorectal cancer (5), gastric cancer (6), lung 
cancer (7), and EC (8). This suggests that high levels of 
CTCs are related to a worse prognosis. Research into 
CTCs in EC is relatively scarce, and most of the studies 
lack long-term follow-up.

The Kit gene, a proto-oncogene, is proven to be involved 
in gastrointestinal stromal tumors (9), mast cell disease (10), 
melanoma (11), and so on. The overexpression of Kit is 
associated with poor outcomes in tumor patients. However, 
the relationship between the Kit gene and EC remains 
elusive. In the present study, we analyzed the relationship 
between CTC levels, epithelial/mesenchymal cell types, Kit 
expression, and prognosis in patients with EC. We present 

the following article in accordance with the REMARK 
reporting checklist (available at https://dx.doi.org/10.21037/
jgo-21-409).

Methods

Tissue specimens

A total of 43 EC patients who underwent surgical resection 
(R0 resection) from June 2016 to January 2017 were 
recruited. The inclusion criteria were as follows: the 
patients underwent R0 resection, had no history of other 
malignant tumors, and no history of anti-tumor treatments 
such as radiotherapy, chemotherapy, immunotherapy, 
biotherapy, etc. Patients with a history of blood transfusion 
were excluded. Tissue specimens were checked by routine 
pathological examination and classified based on the EC 
staging criteria released by UICC/AJCC (8th edition). 
Peripheral blood CTC tests were performed twice before 
surgery and 1 week after surgery.

Regular follow-ups were made every 3 months after 
surgery. The follow-up endpoint of recurrence or metastasis 
came about if the tumor recurred or metastasized or 3 years 
after surgery. The endpoint of survival evaluation was death 
or 3 years after surgery. All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by Ethical Committee of the First Medical 
Center,General Hospital of Chinese PLA (No. 2021-147-03) 
and written informed consent was obtained from all patients.

CTCs separation

The CanPatrol@ assay (Yishan, Guangzhou) was applied to 
detect CTCs in peripheral blood in this study. Peripheral 
blood of clinical patients was collected as samples. Firstly, 
the red blood cells were lysed in a preservation solution, 
then passed through a nanofiltration membrane. Due to 
different cell sizes of white blood cells (smaller) and tumor 
cells (larger), tumor cells with larger diameters could not 
pass through the membrane and could not be collected. 
Subsequently, multiple RNA in situ hybridization (RNA-
ISH) was used to identify and classify the collected CTCs. 
RNA-ISH results were observed by a semi-automatic 
fluorescence microscope; microscopic features of the CTC 
karyotype were represented in Figure 1. After the RNA-
ISH and staining, different antibodies with specific-color 
fluorescence signals were used to classify the CTCs. The 
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Classification criteria of CTCs were shown in Table 1.

Detection of c-Kit gene expression in CTCs

The expression levels of c-kit in CTCs were detected after 
collection. Multiple probes (probe working solution) were 
added to in situ hybridizations of multiple RNAs. CD45 
probes labeled leukocytes for reverse screening, showing 
the white signal under fluorescence microscope if positive; 
epithelial CTCs were labeled with EpCAM and CK8/18/19 
probes and displayed a red signal when positive; interstitial 
CTCs were labeled with a Vimentin probe and Twist probe 
to display a green signal; the positive c-Kit probe displayed 
a purple signal. DAPI was used to stain the nuclei blue 
(Figure 2).

Statistical analysis

Statistical evaluation was performed using SAS software 
(Version 9.4, SAS Institute, Inc., Cary, North Carolina, 
USA). The continuous variables and the number of 
CTCs were expressed as mean ± standard error or median 

Figure 1 Microscopic features of the CTC karyotype. DAPI staining, magnification: 400×. (Row 1) A circular region with darker staining is 
seen in the middle of the nucleus, and the marginal region is lighter. Clear nuclear striations can be seen. (Row 2) Deep cracks with folds are 
seen in the nucleus with a thin karyotype. CTC, circulating tumor cell.

Table 1 Classification criteria of CTCs

Type Red Green White Blue

Epithelial type + − − +

Interstitial type − + − +

Mixed type + + − +

CTC, circulating tumor cell.

Figure 2 The expression of the c-Kit gene in the CTCs. DAPI 
staining, magnification: 400×. The purple fluorescent signal 
(arrows) indicated a positive c-Kit expression result. CTC, 
circulating tumor cell.
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(interquartile spacing), the classified variables were provided 
as a frequency (percentage). Associations and differences 
among the different parameters were analyzed using the 
t-test or Mann-Whitney U test, and the chi-square test or 
Fisher’s exact test was performed for classification variables.

