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	 Background:	 The purpose of this study was to compare circulating tumor cells (CTCs)/circulating tumor microemboli (CTM) 
detection rates of the CellSearch and CTC-Biopsy systems in patients with gastric cancer (GC). We also inves-
tigated potential correlations between clinicopathological characteristics and prognosis in patients with GC.

	 Material/Methods:	 This prospective study was conducted at the Shandong Institute of Cancer Prevention and Control in China. 
Fifty-nine patients with GC and 22 healthy volunteers were recruited and their peripheral blood samples were 
examined by the CTC-Biopsy system and CellSearch system for CTC.

	 Results:	 The rate of detection of CTCs/CTM was significantly higher with the CTC-Biopsy system than with the CellSearch 
system (59.32% vs. 27.12%, P<0.001). The Kappa value was 0.179, indicating poor consistency. CTCs detected 
with the CellSearch system in patients with stage III/IV GC was significantly correlated with neutrophil count 
(P=0.020), neutrophil/lymphocyte ratio (N/L ratio) (P=0.009), CA19-9 (P=0.049), tumor size (P=0.026), and the 
extent of vascular invasion (P=0.007). CTCs detected with the CTC-Biopsy system correlated with tumor differ-
entiation (P=0.010). CTM in patients with stage I/II GC and stage II/IV GC correlated with CEA (P=0.004) and 
tumor differentiation (P=0.030), respectively. A CTC count >3 detected with the CellSearch system, and not the 
CTC-Biopsy system, correlated with reduced progression-free survival and overall survival.

	 Conclusions:	 The CTC-Biopsy system was superior to the CellSearch system for detecting CTCs in GC patients. CTM were de-
tected with the CTC-Biopsy system but not with the CellSearch system. CTCs detected with the CellSearch sys-
tem correlated with various clinicopathological factors and long-term survival outcomes.
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Background

Gastric cancer (GC) is the fourth most common cancer world-
wide and the third most common cause of tumor-related 
deaths [1]. GC is an aggressive tumor, as almost 50% of pa-
tients suffer from tumor recurrence or metastasis after cura-
tive resection. The 5-year survival rate is less than 30% [2,3].

Circulating tumor cells (CTCs) are the cells shed from a prima-
ry tumor into the peripheral blood [4]. With the help of ad-
hesion molecules, CTCs can adhere to form circulating tumor 
microemboli (CTM) [5]. CTCs and CTM may be responsible for 
the development of distant metastases in patients with ma-
lignant tumors [6,7]. In a study of patients with advanced GC, 
the number of CTCs detected in the peripheral blood after 6 
weeks of chemotherapy was associated with the rate of dis-
ease control (P<0.013), treatment efficacy (P<0.016), short-term 
progression-free survival (PFS), and overall survival (OS) [8]. 
Other studies have shown that CTCs may be an independent 
predictor of short-term PFS and a potential prognostic mark-
er in advanced GC [9,10].

To detect CTCs, it is important to first separate tumor cells from 
blood cells. One of the most widely used method for separa-
tion and detection of CTCs is the CellSearch system [11,12]. 
Another technique, which is based on the principle of filtration 
and isolation of tumor cells according to cell size, allows for the 
separation of CTCs and CTM from whole blood using a mem-
brane filter [13]. Our research group has developed the nov-
el CTC-Biopsy detection system based on this filtration princi-
ple. The CTC-Biopsy system can differentiate peripheral blood 
tumor cells from normal cells based on tumor cell diameter 
and capacity of deformation. A filtration membrane was used 
to increase the yield of CTCs from the whole blood sample.

In this study, we compared the CTC detection rates of the 
CellSearch and CTC-Biopsy systems. We also analyzed the re-
lationships among CTC, clinicopathological features, and prog-
nosis in patients with GC.

Material and Methods

Patient selection

In this prospective study, patients with GC who were admit-
ted to Shandong Cancer Hospital and Institute from May 2014 
to December 2014 and met the inclusion criteria were recruit-
ed for the study.

The inclusion criteria were age >18 years, pathological diagno-
sis of GC, treatment-naïve status, and good performance sta-
tus allowing for subsequent treatment and blood collection. 

Patients with benign stomach lesions or other malignancies 
were excluded from the study, as were patients receiving an-
titumor treatment.

