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Introduction

Lung cancer is the world’s fastest growing morbidity and 
mortality rate, and it is the most malignant tumor that 

threatens human health and life (1,2). Non-small cell lung 

cancer (NSCLC) accounts for about 85% of the incidence 

of lung cancer (3). With the continuous development 
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of early diagnosis and treatment of lung cancer, more 
and more patients can undergo radical resection of lung 
cancer combined with postoperative adjuvant therapy (4). 
The current methods for monitoring the effectiveness of 
adjuvant therapy rely mainly on imaging (5). However, 
when imaging is diagnosed as recurrence or metastasis, it 
reaches stage IV, and there are few effective treatments for 
stage IV patients (6,7), and the 5-year survival rate is even 
less than 2 % (8,9). Therefore, there is an urgent need for 
an early indicator for monitoring the effect of adjuvant 
treatment after lung cancer surgery (10). 

Since the discovery of circulating tumor cells (CTCs) 
and subsequent in-depth studies, it has been proven that the 
formation of CTCs precedes the formation of recurrence or 
metastases earlier than the imaging findings (11,12). More 
studies have confirmed that the number of CTCs are related 
to the prognosis of NSCLC (13) and is an independent risk 
factor for prognosis (14). Epithelial cell adhesion molecule 
(EpCAM) can be as a specific marker for CTCs (15). 

EpCAM i s  a  mu l t i func t iona l  t r ansmembrane 
glycoprotein expressed on both normal epithelium and 
epithelial neoplasms such as gastric, breast, and renal 
carcinomas (16). EpCAM is overexpressed in a wide 
variety of human cancers, including lung cancer, and 
its contribution to increased proliferation through up-
regulating cell cycle accelerators such as cyclin A/E is 
well demonstrated in breast and gastric cancers (17). 
However, there are few reports about the effect of EpCAM 
on treatment and prognosis of NSCLC. In this study, 
the monitoring effects of EpCAM in CTCs on NSCLC 
patients with postoperative adjuvant treatment were 
explored. We present the following article  in accordance 
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/tcr-21-205).

Methods

Patients

A total of 76 patients were enrolled, aged between 36 and 70, 
who were treated in Department of Thoracic Surgery of our 
hospital from January 2017 to June 2018. Patients underwent 
radical resection of lung cancer and mediastinal lymph 
node dissection. They were diagnosed as primary NSCLC 
after operation with Ib-IIIa in terms of pTNM phases. 
They had never received any form of anti-tumor treatment 
before surgery and undergone adjuvant therapy based on 
NCCN Guidelines for NSCLC(2016 V4 version) (18).  

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Patients had 
voluntarily signed informed consent and agreed to help with 
the research according to the experimental protocol with 
approval from Ethics Committee of Beijing Chest Hospital, 
Capital Medical University (NO.: YJS-2017-008).

Sample collection

At the 4th week after surgery, two drugs (platinum-
conta in ing  chemotherapeu t i c s  +  p l a t inum- f ree 
chemotherapeutics) first-line chemotherapy regimen were 
given according to the NCCN guidelines for NSCLC (2016 
V4 version) (18), with 1 course every 21 days for a total of 
4 courses. Patients with pN2 stage were given sequential 
radiotherapy. A total of 5 mL peripheral venous blood was 
extracted from median cubital vein with a blood collection 
tube containing K3-EDTA anticoagulant before surgery, 
on the seventh day after surgery, and one day before each 
adjuvant chemotherapy treatment, respectively. At each 
time that blood was extracted, the initial 3 mL blood was 
discarded, and then 2 mL of blood was obtained for testing, 
in order to avoid contamination of epithelial cells with skin 
tissue cells during puncture (a total of 5 mL blood extracted 
each time). 

Reverse transcript-polymerase chain reaction (RT-PCR)

RT-PCR method was used to obtain EpCAM gene fragment 
from NSCLC cell line H2009 cells, and EpCAM was 
connected with pc-DNA3.1 vector to construct the target 
gene. The standardized recombinant plasmid was used as 
a positive standard for detection of real-time fluorescence 
quantitative polymerase chain reaction (RTFQ-PCR); 
sensitivity was verified by incorporating H2009 cells into 
peripheral blood; peripheral blood from patients with benign 
lung diseases and health volunteer were used as negative 
control to verify the specificity; cloned positive standards 
were diluted by 107-101 copy gradients respectively to 
prepare a standard curve for RTFQ-PCR. The total RNA of 
mononuclear cells in whole blood was extracted from 2 mL  
 of peripheral blood collected from patients, and cDNA 
was obtained by reverse transcription. The expression of 
EpCAM-mRNA was detected by RTFQ-PCR.

