
MOLECULAR MEDICINE REPORTS  19:  601-608,  2019

Abstract. Circulating tumor cells (CTCs) are closely associ-
ated with cancer metastasis in preclinical models and patients 
with cancer. However, to the best of the authors knowledge, 
it remains unknown which type of CTCs may serve the key 
role in cancer metastasis. The present study investigated the 
association between the epithelial‑mesenchymal transition 
(EMT) phenotype of CTCs from the peripheral blood and 
distant metastasis in patients with non‑small cell lung cancer 
(NSCLC). Expression of EMT markers in CTCs from a cohort 
of patients was detected using Canpatrol™ CTC assays. A 
total of 110 patients (85 patients with NSCLC and 25 patients 
with benign diseases) were recruited. Among the 110 patients, 
88 (80.0%) were characterized as CTC positive with EMT 
markers. Receiver operating characteristic curves revealed that 
E+/M+ CTCs exhibited the highest area under the curve (AUC) 
value of 0.876 [95% confidence interval (CI), 0.805‑0.948; 
P<0.001) in distinguishing between patients with NSCLC and 
benign pulmonary diseases, and M+ CTCs had the highest AUC 
value of 0.723 (95% CI, 0.612‑0.833; P<0.001) in differentiating 
patients with NSCLC with distant metastasis from those with 

non‑distant metastasis. The results indicate the potential 
predictive value of distant metastasis of the EMT phenotype of 
CTCs in the peripheral blood of patients with NSCLC.

Introduction

Lung cancer is a type of cancer that causes the highest number 
of cancer‑associated mortalities in men and women globally, 
accounting for 26% of all cancer mortalities in men and 25% in 
women in 2018 (1). The numbers of novel cases and mortalities 
due to lung cancer were estimated to be 234,030 and 154,050, 
respectively, in the United States in 2018 (1). In China, there 
were ~700,000 novel cases of lung cancer and ~600,000 lung 
cancer‑associated mortalities in 2015 (2). Among patients with 
lung cancer, >50% are diagnosed with metastatic disease and 
the five‑year survival rate is <5% (3). Although the development 
of novel targeted therapies based on the predictive biomarkers 
of lung cancer have markedly improved the clinical outcome, 
it remains poor considering the extensive invasion, recurrence 
and the metastasis of non‑small cell lung cancer (NSCLC) (4). 
Accumulating evidence suggests that although patients with 
identical histology, differentiation, location and stage of diag-
nosis receive similar therapy, the survival of these patients 
is heterogeneous. This indicates that the current methods of 
tumor classification and staging are insufficient for selecting 
the most appropriate treatment (5). Therefore, the development 
of novel biomarkers that accurately predict patients at greatest 
risk of metastasis is essential in order to select the appropriate 
treatment strategy in order to increase the survival rate.

In NSCLC, circulating tumor cells (CTCs) have been 
used as a prognostic, predictive and pharmacodynamic 
biomarker (6,7). The characterization of CTCs may identify the 
mechanism of metastasis (8). In general, tumor dissemination 
includes a number of steps, including: The generation of inva-
sive subpopulations of tumor cells, dissolution of the stroma, 
transport into the peripheral circulation or lymphatic system, 
establishment at a secondary lesion at a novel site and angio-
genesis (9). CTCs may be discharged into the blood circulation 
at an earlier stage compared with the metastasis of cancer and 
may be detected in the early stage of cancer development (10). 
In these invasive tumor cells, the epithelial‑mesenchymal 
transition (EMT) is a key process in metastasis for the 
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progression of cancer, including in NSCLC (4) and is consid-
ered to be an initiating event for distant dissemination (5,11). 
Previous studies have also revealed that EMT is associated 
with chemotherapeutic resistance (12,13). Epithelial markers 
including epithelial cell adhesion molecule (EpCAM) and 
cytokeratins (CKs) have been demonstrated to be downregu-
lated and mesenchymal markers including vimentin and twist 
family BHLH transcription factor 1 (TWIST1) have been 
demonstrated to be upregulated (14‑16). Therefore, CTCs in 
the initial stages of dissemination are assumed to express the 
EMT phenotype. Detection of the EMT changes of CTCs may 
aid the identification of the aggressive behavior of NSCLC.