During the same period, 22 healthy volunteers (age >18 years) 
were included as the negative controls, whose routine blood 
parameters, liver biochemistry, kidney function tests, tu-
mor markers, and radiological imaging within the previous 3 
months were normal. The study protocol was approved by the 
Ethics Committee of Shandong Cancer Prevention and Control 
Research Institute. Individuals who met the inclusion criteria 
signed written informed consent for enrollment in the study.

Sample and data collection

Peripheral blood was collected from the patients, and the rel-
evant clinical data were recorded. The initial 1 mL of collected 
blood was discarded to prevent epithelial cell contamination 
and the associated interference with the study results. About 
7.5 mL of blood was collected into a CellSave blood preserva-
tion tube, which had an anticoagulant effect. Samples were 
processed by the CellSearch system and stored at room tem-
perature. The blood samples were tested within 96 h.

To reduce the damage caused by venous blood sampling, 5 mL 
of peripheral blood was processed with the CTC-Biopsy sys-
tem. Blood samples were collected in an EDTA anticoagulant 
blood tube (BD Vacutainer batch no: 367863) and submitted 
for analysis by the CTC-Biopsy system within 24 h. The pe-
ripheral blood of 22 healthy volunteers was collected and pro-
cessed as described above.

CTC detection with the CellSearch system

The CellSearch system was operated in strict accordance with 
the manufacturer’s instructions [14]. CTCs were defined as 
round or oval epithelial cells, expressing cell surface antigen 
epithelial cell adhesion molecule (EpCAM), cytokeratin (CK), 
and DAPI (4’,6-2-amino-2-benzene indole), without the ex-
pression of leukocyte common antigen (CD45): EpCAM+/CK+/
DAPI+/CD45–. The results were analyzed independently by 2 
experienced technicians. If there was any inconsistency, dou-
ble-blind reanalysis was carried out by the assessment tech-
nician. Test results were considered positive if 1 or more CTCs 
were detected.

CTC detection with the CTC-Biopsy system

CTCs were separated by a newly designed CTC-Biopsy system 
(Wuhan YZY Medical Science and Technology Co., Ltd., Wuhan, 
China). To maintain the cell morphology for analysis, 5 mL of 
blood sample was diluted to 8 mL with 0.2% paraformalde-
hyde and transferred to a centrifuge tube. The mixture was 
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aerated and absorbed by the Pasteur tube and fixed at room 
temperature for 10 min. After fixation, the blood sample was 
filtered through a filter membrane with an aperture of 8 µm. 
Five kilopascals were applied to the filters. The cells remain-
ing on the filter membrane were stained with Wright-Giemsa 
stain and dried at room temperature. After the test, the fil-
ter membrane was taken out, adhered to a slide, and dried at 
50°C to 60°C for 30 min. The slide was then sealed and read.

criteria for CTC diagnosis

The criteria for judging malignant abnormal cells (CTCs) were 
as follows:
1)	� Nuclear atypia (irregular nuclear morphology such as nod-

ular and lobulated);
2)	� High ratio of nucleus to cytoplasm (> 0.8);
3)	 Cell diameter (long end) >15 µm;
4)	 Dark and uneven staining of the nucleus;
5)	� Nuclear membrane appeared thickened, with depressions 

and/or folds;
6)	� Nuclear chromatin migration (nuclear deviation), large nu-

cleoli, or signs of abnormal nuclear division.

Based on the evaluation criteria proposed in previous studies, 
we considered samples that met ³4 of the parameters described 
above as CTC [15–17]. A sample was also classified as CTC if it 
met criterion (6) and 2 additional criteria. Three or more cells 
were considered to be a CTC agglomerate, which we will re-
fer to from here on as a CTM. The results were interpreted by 
2 cytopathologists. All decisions were made after consensus 
was reached. If 1 or more CTCs were detected, the test was 
considered to have yielded positive results.

Statistical analysis

SPSS version 19.0 was used for statistical analysis. Consistency 
testing was used to compare the CellSearch and CTC-Biopsy 
systems in detecting peripheral blood CTCs in patients with GC. 
Continuous variables were expressed as mean±standard devi-
ation, and the data conforming to a normal distribution with 
equal variance were tested by t test. Nonparametric tests were 
used for data without a normal distribution. Categorical vari-
ables were listed as frequencies and percentages. Chi-square 
or Fisher’s exact test were used to compare categorical data. 
The Cox proportional risk regression model was used to ana-
lyze the factors affecting prognosis. Survival curves were con-
structed with the Kaplan-Meier method. Survival data were 
analyzed with the log-rank test. P values less than 0.05 were 
considered statistically significant.

