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The presence of circulating tumor cells in the blood of patients with triple negative breast 
cancer (early and locally advanced cancer) before and after preoperative chemotherapy was 
assessed using expression markers. Before therapy, circulating tumor cells were detected in 5 
of 13 (38%) patients with early cancer and in 7 of 17 (41.2%) patients with locally advanced 
cancer. After therapy, the circulating immune cells were detected in one patient with locally 
advanced cancer, who had no circulating cells before therapy. The tumor was resistant to 
chemotherapy and the disease progressed. The detected circulating tumor cells were HER-
2-positive, while the primary tumor was HER-2-negative. It was concluded that the circulat-
ing immune cells can be a potential marker of the effi ciency of therapy and predictors of the 
disease course, while their phenotype can differ from the phenotype of the primary tumor.
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Recent advances in oncology, in particular, in the 
therapy of breast cancer (BC) are related to the devel-
opment of individual approach to the treatment with 
consideration to detectable prognostic and predictive 
factors, fi rst of all, expression of receptors for steroid 
hormones and HER-2 in the tumor. However, the dis-
ease sometimes progresses even in cases of early can-
cer despite chemotherapy supplemented with targeted 
preparation (hormone therapy, anti-HER-2 therapy). 
Tumors with triple-negative phenotype, i.e. not ex-
pressing receptors of steroid hormones and HER-2 and 
therefore carrying no targets for targeted therapy, are 
characterized by the worst prognosis. Hence, addition-
al prognostic markers are required for refi ning indica-
tions for more or less aggressive treatment. Predictive 

markers showing tumor sensitivity to the therapy are 
also important.

The possibility of using circulating tumor cells 
(CTC) as prognostic and predictive markers attracts 
now much attention. According to some studies, CTC 
can be detected even at the early stages of the disease, 
which is associated with high risk of relapse (inci-
dence of CTC detection varies from 9.4 to 48.6%) 
[4,7,8]. Recent surge in using neoadjuvant therapy in 
BC allows in vivo evaluation of tumor sensitivity to 
treatment. It is known that survival rate in patients 
with triple negative BC in case of attaining complete 
pathomorphological regression approaches that ob-
served in more favorable forms of the disease. Apart 
from evaluation of the degree of pathomorphological 
regression, measurement of CTC content in the blood 
before and after preoperative chemotherapy can be an 
additional marker of treatment effi ciency.

CTC represent a heterogeneous population of tu-
mor cells released into the bloodstream that according 
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to recent data can be representatives of tumor stem 
cells and can undergo phenotypic changes, the so-
called epithelial-mesenchymal transition that enables 
their migration to the sites of metastasis formation 
and makes them insensitive to usual cytostatic agents. 

The blood content of CTC is a variable para-
meter, while CTC lifetime in the blood is 1-2 days. 
The number of detected CTC in the blood depends on 
the chosen markers (primarily, surface antigens) and 
varies from two to several thousand cells per 7-10 ml 
blood. The reported ranges of normal values vary due 
to the absence of unique CTC markers and common 
nomenclature. According to some methods, CTC de-
tection in the blood of healthy donors is acceptable, 
because some combinations of CTC antigens are also 
expressed in normal cells.

The main CTC markers in BC are surface anti-
gens, including epithelial cell adhesion molecules Ep-
CAM and MUC-1 that are encoded by GA733-2 and 
Muc-1 genes, respectively [1,2,9]. Another marker of 
CTC in BC is expression of HER-2 gene, which is of 
special interest, because different status of HER-2 in 
the primary tumor and CTC was reported. Expres-
sion of HER-2 can be determined in CTC, while the 
primary tumor can be HER-2-negative according to 
immunohistochemical and FISH analysis.

The aim of the present study was to detect the 
presence and phenotype of CTC in the blood of pa-
tients with triple negative BC receiving preoperative 
chemotherapy by using markers GA733-2, Muc-1, and 
HER-2.

