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ABSTRACT 
 

Objective: The purpose of this study is to explore RT-PCR method to set up the examination platform for 
detecting circulating tumor cells (CTC) in peripheral blood from metastatic breast cancer patients. The primary 
endpoint is to find out the correlation of existence of CTC with clinical responses and progression-free survival 
(PFS). 

Methods: The breast cancer cell line MCF-7 was serially diluted into the peripheral blood from 45 healthy 
donors to set up the sensitivity of RT-PCR assay. The expression of CK19 mRNA was amplified from both 49 
patients and 45 healthy donors respectively. The CK19 protein quantity from plasma was measured by competitive 
inhibition ELISA assay. 

Results: The sensitivity of RT-PCR could reach 1/106−107 white blood cells with specificity of 95.6%. The 
objective response rate (ORR) of patients with CK19 mRNA-negative undertaken one cycle chemotherapy was 
significantly higher than those with positive (P<0.0001). PFS among CK19 mRNA-negative patients was also 
increased, although there was no significance (P=0.098). The results of ELISA assay showed that CK19 protein was 
decreased significantly after one cycle chemotherapy, which gave rise to a little higher ORR (P=0.015) and 
increased PFS (P=0.016). 

Conclusion: Patients with unamplified CK19 mRNA after one cycle chemotherapy could achieve better 
radiographic evaluation and increased PFS, which was showed to be of consistency with the CK19 protein assay 
among the patients treated. 
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INTRODUCTION 
 
Despite early diagnosis, accurate surgical and 

adjuvant chemotherapy after surgery are conducted 
and the mortality of breast cancer is decreased, 
most of patients eventually die from relapse and 
metastasis. After the 1metastasis of breast cancer  
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appears, the treatments are more troublesome. With 
some effective drugs as well as combination 
therapy, patients with breast cancer achieve longer 
overall survival to some extent. However, if there 
is no timely and efficient tool to monitor the 
therapy efficacy for metastatic breast cancer 
patients, there may be a long-term invalid 
treatment or interruption of a potentially effective 
therapy.  

A simple and efficient tool is required to guide 
physician to choose therapeutic regimen and 
monitor treatment precisely. Based on the theory of 
tumor cell dissemination, there were many 
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documents reported[1, 2] that CTC in breast cancer 
patients was an independent prognostic factor. 
Some researcher concluded that CTC was also 
correlated with PFS[3]. In order to further clarify 
the relationship between CTC of metastatic breast 
cancer and chemotherapy efficacy and PFS, in this 
study CTC was detected in peripheral blood of 
newly diagnosed metastatic breast cancer patients 
before and after first cycle of chemotherapy by 
RT-PCR method with detecting CK19 mRNA. 
CK19 mRNA is a common and reliable marker of 
CTC. CK19 protein was detected by ELISA. We 
analyzed whether the expression of CK19 mRNA 
before and after the first cycle of chemotherapy can 
predict imaging evaluation of two cycles of 
chemotherapy efficacy. The relationship between 
CK19 mRNA and PFS was also investigated. We 
further analyzed the link between CK19 protein 
before and after the first cycle of chemotherapy 
and imaging evaluation of two cycles of 
chemotherapy efficacy and PFS. 

 
 

MATERIALS AND METHODS 
 
Patients 
 

A total of 58 patients were collected from May 
2009 to March 2010 in Beijing Cancer Hospital. 
All the Patients were female. Median age was 50.5 
(spanning 27−72 years old), nine patients lacked 
paired results, including four had no initial CTC 
assessments, and five had no subsequent clinical 
and/or radiographic documentation of disease 
status. Thus, 49 patients were evaluable for the 
correlation between CTC detection and 
radiographic imaging (they had at least two pairs of 
results after the baseline visit). All patients signed 
an informed consent to participate in the study. 
Clinical and pathological features are shown in 
Table 1. 

Eligibility criteria included: (1) newly 
diagnosed breast carcinoma patients with distant 
metastasis; (2) planed to first-line chemotherapy; 
(3) radiographically measurable disease per 
Response Evaluation Criteria in Solid Tumors 
(RECIST).  
 