Results

Demographic details

A total of 59 patients with GC and 22 healthy volunteers were 
included in this study. In the GC group, there were 49 men and 
10 women, with a mean age of 57 years (Table 1).

CTC detection in healthy volunteers

CTCs were not detected in the peripheral blood of any of the 
healthy volunteers by either the CellSearch or the CTC-Biopsy 
system.

Comparison between the CellSearch and CTC-Biopsy 
systems

The CellSearch system did not detect CTM, and the CTC detec-
tion rate was 27.12% (16/59) (Table 2, Figure 1). The CTC/CTM 
detection rate was 59.32% (35/59) with the CTC-Biopsy sys-
tem (Table 3, Figure 2). This difference was statistically sig-
nificant (P<0.001) (Table 4). The Kappa coefficient value was 
0.179, which confirmed that the consistency in results between 
systems was poor (Table 4).

Correlation between the presence of CTCs and 
clinicopathological factors of patients with GC

With the CellSearch system, a significant association was found 
between detectable CTCs and various clinicopathological fac-
tors such as neutrophil count, lymphocyte count, neutrophil/
lymphocyte ratio, serum CA 19-9, distant metastasis, clinical 
stage, lymph node metastasis, tumor location, tumor size, and 
the extent of vascular invasion (P<0.05) (Table 5).

Although no statistically significant differences were found in 
patients with stage I/II GC (P>0.05), there was a significant cor-
relation between detectable CTCs and various clinicopatholog-
ical factors in patients with stage III/IV GC (P<0.05) (Table 5).

With the CTC-Biopsy system, there was no significant correla-
tion between detectable CTC/CTM and clinicopathological fac-
tors (Table 6). However, subgroup analysis showed a significant 
correlation with neutrophil/lymphocyte ratio and serum CA19-
9 in patients with stage I/II GC, and in patients with stage III/
IV GC. Also, detectable CTCs were correlated with the degree 
of tumor differentiation (P<0.05) (Table 6).

Correlation between CTMs detected with the CTC-Biopsy 
system and clinicopathological factors

Among the 59 patients with GC, a CTM was detected by the 
CTC-Biopsy system in 15 patients. There was no significant 
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correlation between CTM detection and clinicopathological fac-
tors (P>0.05) (Table 7). A subgroup analysis of patients with 
stage I/II GC showed that CTM was correlated with serum 
CEA levels (P<0.05) (Table 7). In patients with stage III/IV GC, 
the CTM detected with the CTC-Biopsy system was correlat-
ed with the degree of tumor differentiation (P<0.05) (Table 7).

Factors affecting 4-year progression-free survival in 
patients with GC who underwent surgical/interventional/
chemoradiotherapy treatment

The results of the univariate analysis showed that patients 
with GC with a CTC count >3, as measured with the CellSearch 
system, had significantly lower progression-free survival (PFS) 
than patients with fewer CTCs. No such association with PFS 
was observed for elevated CTC counts measured with the CTC-
Biopsy system (Table 8). The results of univariate analysis also 
showed that lower PFS was significantly associated with ad-
vanced pathological stage, distant metastasis, lymph node me-
tastasis, large tumor size, and vascular infiltration (Table 8).

The multivariate analysis showed that, with a CTC count > 3, 
advanced pathological stage and distant metastasis were in-
dependent factors associated with low PFS in patients with GC, 
as determined by the CellSearch system (Table 8).

Factors affecting 4-year OS in patients with GC who 
underwent surgical/interventional/chemoradiotherapy 
treatment

The results of univariate analysis showed that patients with 
GC with a CTC count >3, as measured with the CellSearch sys-
tem, had significantly lower OS than patients with fewer CTCs. 
The same association was not found with the CTC-Biopsy sys-
tem (Table 9). Additional factors associated with decreased OS 
in the univariate analysis were advanced pathological stage, 
distant metastasis, lymph node metastasis, large tumor size, 
and vascular infiltration (Table 9). In the multivariate analy-
sis, distant metastasis and a CTC count >3, as measured with 
the CellSearch system, were independent predictors of lower 
OS in patients with GC (Table 9).