The Canpatrol™ CTC assay classifies CTCs into epithelial, 
bi‑phenotypic (epithelial and mesenchymal) and mesenchymal 
subtypes by using a cocktail of epithelial (EpCAM and 
CK8/18/19) and mesenchymal (vimentin and TWIST1) 
markers (14,17). In the present study, the EMT phenotypes 
of CTCs isolated from the peripheral blood samples of a 
cohort of patients with NSCLC were characterized using the 
Canpatrol™ CTC technique.

Patients and methods

Patient enrollment and blood collection. The present study 
was ethically approved by the Ethics Committee of the First 
Affiliated Hospital of Zhejiang University (Hangzhou, China). 
A total of 85 NSCLC patients and 25 benign patients were 
enrolled in the study between December 2016 and June 2018 
and written informed consent was obtained from the patients 
prior to their enrollment. The patients who were pathologically 
diagnosed with NSCLC without any history of other types of 
malignant cancer were recruited into the NSCLC cohort, and 
the patients who were clinically diagnosed with benign lung 
disease were in the benign cohort. Patients aged ≤18 years old 
were excluded. In NSCLC cohort, there were 53 males and 
32 females. The median age of the patients was 63 years old 
with the range between 32 and 83. All the NSCLC patients 
were classified into groups with and without distant metastasis 
according to the 8th edition of the American Joint Committee 
on Cancer tumor‑node‑metastasis staging system for lung 
cancer (18). Peripheral blood samples (5 ml) from 85 patients 
with NSCLC were collected in EDTA tubes by venipuncture 
and stored at 4˚C until cell isolation, which was performed 
within 4 h. The blood samples were collected prior to surgery, 
radiation therapy and chemotherapy from patients with 
NSCLC of different stages. Peripheral blood samples were 
also collected from 25 patients with benign diseases, of which 
2 patients presented with granuloma, 2 were pseudotumor, 4 
were pulmonary nodule and 17 were tuberculosis.

Isolation and classification of CTCs. CTCs were isolated 
and classified using a Canpatrol™ CTC assay (SurExam, 
Guangzhou, China; http://www.surexam.com/) as previously 
described  (14). Briefly, erythrocyte lysis buffer, provided 
in the assay kit, was added to the peripheral blood samples 
within 4 h of venipuncture and incubated for 30 min at room 
temperature. The blood samples were then filtered using an 
8‑µm diameter pore‑calibrated membrane (EMD Millipore, 
Billerica, MA, USA) in order to collect the CTCs. The 
enriched CTCs were subjected to RNA in situ hybridization 

with a combination of epithelial (EpCAM and CK8/18/19) and 
mesenchymal (vimentin and TWIST1) markers (provided in 
the assay kit). The CTCs were then stained with a concentration 
of 4',6‑diamidino‑2‑phenylindole (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) at 100 ng/ml for 5 min at room 
temperature and analyzed with an automated imaging fluores-
cent microscope (Carl Zeiss AG, Oberkochen, Germany). The 
CTCs of each patient were classified based on the identifica-
tion of the markers. The Canpatrol™ CTC assay protocol is 
described in a previously published study (17). Briefly, CTCs 
were classified into three subpopulations according to epithe-
lial and mesenchymal markers that they expressed, including 
epithelial CTCs (E+ CTCs), biophenotypic epithelial/mesen-
chymal CTCs (E+/M+ CTCs), and mesenchymal CTCs (M+ 
CTCs). E+ CTCs refer to the cells that predominantly express 
EpCAM and/or CK8/18/19 but do not express CD45; M+ CTCs 
mainly express vimentin and/or TWIST markers but not 
CD45; and E+/M+ CTCs express epithelial and mesenchymal 
markers but not CD45.

Statistical analysis. The Mann‑Whitney U test was used to 
compare the EMT phenotype of CTCs from patients of different 
subgroups for non‑normally distributed data. Comparisons 
of the rate between each subgroup were tested using χ2 and 
Fisher's exact tests. Receiver operating characteristic (ROC) 
curves and the area under the curve (AUC) were determined 
in order to assess the predictive and diagnostic power of 
different types of CTC subset. The optimal cut‑off value of 
every subset was selected using the Youden index (19), which 
represents the threshold value when the following is maximal: 
Sensitivity  +  specificity‑1. The statistical analyses were 
two‑sided and P<0.05 was considered to indicate a statistically 
significant difference. Statistical analysis was conducted using 
SPSS software, version 22.0 (IBM Corp., Armonk, NY, USA). 
The measured data of CTCs was presented as mean ± standard 
deviation. The age of patients was presented as median (range).