Multivariate logistic regression analysis was performed, 
and the odds ratio (OR) was adjusted for gender, family 
history, and other factors. The Cox proportional hazards 
regression model was used to calculate mortality hazard 
ratios and 95% confidence intervals (CIs). The Kaplan-
Meier method and log-rank test were used for survival 
analyses. A P value <0.05 was considered as statistically 
significant.

Results

Baseline characteristics

A total of 43 EC patients who had undergone R0 resection 
were enrolled in this study, made up of 29 males (67.4%) 
and 14 females (32.6%). The mean age of patients at 
diagnosis was 61 years old. Among them, there were 22 
(51.2%) smokers and 21 (48.8%) non-smokers. Based on 
postoperative pathology and TNM staging, 18 (41.9%) 
patients were in stage I, 5 (11.6%) were in stage II, 15 
(34.9%) were in stage III, and 5 (11.6%) were in stage IV 
(Table 2).

Detection rates of CTCs with epithelial, mixed, and 
stromal types in EC patients

Among all 43 patients, 23 patients displayed epithelial-
type CTCs (53%), with the detected range from 0 to 9; 
27 patients displayed mixed CTCs (63%, range from 
0–7); interstitial CTCs were detected in 14 patients (33%, 
range from 0–7) (Table 3). There were 12 patients with  
0 epithelial-type CTCs, and the mixed and stromal types 
could not be detected.

The relationship between different types of CTCs and 
pathological stages

The EC patients were divided into groups based on their 
number of CTCs. Among these, CTCs (epithelial + mixed 
+ interstitial) were grouped into ≤2 and >2; CTCs of 
epithelial and mixed type were grouped into ≤1 and >1, and 
interstitial CTCs were grouped into 0 and >0.

For patients with CTCs (epithelial + mixed + interstitial), 

logistic regression showed that the OR (95% CI) of stage 
III/IV patients with more than 2 CTCs was 2.29 (0.67–7.84) 
via univariate analysis, compared with the group of patients 
with CTCs ≤2. After further adjusting for gender and family 
history, the detected OR (95% CI) of stage III/IV patients 
with more than 2 CTCs detected was 2.55 (0.71–9.11),  
compared with the group of patients with CTCs ≤2. 
Although there was no statistically significant association 
between the number of CTCs and disease stages, there was 
an upward trend in the risk of the III/IV stage in patients 
with more than 2 CTCs detected (Table 4).

Similarly, in patients with epithelial-type CTCs, the 
OR (95% CI) of stage III/IV patients displaying more than  
1 detected epithelial CTC was 0.40 (0.09–1.84) in univariate 
analysis, compared with the CTCs ≤1 group. After further 
adjustment for gender and family history, the OR (95% CI) 
of stage III/IV patients with CTCs >1 was 0.41 (0.09–1.88) 
compared with the group of CTCs ≤1 (Table 4).

In univariate analysis, the OR (95% CI) of stage III/IV 
patients with more than 1 mixed CTC was 1.87 (0.55–6.39) 
compared with the CTCs ≤1 group. After adjusting for 
gender and family history, the OR (95% CI) of stage III/IV 
patients with CTCs >1 was 1.94 (0.55–6.79) compared with 
the CTCs ≤1 group. Although there was no statistically 
significant association between the number of CTCs and 
the disease stages, there was an upward trend in the risk of 
the III/IV stage in patients with more than 1 CTC detected 
(Table 4).

As for interstitial-type CTCs patients, the results of 
the univariate analysis showed the OR (95% CI) of stage 
III/IV patients with CTCs >0 was greater than the group 
where CTCs =0, which was 1.89 (0.52–6.87). After further 
adjustment for gender and family history, the OR (95% CI) 
of stage III/IV in patients where CTCs >0 were detected was 
2.10 (0.55–8.00) compared with the CTCs =0 group. Due 
to the relatively small sample size in this study, there was 
no significant relationship between the CTC number and 
disease stages. However, the risk of stage III/IV increased in 
patients with more than 1 interstitial CTC (Table 4).