Follow-up 

Chest CT, head CT and abdominal B-ultrasound were 
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reviewed before the first and third chemotherapy for the 
patients who were enrolled in accordance with the NCCN 
guidelines for NSCLC (2016 V4 version) (18) during the 
postoperative adjuvant chemotherapy treatment. Patients 
had imaging review every 3 months within 2 years after the 
completion of adjuvant treatment. The end point of follow-
up was imaging diagnosis of recurrence or metastasis. The 
diagnosis of NSCLC was to use CT to scan the brain, 
chest and abdomen to find that the lesion was a metastasis. 
Patients without recurrence or metastasis were followed up 
to 2 years after surgery. The recurrence was diagnosed vie 
CT scan on the brain, chest and abdomen for confirmation.

Statistical analysis

Statistical analysis was performed using SPSS 20.0. The 
experimental data were tested by Chi-square test. Analysis of 
covariance and post hoc test were used to compare EpCAM 
levels between two groups. All tests were performed using 
two-sided tests based on the actual clinical significance of 
the outcome. When P<0.05, it was considered statistically 
significant.

Results

Basic information of the enrolled patients

This study enrolled 76 patients, including 66 male patients 
and 10 female patients; age 58.63±8.27 years (minimum 
36 years old, maximum 70 years old); pathological type: 

34 cases of adenocarcinoma, 42 cases of squamous cell 
carcinoma; clinical stage: 19 cases of stage Ib, 19 cases of 
stage IIa, 9 cases of stage IIb, and 29 cases of stage IIIa. 
Recurrence was found in 23 cases, including 21 men and 2 
women; 13 cases <65 years and 10 cases ≥65 years; 8 cases of 
adenocarcinoma and 15 cases of squamous cell carcinoma; 
5 cases of stage Ib, 3 cases of stage IIa, 2 cases of stage IIb, 
13 cases of stage IIIa. The cases included in this study were 
staged from Ib to IIIa, there were no locally advanced cases, 
and all cases reached R0 resection. There were 53 cases with 
no recurrence, including 45 men and 8 women; 39 cases  
<65 years and 14 cases ≥65 years; 26 cases of adenocarcinoma 
and 27 cases of squamous cell carcinoma; 14 cases of stage 
Ib, 16 cases of stage IIa, and 7 cases of stage IIb 16 cases of 
stage IIIa (Table 1).

Monitoring results of EpCAM expression in peripheral 
blood CTCs during postoperative adjuvant therapy

EpCAM expression level of CTCs before surgery 
was 315.82±289.83 copies/2 mL. EpCAM expression 
level of peripheral blood CTCs before operation was  
179.17±193.33 copies/2 mL. The expression levels of 
EpCAM in CTCs between the recurrent group and the 
non-recurrent group at 1 day before surgery, first, second 
and third adjuvant chemotherapy showed no significant 
difference (P>0.05). Only one day before the fourth 
adjuvant chemotherapy treatment, there was a statistically 
significant difference in EpCAM expression levels in 
peripheral blood CTCs between the recurrent group and 

Table 1 The clinical features of patients

Characteristic Variables Recurrence Non-recurrence P

Gender Male 21 45 0.714

Female 2 8

Age <65 13 39 0.230

≥65 10 14

Pathological patterns Adenocarcinoma 8 26 0.220

Squamous cell 
carcinoma

15 27

Clinical stages Ib 5 14 0.190

IIa 3 16

IIb 2 7

IIIa 13 16
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the non-recurrent group (P=0.008) (Table 2). 

Follow-up results

As of January 2019, the average follow-up time of 76 
patients was 13.12±5.32 months, and 23 patients had 
recurrence or metastasis at the endpoint of follow-up. The 
mean follow-up time for imaging diagnosis of recurrence 
or metastasis in 23 patients was 8.00±4.91 months, and 
the monitoring of EpCAM expression in peripheral blood 
CTCs was 3.25 months on average. There was a significant 
difference between the time of imaging diagnosis of 
recurrence or metastasis and the time of monitoring the 
expression levels of EpCAM in peripheral blood CTCs 
(P<0.0001).