Characteristics n (%) (n=59)

Age, median (range), y
57.09±13.42 

(28–81)

Platelet, median (range), 109/L
261.69±83.46

(119–437)

Neutrophil lymphocyte ratio, 
median (range)

2.73±1.48 
(0.83–6.97)

Sex

	 Male 49

	 Female 10

Serum CEA, median, ng/mL
27.92±134.61 
(0.463–1000)

Grade of differentiation

	 Well 4

	 Moderate 16

	 Poor 12

	 Other 27

T stage

	 T1 9

	 T2 10

	 T3 26

	 T4 14

Lymph node metastasis

	 Yes 35

	 No 15

	 Unknown 9

Venous invasion

	 Yes 9

	 No 41

	 Unknown 9

Neural invasion

	 Yes 13

	 No 37

	 Unknown 9

Location

	 Antrum 28

	 Gastric angle 2

	 Cardia 16

	 Gastric body 10

	 Fundus 3

Table 1. Baseline characteristics of the study population.

Pathological stage n CTC detection rate (%)

Total 59 	 16/59	 (27.12)

Stage I 9 	 0/9	 (0.00)

Stage II 10 	 1/10	 (10.00)

Stage III 27 	 6/27	 (22.22)

Stage IV 14 	 9/14	 (64.29)

Table 2. �Circulating tumor cells detected with the CellSearch 
system in patients with gastric cancer.
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DAPI/CK-PE CK-PE DAPI CD45-APC

Figure 1. �Circulating tumor cells (CTCs) were detected with the CellSearch system. In this system, CTCs were defined as circular or 
elliptical epithelial cells with specific cell surface antigen characteristics (EpCAM+/CK+/DAPI+/CD45–).

Pathological stage n CTC+CTM detection rate (%) CTM detection rate (%) CTC detection rate (%)

Total 59 	 35/59	 (59.32) 	 15/59	 (25.42) 	 28/59	 (47.46)

Stage I 9 	 4/9	 (44.44) 	 2/9	 (22.22) 	 3/9	 (33.33)

Stage II 10 	 4/10	 (40.00) 	 0/10	 (0.00) 	 4/10	 (40.00)

Stage III 26 	 17/26	 (65.38) 	 10/26	 (38.46) 	 13/26	 (50.00)

Stage IV 14 	 10/14	 (71.43) 	 3/14	 (21.43) 	 8/14	 (57.14)

Table 3. Circulating tumor cells detected with the CTC-Biopsy system in patients with gastric cancer.
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Impact of CTC count, as detected with the CellSearch 
system, on survival in patients with GC

The 4-year PFS of patients in the CTC £3 group was significant-
ly higher than that of patients in the CTC >3 group (P<0.001) 
(Figure 3). Similarly, the 4-year OS of patients in the CTC £3 
group was significantly higher than that of patients in the CTC 
>3 group (P<0.001) (Figure 4).

Discussion

The presence of CTCs has been used as a “liquid pathology” 
index for tumor metastasis and to assess the risk of tumor re-
currence. CTCs have also been used for the real-time detection 
of tumor response and for targeted therapies [12]. However, 
the concentration of CTCs in human peripheral blood is very 
low and varies significantly among individuals. Advanced tech-
nology is required to detect CTCs [13]. In this study, we used 
the CellSearch system, which is based on cell-surface immune 

A

C

B

D

Figure 2. �Circulating tumor cells (CTC)/circulating tumor microemboli (CTM) detected with the CTC-Biopsy system in patients with 
gastric cancer. Wright-Giemsa staining was performed for cytomorphological analysis. (A) CTC: nuclear-cytoplasmic ratio 
>0.8, irregular nuclear shape. (B) CTC: cell diameter >15 μm; abnormally large nucleoli. (C) CTC: thickened and wrinkled, with 
jagged nuclear membranes and side-shifted chromatin. (D) CTM: aggregation of tumor cells (³3). All cells were analyzed 
under 40× magnification. Scale bar: 20 μm.

CellSearch
CTC-Biopsy

Total P-value Kappa value
Positive Negative

Positive 12 4 16 <0.001 0.138*

Negative 24 19 43

Table 4. Comparison of CellSearch and CTC-Biopsy systems in terms of circulating tumor cells detection rate.