Analysis of changes in pre- and post-operation CTCs

In the present study, we analyzed the CTCs in the 
peripheral blood of patients pre- and post-operation. The 
results were shown as follows: following operation, there 
were 15 patients displaying a positive result for epithelial 
CTCs (34.9%); 22 patients displaying mixed CTCs (51.2%); 
interstitial CTC results were positive in 11 patients (25.6%). 
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Table 2 Baseline characteristics of EC patients

Characteristics Total Male Female P

Number 43 29 14

Age (year) 61±9 61±10 61±7 0.83

Smoking history <0.001

No 21 (49%) 8 (28%) 13 (93%)

Yes 22 (51%) 21 (72%) 1 (7%)

Drinking history <0.001

No 26 (60%) 12 (41%) 14 (100%)

Yes 17 (40%) 17 (59%) 0 (0%)

Family history of EC 0.15

No 35 (81%) 22 (76%) 13 (93%)

Yes 8 (19%) 7 (24%) 1 (7%)

Pathological stage 0.17

I 18 (42%) 11 (38%) 7 (50%)

II 5 (12%) 5 (17%) 0 (0%)

III 15 (35%) 9 (31%) 6 (43%)

IV 5 (12%) 4 (14%) 1 (7%)

T 0.69

1 18 (42%) 13 (45%) 5 (36%)

2 13 (30%) 7 (24%) 6 (43%)

3 11 (26%) 8 (28%) 3 (21%)

4 1 (2%) 1 (3%) 0 (0%)

N 0.55

0 23 (53%) 16 (55%) 7 (50%)

1 13 (30%) 7 (24%) 6 (43%)

2 3 (7%) 3 (10%) 0 (0%)

3 4 (9%) 3 (10%) 1 (7%)

M NA

0 43 (100%) 29 (100%) 14 (100%)

G 0.21

1 2/41 (5%) 0/27 (0%) 2/14 (14%)

2 37/41 (90%) 25/27 (93%) 12/14 (86%)

3 2/41 (5%) 2/27 (7%) 0/14 (0%)

EC, esophageal cancer.
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The total number of CTC-positive patients was 30 (69.8%). 
Among them, the positive rate of mixed-type CTCs 
represented a significant difference before and after surgery. 
Other subtypes of CTCs showed a decrease without 
statistical significance (Table 5).

The relationship between CTC types and recurrence/
metastasis in patients

The classification of EC patients with different types of CTCs 
was the same as previously described, namely, CTCs (epithelial 

Table 3 Detection rate of preoperative CTCs with epithelial, mixed and interstitial type

Type CTC >0 (n) CTC =0 (n) Detection rate Median Mean Range

Epithelial type

Total 23 20 53% 1 [0–1] 1±2 0–9

Male 15 14 52% 1 [0–2] 1±2 0–9

Female 8 6 57% 1 [0–1] 1±1 0–3

Mixed type

Total 27 16 63% 1 [0–2] 2±2 0–7

Male 19 10 66% 1 [0–2] 2±2 0–7

Female 8 6 57% 2 [0–2] 1±1 0–4

Interstitial type

Total 14 29 33% 0 [0–1] 1±2 0–7

Male 10 19 34% 0 [0–1] 1±2 0–7

Female 4 10 29% 0 [0–1] 1±2 0–6

CTC, circulating tumor cell.

Table 4 The relationship between different types of CTCs and pathological stages

Type n
Model 1 Model 2

OR (95% CI) P OR (95% CI) P

Type 1

CTC ≤2 24 1 – 1 –

CTC >2 19 2.29 (0.67–7.84) 0.19 2.55 (0.71–9.11) 0.15

Type 2

CTC ≤1 33 1 – 1 –

CTC >1 10 0.40 (0.09–1.84) 0.24 0.41 (0.09–1.88) 0.25

Type 3

CTC ≤1 25 1 – 1 –

CTC >1 18 1.87 (0.55–6.39) 0.32 1.94 (0.55–6.79) 0.30

Type 4

CTC =0 29 1 – 1 –

CTC >0 14 1.89 (0.52–6.87) 0.33 2.10 (0.55–8.00) 0.28

Type 1, epithelial + mixed + interstitial type; type 2, epithelial type; type 3, mixed type; type 4, interstitial type. Model 1: univariate analysis; Model 
2: adjust gender and family history of esophageal cancer. CTC, circulating tumor cell; OR, odds ratio; 95% CI, 95% confidence interval.
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+ mixed + interstitial) were grouped into ≤2 and >2; CTCs of 
epithelial and mixed type were grouped into ≤1 and >1, and 
the interstitial CTCs were grouped into 0 and >0.

The results of Kaplan-Meier survival analysis and the log-
rank test showed that the risk of post-operative recurrence 
and metastasis was significantly increased in patients within 
the high CTCs group (P=0.018, Figure 3A). As for patients 
with epithelial-type and mixed-type CTCs, no statistically 
significant difference was found in the risk of postoperative 
recurrence and metastasis between the two groups (P=0.53, 
0.46, respectively; Figure 3B,3C). In patients with interstitial-
type CTCs, the risk of postoperative recurrence and 
metastasis was increased in the CTCs >0 group (P=0.033, 
Figure 3D).