Treatment and Follow-up  
 

Eligible patients received treatment of 
docetaxel-based chemotherapy regimen, which was 
docetaxel 75 mg/m2 (d1, d8) plus capecitabine 
1250 mg/m2 (d1−14) or thiotepa 60 mg/m2 (d1) 
repeated every 3 weeks. All the patients completed  

Table 1. Clinical data of 49 patients with metastatic 
breast cancer 

 
Features No (%) 

 
37( 75.5%) 

Menopausal status 
Postmenopausal 
Premenopausal 12 (24.5%) 

 
32 (65.3%) 

ECOG 
0 
1 17 (34.7%) 

 
27 (55.1%) 

ER 
Positive 
Negative 22 (44.9%) 

 
33 (67.3%) 

PR 
Positive 
Negative 16 (32.7%) 

 
19 (38.8%) 
24 (49.0%) 

HER2 
Positive 
Negative 
Unknown 6 (12.2%) 

 
23 (46.9%) 
22 (44.9%) 
30 (61.2%) 
13 (26.5%) 
11 (22.4%) 

Metastatic sites 
Liver 
Bone 
Lymph nodes 
Chest wall 
Pleura 
Lung  23 (53.1%) 

 
 
a baseline imaging evaluation and blood collection 
for detecting CTC before starting the first cycle of 
chemotherapy. After the first cycle of chemo- 
therapy, blood samples were collected on the day 
before the date starting the second cycle of 
chemotherapy, and imaging evaluation were 
performed again after two cycles of chemotherapy. 
The results of imaging evaluation were assessed by 
RECIST (Response Evaluation Criteria in Solid 
Tumors), and divided into: complete response (CR), 
partial response (PR), stable disease (SD), 
progressive disease (PD). CR or PR means 
effective therapy, SD or PD means invalid. The 
patients were followed up for 12 months and 
information was collected from study entry until 
the day of the first evidence of progressive disease. 
The relationship between CTC and PFS was 
investigated. We also analyzed the link among 
CK19 protein level, imaging evaluation and PFS. 
The route of study was showed in Figure 1. 
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Figure 1. Study design. A: 
the timing and strategy of 
detection of CTC and 
imaging evaluation; B: the 
timing and the strategy of 
detection of CK19 protein 
and imaging evaluation. 

 
 
 
 
 
 
 
 

Sensitivity and Specificity of RT-PCR for 
Detecting CTC 
 

MCF7 cells were purchased from Cell Center of 
Chinese Academy of Medical Sciences, and were 
cultured in Dulbecco’s modified Eagle’s medium 
with 10% calf serum at 37°C in 5% CO2 incubator. 
MCF-7 cells were diluted into the peripheral blood 
of healthy volunteers to evaluate the sensitivity of 
this method. Different numbers of MCF-7 cells 
(104, 103, 102, 101, 100, 0) were mixed in 4 ml 
peripheral blood of healthy volunteers respectively, 
which simulated directly CTC of patients with 
breast cancer. Then we evaluated the sensitivity by 
detecting CK19 mRNA by RT-PCR. CK19 mRNA 
was detected in 45 healthy volunteers to determine 
the specificity.  

 
Detection of Circulating Tumor Cells with 
RT-PCR 
 

The first sample was collected immediately 

before the first cycle of chemotherapy; the second 
was collected after the first cycle (the day before 
the date starting the second cycle of chemotherapy). 
Blood samples were mixed with anti-coagulant 
EDTA. The blood of first tube was susceptible to 
be contaminated by epithelial cells and discarded. 
To prevent RNA degradation, the blood was 
processed within 30 min after collected. 
Mononuclear cells were enriched by density 
gradient. Peripheral blood RNA was extracted 
according to Trizol method (Trizol reagent, 
Invitrogen Inc. USA). RNA reverse transcription 
experiment was completed according to the 
instructions of reverse transcriptase kit (Promega 
Inc. USA). cDNA solution obtained from reverse 
transcription experiment was diluted to 100 μl with 
nucleic acid free water, and 2 μl cDNA was taken 
for polymerase chain reaction according to the PCR 
kit. mRNA free sample was used as negative 
control. Plasmid containing the full length CK19 
sequence was used as positive control.  

The primers and product size were as follows,  
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Figure 2. The breast cancer cell line MCF-7 was serially 
diluted into the peripheral blood from 45 healthy donors 
to detect CK19 mRNA, the number of MCF-7 cells was 
104, 103, 102, 101, 100, 0. 