MATERIALS AND METHODS

Blood samples from 30 women with triple negative 
BC (HER-2–, ER–, PR–), patients of the Department 
of Clinical Pharmacology and Chemotherapy, N. N. 
Blokhin Cancer Research Center, Russian Academy 
of Medical Sciences. Inclusion criteria: 18-75-year-
old women with fi rst diagnosed BC, triple negative 
tumor phenotype, possibility of core-biopsy and ex-
tended immunohistochemical analysis, without seri-
ous concomitant pathologies. Exclusion criteria: pre-
vious therapy for BC, history of tumor diseases over 
the last 5 years (except basal cell carcinoma and in 
situ cervical cancer), pregnancy, and lactation. The 
study included patients at the age of 28-72 years (me-
dian 44 years). The patients were divided into two 
groups depending on the stage of the tumor process: 
patients with early BC (T1-2N0-1M0) and patients 
with locally advanced BC (Т2-4N2-3M0). Patients 
with early BC received neoadjuvant chemotherapy 
according to the following scheme: cisplatin (30 
mg/m2), doxorubicin (25 mg/m2), and paclitaxel (100 
mg/m2) intravenously through a dripper once a week 

for 8 weeks with G-CSF support on days 3-5. Patients 
with locally advanced BC received induction therapy 
by the following scheme: carboplatin (AUG2), pa-
clitaxel (60 mg/m2) intravenously through a dripper 
weekly during weeks 1-9, doxorubicin (25 mg/m2) 
intravenously through a dripper weekly, cyclophos-
phamide (50 mg) and capecitabine (1500 mg) per os 
daily du ring weeks 10-18.

The degree of pathomorphological regression was 
evaluated by the method of Chevallier: class 1 cor-
responded to the absence of macroscopic and micro-
scopic signs of the tumor (Ch1); class 2 corresponded 
to the presence of carcinoma in situ only in the mam-
mary gland without invasive tumor and tumor cells in 
lymph nodes (Ch2); class 3 corresponded to the pres-
ence invasive carcinoma with stromal changes such as 
fi brosis and sclerosis (Ch3); and class 4 indicated the 
absence or minimum changes in the tumor structure 
[3]. The combination of morphological signs of class 
1 and class 2 therapeutic pathomorphosis was consid-
ered as complete pathomorphological regression.

The blood was tested for the presence of CTC at 
the moment of diagnosis and after completion of the 
course of neoadjuvant therapy (in 21 patients). CTC 
were detected using Breast Select and Breast Detect 
kits (Adnagen) for cell isolation and identifi cation of 
isolated cells by the expression of marker genes, im-
plying magnetic sorting on antibodies to EpCAM and 
MUC-1 antigens for enrichment of blood cell popula-
tion with CTC followed by verifi cation of CTC by the 
expression of GA733-2, Muc-1, or HER-2 genes.

RESULTS

The groups of early BC and locally advanced BC in-
cluded 13 and 17 patients, respectively. At the moment 
of diagnosis, CTC were detected in 5 of 13 (38%) 
patients with early BC and in 7 of 17 (41.2%) patients 
with locally advanced BC. The incidence of CTC de-
tection did not differ in these groups.

In the group of early BC, complete pathomorpho-
logical regression was observed in 9 of 12 patients and 
in 1 patients neoadjuvant therapy was continued. Of 
9 patients with complete pathomorphological regres-
sion, CTC before therapy were detected in 4 and not 
detected in 5 patients.

In the group of locally advanced BC, complete 
pathomorphological regression was observed in 6 of 
8 patients and in 9 patients neoadjuvant chemotherapy 
was continued, and 1 patient was excluded because 
of disease progression. Of 6 patients with complete 
pathomorphological regression, CTC before therapy 
were detected in 2 and not detected in 4 patients.

After neoadjuvant therapy, in none of the patients 
CTC were detected except one woman with locally 
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advanced BC. In the only case when CTC were found 
after treatment (but were not detected at the moment 
of diagnosis), progression of the disease during che-
motherapy was observed. The scheme of therapy was 
changed because of disease progression, but the tu-
mor was resistant to chemotherapy. CTC were HER-
2-positive despite the fact that the primary tumor was 
negative by ER, PR, and HER-2 by the results of im-
munohistochemical analysis.