Results

Patient characteristics. In the 85 NSCLC patients, 61.2% 
had a history of smoking. The type of NSCLC was predomi-
nantly adenocarcinoma (67.1%; Table I). In total, 18.8% of 
patients were diagnosed with stage I disease, 15.3% were 
stage II, 17.6% were stage III and 48.2% were stage IV. The 
assessment of distant metastasis was determined according 
to the Tumor‑Node‑Metastasis staging system based on 
clinical analysis, radiography and histology. Among the 
85 patients with NSCLC, 41 patients exhibited distant metas-
tasis (M1) and 44 patients presented no distant metastasis 
(M0). Peripheral blood samples were also collected from 
17 men and 8 women (age range, 41‑70 years) with benign 
diseases including interstitial pneumonia and benign small 
pulmonary nodules.

EMT phenotypes of total CTCs from patients with NSCLC 
and benign pulmonary diseases. The EMT phenotypes of 
CTCs were analyzed in blood samples isolated from 85 
(77.3%) patients with NSCLC and 25 (22.7%) patients with 
benign pulmonary diseases. Among the 110 patients recruited, 
88 (80.0%) patients were characterized as CTC positive 
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with EMT markers (≥1 cell/5 ml blood) using a Canpatrol™ 
CTC assay (Fig. 1A). Representative images of the different 
phenotypic CTCs are shown in Fig. 1B.

The total number of CTCs in patients with benign pulmo-
nary diseases (mean, 0.84±0.80; median, 1.00) was lower 
compared with that of patients with NSCLC (M0: mean, 
5.66±5.16 and median, 4.00; M1: mean, 8.78±9.97 and median, 
7.00). The difference in the total number of CTCs between 
patients with benign pulmonary diseases and NSCLC was 
statistically significant (P<0.001), while that between M0 and 
M1 was not (Fig. 1A).

The CTC‑positive rate in patients with benign pulmonary 
diseases, NSCLC, non‑distant metastatic NSCLC (M0), and 
distant metastatic NSCLC (M1) was 60.0 (15/25), 85.9 (73/85), 
81.8 (36/44) and 90.2% (37/41), respectively (Fig. 2; Table I). 
The difference in the CTC‑positive rate between patients 
with benign pulmonary diseases and NSCLC was statistically 
significant (P<0.05), while that between M0 and M1 was not 
(Fig. 2; Table I).

Phenotypic characterization of CTCs from patients of 
different subgroups. According to the EMT markers, the 
CTCs from patients with benign pulmonary and NSCLC 

were classified into three subpopulations: Epithelial (E+), 
bi‑phenotypic (E+/M+) and mesenchymal (M+).

The mean numbers of CTCs of these three subpopulations 
(E+, E+/M+ and M+ CTCs) in patients with benign pulmo-
nary diseases were 0.84±0.80, 0.00±0.00 and 0.00±0.00, 
respectively. The mean numbers of CTCs of each subpopula-
tion were demonstrated to be statistically higher in patients 
with NSCLC compared with patients with benign diseases 
(2.47±2.67, 3.53±5.97 and 1.16±1.83, respectively; P<0.05; 
Fig. 1A; Table I).

The rate of E+ CTCs in patients with benign pulmonary 
diseases was lower compared with that in patients with NSCLC 
[60.0 (15/25) and 67.1% (57/85), respectively], but the differ-
ence was not significant. The E+/M+ and M+ CTC‑positive 
rates were significantly higher in patients with NSCLC [75.3 
(64/85) and 44.7% (38/85), respectively] compared with 
patients with benign pulmonary diseases [0.0 (0/25) and 0.0% 
(0/25), respectively] (P<0.05; Fig. 2; Table I).

Comparing between patients with distant and non‑distant 
metastasis, no significant difference was observed with regards 
to the numbers of E+, E+/M+ and total CTCs, respectively 
(P>0.05). The number of M+ CTCs was significantly higher 
in the M1 subgroup compared to the M0 subgroup (M1: mean, 

Table I. Characterization of CTCs in patients with NSCLC.