 
 
 

for CK19: Forward: 5’-ATGCGAAGCCAATAT- 
GAGG-3’, Reverse: 5’-TCCGTTTCTGCCAGTG- 
TGT-3’, 230 bp; for GAPDH: Forward: 5’-GTC- 
AACGGATTTGGTCGTATT-3’, Reverse: 5’-AGT- 
CCTCTGGGTGGCAGTGAT-3’, 540 bp. Cycle 
parameters were as follows: for GAPDH: 95°C for 
5 min; 26 cycles of 95°C for 1 min, 56°C for 1 min, 
72°C for 1 min; 72°C for 7 min, for CK19: 95°C for  
5 min; 35 cycles of 94°C for 15 s, 60°C for 15 s, 
72°C for 15 s; 72°C for 7 min. Finally the PCR 
products were identified.  

To ensure comparability of the experiments, all 
the reagents, laboratory conditions, experimental 
and operating procedures were kept strictly  
consistent.  
 
ELISA (Competitive Inhibition Assay)  
 

CK19 protein in peripheral blood plasma was 
detected by CK19 ELISA kit (GBD Inc. Canada). 
Experimental procedures were performed strictly in 
accordance with the operation instructions of 
ELISA kit. According to kit instructions, data were 
processed using CurveExpert1.4 to draw the 
standard curve. 
 
Statistical Analysis 
  

All the statistical results of data analysis were 
obtained using SPSS version14.0. The results of 
CK19 mRNA expression are divided into two 
categories: negative and positive. The positive 
result of CK19 mRNA means the discovery of CTC, 
the contrary result means negative. The 
relationship between CTC and the efficacy of 
chemotherapy was conduct by the chi-square 
analysis. Using paired T test analyzed the changes 
of CK19 protein before and after chemotherapy. 
The relationship between CK19 protein with 
elevated or reduced level and chemotherapy 
efficacy was obtained by the chi-square analysis. 
Survival curves were draw by Kaplan-Meier 
survival analysis, log-rank test was used to  

 
 
 
 
 
 
 

 
 
Figure 3. The expression of CK19 mRNA and GAPDH of 
No.13−16 patients was showed. A was before the first 
cycle; B was after the first cycle. “-”: negative, “+”: 
positive. 
 
 
 

 
 
 

 
 
 
Figure 4. The expression of CK19 mRNA and GAPDH of 
No. 33−36 patients was showed. A was before the first 
cycle; B was after the first cycle. “-”: negative, “+”: 
positive. 

 
 
 

compare the difference between groups. P value 
<0.05 is considered that there is a statistical 
significance. 

 
 

RESULTS 
 

Sensitivity and Specificity of RT-PCR Test 
 

The sensitivity of RT-PCR method for detecting 
CK19 mRNA could detect one tumor cell in 4 ml 
peripheral blood. In other words, it could detect 
1/106−107. The result was shown in Figure 2.  

In order to clarify the specificity of the method, 
CK19 mRNA was detected in peripheral blood of 
45 healthy volunteers by this method. It was 
detected only in two cases of 45 healthy volunteers. 
The method had a high specificity of 95.6%. 
 
Detection of CK19 mRNA in Metastatic Breast 
Cancer 
 

We collected blood sample from 49 patients 
with newly diagnosed metastatic breast cancer 
before the first and second cycle of chemotherapy, 
and detected CK19 mRNA. We selected No. 13-16 
and 33−36 patients as representative of all the 
patients (Figure 3, 4). 73.5% of the patients were 
CK19 mRNA-positive before the first cycle of  
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Figure 5. The ORR of patients with CK19 mRNA- 
negative before the first cycle was 23.1%, while that of 
ones with CK19 mRNA-positive was 27.8%. There was no 
significant difference. ORR: objective response rate. 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. The ORR of patients with CK19 mRNA- 
negative after the first cycle was 90.0%, which was 
significantly higher than that of CK19 mRNA-positive 
ones with 10.3%.  ORR: objective response rate. 

 
chemotherapy, and the CK19 mRNA-positive rate 
increased to 79.6% after one cycle chemotherapy. 
The change had no significant difference 
(P=0.902). 
 
The Relationship between CK19 mRNA and 
Chemotherapy Efficacy 
 
The Relationship between CK19 mRNA before the 
First Cycle of Chemotherapy and Chemotherapy 
Efficacy 
 

Based on the results of imaging evaluation after 
two cycles of chemotherapy, the ORR for patients 
with negative and positive CK19 mRNA expression 
before the first chemotherapy cycle was 23.1% and 
27.8% respectively. The expression of CK19 
mRNA before the first chemotherapy cycle had 
nothing to do with chemotherapy efficacy (P=1.000, 
Figure 5). 
 