Discussion

EpCAM i s  a  Type  I  t r ansmembrane  super f i c i a l 
glycoprotein antigen that is expressed on the surface of 
basolateral membrane of multiple epithelial cells with 
some exceptions (19). Previous study demonstrated that 
EpCAM substantially contributed to the pathogenesis of 
lung cancer, especially in its survival, and the development 
of EpCAM-targeted therapy for lung cancer may have 
promise (17). In this study, RTFQ-PCR was used to 
detect EpCAM expression levels of 76 cases with NSCLC 
received complete postoperative adjuvant chemotherapy. 
The recurrence or metastasis diagnosed by imaging were 
used as the end point to compare EpCAM expression levels 
in CTCs during the adjuvant chemotherapy treatment 
between the recurrence and non-recurrence groups. The 
relationship between EpCAM expression levels in CTCs 
and the effect of adjuvant chemotherapy on patients with 
NSCLC after surgery was initially explored. 

After the above-mentioned 76 patients were followed 
up, there were 23 cases of recurrence or metastasis and 
53 cases without recurrence or metastasis, confirmed by 
imaging. There were no significant differences between 
the recurrence group and the non-recurrence group in 
gender, age, pathological type of NSCLC, clinical stage, 
and EpCAM expression levels of CTCs in preoperative 
peripheral blood (P>0.05). 

Although the EpCAM expression levels were monitored 
at 5 time points during postoperative adjuvant chemotherapy 
treatment, there was only a statistical difference in EpCAM 
expression level of peripheral blood CTCs on 1 day before 
the 4th adjuvant chemotherapy. In the recurrent group, 
the expression level of EpCAM at first day before the first 
adjuvant chemotherapy was higher than that in the first 
day after the second adjuvant chemotherapy, suggesting 
that adjuvant therapy was effective. The expression level 
of EpCAM continued to increase from 1 day before the 
third adjuvant chemotherapy, suggesting that adjuvant 
treatment was ineffective. In the non-recurrent group, 
EpCAM expression level in cells was basically stable from 
1 day before the second adjuvant chemotherapy treatment. 
EpCAM expression level continued to decrease from the 
day before the third adjuvant chemotherapy, suggesting that 
adjuvant treatment was effective. 

Comparison of recurrent group and non-recurrent 
group, there were no significant differences in EpCAM 
expression levels on the 7th day after surgery and the 1st 
day before the 1st, 2nd, and 3rd adjuvant chemotherapy 
treatments (P>0.05). EpCAM expression levels in peripheral 
blood CTCs 1 day before the 4th adjuvant chemotherapy 
treatment were statistically different between the recurrent 
and non-recurrent groups (P=0.008), indicating that 
EpCAM expression levels could reflect the effect of adjuvant 
chemotherapy. 

Table 2 Comparison of the expression levels of EpCAM of CTCs between the recurrent group and non-recurrent group

Time Recurrent group Non-recurrent group P

Before surgery 315.82±289.83 179.17±193.33 0.084

After surgery 49.47±38.21 44.92±29.66 0.588

Before the first chemotherapy 52.37±18.03 44.85±20.72 0.203

Before the second chemotherapy 50.54±23.94 45.09±23.11 0.418

Before the third chemotherapy 52.60±29.97 40.44±22.38 0.194

Before the fourth chemotherapy 52.69±23.56 36.25±17.90 0.008

Data were expressed as mean ± SD.
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The average time for imaging diagnosis of recurrence 
or metastasis was 8.00±4.91 months (minimum 2 months, 
maximum 21 months). The average monitoring time for 
the first day before the 4th adjuvant chemotherapy was  
3.25 months. The statistical analysis of the time of 
recurrence or metastasis diagnosed by imaging analysis 
was significantly different from the monitoring time 
of EpCAM expression at 1 day before the 4th adjuvant 
chemotherapy treatment (P<0.0001), indicating that time 
for statistically significant changes in EpCAM expression 
levels of recurrence group and non-recurrent group to 
diagnoses recurrence or metastasis was earlier than imaging. 
In previous study, known clinical variables including age of 
patient, gender, histology, stage of disease, and response to 
chemotherapy were not found to be correlated with serum 
EPCAM concentrations (P>0.05), indicating that serum 
EpCAM concentrations had no diagnostic, predictive, and 
prognostic roles in patients with lung cancer (20).

