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Detecting circulating tumor cells in patients 
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ABSTRACT. We explored the expression and clinical significance of 
circulating tumor cells (CTCs) in patients with advanced non-small 
cell lung cancer (NSCLC). Sixty-six patients with advanced NSCLC 
at the Oncology Department of Jinzhou Hospital were selected as an 
observation group between February and December 2013. Healthy 
volunteers and 20 benign lung disease patients were taken as a control 
group. Peripheral blood CTCs in the observation and control groups 
were detected using the CellSearch®. CTC detection and analysis 
system, and the relationship between the expression and clinical effect 
of CTCs and disease progression was analyzed. Peripheral blood CTCs 
were observed in 47 of the 66 observation group cases (71.21%), but 
none were found in the control group (P < 0.05). The CTC-positive 
rate was independent of NSCLC patients’ age, gender, smoking habits, 
histological features, and degree of differentiation (P > 0.05). The CTC-
positive rate correlated with pathological staging (P < 0.05). After two 
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courses of chemotherapy, the number of cases with CTCs ≥3 decreased 
significantly, compared with pre-chemotherapy cases (P < 0.05), and 
the disease did not progress in 37 cases (34 cases with <3 CTCs and 
three cases with ≥3 CTCs). Eight cases displayed disease progression, 
of which five cases had <3 CTCs and three cases had ≥3CTCs. There 
was a statistically significant correlation between CTC changes and 
disease progression (P < 0.05). The CTC-positive rate correlated with 
the pathological staging and changes in the number of CTCs were 
associated with chemotherapy efficacy and disease progression.
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INTRODUCTION

Lung cancer is the leading cause of cancer death, and non-small cell lung cancer 
(NSCLC), which includes squamous cell carcinoma, adenocarcinoma, and large cell carci-
noma, accounts for 80-85% of lung cancer cases (Hanahan and Weinberg, 2011). Adenocarci-
noma is the most common form. In recent years, there have been improvements in sensitivity 
and specificity in the detection of cancer. Studies have shown that circulating tumor cells 
(CTCs) in the peripheral blood, and the recurrence and distant transfer of breast cancer diag-
nosis cells are the main cause of death in patients (Nagrath et al., 2007; Zheng and Li et al., 
2009). The movement of tumor cells into the peripheral blood is the main pathway of tumor 
metastasis and the basis of distant metastasis. Currently, CTCs are defined as tumor cells that 
are released into the peripheral blood from metastases or solid tumors either spontaneously or 
as a result of medical procedures such as needle biopsy or surgery. Sensitive treatment follow-
ing detection of CTCs is closely related to prognosis (Xenidis et al., 2009; Lucci et al., 2012). 
In this study, the expression of CTCs in patients with advanced NSCLC was explored by 
detecting CTCs in peripheral blood to determine their relationship to chemotherapy efficacy 
and disease progression.

MATERIAL AND METHODS

Subjects

Sixty-six patients with advanced NSCLC at the Oncology Department of Jinzhou 
Hospital were selected for the observation group between February and December 2013. 
Thirty-six were male, 30 were female, and they were aged 34-80 years, with a median age 
of 69 years. All patients enrolled were confirmed with NSCLC by pathological histology 
or cytology. Patients were hospitalized for the first time, and did not undergo any pre-
anticancer therapy. All patients were expected to survive for more than 3 months. Healthy 
volunteers and 20 patients with benign lung disease were taken as the control group (aged 
33-78 years with a median age of 65 years). The two groups were demographically com-
parable, with no statistically significant differences in age and gender. All patients signed 
informed consent agreements.
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Methods

Instruments and reagents

The CellSearch® CTC detection and analysis system was provided by Veridex 
Corp. (a subsidiary of Johnson & Johnson, New Jersey, USA). It is the only product 
for the detection of CTCs that is approved by the Food and Drug Administration of the 
USA and the State Food and Drug Administration of the People’s Republic of China. The 
detection system includes: a CellSave storage tube, the CellSearch kit, the CellTracks 
automatic response analyzer, a magnetic cell presentation device slot, and the CellTracks 
automatic response analyzer.