The Relationship between CK19 mRNA after the 
First Chemotherapy Cycle and Chemotherapy 
Efficacy 
 

After the first cycle of chemotherapy, the ORR 
of patients with CK19 mRNA-negative was 90.0%, 
CK19 mRNA-positive patients’ ORR was 10.3%, 
the ORR was significantly different (P<0.0001, 
Figure 6), which indicated that after the first 
chemotherapy cycle, those with CK19 mRNA- 
negative had better results of imaging evaluation 
than CK19 mRNA-positive ones. The results above 
showed CK19 mRNA-negative patients after the 
first chemotherapy cycle achieved better results of 
clinical imaging evaluation than positive ones, 
suggesting the detection of CK19 mRNA after the 

first chemotherapy cycle can predict the results of 
clinical imaging evaluation.  
 
The Correlation between CK19 mRNA and PFS  

 
In order to further clarify the relationship 

between CK19 mRNA and PFS, we followed up 
patients for 12 months. The results showed that 
CK19 mRNA before the first chemotherapy cycle 
had no correlation with PFS (P=0.304, Figure7); 
PFS of patients with CK19-negative after the first 
chemotherapy cycle was better than CK19-positive 
ones, but had no significant difference (P=0.098, 
Figure 8).  
 
The Relationship between CK19 Protein in the 
Peripheral Blood and Chemotherapy Efficacy 
and PFS 
 

The average concentration of CK19 protein 
before the first chemotherapy cycle was 3.85 ng/ml, 
and significantly reduced to 3.16 ng/ml after one 
cycle chemotherapy (P=0.001).  

The ORR of the patients with reduced CK19 
protein was 38.2% and that of patients with CK19 
protein increased was 0%. The patients with 
decreased CK19 protein had significantly better 
results of imaging evaluation than patients with 
increased ones (P=0.015, Figure 9).  

The relationship between CK19 protein 
expression and PFS showed that PFS of patients 
with decreased CK19 after one cycle of 
chemotherapy was better than patients with 
increased level (P=0.016), as shown in Figure 10. 
The data indicated that the detection of CK19 
protein before and after one chemotherapy cycle 
could predict the results of clinical imaging 
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Figure 7. PFS of patients with CK19mRNA-negative 
before the first cycle had no difference from that of ones 
with CK19 mRNA-positive. PFS: progression-free 
survival.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. The ORR of patients with CK19 protein 
decreased after the first cycle was 38.2%, which was 
significantly higher than that of ones with CK19 protein 
increased with 0%. ORR: objective response rate.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. PFS of patients with CK19mRNA-negative after 
the first cycle was better than that of CK19 mRNA- 
positive ones. PFS: progression-free survival.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 10. PFS of patients with CK19 protein decreased 
after the first cycle was better than that of ones with 
CK19 protein increased. PFS: progression-free survival.   

 
 
 
 

evaluation after two cycles of chemotherapy and 
PFS. 

 
The Relation of Conventional Clinical Factors 
with ORR and PFS 
 

There are many conventional clinic pathologic 
factors known to be associated with prognosis, 
suchas menopausal status (premenopausal vs post- 
menopausal), ECOG, ER status (negative vs 
positive), PR status (negative vs positive), 
HER-2/neu status (positive vs negative), tumor 
burden, and so on. We analyzed the relation of 
these factors with ORR. We found that these 

factors had no relation with ORR and PFS except 
PR. The ORR of PR-negative patients was 36.4%, 
much higher than PR-positive patients 6.7% 
(P<0.05). We further analyzed the relation of these 
factors with PFS. There was no relationship 
between these factors and PFS.  