The content of CTCs in the blood of patients with 
NSCLC is extremely rare. About 105-7 monocytes contain 
only one CTC, so it was difficult to detect CTCs. 
Enrichment of CTCs in blood samples before detection 
can increase the detection rate, but the enrichment method 
not only increases the detection cost, but the enrichment 
step can also cause the loss of CTCs. In this study, the 
fluorescence quantitative PCR method was highly sensitive. 
The incorporation test of NSCLC was carried out when the 
method was established, and the detection requirements can 
be met without enrichment. Therefore, CTC enrichment 
was not performed before RNA extraction. The advantage 
of this detection method was that it had high sensitivity 
and low cost. It can detect changes in EpCAM expression 
of CTCs in blood samples as early as possible after surgery. 
The disadvantage was that this detection method was to 
extract RNA after destroying CTCs. If the cell morphology 
was destroyed, false positives cannot be eliminated by 
morphology. To make up for this, both benign lung diseases 
and healthy volunteers were tested when the experimental 
method was established. The EpCAM expression level of 
CTCs in the peripheral blood of 200 patients with NSCLC 
before surgery was 217.50±244.07 copies/2 mL. The 
EpCAM expression level of CTCs in the peripheral blood 
of 50 patients with benign lung diseases before operation 
was 3.93±2.70 copies/2 mL. The EpCAM expression levels 
of CTCs in the peripheral blood of 400 healthy volunteers 
was 3.56±2.05 copies/2 mL.

EpCAM expression levels of peripheral blood CTCs 
were 315.82±289.83 copies/2 mL in recurrent group 

and 179.17±193.33 copies/2 mL in the non-recurrent 
group, and the comparison of the two groups showed no 
statistical difference (P=0.084). This is inconsistent with 
the conclusions obtained by most studies that CTCs are 
independent prognostic risk factors (21-23). The level of 
EpCAM expression in peripheral blood CTCs before and 
after the first, second, and third adjuvant chemotherapy 
treatments did not show statistical differences, which may 
be related to the small sample size and insufficient follow-
up time. More cases need to be included and continue to 
complete or extend the follow-up time. 

From the individual perspective, there was an inverse 
overall trend change. For example, in the No. 3 patient in 
recurrent group, EpCAM expression levels in peripheral 
blood CTCs monitored at 5 time points after stage 
IIa adenocarcinoma were stable (4.56 copies/2 mL),  
5.51 copies/2 mL, 5.01 copies/2 mL, 4.89 copies/2 mL, 
and 5.32 copies/2 mL (Figure 1), but No. 3 patient was 
diagnosed with a lumbar 4-vertebral body metastasis at  
6 months after surgery. This phenomenon may be related 
to epithelial-mesenchymal transition in CTCs (24). Due to 
internal or external factors, the specific marker of epithelial 
cell in the tumor cells, EpCAM, which has phenotypic 
changes, might show down-regulated expression or 
expression loss, while interstitial specific marker shows up-
regulated expression, which is the epithelial-mesenchymal 
transition (25). Therefore, the detection method that 
depends on EpCAM as a specific marker in tumor cells 
will miss out those circulating cells that show a down-
regulated expression or expression loss of EpCAM (26). This 
requires the combination of other interstitial markers or the 
identification of specific tumor cell interstitial markers, but to 
date no highly specific tumor interstitial markers have been 
identified (10). Due to the lack of interstitial-specific markers, 
the method of detecting CTCs by virtue of epithelial-
specific markers is still commonly used in current research 
and clinical testing, but the method for detecting interstitial 
CTCs is still needed. Although there is no statistical 
difference in the expression levels of EpCAM cells between 
the recurrent group and the non-recurrent group at 1 day 
before the first adjuvant chemotherapy, the trend in Table 2 
showed that the increase of EpCAM expression in peripheral 
blood circulation at this time indicated a poor prognosis, 
which could guide the formulation of postoperative adjuvant 
chemotherapy regimens. In addition, although there was 
a statistical difference in the expression levels of EpCAM 
between the recurrent group and the non-recurrent group 
only at 1 day before the 4th adjuvant chemotherapy, 
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it could be seen from Table 2 that the inflection point 
appears after 1 day before the 2nd adjuvant chemotherapy, 
suggesting that the detection of EpCAM expression levels 
after the second chemotherapy may reflect the effect of 
adjuvant chemotherapy, and thus guide the adjustment of 
individualized adjuvant chemotherapy schemes early. 

Conclusions

In conclusion, our results demonstrated that EpCAM 
expression levels of CTCs in NSCLC patients during 
postoperative adjuvant chemotherapy were related to 
recurrence or metastasis, and were earlier than those 
diagnosed by CT imaging. However, due to small sample 
size, the further study in large population is still needed.
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Figure 1 The expression levels of EpCAM of CTCs in the No. 3 Patient in the recurrent group at the 7th day after surgery, the first 
chemotherapy, the second chemotherapy, the third chemotherapy, and the fourth chemotherapy.
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