Sample collection and separation

Specimen were prepared according to the following steps. After rigorous disinfection, 
cubital vacuum blood was collected using a blood collection needle. After puncture, the initial 
2 mL blood was discarded before 7.5 mL blood was drawn into the special tube containing 
ethylenediaminetetraacetic acid anticoagulant (CellSave Preservative Tube). The blood 
samples were tested within 24 h of collection.

Sample detection

Blood (7.5 mL) was drawn into the tube containing 6 mL buffer and centrifuged 
at 800 g for 10 min. The tube was then placed in the CellSearch system to remove the 
layered plasma and anticoagulant, and the “epithelial cell-specific reagent”, which is a 
ferrofluid rich in anti-EpCAM antibody, was added. CTCs were immunomagnetically en-
riched with the ferrofluid. Cytokeratin, CD45, and nuclei were respectively stained with 
phycoerythrin, allophycocyanin, and 4ꞌ,6-diamidino-2-phenylindole hydrochloride, and 
cells were finally suspended in a magnetic cell presentation device slot (Veridex Corp., 
USA) through repeated immune magnetic separation and fluorescence permeabilizing for 
analysis using CellSpotter.

Evaluation criteria

The observation group was treated with cisplatin and gemcitabine to regulate chemo-
therapy on a 21-day cycle. CTCs were detected before the 1st, 2nd, and 3rd cycles of chemo-
therapy. The efficacy was defined as complete remission (CR), partial response (PR), stable 
disease (SD), and progress disease (PD), according to the Solid Tumors Response Evaluation 
Criteria (Ding et al., 2014).

Statistical analysis

All statistical analyses were performed using SPSS 13.0. Count data were assessed 
using the Fisher exact test, paired c2 tests and c2 test of rows x list, where P values of ≤ 0.05 
were considered to be statistically significant.
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RESULTS

CTC test results

CTCs were not found in the patients with benign lung disease or the healthy volunteers in 
the control group. CTCs were detected in 47 cases of the 66 cases (71.21%) in the observation group. 
There was a statistically significant difference in the CTC-positive rates of the two groups (P < 0.01).

Relationship between CTC test results and clinical characteristics of the patients

The CTC-positive rate was independent of the NSCLC patients’ age, gender, smoking 
habits, histological features, and degree of differentiation (P > 0.05). The CTC-positive rate 
correlated with the pathological staging. The CTC-positive rate of the patients with stage IV 
NSCLC was higher than that of stage IIIB patients; the CTC-positive rate of stage IIIA pa-
tients was lowest. The difference was statistically significant (P < 0.05, Table 1).

Table 1. Relationship between the presence of circulating tumor cells (CTCs) and the clinical features of non-
small cell lung cancer

Clinical features	 No. of cases	 CTC-positive (%)	 CTC-negative (%)	 c2	 P values

Age				        0.101	   0.750
   ≤60 years old	 19	 13 (68.42)	   6 (31.58)		
   >60 years	 47	 34 (72.34)	 13 (27.65)		
Gender				        0.062	   0.803
   Male	 36	 26 (72.22)	 10 (27.77)
   Female	 30	 21 (70.00)	   7 (30.00)		
Smoking				        3.767	   0.052
   Yes	 40	 32 (80.00)	   8 (20.00)		
   No	 26	 15 (57.69)	 11 (42.30)		
Histological features				        0.002	   0.967
   Adenocarcinoma	 35	 25 (71.43)	 10 (28.57)		
   Squamous cell carcinoma	 31	 22 (70.97)	   9 (29.03)		
Differentiation				        0.298	   0.816
   High differentiation	   9	   6 (66.67)	   3 (33.33)		
   Moderate differentiation	 36	 26 (72.22)	 10 (27.78)		
   Poor differentiation	 21	 16 (76.19)	   5 (23.81)		
Pathological stage				    13.88	 0.01
   IIIA	   7	   2 (28.57)	   5 (71.43)		
   IIIB	 23	 13 (56.52)	 10 (43.48)		
   IV	 36	 32 (88.89)	   4 (11.11)		