	 Total patients	 Benign	 NSCLC
Parameters	 (n=110)	 (n=25)	 (n=85)	 P‑value	 M0 patient	 M1 patient	 P‑value

Age (years), median (range)	  63 (32‑83)	    63 (41‑70)	    63 (32‑83)	 >0.05	   63 (47‑83)	   63 (32‑83)	 >0.05
Male % (n)	 63.6 (70/110)	 68.0 (17/25)	 62.4 (53/85)	 >0.05	 63.6 (28/44)	 61.0 (25/41)	 >0.05
Smoking history % (n)	 60.9 (67/110)	 60.0 (15/25)	 61.2 (52/85)	 >0.05	 61.4 (27/44)	 60.9 (25/41)	 >0.05
Adenocarcinoma % (n)	‑	‑	   67.1 (57/85)	 >0.05	 56.8 (25/44)	 53.7 (22/41)	 >0.05
Total CTCs							     
  ≥1 cell/5 ml blood % (n)	 81.1 (77/95)	 60.0 (15/25)	 85.9 (73/85)	 <0.05	 81.8 (36/44)	 90.2 (37/41)	 >0.05
  Range 	 0‑57	 0‑2	 0‑57		  0‑17	 0‑57	
  Median	 4	 1	 5		  4	 7	
  Mean ± SD	 6.47±7.80	 0.84±0.80	 7.16±7.90	 <0.001	 5.66±5.16	 8.78±9.97	 >0.05
E+ CTCs							     
  ≥1 cell/5 ml blood % (n)	 64.2 (61/95)	 60.0 (15/25)	 67.1 (57/85)	 >0.05	 59.1 (26/44)	 75.6 (31/41)	 >0.05
  Range	 0‑12	 0‑2	 0‑12		  0‑12	 0‑9	
  Median	 2	 1	 2		  2	 2	
  Mean ± SD	 2.27±2.61	 0.84±0.80	 2.47±2.67	 <0.05	 2.5±3.03	 2.43±2.26	 >0.05
E+/M+ CTCs							     
  ≥1 cell/5 ml blood % (n)	 67.4 (64/95)	 0 (0/25)	 75.3 (64/85)	 <0.05	 72.7 (32/44)	 73.2 (30/41)	 >0.05
  Range	 0‑45	 0	 0‑45		  0‑10	 0‑45	
  Median	 2	 0	 2		  2	 2	
  Mean ± SD	 3.16±5.75	 0.00±0.00	 3.53±5.97	 <0.001	 2.63±2.69	 4.48±8.08	 >0.05
M+ CTCs							     
  ≥1 cell/5 ml blood % (n)	 40.0 (38/95)	 0 (0/25)	 44.7 (38/85)	 <0.05	 25.0 (11/44)	 65.8 (27/41)	 <0.001
  Range	 0‑10	 0	 0‑10		  0‑5	 0‑10	
  Median	 0	 0	 0		  0	 1	
  Mean ± SD	 1.04±1.76	 0.00±0.00	 1.16±1.83	 <0.001	 0.52±1.15	 1.85±2.15	 <0.001

CTCs, circulating tumor cells; NSCLC, non‑small cell lung cancer; SD, standard deviation; E+, epithelial expressing; M+, mesenchymal 
expressing.
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1.85±2.15; M0: mean, 0.52±1.15; P<0.001; Fig. 1A). The rate 
of M+ CTC‑positive patients was significantly higher in the M1 
subgroup compared to the M0 subgroup [M1: 65.9% (27/41); 
M0: 25.0% (11/44); P<0.001; Fig. 2; Table I].

ROC curve and the optimal cut‑off value. ROC curve 
analyses were performed to evaluate the diagnostic and 
predictive potential of the CTC populations. E+/M+ CTCs 
displayed the highest AUC [0.876; 95% confidence interval 
(CI), 0.814‑0.939; P<0.001] compared with E+ CTCs (0.672; 
95% CI, 0.573‑0.772), M+ CTCs (0.724; 95% CI, 0.629‑0.818) 
and total CTCs (0.830; 95% CI, 0.756‑0.903) in discriminating 
patients with NSCLC and benign pulmonary diseases, with 
P<0.001 (Fig. 3). The optimal cut‑off value of E+/M+ CTCs was 
1, which indicated that patients with NSCLC exhibited E+/M+ 
CTCs and ≥1 cell/5 ml blood. The sensitivity and specificity of 
this value were 75.29 and 100.00%, respectively.