 
 

DISCUSSION 
 

The therapy efficacy of metastatic breast cancer 
(MBC) is relatively poor and the objective 
response rate is low[4]. Palliation of metastatic 
disease could be achieved by considering 
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pretreatment prognostic and predictive factors, 
which could assist in choosing a therapy with the 
greatest likelihood of patient benefit[5]. Factors that 
may accurately predict prognosis and treatment 
efficacy in patients with MBC are very important. 
Therefore, we need a timely and efficient tool to 
predict accurately the efficacy. CTC in peripheral 
blood of patients could monitor the treatment of 
metastatic breast cancer and would be a simple and 
efficient tool. Yagata et al.[6] used the Cell Search 
System to detect tumor cells in peripheral blood, 
found that PFS of patients with >5CTC/7.5 ml was 
significantly shorter than patients with <5CTC/7.5 
ml (P=0.0036). This showed CTC-positive patients 
might reflect less effective therapy. Other 
researchers obtained the same results[7, 8]. 
Therefore, the detection of CTC in peripheral 
blood could evaluate the therapeutic effect of 
patients with metastatic breast cancer accurately 
and efficiently.  

In order to further clarify the relationship 
between the CTC of metastatic breast cancer and 
chemotherapy efficacy and PFS, our study detected 
CTC in peripheral blood of newly diagnosed 
metastatic breast cancer patients before and after 
first chemotherapy cycle with RT-PCR method by 
detecting CK19 mRNA. CK19 is a common and 
reliable marker of CTC[9−11]. We analyzed whether 
the level of CK19 mRNA before and after first 
cycle of chemotherapy could predict the results of 
the imaging evaluation.  

There are many methods for detecting CTC in 
patients with metastatic breast cancer. The 
sensitivity of different methods are different. 
RT-PCR has the highest sensitivity[12]. The positive 
rates of CTC are different with regard to breast 
cancers of different stages[13]. The heavier the 
tumor burden was, the higher the positive rate of 
CTC was in metastatic breast cancer, which had 
been reported in many documents[1, 14]. The 
positive rate of CTC in metastatic breast cancer is 
about 50%−70%. In our study, using RT-PCR 
method, CK19 mRNA was tested in 49 patients 
with newly diagnosed metastasis breast cancer 
before and after the first cycle of chemotherapy. 
The positive rates of CK19 mRNA were 73.5% and 
79.6% respectively. Comparing with the reported 
data, the positive rate of this study was higher, the 
reasons may be that the tumor burden of the 
patients enrolled in this study was very heavy, and 
the sensitivity of this method was also higher.  

A number of studies have reported that the 
existence of CTC to some extent reflected the 
effect of chemotherapy[15]. Bidard et al.[16] reported 
that CTC positivity was a significant prognostic 

marker for PFS at a threshold of 3 CTC/7.5 ml (P< 
0.05), but not at 5 CTC/7.5 ml. These studies 
indicated that the detection of CTC can predict the 
effect of chemotherapy. We detected CTC nucleic 
acid marker CK19 mRNA before and after the first 
cycle of chemotherapy and found that CTC before 
the first chemotherapy cycle had no relation with 
ORR or PFS. The ORR of CTC-negative patients 
after the first cycle of chemotherapy was 
significantly higher than CTC-positive patients 
(P<0.0001). We found that CTC could predict 
radiographic evaluation of chemotherapy efficacy 
and other common conventional factors had no 
relation with ORR and PFS, such as ER, HER2 and 
tumor burden. The study manifested that CTC 
seemed to be superior or additiv to other 
conventional factors, which conformed to the 
results of other studies. De Giorgi, et al.[17] 
considered that CTC was superior to radiographic 
assessment, including computed tomograms. It was 
concluded that CTC was a better indicator of 
therapeutic effect than common predictive factors. 
Cristofanilli et al.[18] reported that metastatic breast 
cancer patients with >5CTC/7.5 ml blood had 
worse PFS and OS, which had a higher predictive 
value than tumor burden and tumor subtype. These 
results conformed to our studies. 

If CTC could still be found after one cycle 
chemotherapy, it indicated that the results of 
radiographic evaluation would be worse. This 
suggested that the chemotherapeutics might not be 
sensitive or resistant to patients, and need change 
the chemotherapy regimen. If the patients were 
CTC-negative before chemotherapy and became 
positive after one cycle chemotherapy, it could 
predict that the patients would have worse 
chemotherapy efficacy after two cycles of 
chemotherapy. We proposed to change 
chemotherapy regimen for this type of patients, 
rather than wait until progressive disease appearing 
after imaging evaluation of two cycles of 
chemotherapy.  