The level of CTC in the course of neoadjuvant 
therapy was analyzed in only few studies. In Gepar-
Quattro trial, the levels of CTC were analyzed at diag-
nosis and after neoadjuvant chemotherapy in 213 pa-
tients with large operable tumors and locally advanced 
tumors. The incidence of CTC detection before the 
therapy was 21.6% and after the therapy it decreased 
to 10.6%. CTC were not detected in 15% patients ini-
tially positive for CTC, whereas 8.3% patients without 
CTC at the moment of diagnosis turned out CTC-
positive. However, no signifi cant correlations between 
the presence of CTC and tumor response to therapy 
were revealed [5]. Similar results were obtained in the 
previous study [6] including 118 patients with stage 
II-III BC. In 23 and 17% patients, CTC were assayed 
before the start of neoadjuvant chemotherapy and after 
treatment, respectively. Changes in CTC status did not 
correlate with tumor response to chemotherapy. How-
ever, at the observation median of 18 months, the pres-
ence of CTC (p=0.017), negative receptor status, and 
large tumor size were independent negative prognostic 
factors for survival without distant metastases [6]. The 
absence of correlation between changes in the CTC 
status and response to neoadjuvant chemotherapy can 
be explained by different biological characteristics of 
the primary tumor and CTC and consequently different 
sensitivity to therapy. For instance, different status of 
HER-2 in the primary tumor and CTC were reported: 

CTC can express HER-2, whereas the primary tumor 
can be HER-2-negative. Anti-HER-2 therapy can be 
effective in these patients.

Thus, CTC can be a potential marker of neoadju-
vant therapy effi ciency and disease course prognosis. 
CTC phenotype can differ from the primary tumor 
phenotype. In patients with triple negative BC, CTC 
expressing HER-2 can be found in the blood. Further 
studies are required for elucidation of the role of CTC 
occurrence in the blood of patients with triple negative 
BC and the phenotype of these cells during preopera-
tive chemotherapy.
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of Federal Targeted Program Research and Develop-
ment in Priority Fields of Scientifi c and Technological 
Complex of Russia for 2007-2013 (State Contract No. 
16.512.11.2041) and supported by the Russian Foun-
dation for Basic Research (grant No. 12-04-01241).

REFERENCES

1. B. Aktas, M. Tewes, T. Fehm, et al., Breast Cancer Res., 11, 
No. 4, R46 (2009).

2. E. Bölke, K. Orth, P. A. Gerber, et al., Eur. J. Med. Res., 14, 
No. 10, 426-432 (2009).

3. B. Chevallier, H. Roche, J. P. Olivier, et al., Am. J. Clin. On-
col., 16, No. 3, 223-228 (1993).

4. S. Krishnamurthy, M. Cristofanilli, B. Singh, et al., Cancer, 
116, No. 14, 3330-3337 (2010).

5. J. E. Lang, K. Mosalpuria, M. Cristofanilli, et al., Breast Can-
cer Res. Treat., 113, No. 3, 501-507 (2009).

6. J. Y. Pierga, F. C. Bidard, C. Mathiot, et al., Clin Cancer Res., 
14, No. 21, 7004-7010 (2008).

7. B. K. Rack, C. Schindlbeck, U. Andergassen, et al., J. Clin. 
Oncol., 28, Suppl. 15, 1003 (2010).

8. S. Riethdorf, V. Muller, L. Zhang, et al., Clin Cancer Res., 16, 
No. 9, 2634-2645 (2010).

9. P. A. Theodoropoulos, H. Polioudaki, S. Agelaki, et al., Cancer 
Lett., 288, No. 1, 99-106 (2010).

A. V. Lavrov, Zh. I. Zubtsova, et al.


	ABSTRACT
	MATERIALS AND METHODS
	RESULTS
	REFERENCES