ROC curve and AUC analyses were conducted in order to 
distinguish NSCLC patients with distant metastasis from those 
with non‑distant metastasis. M+ CTCs exhibited the highest 
AUC value of 0.723 (95% CI, 0.612‑0.833; P<0.001; Fig. 4) 
compared with E+ CTCs (0.541; 95% CI, 0.417‑0.665), E+/M+ 
CTCs (0.543; 95% CI, 0.410‑0.658) and total CTCs (0.604; 
95% CI, 0.484‑0.725). The optimal cut‑off value of M+ CTCs 
was 1, which indicated that patients with NSCLC exhibit M+ 

CTCs and ≥1 cell/5 ml blood. The sensitivity and specificity of 
this value were 65.85 and 75.00%, respectively (Fig. 4).

Phenotypic characterization of CTCs in the cohort. The distri-
bution of the three CTC subpopulations in patients with benign 
and NSCLC varied substantially (Fig. 5A). Among the patients 
with NSCLC, 31.8% carried all three phenotypic CTCs, 37.7% 
carried two types of CTCs (25.9% with E+ and E+/M+ CTCs; 
7.1% with E+/M+ and M+ CTCs; 4.7% with E+ and M+ CTCs) and 
14.1% were CTC negative. Of the patients with benign disease, 
40.0% were CTC negative and 60% exhibited E+ CTCs. The 
patients with NSCLC with or without distant metastasis are 
presented in Fig. 5B. Among the NSCLC patients with distant 
metastasis, the majority were positive for all three subpopula-
tions (46.3%). Among the patients without distant metastasis, 
the majority exhibited E+ and E+/M+ CTCs (36.4%; Fig. 5B).

Discussion

The important function served by the EMT phenotype has 
been demonstrated in lung cancer progression and drug 
resistance (20,21). A previous study confirmed the capability 
of mesenchymal cells to escape from the primary tumor and 
reach distant sites (12). The clinical use of CTCs focusing on 
enumeration has been reported and validated by using the 

Figure 2. Percentages of patients with benign disease or non‑small cell lung cancer in each subgroup with different phenotypic CTCs. CTCs, circulating tumor 
cells; E+, epithelial expressing; M+, mesenchymal expressing.

Figure 1. Analysis of different phenotypic CTCs in blood samples from patients with benign disease or NSCLC with or without distant metastasis. (A) Dot 
plots presenting the number of total, E+, E+/M+ and M+ CTCs in patients with benign disease or NSCLC with or without distant metastasis. M0 indicates 
non‑distant metastasis and M1 indicates distant metastasis. The lines inside the plots indicate the mean values. The error bars indicate the standard error 
of the mean. (B) Representative fluorescence images present RNA in situ hybridization of different phenotypic CTCs (E+, E+/M+ and M+). Scale bar, 10 µm. 
CTCs, circulating tumor cells; NSCLC, non‑small cell lung cancer; E+, epithelial expressing; M+, mesenchymal expressing.
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peripheral blood of patients with metastatic breast, prostate 
and colorectal cancer types (22,23). However, there are few 
studies involving direct association analysis between EMT 
phenotypic CTCs and distant metastasis. Furthermore, there 
is a lack of a standard for the determination of CTCs in a 
clinical setting. A recent study has demonstrated that CTCs 
are able to express EMT‑like phenotypes (24). Detection of 
the mesenchymal or hybrid EMT phenotype may be more 
informative for patients with aggressive disease subtypes or 
poor outcomes (25‑29). Therefore, the application of novel 
technology to detect, capture and analyze the epithelial or 
mesenchymal subpopulations of CTCs is promising (30).

In the present study, the CTCs in a cohort of patients with 
NSCLC were characterized using a clinically feasible CTC 
assay with four epithelial markers, EpCAM and CK8/18/19, 
and two mesenchymal markers, vimentin and TWIST1, and 
the distribution and clinical value of CTCs with an EMT 
phenotype were studied. Vimentin is a highly conserved 
intermediate filament protein normally expressed in cells of 
mesenchymal origin, and its high expression is associated with 
a poor prognosis (31) and the occurrence of metastases (32) 