Correlation between CTC and chemotherapy

A total of 47 patients were enrolled in the observation group, of which there were 
15 patients with ≥3 CTCs before chemotherapy (31.91%). All 47 patients completed the first 
course of chemotherapy, following which there were 11 cases with ≥3 CTCs (23.40%). Forty-
five patients completed the second course of chemotherapy, following which the number of 
patients with ≥3 CTCs was six (13.33%). After the first course of chemotherapy, the number 
of patients with ≥3 CTCs decreased, but the difference was not statistically significant (c2 = 
2.705, P = 0.148); after two courses of chemotherapy, the number of patients with ≥3 CTCs 
decreased significantly and, compared with the pre-chemotherapy group, there was a statisti-
cally significant difference (c2 = 4.457, P = 0.047, Table 2).
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Table 2. Relationship between circulating tumor cell (CTC) test results and chemotherapy.

Chemotherapy status	 No. of cases	 CTCs < 3 (%)	 CTCs ≥ 3 (%)

Before chemotherapy	 47	 32 (68.08)	 15 (31.91)
After a course of chemotherapy	 47	 36 (76.59)	 11 (23.40)
After two courses of chemotherapy	 45	 39 (86.67)	   6 (13.33)

Relationship between CTC changes and disease progression

Before chemotherapy, in the observation group there were 40 patients without disease 
progression, including 28 cases with <3 CTCs and 12 cases with ≥3 CTCs, and seven patients 
with disease progression, including four cases with <3 CTCs and three cases with ≥3 CTCs. 
There was no statistically significant difference between CTC changes and disease progression 
(P = 0.664). After the first cycle of chemotherapy, the disease did not progress in 40 patients, 
including 32 cases with <3 CTCs and eight cases with ≥3 CTCs; disease progressed in seven 
cases, including four cases of <3 CTCs and three cases of ≥3 CTCs. There was no statistically 
significant difference between CTC changes and disease progression (P = 0.330). After two 
courses of chemotherapy, the disease did not progress in 37 cases, including 34 cases with <3 
CTCs and three cases with ≥3 CTCs; eight cases had disease progression, of which there were 
five cases with <3 CTCs and three cases with ≥3 CTCs. There was a statistically significant 
difference between CTC changes and disease progression (P = 0.028, Table 3).

Table 3. Relationship between change in the number of circulating tumor cells (CTCs) and disease progression.

	                                               No disease progression		                                    Disease progression		  P values

	 No. of cases	 CTCs < 3	 CTCs ≥ 3	 No. of cases	 CTCs < 3	 CTCs ≥ 3

Before chemotherapy	 40	 28	 12	 7	 4	 3	 0.664
After a course of chemotherapy	 40	 32	   8	 7	 4	 3	 0.330
After two courses of chemotherapy	 37	 34	   3	 8	 5	 3	 0.028

DISCUSSION

Bone puncture and venous sampling are the two main methods for detection of trans-
ferred cancer cells in blood. A large number of studies have shown that disseminated tumor 
cells can be detected in most of cancer patients’ bone marrow. The bone puncture method is 
time-consuming and causes discomfort to the patient, which is difficult for the patient to ac-
cept, and results in poor compliance. The detection of circulating tumor cells in peripheral 
blood is time-saving, safe, and repeatable (Allan and Keeney, 2010). In recent years, with the 
improvements in sensitivity and specificity in CTC detection technology, more attention has 
been paid to the relationship between the number of peripheral blood CTCs and prognosis and 
chemotherapy efficacy.