The relationship between CTC types and postoperative 
survival of patients

Among the total 43 patients, 14 patients died 3 years 
later, demonstrating a 3-year overall survival rate of 67%. 
The group classification remained the same as in the 
previous method. Patients with CTCs (epithelial + mixed 
+ interstitial) showed an increased risk of postoperative 
death within the high CTCs group (P=0.002, Figure 3E), 
with a median survival of 30 months. As for patients with 
epithelial-type and mixed-type CTCs, no statistically 
significant difference was found for the risk of post 
operative death between the two groups (P=0.86, 0.18, 
respectively; Figure 3F,3G). In patients with interstitial-type 
CTCs, there was an increased risk of postoperative death 
(P=0.012, Figure 3H), with a median survival of 28 months.

The characteristics of c-Kit expression of CTCs in EC 
patients

In all 43 patients, preoperative CTCs were tested for 

c-Kit gene expression. The analyses showed there were no 
differences between age, gender, smoking history, drinking 
history, and family history in both of two groups of patients 
displaying c-Kit gene expression (P=0.32, 0.75, 0.45, 0.23 
and 0.83, respectively). The rate of positive tests for c-Kit 
was 46% (20/43). The c-Kit expression was positive in  
7 cases in stage I, in 2 cases in stage II, in 9 cases in stage III 
and in 2 cases in stage IV. There was no difference indicated 
between these two groups (Table 6).

The relationship between c-Kit expression of CTCs and 
tumor recurrence/survival of EC patients

Kaplan-Meier survival analysis was performed in groups 
displaying both positive and negative c-Kit expression 
results and a log-rank test was applied for comparison 
between the two groups. The results showed that there 
was no significant difference in the risk of postoperative 
recurrence of tumors and metastasis between the two 
groups (P=0.56, Figure 4).

Discussion

EC is a common malignant tumor that has serious 
implications for the survival and life quality of patients. 
Although a 10% increase in 5-year survival rate was seen 
from 2005–2015, the overall survival rate of EC patients 
remains low (12). Therefore, early diagnosis, accurate 
treatment and comprehensive research has important 
clinical significance. In this study, preoperative and 
postoperative peripheral blood of EC patients with R0 
resection was obtained to detect the number of CTCs and 
the epithelial/interstitial type of CTC. A three-year follow-
up monitored EC patients and collected data to analyze the 
relationship between the number and type of CTCs and the 
clinical characteristics, pathological stage, and prognosis of 

Table 5 Changes in pre- and post-operation CTCs

Type
Pre-operation Post-operation

P
CTC >0 (n) CTC =0 (n) Detection rate CTC >0 (n) CTC =0 (n) Detection rate

Epithelial 23 20 53.5% 15 28 34.9% 0.20

Mixed 27 16 62.8% 22 21 51.2% 0.047

Interstitial 14 29 32.6% 11 32 25.6% 0.07

Total CTCs 35 8 81.4% 30 13 69.8% 0.62

CTC, circulating tumor cell.
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EC patients.
We classified CTCs into the 3 subtypes of epithelial, 

mixed and interstitial based on their pathological features. 

We found an increased risk of post-operative recurrence 
of tumors, metastasis, and death in the high CTC group. 
The detection rates of epithelial-, mixed- and interstitial-
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type CTCs was 53%, 63%, and 33%, respectively. These 
results brought to light two issues in traditional epithelial-
CTC detection surrounding the merging of the epithelial 
type and mixed type together and missing the interstitial-

type CTCs. Further analysis confirmed that the risk 
of postoperative recurrence/metastasis and death were 
increased in patients with CTCs >0 compared with the 
group of interstitial CTCs =0.

Table 6 Characteristics of c-Kit expression of CTCs in EC patients

Characteristics Negative Positive P

Number 23 20

Age (year) 62 60 0.32

Gender 0.75

Male 16 (70%) 13 (65%)

Female 7 (30%) 7 (35%)

Smoking history 0.45

No 10 (43%) 11 (55%)

Yes 13 (57%) 9 (45%)

Drinking history 0.23

No 12 (52%) 14 (70%)

Yes 11 (48%) 6 (30%)

Family history of EC 0.83

No 19 (83%) 16 (80%)

Yes 4 (17%) 4 (20%)

Pathological stage 0.64

I 11 (48%) 7 (35%)

II 3 (13%) 2 (10%)