in patients with NSCLC. TWIST is a highly conserved basic 
helix‑loop‑helix transcription factor regulator of embryo-
genesis which is silent in most healthy adult tissues, and its 
overexpression in patients with NSCLC is involved in meta-
static potential and poor survival (33,34). Given the importance 
of vimentin and TWIST in the progression and prognosis of 
lung cancer, it is reasonable to select them as the marker for 
M type CTCs in lung cancer. For the selection and validation 
of CTCs with epithelial and mesenchymal phenotypes, the use 
of members of CK, EpCAM, vimentin and TWIST1 families 
has become the standard method in patients with cancer (35). 
When epithelial cells start the procedure of EMT and progress 
into mesenchymal cells, the capacity for the invasiveness and 
metastasis of lung cancer is increased. Thus, the expression 
of epithelial cell markers including EpCAM and members of 
CKs are downregulated and that of mesenchymal cell markers 
is upregulated (14‑16,35). Milano et al (36) designed a study to 
detect the EMT of CTCs in patients with metastatic NSCLC 
and analyzed the expression of epithelial markers (carcinoem-
bryonic antigen‑CK19), EMT‑associated genes (vimentin) and 
EMT transcription factors (zinc finger protein SNAI2, zinc 
finger E‑box‑binding homeobox 1‑2 and TWIST1‑2) using a 
reverse transcription‑polymerase chain reaction assay in order 
to calculate the cell numbers. However, in the present study, 
RNA in situ hybridization with a combination of epithelial 
(EpCAM and CK8/18/19) and mesenchymal (vimentin and 
TWIST1) markers were used to detect the epithelial and 
mesenchymal phenotype of CTCs, and an automated imaging 
fluorescent microscope was used to directly count the cells 
with different phenotypes. Furthermore, in the study by 
Milano et al (36), only 10 metastatic patients with NSCLC and 
10 healthy volunteers were recruited to test the feasibility of 
CTC testing in the clinic. This previous study revealed that 
3 of 10 samples were positive for CTCs at the baseline and 
the positive percentage of the patients increased subsequent to 
treatment with the platinum‑based chemotherapy. During the 
dynamic testing, the expression of the mesenchymal phenotype 
appeared to be associated with a more unfavorable prog-
nostic factor. However, the clinical significance of the EMT 
phenotypic CTC needs to be further validated considering 
the limited patient number in the study by Milano et al (36). 
In the present study, 110 patients (85 patients with NSCLC 
from different clinical stages and 25 patients with benign 
diseases) were recruited. The ROC curves revealed that E+/M+ 
CTCs display the highest AUC (0.876; 95% CI, 0.805‑0.948; 
P<0.001) in discriminating patients with NSCLC and benign 
pulmonary diseases. More importantly, it was revealed that the 
EMT expression of CTCs in patients is significantly associated 
with distant metastasis.

In the analysis of CTCs from the peripheral blood samples 
of patients in the present study, the number and incidence of 
total CTCs in patients with NSCLC and benign pulmonary 
diseases were compared. The distribution of the three distinct 
CTC subpopulations, namely E+, E+/M+ and M+ CTCs, were 
examined. The incidence and total number of CTCs were 
higher in patients with NSCLC compared with patients 
with benign pulmonary diseases. Furthermore, ROC curve 
analysis identified 1 unit of E+/M+ CTCs as the optimal 
cut‑off threshold with a sensitivity of 75.29% and specificity 
of 100% in distinguishing NSCLC from benign pulmonary 

Figure 3. Receiver operating characteristic curve analyses of CTC subpopu-
lations in patients with non‑small cell lung cancer or benign disease. CTC, 
circulating tumor cell; E+, epithelial expressing; M+, mesenchymal expressing.

Figure 4. Receiver operating characteristic curve analyses of CTC 
subpopulations in patients with non‑small cell lung cancer with or without 
distant metastasis. CTC, circulating tumor cell; E+, epithelial expressing; 
M+, mesenchymal expressing.
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diseases. These results are consistent with those of previous 
studies in patients with breast cancer (14) and in cancer cell 
lines (35,37‑39). Previous studies have described that the most 
notable challenge of CTC detection is the extremely low rate of 
CTCs, so the prognostic cut‑off values were lowered (40‑43). 
In a previous study by Chen et al (44), the optimal cut‑off 
value in distinguishing patients with NSCLC from controls 
(healthy donors and benign diseases) was 8.93 units from the 
total number of CTCs with a sensitivity of 74.7% and speci-
ficity of 86.6%. The inconsistency may be explained by the 
following reasons. First, the latter study detected the CTCs by 
folate receptor instead of EMT markers. Second, the number 
of CTCs was determined according to the quantity of folate 
receptor using a quantitative polymerase chain reaction assay, 
while in the present study, intact cells were captured using a 
pore‑calibrated membrane and then characterized using the 
EMT markers. In addition, the EMT phenotype has also been 
observed and used as a marker for prognosis in other types of 
cancer, including breast cancer (45,46), colorectal cancer (47) 
and hepatocellular carcinoma (48).