Currently, CTC detection technology usually enriches and separates CTCs first, and 
then identifies and confirms the result. Different enrichment and identification methods are 
combined for detection technology, but a variety of test results show significant differences. 
The detection techniques lack a standard and automatic program, and require tedious sample 
preparation procedures. Different detection methods lead to different sensitivity and specific-
ity. Therefore, detection of CTCs is not applied in routine clinical tests.



10357

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (3): 10352-10358 (2015)

Tumor cell and non-small cell carcinoma

The CellSearch circulating tumor cell detection and analysis system is an advanced 
diagnostic and research platform able to analyze the micro-cell by using immune nanometer 
magnetic particle patented technology. The system is able to trace blood cells for accurate 
analysis, including, but not limited to, CTCs derived from epithelial and circulating endothe-
lial cells, and it has good reproducibility. It belongs to a semi-automatic detection system that 
automatically uptakes and detects CTCs by immunocytochemistry. It facilitates the detection 
of peripheral blood CTCs in a clinical setting.

In this study, CTCs in the peripheral blood of 66 patients with NSCLC were detected 
using the CellSearch system. CTCs were detected in 47 cases (71.21%), and the detection rate 
was higher than in similar studies using other detection methods (Wu et al., 2009; Zhou et 
al., 2010). Furthermore, none of the 20 patients in the control group were found to be CTC-
positive, indicating that the CTC detection system has high sensitivity and specificity. The 
relationships between the CTC-positive rate and the clinical characteristics of the patients 
were noted. We found that CTC-positive rate was independent of the NSCLC patient’s age, 
gender, smoking habits, histological features, and degree of differentiation (P > 0.05). The 
CTC-positive rate correlated with the pathological staging. The CTC-positive rate of the pa-
tients with stage IV NSCLC was higher than those with stage IIIB; the CTC-positive rate of 
the stage IIIA patients was the lowest. The difference was statistically significant (P < 0.05). 
This result is consistent with the reported studies (Li et al., 2013).

The correlation between CTCs and chemotherapy was also explored. It showed that 
there were 15 patients with ≥3 CTCs before chemotherapy (39.91%). After the first course of 
chemotherapy, there were 11 cases with ≥3 CTCs (23.40%), but the difference was not statisti-
cally significant (P > 0.05). After the second course, the number of patients with ≥3 CTCs was 
six (13.33%). There was a statistically significant difference in the number of patients with ≥3 
CTCs compared with pre-chemotherapy patients (P < 0.05). Studies have shown that CTCs in 
the peripheral blood of patients can be reduced to a certain extent with chemotherapy; CTC 
detection can indicate the effect of chemotherapy to some degree.

Hirose et al. (2012) carried out the CTC detection in patients with metastatic NSCLC 
before and after chemotherapy. The transferred rate of progression after chemotherapy showed 
that the progression of CTC-positive patients (66.7%) was higher than that of CTC-negative 
patients (23.8%). However, the study did not mention the impact of CTC number on the rate of 
disease progression in CTC-positive patients. The relationship between the number of CTCs 
in peripheral blood and disease progression was analyzed in this study. Our study showed that 
in CTC-positive patients, before chemotherapy and at the end of the first course, there was 
no significant statistical difference between the number of CTCs in disease progression and 
progression-free patients (P > 0.05). After the second course of chemotherapy, the number of 
CTCs in disease progression and progression-free patients showed a significant statistical dif-
ference (P < 0.05). The study further revealed the indicative role of dynamic changes of CTCs 
in chemotherapy efficacy and disease prognosis.

In summary, with the continuous development of medical devices, CTC detection 
as an emerging technology represents an improvement in specificity, sensitivity, and clinical 
convenience. Its role in prognosis and determining chemotherapy efficacy in cancer therapy 
has also attracted the attention of a growing number of researchers. As it continues to develop, 
CTC detection has great potential within the field of lung cancer therapy, and may provide new 
guidance in the choice of personalized drug treatment.
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