* Kappa <0.40 indicates poor consistency.
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Factors
Positive 
(n=16)

Negative 
(n=43)

P
Stage I–II 

(n=1)
P

Stage III–IV 
(n=15)

P

Age 0.937* 1** 0.935*

	 ³60 8 21 1 8

	 <60 8 22 0 7

Sex 0.378* 1** 0.414*

	 Male 12 37 1 11

	 Female 4 6 0 4

Lymphocyte (×109/L) 	 1.30±0.38 	 1.74±0.56 0.004# 1.29 0.148# 	 1.29±0.39 0.085#

Neutrophils (×109/L) 	 4.62±1.85 	 3.71±1.41 0.046# 5.82 0.327# 	 4.54±1.88 0.020#

Platelet (×109/L) 	 269.00±83.03 	 258.98±84.43 0.685# 181.00 0.351# 	 274.87±82.44 0.527#

N/L 	 3.86±1.75 	 2.35±1.26 0.001# 4.51 0.080# 	 3.82±1.81 0.009#

D-dimer 	 3.54±6.33 	 1.03±1.78 0.138# 0.90 0.918# 	 3.71±6.51 0.0549#

Serum CEA 0.770* 0.730** 0.904*

	 <3.4 8 26 1 7

	 ³3.4 7 15 0 7

	 Other 1 2 0 1

Serum CA199 0.024* 0.838* 0.049*

	 <39 9 36 1 8

	 ³39 6 3 0 6

	 Other 1 4 0 1

Lymph node metastasis 0.014* 1** 0.519*

	 No 1 17 1 0

	 Yes 15 26 0 15

Tumor location 0.026* 0.080* 0.254*

	 Upper third 6 17 0 6

	 Middle third 6 4 1 5

	 Lower third 4 22 0 4

Tumor size, cm 0.006* 0.784* 0.026*

	 <5 3 26 1 2

	 ³5 9 15 0 9

	 Other 4 2 0 4

Vascular invasion 0.002* 0.892* 0.007*

	 No 6 35 1 5

	 Yes 4 6 0 4

	 Other 6 2 0 6

Table 5. Correlation between circulating tumor cells detected with the CellSearch system and clinicopathological factors.
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Table 5 continued. Correlation between circulating tumor cells detected with the CellSearch system and clinicopathological factors.

Factors
Positive 
(n=16)

Negative 
(n=43)

P
Stage I–II 

(n=1)
P

Stage III–IV 
(n=15)

P

Differentiation level 0.650** 0.404** 0.404**

	 Low 10 22 0 10

	 Low medium 2 8 1 1

	 Medium 2 8 0 2

	 High 2 2 0 0

	 Other 0 3 0 2

* c2 test; ** Fisher accurate inspection; # Student’s t-test.

Factors
Positive 
(n=35)

Negative 
(n=24)

P
Stage I–II 

(n=8)
P

Stage III–IV 
(n=27)

P

Age 0.914* 0.552* 0.427*

	 ³60 17 12 4 13

	 <60 18 12 4 14

Sex 0.451* 0.202* 0.177*

	 Male 28 21 8 20

	 Female 7 3 0 7

Lymphocyte (×109/L) 	 1.58±0.50 	 1.67±0.58 0.51# 	 1.75±0.36 0.192# 	 1.53±0.53 0.411#

Neutrophils (×109/L) 	 3.97±1.66 	 3.94±1.49 0.94# 	 4.96±1.97 0.084# 	 3.67±1.47 0.327#

Platelet (×109/L) 	 266.00±70.65 	 128.63±26.17 0.64# 	 273.38±84.76 0.487# 	 263.81±67.61 0.988#

N/L 	 2.82±1.53 	 2.82±1.53 0.72# 	 3.01±1.67 0.045# 	 2.77±1.51 0.278#

D-dimer 	 2.01±4.58 	 1.32±2.15 0.451# 	 0.74±0.49 0.459# 	 2.40±5.19 0.297#

Serum CEA 0.964* 0.355* 0.569*

	 <3.4 20 14 5 15

	 ³3.4 13 9 2 11

	 Other 2 1 1 1

Serum CA199 0.882* 0.050** 0.367*

	 <39 26 19 5 21

	 ³39 6 3 1 5

	 Other 3 2 2 1

Lymph node metastasis 0.498* 0.737* 1**

	 No 9 9 7 2

	 Yes 26 15 1 25

Tumor location 0.319* 0.581* 0.093*

	 Upper third 22 11 3 9

	 Middle third 8 2 1 7

	 Lower third 15 11 4 11

Table 6. Correlation between circulating tumor cells detected with the CTC-Biopsy system and clinicopathological factors.
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Table 6 continued. Correlation between circulating tumor cells detected with the CTC-Biopsy system and clinicopathological factors.