Molecular characterization of primary tumor 
tissue by gene expression profiling had shown to 
yield prognostic and predictive models in breast 
cancer[19]. However it was likely that in the tumor 
metastatic setting, molecular characterization of 
CTC represents tumor genetics than that of primary 
tumors. Studies had shown that expressions of 
clinically relevant markers such as ER, PR and 
HER2 could be different between the primary 
tumor and its metastases[20]. Prospective studies 
should clarify whether it was indeed of benefit, for 
example, to start trastuzumab therapy when the 
CTC of a prior HER2-negative primary tumor do 
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expressed HER2. A predictive and prognostic gene 
expression model for CTC could be of great help 
for the oncologist to make treatment decisions as 
the disease progressed. Therefore, the detection of 
CTC would play an important role in individual 
treatment of metastatic breast cancer. 

Detection of CTC to predict chemotherapy 
efficacy for patients with no measurement of 
lesions may be more useful, such as patients with 
only bone metastasis. Imaging evaluation for these 
types of patients may be not helpful. The 
evaluation of chemotherapy efficacy can only be 
based on clinical symptoms observed. CTC can be 
detected for these patients to assess whether the 
treatment is effective or not. In addition, CTC in 
peripheral blood can be used to estimate adjuvant 
chemotherapy effect for early breast cancer 
patients, because the tumor has been removed and 
chemotherapy effect is generally not evaluated. 
Analyzing the changes of CTC before and after 
chemotherapy may be good for evaluation of 
chemotherapy effect. Pierga and colleagues[21] 
monitored CTC in 118 patients with large operable 
or locally advanced breast cancer before and after 
neoadjuvant chemotherapy, and showed that the 
presence of CTC after a short follow-up time of 18 
months was an independent prognostic factor for 
reduced metastasis-free survival. 

In our study, the detection of CTC by RT-PCR 
could predict chemotherapy efficacy and PFS, but 
there were some problems, such as false 
positives[22] and the relationship between CTC and 
PFS was not very clear. Mehes, et al.[23] found that 
3 of 8 patients with CTC displayed apoptotic 
features and concluded that apoptotic cells 
significantly contributed to the CTC fraction in 
breast cancer patients. As the predictive value of 
such cells for the outcome of the disease was 
unclear, they should be considered separately when 
using CTC to predict chemotherapy efficacy and 
PFS. Therefore, we should pay attention to the 
pollution of apoptotic cells, and find a solution. 
Recently, Alix-Panabieres, et al.[24] screened for 
secretion of cytokeratin-19 (CK19), an 
intermediate filament of epithelial cells, and 
provided the first evidence that CK19 could be 
secreted. They[25] showed that full-length CK19 
protein was released by viable epithelial tumor 
cells in breast cancer patients, and could be 
detected by ELISA. These CK19-releasing cells 
(RCs) might constitute a biologically active subset 
of breast cancer cells with high metastatic 
properties, and be relevant to the transfer and 
progression of breast cancer cells. As shown above, 
to some extent, CK19 protein might be in behalf of 

tumor cells with activity. In order to avoid the 
pollution of apoptotic cells, we further tested CK19 
protein. There were many studies on the 
relationship between CK19 protein and circulating 
tumor cells[26]. 

We detected CK19 protein by ELISA. The 
results suggested that patients with decreased 
CK19 protein had significantly better results of 
imaging evaluation than patients with increased 
CK19 protein (P=0.015). PFS of patients with 
decreased CK19 protein was better than patients 
with increased level (P=0.002). These data 
indicated that the detection of CK19 protein before 
and after the first chemotherapy cycle could predict 
the results of clinical imaging evaluation of two 
chemotherapy cycles and PFS. These results 
conformed to those obtained by using RT-PCR and 
could further optimize the results of RT-PCR 
method for detecting of CTC to analyze PFS.  

Through the detection of CTC and CK19 
protein, we concluded that they both were better 
indicators for predicting the ORR and PFS, and had 
superiority over imaging assessment and other 
conventional measures, such as hormone receptor 
status and tumor burden. The CTC assay was more 
reproducible than radiographic evaluation, showed 
useful results at an earlier time point than do 
radiologic studies, and seemed to be a more robust 
predictor of PFS. The ability to serially quantitate 
and interrogate CTC in patients with breast cancer 
made possible new ways of managing and 
investigating this disease. The detection of CK19 
protein could compensate for lacking of CTC 
analysis to predict PFS.  