III 6 (26%) 9 (45%)

IV 3 (13%) 2 (10%)

CTC, circulating tumor cell; EC, esophageal cancer.
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Figure 4 The relationship between c-Kit expression of CTCs and recurrence (A)/survival (B) of EC patients. Blue indicates a positive c-Kit 
expression result; Red indicates a negative c-Kit expression result. CTC, circulating tumor cell.
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CanPatrol® technology was applied in CTC detection of 
several malignancies including EC, breast cancer, prostate 
cancer, colorectal cancer, gastric cancer, to name a few. It 
has been widely accepted that the CanPatrol® method does 
not only classify the subtypes and improve the detection 
rate of CTCs, but is also associated with the prognosis of 
patients with interstitial-type CTCs (13-17). Chen et al. 
utilised the CanPatrol® method to study the relationship 
between CTCs and clinical stages of EC, finding that 
interstitial CTCs were related to the pathological stage of 
EC, consistent with our study. Additionally, the number 
of interstitial CTCs were associated with neoadjuvant 
chemotherapy of EC, but no prognostic analysis was 
conducted (18).

Our study highlighted the necessity of CTC detection 
in EC. A meta-analysis conducted by Li et al. demonstrated 
that CTCs could be considered as effective indicators in 
evaluating the efficacy of chemotherapy and monitoring 
tumor recurrence in EC patients (19). Hou et al. reported 
that disease-free survival (DFS) and overall survival (OS) both 
decreased in patients where CTCs were detected, compared 
with EC patients where no CTCs were detected (20).  
Interestingly, the rate of patients testing positive for CTCs 
was high in patients with stage I EC after operation (16/18). 
We hypothesized possible explanations as follows: (I) all EC 
patients in stage I belonged to stage IB; (II) in CTC positive 
cases, there were only 3 cases where CTCs >2 and 1 case 
where interstitial CTCs >0; (III) in regards to prognosis, 
there were 2 EC patients at stage I with recurrent tumors/
metastasis and death within 3 years, where 2 cases displayed 
more than 2 CTCs and 1 case of interstitial type had CTCs 
>0.  CTC test may be used as an early screening method for 
EC in the future. Further clinical trials with larger sample 
sizes should be conducted to confirm the usefulness of 
measuring CTCs in the early diagnosis of EC.

Few studies have reported on CTC changes before 
and after operation. Guo et al. (21) detected CTCs of EC 
patients before surgery using the CanPatrol® method, 
showing postoperative CTC levels were generally higher 
than levels during the operation, and the intraoperative 
CTCs were higher than they were pre-operation.

Furthermore,  the current study indicated that 
postoperative complications may lead to an increase in 
CTCs. However, we found that while the postoperative 
number of CTCs in a few patients was elevated, overall the 
number of CTCs in patients were reduced post-operation. 
The reasons for this phenomenon may have been a result 
of the different surgical approaches undertaken. It has 

been reported minimally invasive esophagectomy helped to 
reduce the survival rate of tumor cells in peripheral blood at 
the early period of postoperation, and dynamic monitoring 
CTC level could be used to evaluate the prognosis of EC 
patients.

 Few studies have reported the c-Kit expression in 
CTCs. In this study, the c-Kit expression of preoperative 
CTCs was detected in patients with EC by RNA-ISH. c-Kit 
expression was detected in CTCs of patients with malignant 
melanoma and prostate cancers (22,23). No other study 
has reported c-Kit expression in EC patients. In this study, 
the positive rate of c-Kit expression in CTCs was 46%, but 
no significant correlation between c-KIT expression and 
prognosis of EC patients was found. This result is in line 
with the study published by Shang and Boone et al. (24,25).

Limitations within this study were identified. Limited 
time and funds led to a small sample size which may have 
introduced bias into our results. The frequency of CTC 
detection was relatively low and reexamination of CTCs 
was not repeated during follow-ups. Therefore, we were 
not able to conclude that a change in CTC number could 
predict tumor recurrence/metastasis and long-term survival 
of patients. Another limitation of the study involved the 
analysis of only the c-Kit genes, whereas screening multiple 
genes at the same time could increase the probability of 
positive results.

In summary, the specific role of CTCs from peripheral 
blood in the clinical diagnosis, treatment, and disease 
progression of patients with EC requires further 
investigation. In future studies, a greater sample size and 
longer follow-up periods will be used to explore additional 
target genes involved in EC occurrence and progression, 
and to perform clinical trials for immunotherapy in EC. 
Additionally, single-cell sequencing technology could be 
useful in improving prospects for CTC detection.
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