Factors
Positive 
(n=35)

Negative 
(n=24)

P
Stage I–II 

(n=8)
P

Stage III–IV 
(n=27)

P

Tumor size, cm 0.301* 0.396* 0.807*

	 <5 15 14 6 9

	 ³5 15 9 1 14

	 Other 5 1 1 4

Vascular invasion 0.388* 0.243* 0.685*

	 No 22 19 7 15

	 Yes 7 3 0 7

	 Other 6 2 1 5

Differentiation level 0.196* 0.753* 0.010*

	 Low 22 10 2 20

	 Low medium 7 3 2 5

	 Medium 3 7 2 1

	 High 1 1 1 1

	 Other 2 3 1 0

* c2 test; ** Fisher accurate inspection; # Student’s t-test.

Factors
Positive 
(n=15)

Negative 
(n=44)

P
Stage I–II 

(n=2)
P

Stage III–IV 
(n=13)

P

Age 0.330* 1** 0.427*

	 ³60 9 20 1 8

	 <60 6 24 1 5

Sex 0.445* 1** 0.237*

	 Male 11 38 2 9

	 Female 4 6 0 4

Lymphocyte (×109/L) 	 1.50±0.52 	 1.66±0.54 0.307# 	 1.89±0.04 0.950# 	 1.43±0.54 0.711#

Neutrophils (×109/L) 	 3.70±1.12 	 4.04±1.71 0.476# 	 3.65±1.13 0.635# 	 3.71±1.17 0.716#

Platelet (×109/L) 	281.87±60.93 	254.82±89.42 0.282# 	345.50±95.46 0.109# 	272.08±52.85 0.671#

N/L 	 2.88±1.55 	 2.72±1.57 0.727# 	 1.94±0.64 0.654# 	 3.03±1.61 0.864#

D-dimer 	 0.87±1.15 	 2.04±4.33 0.306# 	 0.55±0.07 0.703# 	 0.92±1.23 0.260#

Serum CEA 0.903* 0.004** 0.324*

	 <3.4 8 26 0 8

	 ³3.4 6 16 1 5

	 Other 1 2 1 0

Serum CA199 0.820* 0.154** 0.287*

	 <39 11 34 1 10

	 ³39 3 6 0 3

	 Other 1 4 1 0

Table 7. Correlation between circulating tumor microemboli detected with the CTC-Biopsy system and clinicopathological factors.
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recognition, and the CTC-Biopsy system, which is based on cell 
morphology and size, to detect CTCs in the peripheral blood 
of patients with GC.

Detection techniques that are based on epithelial markers, 
such as with the CellSearch system, cannot capture cells that 
do not express EpCAM and cytokeratin on the cell membrane. 
Galatea et al. used breast cancer cell lines in their study and 
found that the filtration method had a higher recovery rate for 
tumor cells than did CellSearch [18]. Another study on pancre-
atic cancer found a 40% CTC detection rate with the CellSearch 
system, while the CTC detection rate achieved using a tech-
nology based on the filtration principle reached 93% [19]. In 
a study on esophageal squamous cell carcinoma, Li et al. re-
ported that the CTC detection rate of the CTC-Biopsy system 
(32.8%) was significantly higher than that of the CellSearch 
system (1.6%) [20]. A similar study on renal cancer found that 
the CTC detection rates by the CellSearch system and technol-
ogy based on the filtration principle were 19.4% and 36.1%, 
respectively [21]. In the present study, the CTC detection rate 
of the CTC-Biopsy system was significantly higher than that 

of the CellSearch system in GC (59.32% vs. 27.12%, P<0.001). 
The CTC-Biopsy system isolated CTCs based on cell size, and 
its effectiveness was not affected by changes in the expression 
of epithelial markers. We believe that, in the present study, 
the low EpCAM and cytokeratin expression rates of CTC in pa-
tients with GC led to high rates of false-negative results from 
the use of the CellSearch technology. Meanwhile, a CTM was 
found in 16 GC patients with the CTC-Biopsy system but in no 
patients with the CellSearch system. This finding is consistent 
with reports published previously [22,23].

Recent studies have shown that CTCs are associated with ad-
vanced tumor stage and lymphatic vascular invasion [24,25]. 
In the present study, CTCs detected with the CellSearch system 
were positively correlated with the stage of disease (P=0.022). 
The CTC detection rate was highest in patients with stage IV 
disease (64.29%, 9/14) and lowest in those with stage I dis-
ease (0%, 0/9). There was also a positive correlation between 
CTCs and vascular invasion in patients with stage III/IV GC 
(P=0.007). This suggests that CTCs in GC are related to tumor 
invasiveness and tumor stage. Hence, the CTC count can be 

* c2 test; ** Fisher accurate inspection; # Student’s t-test.