Recent studies showed that what played an 
important role in tumor recurrence and metastasis 
and affected treatment effect were not CTC in the 
peripheral blood, but stem cell-like tumor cells in 
CTC, which were considered as cancer stem cells 
with self-renewing ability[27]. Abraham et al.[28] 
reported that disseminated tumor cells detected in 
bone marrow of breast cancer patients with 
CD44

+/CD24
− phenotype had high incidence of bone 

metastasis. A stem cell subpopulation within CTC 
had also been recently reported in patients with 
metastatic breast cancer, Aktas[29] reported that a 
major proportion of CTC of metastatic breast 
cancer patients showed EMT and tumor stem cell 
characteristics. So further studies are needed to 
prove whether circulating tumor stem cells exist 
and to clarify the characteristics of these tumor 
cells, which may be an accurate indicator for 
therapy efficacy and PFS. Lu J, et al.[30] 
demonstrated the existence of distinct populations 
of CTC included these of epithelial lineage and 
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stem or progenitor cells. These data showed that 
the lineage and stem or progenitor cells in CTC 
should be further studied in future.  

In summary, this study proved that the 
detection of CTC could provide an important 
biomarker for real-time monitoring of the efficacy 
of systemic therapies and PFS in individual cancer 
patients in advance, and gene expression profiles 
of CTC would provide an opportunity for specific 
and individualized treatment planning.  
 
 

REFERENCES 
 

[1] Cristofanilli M, Hayes DF, Budd GT, et al. 
Circulating tumor cells: a novel prognostic factor 
for newly diagnosed metastatic breast cancer[J].  
J Clin Oncol 2005; 23:1420−30. 

[2] Bauernhofer T, Zenahlik S, Hofmann G, et al. 
Association of disease progression and poor 
overall survival with detection of circulating 
tumor cells in peripheral blood of patients with 
metastatic breast cancer[J]. Oncol Rep 2005; 13: 
179−84. 

[3] Hayes DF, Cristofanilli M, Budd GT, et al. 
Circulating tumor cells at each follow-up time 
point during therapy of metastatic breast cancer 
patients predict progression-free and overall 
survival[J]. Clin Cancer Res 2006; 12:4218−24. 

[4] Kopfstein L, Christofori G. Metastasis: cell- 
autonomous mechanisms versus contributions by 
the tumor microenvironment[J]. Cell Mol Life Sci  
2006; 63:449−68. 

[5] Swenerton KD, Legha SS, Smith T, et al. 
Prognostic factors in metastatic breast cancer 
treated with combination chemotherapy[J].  
Cancer Res 1979; 39:1552−62. 

[6] Yagata H, Nakamura S, Toi M, et al. Evaluation of 
circulating tumor cells in patients with breast 
cancer: multi- institutional clinical trial in 
Japan[J]. Int J Clin Oncol 2008; 13:252−6. 

[7] Cristofanilli M. Circulating tumor cells, disease 
progression, and survival in metastatic breast 
cancer[J]. Semin Oncol 2006; 33:S9−14. 

[8] Andreopoulou E, Cristofanilli M. Circulating 
tumor cells as prognostic marker in metastatic 
breast cancer[J]. Expert Rev Anticancer Ther 2010; 
10:171−7. 

[9] Pierga JY, Bidard FC, Denis MG, et al. Prognostic 
value of peripheral blood double detection of 
CK19 and MUC1 mRNA positive cells detected by 
RT-quantitative PCR in 94 breast cancer patients 
with a follow up of 9 years[J]. Mol Oncol 2007; 
1:267−8. 

[10] You F, Roberts LA, Kang SP, et al. Low-level 
expression of HER2 and CK19 in normal 
peripheral blood mononuclear cells: relevance for 
detection of circulating tumor cells[J]. J Hematol 
Oncol 2008; 1:2. 

[11] Saloustros E, Mavroudis D. Cytokeratin 
19-positive circulating tumor cells in early breast 
cancer prognosis[J]. Future Oncol 2010; 6:209−19. 

[12] Paterlini-Brechot P, Benali NL. Circulating tumor 
cells (CTC) detection: clinical impact and future 
directions[J]. Cancer Lett 2007; 253:180−204. 

[13] Müller V, Stahmann N, Riethdorf S, et al. 
Circulating tumor cells in breast cancer: 
correlation to bone marrow micrometastases, 
heterogeneous response to systemic therapy and 
low proliferative activity[J]. Clin Cancer Res  
2005; 11:3678−85. 