Tumor dissemination usually occurs in a number of steps, 
including the generation of invasive cancer cells, dissolution of the 
stroma, intravasation into the peripheral circulation or lymphatic 
system, extravasation to the secondary lesions and angiogenesis 
at distal sites (9). This dynamic process has been hypothesized to 
transform cells with an epithelial phenotype into a mesenchymal 
type, and then result in the loss of adhesion between cells and 
the acquisition of enhanced motility, the recruitment of vascu-
lature and resistance to apoptotic signals (30). In this process, 
the cellular cytoskeleton has been reported to be remodeled; the 
expression levels of CKs, which compose the epithelial cell cyto-
skeleton, decrease and those of vimentin, which compose the 
mesenchymal cell cytoskeleton, increase (30,49,50). Based on 
several studies in human cancer cell lines and mouse models, the 

aberrant activation of the EMT phenotype has been implicated in 
the progression of metastasis (15,49,51).

In order to extend the EMT analysis to CTC subpopula-
tions in metastasis, the distribution of E+, E+/M+ and M+ 
CTCs in patients with NSCLC with distant metastasis (M1) 
or without (M0) were detected and analyzed in the present 
study. Compared with patients with M0, the incidence and 
total number of E+ CTCs were higher in patients with M1, 
but this difference was not significant. The differences in the 
total cell numbers and incidence of E+/M+ CTCs were also not 
significant. However, the incidence and number of M+ CTCs 
were significantly higher in patients with M1 compared with 
patients with M0 (P<0.001). The results are consistent with 
the aforementioned theory of the EMT phenotype, suggesting 
an association between mesenchymal cells and cancer metas-
tasis. In addition, a previous study reported that CTCs express 
the epithelial phenotype predominantly in the early stage 
of EMT, the epithelial and mesenchymal phenotypes in the 
intermediate stage and the mesenchymal phenotype in the 
last stage (14). The expression of EMT phenotypes in CTCs 
may function as a marker for the metastatic cascade, tumor 
dissemination and tumor progression (52). In the present study, 
the level of M+ CTCs was substantially higher in the patients 
with distant metastasis, compared with the patients without 
distant metastasis. Furthermore, the results of the ROC curve 
and AUC analyses additionally demonstrate the predictive 
value of M+ CTCs. The optimal cut‑off threshold in the 
diagnosis for NSCLC with distant metastasis compared with 
no distant metastasis was 1 unit with a sensitivity of 65.85% 
and specificity of 75.00%, indicating that M+ CTCs have an 
immense potential as a predictive factor for distant metastasis 
and tumor progression (14).

On the other hand, a number of studies have proposed a 
reversible EMT metastasis model, namely MErT, in which 

Figure 5. Distribution of CTC subpopulations in patients with benign disease or NSCLC with or without distant metastasis. Distribution of the three CTC 
subpopulations in (A) patients with benign and NSCLC and (B) patients with NSCLC with or without distant metastasis. CTC, circulating tumor cell; 
NSCLC, non‑small cell lung cancer; E+, epithelial expressing; M+, mesenchymal expressing.
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tumor cells activate EMT to invade and then undergo a rever-
sion progress to form epithelial metastases once they arrive at 
distant sites (11,15,30,53). Mesenchymal cells cannot easily be 
distinguished and the epithelial phenotype may be detected in 
the majority of metastatic lesions (12,54). This dynamic progres-
sion may explain the proportions of all types of subpopulation 
presented in Fig. 5, of which 70.1% of M1 patients carried either 
E+/M+ CTCs only or E+/M+ CTCs accompanied with other 
phenotypic CTCs, and may be the reason why the numbers of E+ 
and M+ CTCs were lower compared with that of the E+/M+ CTCs.

In summary, three CTC subpopulations (E+, E+/M+ and 
M+ CTCs) were detected and analyzed in blood samples from 
110 patients in the present study using Canpatrol™ CTC assays. 
The results demonstrate the predictive value of E+/M+ CTCs in 
distinguishing patients with NSCLC from those with benign 
diseases, in addition to that of M+ CTCs in distinguishing patients 
with distant metastasis from those with non‑distant metastasis. 
Although the role of EMT in metastatic progress remains contro-
versial in different types of cancer, the results of the present study 
indicate the predictive value of the EMT phenotype of CTCs in 
peripheral blood, and it is a potential predictive biomarker for 
distant metastasis in patients with NSCLC.
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