Table 7. Correlation between circulating tumor microemboli detected with the CTC-Biopsy system and clinicopathological factors.

Factors
Positive 
(n=15)

Negative 
(n=44)

P
Stage I–II 

(n=2)
P

Stage III–IV 
(n=13)

P

Lymph node metastasis 0.094* 1** 1**

	 No 2 17 2 0

	 Yes 13 27 0 13

Tumor location 0.625* 0.638** 0.907*

	 Upper third 7 16 1 6

	 Middle third 3 7 0 3

	 Lower third 5 21 1 4

Tumor size, cm 0.211* 0.605** 0.339*

	 <5 24 5 2 3

	 ³5 15 9 0 9

	 Other 5 1 0 1

Vascular invasion 0.501* 0.501** 0.685*

	 No 9 32 2 7

	 Yes 4 6 0 4

	 Other 2 6 0 2

Differentiation level 0.277* 0.346** 0.030**

	 Low 11 21 0 11

	 Low medium 3 7 1 2

	 Medium 1 9 1 0

	 High 0 2 0 0

	 Other 0 5 0 0
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Independent factors Hazard ratio 95% CI P Hazard ratio 95% CI P

CTC (CellSearch) (Yes/No) 2.556 1.278–5.109 0.008 0.512 0.157–1.667 0.266

CTC (£1/>1) 5.824 2.452–13.833 0.000 5.367 0.427–67.416 0.193

CTC (£2/>2) 6.292 2.566–15.431 0.000 8.630 0.421–177.118 0.162

CTC (£3/>3) 5.358 2.136–13.443 0.000 0.023 0.001–0.395 0.009

CTC (£4/>4) 4.859 1.775–13.300 0.002 1.618 0.293–8.947 0.581

Age (£60/>60) 1.527 0.790–2.951 0.208

Sex (Male/Female) 1.449 0.634–3.314 0.380

KPS (70–80/90–100) 0.685 0.367–1.279 0.235

Platelet count 1.001 0.997–1.005 0.724

N/L 1.116 0.905–1.377 0.305

CEA (<3.4/³3.4) 1.437 0.878–2.352 0.149

CA199 (<39/³39) 1.036 0.160–0.818 0.886

Pathological stage (I–II/III–IV) 14.377 3.424–60.372 0.000 15.475 2.426–98.725 0.004

Distant metastasis (Yes/No) 11.478 4.451–29.595 0.000 10.310 2.796–38.019 0.000

Lymph node metastasis (Yes/No) 5.177 1.820–14.727 0.002 0.603 0.152–2.383 0.470

Tumor size (<5 cm/³5 cm) 2.580 1.637–4.067 0.000 1.385 0.588–3.263 0.456

Vascular invasion(Yes/No) 1.912 1.266–2.889 0.002 0.917 0.420–2.003 0.829

Table 8. �Univariate and multivariate analysis of CellSearch-derived and other factors affecting progression-free survival in patients 
with gastric cancer.

Independent factors Hazard ratio 95% CI P Hazard ratio 95% CI P

CTC (CellSearch) (Yes/No) 2.834 1.386–5.796 0.004 0.419 0.118–1.491 0.179

CTC (£3/>3) 5.463 2.213–13.489 0.000 0.007 0.000–0.157 0.002

Age (£60/>60) 1.563 0.776–3.151 0.211

Sex (Male/Female) 1.109 0.456–2.696 0.820

KPS (70–80/90–100) 0.679 0.349–1.322 0.255

Platelet count 1.001 0.997–1.005 0.627

N/L 1.165 0.946–1.434 0.150

CEA (<3.4/³3.4) 1.382 0.821–2.327 0.224

CA199 (<39/³39) 1.092 0.668–1.785 0.726

Pathological stage (I–II/III–IV) 10.670 2.538–44.849 0.001 4.756 0.799–28.319 0.087

Distant metastasis (Yes/No) 7.165 3.199–16.050 0.000 8.623 2.296–32.382 0.001

Lymph node metastasis (Yes/No) 6.042 1.833–19.917 0.003 1.455 0.326–6.498 0.623

Tumor size (<5 cm/³5 cm) 2.736 1.713–4.369 0.000 2.309 0.938–5.682 0.069

Vascular invasion (Yes/No) 1.917 1.246–2.951 0.003 0.480 0.197–1.171 0.107

Table 9. Univariate and multivariate analyses of factors affecting overall survival in patients with gastric cancer.
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used as an auxiliary indicator to judge tumor stage and the 
risk of recurrence.