[14] Budd GT, Cristofanilli M, Ellis MJ, et al. 
Circulating tumor cells versus imaging--predicting 
overall survival in metastatic breast cancer[J].  
Clin Cancer Res 2006; 12:6403−9. 

[15] Martin M, García-Sáenz JA, Maestro De las Casas 
ML, et al. Circulating tumor cells in metastatic 
breast cancer: timing of blood extraction for 
analysis[J]. Anticancer Res 2009; 29:4185−7. 

[16] Bidard FC, Mathiot C, Degeorges A, et al. Clinical 
value of circulating endothelial cells and 
circulating tumor cells in metastatic breast cancer 
patients treated first line with bevacizumab and 
chemotherapy[J]. Ann Oncol 2010; Mar 16, [Epub 
ahead of print]. 

[17] De Giorgi U, Valero V, Rohren E, et al. Circulating 
tumor cells and [18F]fluorodeoxyglucose positron 
emission tomography/computed tomography for 
outcome prediction in metastatic breast cancer[J].  
J Clin Oncol 2009; 27:3303−11. 

[18] Cristofanilli M, Broglio KR, Guarneri V, et al. 
Circulating tumor cells in metastatic breast cancer: 
biologic staging beyond tumor burden[J]. Clin 
Breast Cancer 2007; 7:471−9. 

[19] Van’t Veer LJ, Dai H, van de Vijver MJ, et al. 
Gene expression profiling predicts clinical 
outcome of breast cancer[J]. Nature 2002; 415: 
530−6. 

[20] Reuben JM, Lee BN, Li C, et al. Circulating tumor 
cells and biomarkers: implications for 
personalized targeted treatments for metastatic 
breast cancer[J]. Breast J 2010; 16:327−30. 

[21] Pierga JY, Bidard FC, Mathiot C, et al. Circulating 
tumor cell detection predicts early metastatic 
relapse after neoadjuvant chemotherapy in large 
operable and locally advanced breast cancer in a 
phase II randomized trial[J]. Clin Cancer Res  
2008; 14:7004−10. 

[22] Pinzani P, Salvadori B, Simi L, et al. Isolation by 
size of epithelial tumor cells in peripheral blood of 
patients with breast cancer: correlation with 
real-time reverse transcriptase-polymerase chain 
reaction results and feasibility of molecular 
analysis by laser microdissection[J]. Hum Pathol  
2006; 37:711−8. 

[23] Méhes G, Witt A, Kubista E, et al. Circulating 
breast cancer cells are frequently apoptotic[J].  
Am J Pathol 2001; 159:17−20. 

[24] Alix-Panabières C, Vendrell JP, Pellé O, et al. 
Detection and characterization of putative 
metastatic precursor cells in cancer patients[J].  
Clin Chem 2007; 53:537−9. 

[25] Alix-Panabières C, Vendrell JP, Slijper M, et al. 
Full-length cytokeratin-19 is released by human 
tumor cells: a potential role in metastatic 
progression of breast cancer[J]. Breast Cancer Res 
2009; 11:R39. 

[26] Marrakchi R, Ouerhani S, Benammar S, et al. 



210                          Chin J Cancer Res 22(3):201-210, 2010                           www.springerlink.com 
 

Detection of cytokeratin 19 mRNA and CYFRA 
21-1 (cytokeratin 19 fragments) in blood of 
Tunisian women with breast cancer[J]. Int J Biol 
Markers 2008; 23:238−43. 

[27] Theodoropoulos PA, Polioudaki H, Agelaki S, et al. 
Circulating tumor cells with a putative stem cell 
phenotype in peripheral blood of patients with 
breast cancer[J]. Cancer Lett 2010; 288:99−106. 

[28] Abraham BK, Fritz P, McClellan M, et al. 
Prevalence of CD44+/CD24-/ low cells in breast 
cancer may not be associated with clinical 

outcome but may favor distant metastasis[J].  
Clin Cancer Res 2005; 11:1154−9. 

[29] Aktas B, Tewes M, Fehm T, et al. Stem cell and 
epithelial- mesenchymal transition markers are 
frequently overexpressed in circulating tumor cells 
of metastatic breast cancer patients[J]. Breast 
Cancer Res 2009; 11:R46. 

[30] Lu J, Fan T, Zhao Q, et al. Isolation of circulating 
epithelial and tumor progenitor cells with an 
invasive phenotype from breast cancer patients[J].  
Int J Cancer 2010; 126:669−83. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                     
 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