CTMs are more invasive than CTCs [5]. Carlsson et al. found 
that the number of CTMs in patients with advanced lung cancer 
was much higher than that in patients with early lung cancer 
(0 to 184 vs. 0 to 2, respectively) [26]. One study showed that 
the rate of CTM detection correlated with serum CA125 levels 
in patients with GC [23]. Another study showed that high CTC 
counts were associated with poor tumor differentiation and 
high serum CEA levels (P=0.021 and 0.005, respectively) [27]. 
In this study, we found that, with use of the CTC-Biopsy sys-
tem, CTM in patients with stage I/II GC was correlated with se-
rum CEA (P<0.05), while CTCs (P=0.010) and CTMs (P=0.030) 
in patients with stage III/IV GC were correlated with the de-
gree of tumor differentiation. CTM detection often indicates 
a poor prognosis. The rate of detection of CTM is different in 
patients at various stages of disease, and CTM detection may 
help in increasing the accuracy of clinical staging [22].

Neutrophils have been found to be associated with tumor 
growth, metastasis, and tumor angiogenesis. Previous studies 
have found that the number of neutrophils in GC tumor tissue 
is increased and associated with low OS rates in patients with 
GC [28]. A study of 1220 nonsurgical patients with advanced 
GC found that patients with an elevated neutrophil/lympho-
cyte ratio had poor OS and that the neutrophil/lymphocyte ra-
tio was an independent prognostic factor [29]. In patients with 
GC undergoing radical resection and postoperative adjuvant 
chemotherapy, preoperative neutrophil/lymphocyte ratio values 

were independent risk factors for OS and PFS [30]. In the pres-
ent study, CTC count, as measured with the CellSearch system, 
was found to be correlated with neutrophils (P=0.020) and 
neutrophil/lymphocyte ratio (P=0.009) in patients with stage 
III/IV GC. The CTC detection rate obtained with the CTC-Biopsy 
system was correlated with neutrophil count in patients with 
stage I/II GC (P=0.045). We speculate that increases in neu-
trophil count and neutrophil/lymphocyte ratio promote tumor 
progression, leading to increased numbers of CTCs in peripher-
al blood. In the present study, the detection of >3 CTCs by the 
CellSearch system was an independent risk factor adversely af-
fecting PFS and OS in patients with GC (P<0.05) (Tables 8, 9). 
However, there was no statistically significant correlation be-
tween the rate of CTC detection by the CTC-Biopsy system and 
oncologic outcomes such as PFS or OS (P>0.05).

This study had some limitations. First, because of the con-
straints of our study design, we could not compare the recov-
ery rate and specificity of the 2 systems for detection of GC 
and WBC cell lines. Also, owing to technical limitations, we 
could not use immunocytofluorescence or immunocytochem-
istry to verify the results of the CTC-Biopsy in the GC group. 
Hence, we could not identify false-positive cases detected by 
the CTC-Biopsy system. In the future, we intend to perform a 
more comprehensive study with the use of immunocytofluo-
rescence or immunocytochemistry to verify the nature of the 
cells detected by the CTC-Biopsy system and to validate cell 
lines. Second, there was a poor correlation between the CTCs 
detected with the CTC-Biopsy system and the clinicopathologi-
cal or prognostic factors of patients. Moreover, the correlations 
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Figure 3. �Correlation between circulating tumor cells (CTCs) 
detected with the CellSearch system and progression-
free survival in 59 patients with gastric cancer (CTC £3 
and CTC >3 group log-rank test, P<0.001).
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were different with the CellSearch system. We think that this 
may be related to the small number of patients in the experi-
mental group and the short follow-up time. Therefore, to fur-
ther clarify the significance of CTC detection in the prognostic 
evaluation of GC, additional large-sample, multi-center clini-
cal trials are needed. Third, the identification criteria used by 
the CellSearch and CTC-Biopsy systems were not the same. 
Future experiments comparing these 2 systems with the same 
identification criteria are required to decrease the possibility 
of false-positive results.

Conclusions

In conclusion, the CTC-Biopsy system, which was designed 
based on the filtration principle, is more sensitive than the 
CellSearch system in the detection of CTCs. CTCs detected with 
the CellSearch system correlated with various clinicopatholog-
ical factors and prognosis in GC patients. Future studies are 
required to validate the findings of this study.
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